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Several macromolecules, especially proteins, undergo some modifications subsequent to
their biosynthesis. These events are necessary to deterffline their functions. The
modifications, particularly of nuclear origin, are important in terms of their degree of
association with the fundamental structure of life 1. e. DNA. poly-ADP-ribosylation (PAR)
is one such post-translational modification widely studied and yet, enigmatic about its
implications in several molecular processes including cafpinogenesis. This post-
translational modification involves addition of ADP-ribose: rﬁ(;ieties from endogenous
NAD" substrates to target proteins forming linear and branched chains of ADP-ribose
polymers. The reaction is catalyzed by chromatin associated enzyme poly ADP-ribose
polymerase (PARP). The protein bound polymers are simultaneously degraded by enzyme
poly ADP-ribose glycohydrolase (PARG). These two enzymes are physiological
counterparts to each other. Therefore, poly-ADP-ribosylation reaction condition of a
physiological system is determined by the equilibrium state between the activities of the
two main enzymes involved. It is now known that normal cells escape chain of sequential
control mechanisms at molecular level when they become progressively transformed to
cancer cells or malignancy. The causes include interactions with exogenous agents such as
lonizing radiation, UV radiation and chemical carcinogens. The earlier events during the
process include alterations in gene expression pattern, expression of neogenes, shut down
of differentiation genes, etc. Carcinogenesis begins with initiation stage in which genome
is irreversibly altered. It usually takes a long intervening period before these initial events
manifest themselves as detectable cancers. The reaction of PAR, which modifies primarily
DNA bound histones, brings about changes in chromatin superstructure by essentially
modifying charge interactions between histones and DNA. Therefore, this modification
would have implications in carcinogenesis. In this perspective, the work envisaged to
monitor level of PAR of total cellular proteins as well as histone proteins during
experimentally established two biological systems in Swiss albino mice. In the first model,
carcinogenesis was induced by a hepatocarcinogen compound, dimethylnitrosamine
(DMN) at a chronic dose rate of 10 mg/ kg. b. wt. The study was restricted to the initial
phase in multistage carcinogenesis. Bi-weekly observations were made in the study. The
effect of 3-aminobenzamide (3-AB), an inhibitor of poly-ADP-ribose synthesizing
enzyme, PARP, was examined at a dose of 2 mM either alone or during simultaneous
exposure of the mice to DMN. In the second system tumerogenesis was induced by
Dalton's lymphoma ascites. Ten million ascites cells were used for the initial

intraperironeal injection in mice abdomen. The observation for the study was limited to 15



days after transplantation of ascites cells. In both experimental model level of PAR was
monitored from different tissues along with simultaneous examination of physiological
changes. The work also aimed to develop a suitable, sensitive, convenient and optimized
method to monitor the endogenous level of PAR. For this purpose, polyclonal ADP-ribose
polymer antibody was raised in the laboratory. The specificity of the poly ADP-ribose was
confirmed using snake venom phosphodiesterase (SVP), a degradative enzyme which
cleaves pyrophosphate bonds in poly ADP-ribose, besides checking with standard
Ouchterlony immunodiffusion assay. The techniques of slot- and Western blots were used
for monitoring level of PAR of total cellular proteins and individual histone proteins,
respectively. Another focus of the work was to correlate chromatin structural organization

and PAR from the results. The work brings out the following main points.

» A polyclonal antibody against heterogenous ADP-ribose polymer antigen isolated
from noﬁnal mouse spleen cells has been raised in the laboratory. An ELISA based
immunoprobing method employing the polyclonal antibody has been established and
optimized. The method specifically detects PAR of proteins by immune interaction

between the raised polyclonal antibody and ADP-ribose polymer antigens.

» In the assay developed and optimized in this work, level of PAR of total cellular
proteins and individual histones have been monitored by slot blot immunoprobing for
total cellular protein while Western blot immunodetection for individual histone
proteins. The novel assay developed has been found to be simple, sensitive and the
assay can be applied to varied tissue without involving tedious sample preparations
like those in isotopic assay. Thus, the assay provides an advantageous step ahead of

the conventional method.

» In DMN induced carcinogenesis, the physiological parameters such as body weight,
éell number in spleen and BMC, protein content in liver and spleen, and histone
content in spleen remained essentially unaffected during the treatment period. Similar
was the case in 3-AB treatment, so also in combined regime of DMN + 3-AB.
However, in ascites Dalton's lymphoma induced tumorogenesis, the growth of tumor
cells was proportional to the increase in body weights of mice. Protein contents in liver

and spleen showed declining tendencies.



» The slot blot immunoassay reveals that the method is limited obscuring a clear insight.
However, general lowering of PAR in liver and spleen under DMN influence was
observed in the later part of treatment. Level of PAR generally declined for histones.
During carcinogenesis and tumorogenesis, the extent of PAR of total cellular proteins
of liver, spleen and bone marrow cells were relatively higher than histones isolated

from spleen and ascites suggesting ribosylation of other proteins besides histones.

» Under the influence of DMN, the protein expression pattern did not change markedly
in liver and spleen homogenates and isolated histones from spleen cells except for
slight over- and under expression of some proteins. Influence of Dalton's lymphoma

showed similar results during tumorogenesis.

> Histones were primary targets of poly-ADP-ribosylation as revealed by Western blot
assay. Most non-histone proteins were not ADP-ribosylated in liver. Polyclonal anti
ADP-ribose polymer antibody also detects higher molecular weight proteins
particularly in spleen in both the systems suggesting that proteins other than histones

were ribosylated in spleen.

> The general lowering of PAR, especially of histones H1 and some core histones is
accompanied by relaxation of chromatin superstructure as revealedby DNase I
fragmentation. The result suggests that a negative correlation exists between level of

PAR and cellular transformation by DMN.

» Lowering of level of PAR was evident in histones H1, H2b + H3 and H4 under DMN
influence especially in liver as shown by the Western blot analysis. 3-aminobenzamide
(3-AB), an inhibitor of PARP enzyme, potentiated the effect of inhibition of PAR in
the combined regime of DMN and 3-AB. In spleen, inhibition was observed in H1
only in the later part of DMN exposure. The inhibition of PAR was extensive and
significant, especially for H1, H2a and H2b + H3 in liver under 3-AB influence. In
spleen, the inhibition of PAR of histones was not so pronounced. However, the
lowering of PAR by combined treatment was usually less pronounced than that caused
by 3-AB exposure. During tumorogenesis, general lowering of PAR in most histones
in liver, spleen, histones isolated from spleen and ascites cells were more evident.

Therefore, the extent of PAR in different histones varied.



> The results obtained from the work undertaken in this investigation suggest that
lowering of PAR is a hallmark during both initiation phase of carcinogenesis induced
by DMN as well as tumorigenesis induced by Dalton's lymphoma ascites. Therefore, it
can be proposed that employing Western blot immunoprobing assay for measuring
endogenous poly-ADP-ribose, lowering of level of PAR can be used as predictive

assay for detecting carcinogenesis and tumorigenesis.
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Introduction



Genomic instability is the increased tendency of the genome to acquire mutations when the
mechanism of maintaining the genome is either damaged or destroyed. The study of the
phenomenon of induction of genomic instability has gained importance ever since its role in
aging and cancer has been discovered. Genomic instability may also, and most commonly,
resulty from gross chromosomal changes, such as translocations or amplifications, which
lead to chromosomal instability. In fact, genomic instability has also been implicated in a
number of diseases like Ataxia telangiectasia (AT) and related disorders, AT like disorder
(ATLD), Nijmegen breakage syndrome, Werner’s syndrome , Bloom’s syndrome, Fanconi '5
Anemia (FA), Cockayne’s Syndrome (CS), Xeroderma pigmentosum (XP) (Venema ef al.,
1990; Crabbe et al., 2007). These diseases also lead the patient to have a high predisposition
to cancer. This is particularly true in case of FA patients who have been seen to have a
significant predisposition to acute myeloid leukaemia (Auerbach, 1992; Lui et al., 1993).
That genomic instability predisposes a cell to cancer was known ever since Boveri observed
aneuploidy in cancers (Boveri ef al, 1929). Today, genomic instability is known as a
hallmark of many kinds of solid tumors and leukemias. This and other studies have only
reiterated the importance of understanding genomic instability to tackle the problem of

cancer.

Even in normal circumstances, cells undergo mutations spontaneously. However, the rate of
mutation in normal cells is insufficient to account for the large numbers of mutations
observed in cancer cells. Therefore, cells are said to undergo genomic instability which
leads the tumor celis to manifest a mutator phenotype (Loeb, 1991; 1994). The mutator
phenotype hypothesis postulates that an initial mutator mutation generates further mutations,
including mutations in additional genetic stability genes, resulting in a cascade of mutations
throughout the genome (Loeb, 2001). The concept of a mutator phenotype has been
supported by the demonstration of microsatellite instability in tumor cell DNA (Peinado et
al., 1992; Aaltonen et al, 1993; Perucho et al., 1996). Thus, the importance and need of

study of genomic instability is very relevant to human welfare.

The agents that induce genomic instability are numerous. Environmental genotoxins

including mutagens and carcinogens have repeatedly been shown to affect the genetic



material of host cells, leading to uncontrolled growth and ultimately malignant tumors
(Ames et al., 1995; Stoner and Gupta, 2001). A report by Li ez al. (2001) has shown that a
variety of DNA damaging and non-damaging stress leads to heritable genomic instability in

a minority but significant number of cells.

Such stress includes exposure to free radicals, reactive oxygen species (ROS), ionizing
radiation (IR) and non-ionizing radiation (NIR) and a variety of chemical carcinogens.
Normal cellular metabolism generates a variety of free radical species capable of causing
oxidative damage to DNA. But genome integrity is usually maintained by the complex
interplay of various defense mechanisms and repair processes. Free radical overload causes
gross cellular damage resulting in depletion of nucleotide coenzymes, disturbance of sulfur-
containing enzymes and saturation and attenuation of the defense systems (Slater, 1987).
When such an antioxidant/ pro-oxidant imbalance occur, the cell becomes oxidatively

stressed, thus becoming prone to genomic instability.

Another species that causes genomic instability are superoxide ROS. Cells exposed to
superoxide from extracellular sources display high levels of cytogenetic aberrations (Emerit
and Cerutti, 1981), in particular, chromatid aberrations (Duell ef al., 1995). ROS, another
by-product of normal cellular metabolism generates 10,000 residues of 8-oxo-
deoxyguanosine per cell per day that has been implicated in having a role in the induction of
genomic instability by damaging the cellular DNA (Ames et al., 1995).

Apart from these agents that the cell encounters during its normal process of development, it
is also exposed to various agents in the environment (eg. radiation and chemical
carcinogens) that induce genomic instability. In particular, cells can be exposed to radiation
of varying kinds, viz., IR and NIR. Various qualities of IR have been studied. y- radiation,
one of the most biologically relevant IR, is known to induce genomic instability. In addition,
other weaker varieties of rédiation are also known to induce genomic instability. For
example, environmentally relevant doses of plutonium 238 a-particles have been reported to

induce a transmissible chromosomal instability in bone marrow (Kadhim ez al., 1992). NIR,



i, UV also have serious implications on the genome and are able to induce genomic

instability.

Genomic instability has been shown to have serious implications on the cellular metabolism.
The effects observed when the cells are exposed to radiation also appear to be the result of
destabilization of the genome. The end results include delayed cell death (Seymour, ef al,
1986), delayed mutations (Gorgojo and Little, 1989) and delayed cell differentiation
(Nicoletti e al., 1992; Clutton et al., 1995). All these effects lead the cell to be more prone
to becoming cancerous. In fact, cancer is seen by many as a well-defined linear process very
similar to normal, stepwise biological differentiation, except for the fact that it is accelerated
in its steps due to acquired genomic instability (Loeb and Loeb, 2000). This view is
supported by findings such as one that shows instability at repetitive loci scattered
throughout the genome are found in colorectal cancers (Aaltonen et al., 1993; Thibodeau et
al, 1993; Ionov er al, 1993). In fact, such instability is shown to be present in numerous

other cancers.

It has been proposed that genetic instability in human cancers can be divided into two types:
microsatellite instability (MIN), which is usually equated with DNA polymerase errors, and
chromosomal instability (CIN), which can result from errors in chromosome partitioning
(Lengauer, 1998; Grady, 2006).

The genome is particularly vulnerable during its replication and segregating chromosomes
to daughter cells provides a further opportunity for large losses of genetic information.
Damage repair deals with single events through base excision repair (BER), nucleotide
excision repair (NER), or mismatch repair (MMR). Specialized genes exist for various
forms of repéir optimized for the particular damage, such as large or small chemical
adducts, replication fork errors, or UV-generated cytobutane pyrimidine dimers (CPD). XP
and hereditary nonpolyposis colorectal cancer (HNPCC) provide clear examples of how
defects in these genes can contribute to genomic instability and malignancy (Lindahl and
Wood, 1999; Peltomaki, 2001).



I.1.

In the current investigation, two genomic instability inducing agents were chosen to study
the induction of genomic instability. UV-C radiation was chosen as this fraction of UV light
is the prime causative factor for skin cancer. Despite considerable information about the
mechanism of action of this fraction of UV spectrum, more information needs to be gained.
In our laboratory, extensive studies have been made on v-radiation (Humtsoe and Sharan,
2004). Hence a comparison of the effects of this radiation with UV-C would shed more
information. The other agent chosen was betel nut (BN) as it is a commonly used
masticatory in this part of the world (Wary and Sharan, 1988). It is known to be
carcinogenic and hence, study of the process by which genomic instability is induced is
relevant. Despite considerable information gained about the mechanism of carcinogenesis

by this agent, the exact mechanism of interaction is not known (Sharan, 1996).

Radiation induced genomic instability

Radiation is known to cause genomic instability (Kronenberg, 1994). The genomic
instability induced by radiation depends on the type of radiation causing damage the DNA.
Qualitatively, the IR and NIR are very different. Hence, the types of damages that these two
qualities of radiation induce on the DNA are also significantly different. While IR proceeds
with the induction of SSB and DSB on the DNA (Goodhead, 1994; Klungland et al., 1999;
Blaisdell and Wallace, 2001; Budworth ez al., 2002), NIR proceeds with the formation of
pyrimidine photoproducts (PP) (Haseltine, 1986; Ravanat ef al., 2001, Douki et al., 2003).
Generally, it is the unrepaired and misrepaired DNA damages that are the principal lesions

. of importance in the induction of chromosomal abnormalities and gene mutations

(Hoeijmakers, 2001).

In case of eukaryotes, genotoxic stress caused by environmental or endogenous genotoxic
agents such as IR, NIR and various chemicals and reactive cellular metabolites cause the
activation of cell cycle checkpoints which slow down or arrest cell cycle progression. This
allows the cell to repair or prevent the transmission of damaged or incompletely replicated
chromosomes (Ishikawa et al., 2006). Inability to repair the damages can lead to gross

defects in the genome which can lead to cell death or in some cases, the induction of cancer.



1.2. Induction of genomic instability by UV-C radiation
One of the agents that a cell has to encounter in its environment is the ultraviolet (UV)
component of light. UV radiation induces deleterious effects in all living organisms ranging
from prokaryotic bacteria to eukaryotic lower and higher plants, animals and humans. UV
rays are mutagenic and are known to induce skin lesions and cancer (Cadet et al., 2001).
Therefore, a lot of studies have been focused on understanding the mechanism of interaction
of this radiation with DNA. Based on the energy of the radiation, UV (100400 nm) can be
divided into three types, viz. UV-A (320-400 nm), UV-B (290-320 nm) and UV-C (100-290
nm). Of the three components, UV-A, having the longest wavelength has the least energy.
UV-B radiation has a shorter wavelength and, therefore, possess higher energy. UV-C
radiation has the shortest wavelength and, hence, the highest energy. Due to their
differences in energy content, these waves interact with cellular components inducing
varying effects on the cellular components including DNA. A relation of high pyrimidine
absorption to high quantum yield is expected, since pyrimidines are the most UV-sensitive
components of DNA (Shugar, 1960; Wacker, 1963). Thus, UV-A interacts with DNA to
form various kinds of products like oxidized purine and pyrimidine bases (Bohr and Dianov,
1999; Ravanat et al. 2001, Douki et al. 2003b). UV-B interacts with DNA to form products
like CPD (Snellman et al., 2003), which were the first type of UV-induced damage to be
recognized (Beukers and Berends, 1960), pyrimidine (6-4) pyrimidone photoproducts (6-4
PP) and the related Dewar valence isomers (Taylor ef al., 1987; Cadet et al., 1992; Taylor,
1994) and cytosine photoproducts (Weirzchowski and Shugar, 1961). UV-C radiation, on
the other hand, is more efficient in terms of photoproduct formation, (Mitchell ez al., 1991;
Perdiz et al., 2000; Douki et al. 2003a), and small number of single strand breaks (SSB) in
DNA (Miguel and Tyrrell 1986,‘WH.0 1994). The CPD are the most abundant and probably
most cytotoxic lesions produced as a result of UV radiation, but the 64 PP may have more
serious, potentially lethal, mutagenic effects. Dewar isomers are formed by the
photoisomerization of 6-4 PP by wavelengths longer than 290 nm (Mitchell et al., 1987;
Matsunaga et al., 1993). CPD have been reported to inhibit the progress of DNA
polymerases. Mammalian RNA polymerase Il has been reported to stall at both CPD and 6—
4 PP (Protic-Sabljic and Kraemer, 1986; Mitchell et al., 1989). Pyrimidine dimers have been
found to serve as blocks to the transcription machinery (Giomo and Sauerbier 1976). Every



1.3,

CPD acts as a block to transcription and replication and only a small fraction of dimers
results in a mutation (Britt, 1995; 1996). Therefore, these DNA lesions, if left unrepaired,
may interfere with DNA transcription and replication and can lead to misreading of the
genetic code and cause mutations and death. In higher organisms, such damages can lead to

induction of cancers.

UV light owes its powerful mutagenic effect in E. coli primarily to misrepair of radiation
damage to the bacfen'al chromosome (Bridges, 1969; Witkin, 1969; Kondo, 1973). The
damages that UV causes are known to induce apoptosis in a variety of organisms (Zhou and
Streffer, 2003). The presence of UV-induced lesions inhibits the normal replication of DNA
and, therefore, results in the inactivation of microorganisms (Harm, 1980; Friedberg et al.,
1995). The effect of UV has been seen to be enhanced as a result of the presence of ROS

~ (He and Hader, 2002; Alam and Oligaki, 2002; Muela ez al, 2002). UV-C induced DNA

damage is repaired in many organisms (Hartman et al., 1989). However, in repair deficient
E. coli cells, the damages are not repaired and hence, the induced damages can be seen from

their protein expression profiles (Courcelle et al., 2001).

Despite the wide amount of information already available about the mechanism of
interaction of UV radiation with DNA, there are still a lot of unanswered questions. UV is a
low-energy radiation. However, its interaction with DNA is known to cause the formation of
SSB. Unlike IR, which can interact with DNA directly by the formation of SSB and DSB,
UV is a NIR. Therefore, its mechanism of induction of SSB probably takes an indirect
pathway that is still not very clear. This process needs to be studied as SSB have highly
deleterious effects on the DNA such damages being potentially lethal, or at least highly
mutagenic for the cell.

Induction of genomic instability by ionizing radiation

In contrast to NIR, IR is known to induce a high number of lesions in DNA. These lesions
can give rise to genomic instability. The damages inflicted ﬁpon celis by IR are implicated
in the biological consequences of radiation (Painter, 1979; Ward, 1988; Makrigiorgas et al.,
1990). All these damages may potentially lead to induction of genomic instability. The final



results of the radiation induced damage are the biological endpoints such as mutation,
chromosomal aberration, oncogenic transformation and cell death (Kiefer, 1990; Sharan,
1998; Blakeley and Kronenberg, 1998). DNA damage by radiation may be the result of
either direct or indirect effects (Scholes e al., 1969; Roofs et al., 1985; O’Neill and Fielden,
1993). DNA lesions induced by radiation include strand breaks, base damage, sugar-
phosphate damage, multiple lesions, etc (Humtsoe and Sharan, 2004). The extent of energy
and oxidative radical attack required for such damages, however, depend on the nature and
concentration of scavengers as well as the physical parameters of the incident radiation such
as linear energy transfer (LET). The damage induced on DNA is also found to be a function
of the nucleotide (NT) sequence of the DNA (Ward, 1985; Sy et al., 1997; Humtsoe et al.,
1998). DNA damage by IR has been seen to occur in clusters (Ward, 1994). Damage in
clusters has now been recognized as a characteristic feature of radiation damage that is
deposited stochastically. Holley er al. (1998) have defined “cluster” as a group of closely
damaged sites separated by undamaged regions of about 20 NT on each side.

The cell, being exposed to endo- and exogenously generated assaulted by various agents all
the time need to have very efficient repair machinery. In fact, very efficient repair
machineries exist in cells to either reverse or repair the damages induced by various agents.
It will be important to look into the agents involved in repair of damages induced by the IR
and NIR.

1.4. Repair of damages induced by UV and gamma radiation

1.4.1. Role of RecF protein
Pyrimidine dimers are the major aberrations induced by UV. In E. coli, these dimers can be
repaired by different mechanisms. They can be repaired in the presence of light by a process
called photoreactivation repair system (Kelner, 1949). This is accomplished by
photoreactivating enzymes (PRE), also called DNA-photolyases. By photoreactivation, UV-
induced pyrimidine dimers are restored to their native base form in a light-dependent
(wavelengths mainly between 310 and 400 nm), error-free and economic manner (Rupert et
al., 1973; Rupert, 1975). The process is mediated by the action of DNA-photolyases, which



are structurally and functionally conserved across species (Yasui & Eker 1998). The DNA-

photolyases work by monomerizing the dimers in a light dependent manner.

However, majority of the damages induced by UV are repaired by a dark repair pathways,
which are post-replicative repair pathways whereby the pyrimidine dimers formed are
removed by a multienzymatic excision repair (ER) system, primarily the nucleotide excision
repair (NER) (Sancar, 1996), base excision repair (BER) (Britt, 1996), and recombinational
repair (RR) (Courcelle and Hanawalt, 2001) systems. Under severe stress produced by
replication arrest by UV-induced DNA damage, many bacteria mount a productive response
which involves the new synthesis of a large number of specific gene products (Little and
Mount, 1982; Walker, 1985). The Tesponse has been named SOS (Radman, 1974) response.
It is triggered by the activation of preexisting RecA protein and its increased synthesis,
probably due to the interaction of RecA protein with single stranded regions of DNA. RecA
has been recently found to be involved in ER (Bichara et al., 2007).

In E. coli cells exposed to UV radiation (10 J/m?) repair of active genes was very rapid with
40% of pyrimidine dimers being removed within 4 h. Repair is almost complete (80%)
within 24 h. Although NER is not essential for viability, defects in repair genes may result
in three distinct sun-sensitive, cancer-prone genetic disorders such as XP, CS and
trichothiodystrophy (TTD) in humans (Friedberg, et al., 1995; Lehmann, 1995; Lindahl and
Wood, 1999; Thoma, 1999). The UV sensitivity of XP has been correlated with the inability
to excise UV-induced DNA damage or to seal daughter-strand gaps left afier DNA synthesis
on a damaged template (I.ehman, 1982).

RR takes place with the help of the rec genes. Various rec genes, viz., rec4, recB, recC,
recF, recO, recJ and recQ play crucial roles in the recombination pathways of E. coli
(Clark, 1991; Courcelle and Hanawalt, 2001). The RecA and RecF proteins have been found
to be important for the repair of strand break type of damages. However, RecA proteins are
found to be more critical than the RecF proteins for the repair of the strand break types of
damages (Sharan et al., 2007). UV induced damages are repaired by the RecF protein (Clark
et al., 1979), which repairs damages in the DNA by the recFOR pathway (Kuzminov, 2001).



The RecF protein is found to be structurally homologous to Rad50 in eukaryotes, which
implies a conserved mechanism‘ of DNA binding and recognition of the boundaries of
double-stranded DNA regions. It is known that RecF protein forms a complex with the
RecO and RecR proteins and together this RecFOR complex takes part in RR of UV-
damaged DNA. In addition, it is also thought to have a role in replisome assembly
(Courcelle et al, 1997). Therefore, mutations in recF, recO, or recR conferred
recombination-deficient and extremely UV-sensitive phenotypes (Horii and Clark, 1973;
Kolodner er al, 1985). The mechanism of function of the RecF protein indicates that it
binds to single-stranded DNA (ssDNA) and, in the presence of ATP or ATP-y S to double-
stranded DNA (dsDNA) (Madiraju and Clark, 1991, 1992). RecF does not appear to have
any positive effect on RecA-catalyzed reactions in virro (Madiraju and Clark, 1991; Umezu
et al, 1993). Mutations in the recF, recO, and recR genes delay the induction of several
SOS-regulated genes (Thoms and Wackernagel, 1987; Whitby and Lloyd, 1995).

1.4.2. Role of RecA protein

Strand breaks are a major type of damage that a cell has to repair in order to survive. Strand
breaks can be SSB or DSB types of damages. DSB pose a serious threat to the survival of
the cell and, hence, their repair becomes crucial. Conventionally, DSB are repaired by
nonhomologous end joining or homologous recombination repair pathways (Takahashi and
Kobayashi, 1990). Defects in either pathway leads to failure in repairing damaged DNA
properly. This is found to contribute to chromosome unstable phenotypes (Mills et al.,
2003).

In eukaryotes, homologous recombination is carried out by a homologue of the rec4 gene,
the RADS51 recombination/repair family (Pastink ez al., 2001; Dronkert and Kanaar, 2001).
In human cancers, defects in expression or mutations in RAD5] genes are associated with
chromosome rearrangements in human cancers (Thompson and Schild; 2002; Rodriguez-
Lopez et al., 2004). In fact, defects in the R4D51 paralogs are thought to contribute to the
formation of breast, uterine, skin, or bladder cancer (Thompson and Schild 2002; Rodriguez-
Lopez et al., 2004).



In E. coli, the RecA protein has been shown to be responsible for two main steps of
recombination process: the search for homology and for strand exchange between two DNA
molecules (Clark, 1965; Kowalczykowski and Eggelston, 1994). Purified RecA protein can
catalyze a number of reactions, which includes the hydrolysis of ATP in the presence of
single stranded (SS) DNA (Ogawa, et. al., 1978), the ATP- dependent uptake of single
stranded DNA by duplex DNA (Shibata, et. al., 1979; McEntee, et. al, 1979) and the ATP-
dependent hybridization of homologous SS DNA (Weinstock, et. al., 1979). RecA performs
homologous recombination by recruiting the RecBCD proteins, which have helicase and
nuclease functions. The RecBCD unwinds and degrades one strand leaving an sSDNA
overhang (Kuzminov 1999; Lusetti and Cox, 2002). The RecA proteins coat the DNA
strand, which pairs with undamaged homologous DNA strand and initiate strand exchange.
IR is known to induce strand breaks, therefore, impairment of the rec4 gene impairs RR
pathway, and thereby affects the repair of the IR induced damages. The expression of the
recA gene is regulated within the SOS response. The activity of the RecA protein itself is
autoregulated by its own C-terminus. RecA is also regulated by the action of other proteins.
To date, these include the RecF, RecO, RecR, Dinl, RecX, RdgC, PsiB, and UvrD profeins.
The SSB protein also indirectly affects RecA function by competing for ssDNA binding

| sites. The RecO and RecR, and possibly the RecF proteins, all facilitate RecA loading onto
SSB-coated ssSDNA (Cox, 2007). RecA proteins have also recently been found to play a role
in NER (Bichara ef al., 2007). Not surprisingly, therefore, the rec4 genes are implicated in
the induction of genomic instability (Volff and Altenbuchner, 1997).

1.5. Chemical carcinogens induced genomic instability
In addition to the damages that a cell has to encounter due to its exposure to radiation, the
cells are exposed to genotoxic stress by chemicals. Several chemicals are known. to be
capable of inducing carcinogenesis. For most chemicals, however, pharmacokinetic
variables complicate the relation between exposure and effect on the target cells. Therefore,
of thousands of chemicals that have been found to induce carcinogenesis in the laboratory,
definite evidence of human carcinogenicity exists only for a handful of them (IARC, 1982).
Studies have revealed that tobacco smoking, betel quid chewing, and alcohol consumption

are major known risk factors for esophageal cancer (Lee et al., 2005).
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BN chewing in form of a quid, a common habit in Southeast Asia, has been found to
increase the risk of developing cancer (JARC, 1985; 2004), in particular, esophageal cancer
by 4.7-133 fold, although other exogenous risk factors may also be involved (Lee et al.,
2005). This assumes importance since using fermented BN with any form of tobacco is a
common habit of people in Assam and other north-eastern states and has been reported to be
a potential risk factor of esophageal cancer in this region (Sharan, 1996; Phukan et al,
2001).

1.6. Genomic instability induced by betel nut

Betel nut (4ceca catechu, L.) or BN is widely used as a masticator in various forms by an
estimated over 600 million strong human population across the globe despite its reported
association with carcinogenesis in humans (reviewed in Sharan, 1996; IARC, 1985; 2004;
Nelson and Heischober, 1999; Trivedi et al., 2002). BN chewing has been thought to be one
of the high risk habits leading to enhanced incidence of cancer in several parts of the world,
particularly in south-east Asia, particularly in India, Taiwan and China (IARC, 1987;
Sharan, 1996; Hsieh et al., 2001; He et al., 2002; Zhang et al., 2007). Its chewing has been
associated with oral squamous fubrosis and leukoplakia (Jeng et al., 1999; Ariawardana et
al., 2006).

As the major part of the betel quid, BN has been the main suspect for delivering
carcinogenic chemicals to the masticators (Mather et al., 1994). A number of reports on the
constituents of betel nuts show considerable variations in their contents due to geographical
and climatic conditions of growth of the plant and also because of the special treatments
(processing, curing, ripening) that are applied to the BN before they are consumed (Sharan,
1996). When mice were fed with aqueous extracts of betel nut (AEBN) ad libitum,
gastrointestinal tumors were seen to be produced (Bhide ef al., 1979). Detailed studies of the
components of the BN extract have been made (Kumpawat et al. 2003).
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As BN is chewed, its components get extracted in saliva, an aqueous medium. Hence, in our
laboratory, the effect of betel nut has been studied with AEBN, which will mimic the
normal environment of the interaction of BN with the celtular components. AEBN has been
shown to be a potent carcinogen without any tissue specificity (IARC, 1987; Sharan, 1996).
The potential carcinogenic component of BN is water soluble alkaloids, which
predominantly consist of arecoline and arecaidine, and small amounts of guvacine (methyl
ester of arecaidine), guvacoline (methyl ester of guvacine) and arecolinidine besides some
polyphenols and tannins (JARC, 1985; 1987; Sharan, 1996). Arecoline (1, 2, 4, 5-
tetrahydro-1-methyl-3-pyridine carboxylic acid; MW 155.19 Da) is the most abundant
alkaloid of BN and is the main carcinogenic component of BN. Arecaidine is reported to be
more toxic than arecoline and both have similar pharmacokinetic behaviour (Panigrahi and
Rao, 1984; Wary and Sharan, 1998). However, it is the abundance of arecoline that makes it
the most important of all the components in the induction of the carcinogenic effects. The
derivatives of arecoline have been seen to show a strong evidence of carcinogenicity (Saikia
et al, 1995, 1999). Arecoline, upon nitrosation, produces at least four types of betel nut
specific nitrosamines (BNSA) with high affinities towards DNA (IARC, 1985; Sharan,
1996). Due to this, they readily interact with DNA and potentially produce adducts (Péréz-
Cabré et al., 2004). Such adducts on genomic DNA is one known cause of initiation of

mutagenesis and eventual carcinogenesis (Gaskell, 2004).

Arecoline as well as various extracts of BN, especially AEBN, have been shown to be
cytostatic and cytotoxic to human Ahep2 cell line (Wary and Sharan, 1991). They also
induced strand breaks in DNA and enhanced cell cycle (Wary and Sharan, 1988) besides
causing different types of chromosomal aberrations including sister chromatid exchanges
(Kumpawat et al., 2003) and unscheduled DNA synthesis (UDS) (Sharan and Wary, 1992).
The metabolic activation of arecoline via nitrosation in 4ep2 cell line has been shown (Wary
and Sharan, 1991). AEBN is known to induce damages in the DNA in a dose dependent
manner in the buccal cavity (Murti et al., 1985; Sundqvist et al., 1989; Sundqvist et al,
1992; Jeng et al., 1999).
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BN also has polyphenols like catechins, flavanoids, flavin-3:4-diols, leucocyanidins and
hexahydroxyflavins. The predominant tannin of BN is gallotannic acid. In addition, minor
amounts of gallic acid, D-catechols and phiobatannins are also present (Sharan, 1996).

Incubation of BN extract or arecoline with primary oral keratinocytes has been reported to
promote cell survival and an inflammatory response by induction of prostaglandin E,,
interleukin-6 (IL-6) and cyclooxygenase-2 (COX-2) production via activation of
MEKI1/ERK/c-Fos pathway (Chang et al., 2004). A recent study has shown that there is a
down-regulation of genes involved in structural constituents of ribosome and upregulation

of genes involved in cation transporter activity (Chattopadhyay et al., 2007).

When AEBN interacts with DNA, it has been found to induce more strand breads as
compared with the interaction of arecoline alone with DNA. This indicates that other
constituents of betel quid may contribute synergistically to the geno-and cytotoxic effects
(Wary and Sharan, 1988; Sundqvist et al., 1991; Jeng et al., 1994). Cell proliferation was
also enhanced under these conditions (Wary and Sharan, 1988). It has been observed that
arecoline, AEBN, as well as other extracts of BN, induced variable levels of dose dependent
unscheduled DNA synthesis (UDS) in hep-2 cells in vitro (Sharan and Wary, 1992) pointing
to genomic damages caused by these treatments. Arecoline has been shown to inhibit DNA
and protein synthesis in a dose dependent manner (Wary and Sharan, 1991).

Study of mutations induced by BN extracts showed that AEBN was weakly mutagenic in
Ames test (Balachandran and Sharan, 1995). Sister chromatid exchange (SCE) frequency
was elevated in BN chewers (Sharan, 1996). Chinese hamster ovary (CHO) cells subjected
to a 3 h exposure to urine of BN and tobacco chewers showed significant elevations of 11 or
more SCE metaphase cells (Trivedi et al., 1995), indicating that it caused genomic damage
of systems and tissues other than oral cavity and oropharyngeal tract. Significant increase in
oral cancer has also been reported (Thomas ef al., 2006). Chromosomal aberrations (CA)
represent several types of DNA damage (eg. Gaps, breaks, acentric fragments, interchange,
ring chromosomes and dicentric chromosomes) and unrepaired or misrepaired damaged

sites. The most prevalent type of CA associated with betel quid was chromatid type (Dave et
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al., 1992). Urine samples of BN and tobacco chewers induced significantly high levels of
different types of CA, particularly chromatid type, in CHO cells (Trivedi et al., 1995).

The BN alkaloids are chemically transformed upon metabolic activation to nitroso
compounds (NOC) of arecoline, containing a 3-ethylenic bond at the 3-4 position on the
pyridinium ring. This reaction results in the production of a variety of BNSA and their
metabolites. The BNSA may interact with the DNA, proteins or other targets forming
adducts to exert its carcinogenic activity. BN chewers have been found to have the presence
of three major NOC of arecoline, N-nitrosoguvacoline, 3-(methyl nitrosamino)-propionitrile
(MNPN) and 3-(methyl nitrosamino)-propionaldehyde (MNPA) (Wenke et al., 1984). The
interaction of BNSA or their metabolites with cellular targets may initiate carcinogenesis.
One of the most important targets is DNA. The interaction of BNSA or its metabolites with
DNA is likely to be weak and non-covalent in nature since the interaction was reversible
(Wary and Sharan, 1991). It is evident that the first point in BN associatied carcinogenesis is
at the level of metabolic activaﬁon of the carcinogen’s interaction with macromolecular
targets. Interaction with DNA being one of the targets, leads to a variety of damage,
ultimately leading to altered gene expression. Targets other than DNA have not been clearly
identified. However, their existence has been shown by a few biochemical parameters. One
such target could be proteins, because B-alkylation adduct formation on cysteine has been
observed (Wary and Sharan, 1988). These two interaction pathways finally may culminate
in pre-neoplastic changes and cancer. It is again possible that extreme damages due to the
two pathways of interaction could result in metabolic disorders leading to cell death
(Sharan, 1996).

Till now, however, no detailed study of the interaction of AEBN or its components with
DNA and its effect on genomic instability has been studied. The kinetics of the interaction
of the AEBN or its components with the DNA is also not known. The exact mechanism of
interaction of the AEBN with the DNA, therefore, remains obscure.

Study of genomic instabiltity can be done using a variety of organisms including

prokaryotes like E. coli, Campylobacter jejuni, eukaryotes like Saccharomyces cerevisiae
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1.7,

mice and so on. However, each organism has its own advantages and disadvantages.
Therefore, for an investigation, the choice of organism depends on the aspects that are
targeted for the study. '

Use of E. coli to study genomic instability:

In many respects, E. coli serves as an excellent model organism to study DNA damage. This
is partly due to the fact that the availability of different repair deficient mutants makes it an
attractive agent to study the role of the respective repair mechanisms. E. coli is an organism
that is widely used in the study of DNA damages. The popularity of E. coli stems from the
ease with which one can propagate this organism in the study damages induced by a variety
of agents. The genome of £. coli is known to have microsatellite regions, which serve as

excellent target regions for the study of genomic instability.

Microsatellite regions in the genome are sequences showing tandem repeats (Weissenbach et
al., 1992), which make them prone to accumulating damages and mutations due to a variety
of processes, mainly that of replication slippage (Levinson and Gutman, 1987; Schlotterer
and Tautz, 1992). The microsatellite regions have been shown to be hypervariable in
eukaryotes, yeast and bacteria. Native mononucleotide runs have been shown to be unstable
in coding regions of mismatch repair (MMR) deficient strains of E. coli (Schaaper and
Dunn, 1987; Longerich et al., 1995). Eukaryotes contain a huge amount of microsatellite
regions (Hancock, 1995; Pupko and Graur, 1999) in contrast to prokaryotes, which contain
lesser amounts of these repetitive DNA (Hancock, 1995). Prokaryotes have been found to be
rich in mono- and tri- nucleotide repeats (Field and Wills, 1998). The length of the
microsatellite regions in prokaryotes is again slightly smaller than that in eukaryotes.
Microsatellite instability was correlated with cancer when it was first reported in hereditary
non-polyposis colorectal cancer (HPNCC) (Aaltonen et al., 1993, Peltomaki et al., 1993).
Since then, it was found that defects in mismatch repair systems could be responsible for the
induction of microsatellite instability and also a strong predisposition to cancer (Jiricny,
1998). Microsatellite instability can also be caused by ROS and oxidative damage (Jackson

et al., 1998). Microsafel]ite instability has also been implicated in other cancerous tumors.




The non-dysplastic mucosa of patients with dysplastic ulcerative colitis have also been
found to harbor microsatellite instability (Brentnall et al., 1996).

For our studies, the E. coli strains used were two rec mutants of E. coli (Clark, 1991; Cox,
1999), viz., the rec4 mutant and the recF mutant. The use of recd mutants has been
extensive in the study of damages induced by various kinds of mutagens, primarily damages
induced by ionizing radiations (Horii et al., 1980; Sancar et al., 1980). The RecA proteins
also play important roles in the processes of mitosis and meiosis (Gaisor et al., 2001).
Besides rec4 mutations, other kinds of mutants have also been used for the study of DNA
damage (Thomas and MacPhee, 1986). The DNA that has been damaged can be repaired by
various mechanisms (Mol et al., 1999). The recF mutant has been used to study the
damages induced by the UV-C radiation.

1.8. Aims and objectives
With the background information that was available, therefore, an attempt was made to
study the effect of these two agents, viz., UV-C radiation and AEBN in the induction of
genomic instability. The model organism used was E. coli. In particular, the E. coli strains
were transformed with a plasmid, pMTa4, which has served as an excellent model for the

study of ionizing radiation induced damages in our laboratory (Humtsoe and Sharan, 2004).
The following objectives were set forth:

1. To study the mechanism of interaction of UV-C with pMTa4 DNA and to study the
reason for the observed changes by employing various tools of molecular biology; in vitro

as well as in vivo approaches.
2. To study the mechanism of interaction of AEBN with pMTa4 DNA and to study the

reason for the observed changes by employing various tools of molecular biology; in vitro

as well as in vivo approaches.
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3. To study the synergistic effect of UV-C radiation on AEBN induced addcut formation
on DNA,

17



Materials & Methods



2.1. Chemicals

2.1.1. General chemicals: The chemicals used were all of analytical grade and were obtained
from various suppliers. Acrylamide, Ammonium persulfate (APS), Bisacrylamide, Calcium
chloride (CaCly), Diethyl pyrocarbonate (DEPC), Dithiothreitol (DTT), DNA (Sperm
Whale), Ethylenediaminetetraacetic acid (EDTA), Guanidium thiocyanate (GTC),
Hexadecyltrimethylammonium bromide (cetyltrimethylammonium bromide) (CTAB), B-
mercaptoethanol, Phenylmethylsulfonyl fluoride (PMSF), N,N,N',N'-
Tetramethylethylenediamine (TEMED) were obtained from Sigma, USA; low EEO agarose
was obtained from Bangalore Genei Ltd., India; Ethidium bromide (EB) (1 % solution) was
obtained from Merck, Germany; Bromophenol blue, Coomassie Brilliant Blue R-250 (CBB
R-250), Coomassie Brilliant Blue G-250 (CBB G-250)Glacial acetic acid, Isoamyl alcohol,
Methanol, Sodium acetate was obtained from SRL, Mumbai, India; Chloroform, Glacial
acetic acid, Glycerol, Orthophosphoric acid, Phenol, Sodium chloride (NaCl), Sodium
dodecyl sulphate (SDS), Sodium hydroxide (NaOH), Sucrose, conc. Sulphuric acid and
Tris[hydroxymethylamine]-aminomethane (Tris) were obtained from Qualigens, India;
Diphenylamine was obtained from Glaxo, India; Ammonium isothiocyanide from Merck,
India and ethanol from Bengal Chemicals, India.

2.1.2. Antibiotic: Ampicillin was obtained from Duchefa, The Netherlands.

2.1.3. Enzymes and markers: Deoxyribonuclease (DNase) free Ribonuclease (RNase) was
obtained from Bangalore Genei, India; Lysozyme (from chicken egg white) was obtained as
a lyophilized powder from Sigma, USA; the restriction endonucleases, Accl, Dral, and Sspl
were obtained from Bangalore Genei, India; and the restriction endonucleases Haell and
Ncil were obtained from Boehringer Mannheim, Germany. The DNA molecular weight
markers, 100 kb ladder, Lambda DNA HindIII digest and Lambda DNA EcoRI Hind III
double digests were obtained from Bangalore Genei, India and the primers were obtained
from Hysel, India.

2.1.4. Media: Luria Bertani (LB) broth and LB agar media were obtained from Himedia, India.
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2.1.5. Kits: DNA amplification kit was purchased from Bangalore Genei Ltd., India.

2.2. Radiation sources

2.2.1. UV-C radiation: The source of UV-C radiation was a germicidal UV-C tube placed
approximately 46 cm above the irradiation table in a sterile chamber delivering 0.04 J.m™2s™
as measured by UV 340 dosimeter (Biostep, Germany). Lower doses of UV-C radiation
were obtained by placing a cardboard in the path of the UV-C radiation, which was found to

reduce the dose to 0.01 J. m2s™.

2.2.2. Gamma radiation: The source of gamma radiation was the Gamma Chamber 900 (Isotope
Group, BARC, India) delivering y-rays at a dose rate of ~ 0.05 Gy.s” from a cobalt-60

source.

2.3. Preparation‘ of aqueous extract of betel nut (AEBN)
The main carcinogenic component of betel nut is known to.be the alkaloids which are
soluble in water (Sharan, 1996). In this study, AEBN was used as a carcinogen. AEBN was
prepared by method standardized in the laboratory (Pariat and Sharan, 1995; Yonekura et
al., 1992), which is briefly described below.

-2.3.1. Materials required:
[a]  Betel nut: Locally available raw and wet variety of betel nut, commonly known as
kwai im, was used for the study. This nut is an unprocessed form of the betel nut that is
consumed widely in the Khasi Hills of North-east India.

[b] Mortar and pestle, sterile sieve, Whatman No. 1 filter paper.

2.3.2. Methodology: Betel nuts (100 g) were dehusked, coarsely ground with the help of a
mortar and pestle and suspended in 250 ml of autoclaved Millipore water at (room
temperature) RT for 24 h for extraction. The suspension was filtered through a sterile sieve
fo separate the particulate matter from the filtrate. This coarse filtrate was now fiitered
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through Whatman Filter paper No. 1, whereby a clear yellow filtrate was obtained. This
filtrate was lyophilized to a fine powder. This lyophilized powder will henceforth be called
AEBN. The AEBN thus obtained was stored refrigerated and dissolved in sterile water at

required dose for experiments.

2.4. Bacterial strains and plasmid pMTa4

2.4.1. Strains of E. coli used for the study: For the studies related to the effect of the various
agents inducing genomic instability, three isogenic variants of E. coli K12 strains have been
used. These strains of £. coli included one repair proficient strain, AB1157 (DeWitt, 1962),
which harbors 21 mutations. However, this strain is wild with respect to the rec4 and recF
genes. Hence, this strain is also referred to as wild type strain. The other two strains of E.
coli used are isogenic with AB1157 with the exception that JC9239 carries an additional
mutation in the recF gene (Horii Z. et al., 1973), making it deficient in repair of damages
induced by UV-C radiation and X1.1 Blue carries an additional mutation in the rec4 gene
(Bullock et al, 1987), making it deficient in repair of damages induced by ionizing radiation.
The mutations in the genotypes of the strains are shown in table 1

Table 1: Details of E, coli strains used with relevant genotypes

Strain
(Common name) Genotype
| thr-1, araCl4, leuB6{Am), DE(gpt-prod)62, lacYl1, tsx-33, qsr™-0,
| AB1157 (wild type) ginV44(4S), galK2(Oc), LAM-, Rac-0, hisG4(Oc), rfoCl, mgl-51,

rpoS396(Am), rpsL31(strR), kdgK51, xylAS, mtl-1, argE3(Oc), thi-
11 :
thr-1, araC14, leuB6(Am), DE(gpt-proA)62, lacYl, tsx-33, gsr'-0,
JC9239 (recF mutant) ginV44(4S), galK2(Oc), LAM-, Rac-0, hisG4{Oc), rfbCl, mgl-51,
rpoS396(Am), rpsL31(strR), kdgK51, xylAS, mil-1, argE3(Oc), thi-
{1, recF143

| thr-1, araCl4, leuB6(Am), DE(gpt-prod)62, lacYl, isx-33, qsr-0,
XL1 Blue (recA mutant) | §/V44(4S), galk2(Oc), LAM-, Rac-0, hisG4(Oc), 1fbCl, mgl51,
rpoS396(Am), rpsL31(strR), kdgK51, xylAS5, mtl-1, argE3(Oc), thi-
1, recA,

2.4.2. Plasmid pMTa4: The pBluescript (pBS) II SK is a 2958 bp phagemid derived from
pUC19. It has an Ampicillin resistance gene at 1975-2832 bp and a multiple cloning site
(MCS) at 657-759 bp. A replication competent hepatitis B virus genome sequence, with a
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preX open reading frame (hpvprex), comprising 3215 bp, has been integrated ay MCS [Xho
[ restriction site] (Rakotomahanina ef al., 1994). This plasmid construct of 6173 bp has been
designated as pMTa4 and was a kind gift from Prof. C. H. Schroeder (DKFZ, Heidelberg,
FRG) and has also been described earlier (Humstoe et al., 1998; 2003; Odyuo and Sharan,
2005). Figure 2.1 shows the pMTa4 schematic profile with relevant origins of replication
and the site encoding for the Ampicillin resistance. The complete NT sequence of the +

stand of pMTa4 is provided in table 2.
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Figure 2.1: Diagrammatic representation of the pMTa4 DNA showing some features of the plasmid.

2.5. Medium preparation and culture of E. coli
2.5.1. Preparation of LB broth: LB broth was prepared by dissolving 25 g of the LB broth in
1000 ml of Millipore quality water. This medium was autoclaved at 15 psi for 20 min to

sterilize it and stored refrigerated.

2.5.2. Growing of bacterial cultures: For growing the desired strains of E. coli, either a CFU
from a master plate or very pure form of the strain was inoculated into fresh LB broth in a

culture flask. The flask was incubated overnight (O/N) with rigorous shaking in a Remi



make (India) RS-24 rotary shaker maintained at 37 °C till it reached an OD of ~ 1 at 600

nm.

2.5.3. Preparation of master plates: Separate master plates were prepared for each of the three

2.6.

strains of E. coli used in this study. To prepare this, pure bacterial culture of interest was
grown as described (§ 2.5.2.). From this, 1 pl of E. coli culture was diluted 10” times with
sterile medium and plated on the LB agar plate in sterile conditions. After allowing the
plates to stand at RT for 30 min for adsorption, the plate was sealed, inverted and incubated
O/N at 37 °C in an incubator. CFU of medium size were formed by the next day. This plate
containing ~ 40 CFU of the desired strain is called the master plate. Master plates were

usually stored refrigerated and used up to one month.

Transmission electron microscopic (TEM) analysis

The E. coli cells were grown in the absence or presence of saturating concentrations of
AEBN (2000 pg), following which the cells were processed and transmission electron
micrographs were taken in the Sophisticated Analytical Instrumentation Facility (SAIF),

‘NEHU, Shillong. The TEM studies were done using JEOL electron microscope 100CXIL

The samples were processed as described below:

(i) Primary fixation: This was done with modified Karnovsky’s fixative - containing 0.2

M sodium cacodylate buffer, 10% para formaldehyde and 25% glutaraldehyde at 4 °C.

(i) Secondary fixation: This was done with 0.1 M cacodylate buffer, post fixed with 1 %
osmium tetroxide for 2 h at 4 °C. .

(iii) Washing: Following this, the samples were washed with 0.1 M cacodylate buffer,
serially dehydrated with 30 %, 50 %, 70 %, 80 %, 90 % and 95 % acetone for 15 min
each (2 changes at 4 °C) followed by 100 % acetone and dry acetone for 15 min each
at room temperature (RT), cleared with propylene oxide (2 changes, 30 min each at
RT).

(iv)" Infiltration and embedding: After washing, the samples were infiltrated and embedded
in embedding medium and propylene oxide in the ratio 1:3 O/N at RT, 1:1 for 1 h at

RT, 3:1 for 1 hat RT in vacuum, and 1-change in pure embedding medium at 50 °C
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Table 2: The NT sequence of the pMTa4 DNA used for the study

The nucleotide (NT) sequence of pMTa4, + strand (total number of NT = 6173):

TCGAGGTCGACGGTATCGATAAGCTTGATATCGAATTCCTGCAGCCCGGGGGATCCACTAGTICTAGAGCGGCCGCCACCGCGGT
GGAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTTCGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGT
TATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACA
TTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGA
GAGGCGGTTTGCGTATTGGGCGCTC TTCCGCTTCCTCGCTCACTGACTC GCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCA
GCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAA
GGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCA
AGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGA
CCCTGCCGCTTACCGGATACCTGTICCGCCTITCTCCCTICGGGAAGC GTGGC GCTITCTCATAGCTCACGCTGTAGGTATCTCAGT
TCGGTGTAGGTCGTTCGCTCCAAGC TGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATC
GTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAG
GCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCC
AGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTITTITGTTTGCAAGCAG
CAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCA
CGTTAAGGCGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTA
AAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCAT
CCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCG
AGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTT
ATCCGCCTCCATCCAGTCTATTAATTGTTIGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCA
TTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGC TTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGA
TCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCAT
GGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCAT
TCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAA
AGTGCTCATCATTGGAAAACGTICTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACT
CGTGCACCCAACTGATCTTCAGCATCTTTTACTITCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAA
AGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTITTTCAATATTATTIGAAGCATTTATCAGGGTTATIGTCTC
ATGAGCGGATACATATTIGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTAAAT
TGTAAGCGTTAATATTITTGTTAAAATICGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAA
TCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGG
ACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTIGGGGTC
GAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGA
GAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCC
GCCGCGCTTAATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGC GATCGGTGCGGGCCT
CTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTIGGGTAACGCCAGGGTTTTCCCAGTCACGACG
TTGTAAAACGACGGCCAGTGAATTGTAATACGACTCACTATAGGGCGAATTGGGTACCGGGCCCCCCCTCGAGGACTGGGGACC
CTGCACCGAACATGGAGAGCACAACATCAGGATICCTAGGACCCCTGCTCGTGTTACAGGCGGGGTTITTCTIGTTGACAAGAAT
CCTCACAATACCACAGAGTCTAGACTCGTGGTTIGACTTCTCTCAATTTTCTAGGGGGAACACCCAAGTGTCCTGGCCAAAATTCG
CAGTCCCCAACCTCCAATCACTCACCAACCTCTTGTCCTCCAACTTGTCCTGGGTATCGCTGGATGTGTCTGCGGCGTTTTATCAT
ATTCCTCTTCATCCTGCTGCTATGCCTCATCTTCTTGTTGGTTCTTCTGGACTACAAAGGTATGTTGCCCGTTTGTCCTCTACTTCCA.
GGAACATCAACTACCAGCACGGGACCATGCAAGACCTGCACGATTCCTGCTCAAAACACCTCTATGTTTCCCTCTTIGTTGCTGTA
CAAAACCTTCGGACGGAAACTGCACTTGTATTCCCATCCCATCATCCTGGGCTTTCGCAAGATTCCTATGGGAGTGGGCCTCAGT
CCGTTTCTCCTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTC TGCAGGGCTTTCCCCCACTGTTTGGCTTTCAGTTATATGGAC
GATGTGGTATTGGGGGCCAAGTCTGTACAACATCTTGAGTCCCTTTTTACCTCTATTACCAATTTTATGTTGTCTTTGGGCATACAT
TTGAACCCTAATAAAACCAAGCGTTGGGGCTACTCCCTTAACTTCATGGGATATGTAATTGGAAGTTGGGGTACTTTACCACAAG
AACATATTGTACAAAAACTCAAGCAATGTTTTCGAAAACTGCCTGTCAATAGACCTATTGATTGGAAAGTATGTCAGAGAATTGT
GGGICTTTTAGGCTTTGCTGCCCCTTTTACACAATGTGGCTATCCTGCCTIGATGCC TTTATATGCCTGTATACAATCTAAGCAGGC
TTTCACTTTCTCGCCAACTTACAAGGCCTTTCTGTGTAAACAATATCTGAACCTTTACCCCGTTGCCCGGCAACGGTCAGGCCTCT
GCCAAGTGTTTGCTGATGCAACCCCCACTGGATGGGGCTIGGCCATTGGCCATCAGCGCATGCGTGGAACCTTTGTGGCTCCTCT
GCCGATCCATACTGCGGAACTCCTAGCAGCTTGTTTTIGCTCGCAGCCGGTCTGGAGCGACACTTATCGGAACCGACAACTCTGTT
GTCCTCTCTCGGAAATACACCTCCTTTCCATGGCTGCTAGGGTGTGCTGCCAACTGGATCCTGCGCGGGACGTCCTTTGTCTACGT
CCCGTCGGCGCTGAATCCCGCGGACGACCCGTCTCGGGGCCGTTTGGGCCTCTATCGTCCCCTTCTTCGTCTGTCGTTCCGGCCGA
CCACGGGGCGCACCTCTCTTTACGCGGTCTCCCCGTCTGTGCCTTCTCATCTGCCGGACCGTGTGCACTICGCTTCACCTCTGCAC
GTCGCATGGAGACCACCGTGAACGCCCACCAGGTCTTGCCCAAGGTCTTATATAAGAGGACTCTTGGACTCTCAGCAATGTCAAC
GACCGACCTTGAGGCATACTTCAAAGACTGTTTGTTTAAAGACTGGGAGGAGTTGGGGGAGGAGATTAGGTTAATGATCTTTGTA
CTAGGAGGCTGTAGGCATAAATTGGTCTGTTCACCAGCACCATGCAACTTTTTCACCTCTGCCTAATCATCTCATGTTCATGTCCT
ACTGTTCAAGCCTCCAAGCTGTGCCTIGGGTGGCTTTAGGGCATGGACATTGACCCGTATAAAGAATTTGGAGCTTCTGTGGAGT
TACTCTCTTTTTTGCCTTCTGACTICTTTCCGTCTGTTCGAGATCTCCTCGACACCGCCTCTGCTCTCTATCGGGAGGCCTTAGAGT
CTCCGGAACATTGTTCACCTCACCATACAGCACTCAGGCAAGCTATTCTGTGTTGGGTTGAGTTGATGAATCTGGCCACCTGGGT
GGGAAGTAATTTGGAAGACCCAGCATCCAGGGAATTAGTAGTCAGCTATGTCAATGTTAATATGGGCCTAAAAATCAGACAACT
ATTGTGGTTTCACATTTCCTGTCTTACTITTGGAAGAGAAACTGTTTTAGAGTATTTGGTGTCTTTTGGAGTGTGGATTCGCACTCC
TCTCGCTTACAGACCACCAAATGCCCCTATCTTATCAACACTTCCGGAAACTACTGTTGTTAGACAACGAGGCAGGTCCCCTAGA
AGAAGAACTCCCTCGCCTCGCAGACGAAGATCTCAATCGCCGCGTCGCAGAAGATCTAAATCTCGGGAATCTCAATGTTAGTATC
CCTTGGACTCATAAGGTGGGAAACTTTACTGGACTTTATTCTTCTACTGTACCTGTCTTTAATCCTGAGTGGAAAACTCCCTCTTTT
CCTAACATTCATTTACAGGAGGACATTATTGATAGATGTCAACAATATGTGGGCCCTCTTACAGTGAATGAAAAAAGGAGATTAA
AATTAATTATGCCTGCTAGGTICTATCCTAACCTTACCAAGTATTITACCCTTGGATAAAGGCATTAAACCTTATTATCCTGAACAT
GCAGTTAATCATTACTTCCAAACTAGGCATTATTTACATACTCTGTGGAAGGCTGGCATICTATATAAGAGAGAAACTACACGCA
GTGCCTCATTTIGTGGGTCACCATATTCTIGGGAACAAGAGCTACAGCATGGGAGGTTGGTCTTCCAAACCTCGACAAGGCATGG
GGACGAATCTTTCTGTTCCCAATCCTCTGGGATTCTTTCCCGATCACCAGTTGGACCCTGCGTTCGGAGCCAACTCAAACAATCCA
GATTGGGACTTCAACCCCAACAAGGATCACTGGCCAGAGGCAAAGCAGGTAGGAGCGGGAGCATICGGGCCAGGGTTICACCCCA
CCACACGGCGGCCTTTTGGGGTGGAGCCCTCAGGCTCAGGGCACATTGACAACAGTGCCAGCAGCGCCTCCTCCTGCTTICCACCA
ATCGGCAGTCAGGAAGACAGCCTACTCCCATCTCTCCACCTCTAAGAGACAGTCATCCTCAGGCCATGCAGTGGAACTCCACAAC
ATTCCACCAAGCTCTGCTAGATCCAAGAGTGAGGGGCCTCTATITCCCTGCTGGTGGCTCCAGTTCCGGAACAGTAAACCCTGTT
CCGACTACTGCCTCACCCATATCGTCAATCTTC
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(embedding medium contains Araldite CY212, dodecenyl succinic anhydride, tri
(dimethylaminomethyl) phenol and di-butyl phthalate).

(v) Embedding: After infiltration, the specimens are embedded in medium using BEEM
capsules as mould (24 h at 50 °C), following which the temperature was raised to 60
°C for 24 h.

(vi) Ultramicrotomy was then performed producing section sizes ~60 nm in thickness.

(v)  Staining: The sections were stained with uranyl acetate for 30-120 min at RT.
Following this, the changes observed in the size and morphology of the cells was
studied and the results analyzed (Terzakis, 1968).

2.7. Preparation of cell free extract
In order to study the effect of gamma irradiation on pMTa4 DNA, a cell free extract of the
cell was prepared as per the protocol given by Sambrook and Russel (2001). The

methodology is described below.

2.7.1. Buffers and solutions: The compositions of the buffers and solutions required are
described below.

[a]  Lysozyme: A solution of concentration 5 pg.ul™* was prepared.

[b]  Lysis buffer: This buffer had the following composition:

Tris-Cl, pH 7.5 50 mM
NaCl 50 mM
DTT 1 mM
PMSF 1 mM
Glycerol (v/v) iI5%

[c]  PMSF stock solution: This was a 100 mM solution in isopropanol.
2.7.2. Methodology: From an E. coli culture grown as described (§ 2.5.2.), 1.5 ml of the culture

was centrifuged. The cell pellet obtained was resuspended in lysis buffer in a ratio of 1 mg

cell wet weight to 1 ml lysis buffer. Following this, 10 pl of the stock PMSF solution was
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added. Lysozyme was added to a final concentration of 300 ug.ml™ and the cell suspension
was incubated at 4 °C for 4 h. The cell debris was removed by centrifugation at 40,000 x g.

The resulting supernatant was the cell-free-extract of E. coli.

2.8. Transformation of pMTa4 DNA
Standard transformation protocol (Sambrook and Russel, 2001) was used with some
modifications for the transformation of pMTa4 DNA into the various strains of E. coli used
for the study (Sharan ez al., 2007). The methodology used for the study is as follows:

2.8.1. Materials required: The requirements are described below.

[a] LB agar plates with and without Ampicillin

[b] E. coli cultures grown till it reached OD of ~ 1 at 600 nm
fe] CaCl, 0.1 M

[d] pMTa4 DNA 100 ng mi™!

2.8.2. Methodology: Freshly sterilized LB broth (5 ml) was inoculated with 500 pl E. coli
culture grown as described (§ 2.5.2.) till it reached an OD of 0.5 at 600 nm. This culture was
cooled on ice for 15 min. From this culture, which consisted primarily of competent cells in
the mid-log phase, 1.5 ml of culture was centrifuged. The cell pellet obtained was
resuspended in 600 pl of ice cold 0.1 M CaCl, and stored on ice for 30 min. It was then
centrifuged and the cell pellet so obtained was resuspended in 200 pl of ice-cold 0.1 M
CaCl,. To this, 75 pl of pMTa4 (75 ng DNA) was added, gently mixed and kept on ice for
20 min. The tube was then incubated, in sequence, at 42 °C for 30 s and on ice for 180 s. LB
medium (500 pl, pre-warmed to 37 °C) was added into the tube, gently mixed and incubated
at 37 °C for 60 min. The content (200 pl) was then plated on LB agar plates containing 100
pg.ml™ Ampicillin at dilutions of 10 and 10 and incubated O/N at 37 °C. Control was LB
agar plate without Ampicillin. The following day, some colony forming units (CFU) were
observed on the Amp*-LB agar plates. These CFU were the E. coli cells which had been
transformed with the pMTa4 DNA, as confirmed by isdlating pMTad4 DNA from cultures
grown from single CFU. The control plates showed confluent growth (lawn). The cultures
grown from the CFU of pMTa4 transformed E. coli were used for further studies.
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2.9. Growth of the different strains of E. coli
For determining the growth characteristics of the E. coli strains, three different flasks were
inoculated with single CFU of the three /strains of E. coli, viz., AB1157, XL1 Blue and the
cultures grown (§ 2.5.2.) in the presence of 100 pg.ml? Ampicillin.

To determine the growth characteristics, the OD of the culture at 600 nm was recorded
every 2 h and plotted.

2.18. Clonegenic survival assay
The clonogenic assay is a measure of an organism’s reproductive ability following some
injury (Pacelli ef al., 1995, Birrell et al., 2001). This assay has been used to monitor the
effect of UV-C radiation induced injury to E. coli as different strains of E. coli used in the
study had varying susceptibilities to UV-C radiation induced injuries (Sharan, et al., 2007).
The methodology used for the study is as follows:

2.10.1. Requirements: The compositions of the buffers and solutions required are described
below.

[a] LB agar plates
{b] The desired E. coli culture grown as described (§ 2.5.2.).
fc] Source of UV-C radiation (§ 2.2.1)

2.10.2. Methodology: The E. coli cultures were plated on LB agar plates containing 100 pg.ml™
Ampicillin, at dilutions of 107, 10® and 10”. The plates, after an incubation of 30 min at
RT, were shifted to an incubator (37 "C). The following day, the CFU formed were counted
and the values recorded. These results were converted to percentage of control and plotted

on a semi-log graph paper as percent of controls to represent the survival of the E. coli

strain.



2.11. Preparation of plasmid DNA
Plasmid DNA was isolated from the E. coli cells essentially following the method of

Sambrook and Russel (2001) with modification as adapted in the laboratory (Odyuo and
Sharan, 2005).

2.11.1.Buffers and solutions: The compositions of the buffers and solutions required are

described below.

[a] Suspension buffer: This had the following composition:

Tris-HCI, pH 8.0 10 mM
EDTA, pH 8.0 1 mM

[b] DNase free RNase solution: DNase free RNase solution (100 pg ml?) was
prepared in sterile Millipore quality water.

[c] Lysis solution: This solution was freshly prepared and had the following

composition:
NaOH - 02M
SDS 1%

[d] Renaturation buffer: A 3 M solution of Sodium acetate served as the renaturation

buffer. The pH was adjusted at 5.2 with acetic acid.

[e] Phenol:Chloroform solution was prepared by mixing phenol and chloroform in a

ratioof 1:1.

{f] Ethanol: Two dilutions (95 % and 70 %) of ethanol were prepared by appropriate

dilution of absolute alcohol with water.

2.11.2. Methodology: Fresh LB medium was inoculated with a single CFU of E. coli and grown
at 37°C O/N (§ 2.5.2.). In a microfuge tube 1.5 ml of the culture was taken. It was subjected
to centrifugation at 10,500 xg in a Sigma centrifige for 1 min. Afier discarding the
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supematant, the cell pellet was.resuspended in 20 pl of the suspension buffer. To this, 7 i
of DNase free RNase was added and mixed. To this suspension, 200 pl of the lysis buffer
was added, mixed gently and allowed to stand for 3 min at RT, which rendered the
suspension of cells translucent, indicating lysis of the cells. Following this, 150 pl of the
renaturation buffer was added, the suspension génﬂy mixed and left on ice for 5 min. This
suspension was now centrifuged at 10,500 xg for 5 min and the supernatant collected in a
fiesh tube. An equal volume of phenol:chloroform solution was added and mixed well by
vortexing for 10 s. The resulting suspension was centrifuged for 2 min at 10,500 xg and the
upper aqueous phase collected in a fresh tube. To this, 900 pl of 95 % ethanol was added,
allowed to stand in cold for 10 min and centrifuged for 10 min at 10,500 xg. The plasmid
DNA, which collected at the bottom of the tube as a white pellet, was washed with 400 pl of
75 % ethanol. After pouring off the ethanol, traces of the remaining ethanol were evaporated
in a 37 °C incubator. The dried pellet was dissolved in sterile water or TE buffer as required
and stored refrigerated for further analysis. The average yield of the pMTa4 DNA obtained
was 2 pg.ul . ) ' ) :

2.12. Preparation of genomic DNA

Genomic DNA was isolated from the E. coli by the method described by Ausubel et al.

(1995) with minor modifications.

2.12.1 Buffers and solutions: The compositions of the buffers and solutions required are
described below.

fa]  TE buffer: This had the following composition:
Tris-HCl, pH 8.0 10 mM
EDTA, pH 8.0 1 mM
[b] Proteinase K solution: A 20 mg ml" solution of Proteinase K was prepared in

sterile Millipore water.

[c] SDS solution: This was prepared by dissolving 10 g of SDS in 100 ml of sterile
Millipore water making a 10 % solution.



[d] CTAB/NaCl solution: This has the following composition:

CTAB 10 %
NaCl 07M

NaCl was first dissolved in sterile Millipore water and then the CTAB was slowly added to

the solution with slow heating and stirring.

fe] Chloroform:Isoamyl alcohol mix was prepared by mixing chloroform and isoamyl

alcohol in the ratio 24:1.
[fl NaCl: A5 M solution was prepared and stored at RT.

{g] Phenol:Chloroform:Isoamyl alcohol mix was prepared by mixing phenol,

chloroform and isoamyl alcohol in the ratio 25:24:1.

2.12.2. Methodology: In a microfuge tube, 1.5 ml of O/N bacterial culture was centrifuged for 1
min at 10,000 xg in a Sigma centrifuge. The supematant was discarded and the cell pellet
resuspended in 367 pl of TE buffer. After adding 3 pl of proteinase K and 30 pl of SDS
solution, the suspension was mixed well and incubated at 37 °C in a water bath for 60 min.
To this, 100 wl of 5 M NaCl was added and mixed well. Following this, 80 pl of CTAB-
NaCl solution was added. After mixing, the solution was incubated in a water bath at 65 °C
for 10 min. Following this, an equal volume of chloroform:isoamyl alcohol mix was added,
mixed well and centrifuged for 5 min at 10,000 xg. The upper aqueous phase was carefully
pipetted out, collected into a fresh tube and an equal volume of phenol:chloroform:isoamyl
alcohol mix was added. The mixture was centrifuged at 10,000 xg for 5 min. The upper
clear aqueous phase was collected in a fresh tube and the genomic DNA precipitated out by

- mixing it-with 0.6 ml isopropanol at RT. The precipitate was spun down by centrifugation at
10,000 xg for 5 min. The pellet of genomic DNA was washed with 70 % ethanol, dried in a

37 °C incubator and dissolved in sterile Millipore water or TE buffer as required.
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2.13. Preparation of total RNA from E. coli
Total RNA was isolated from the cells using the trizol method (Sambrook and Russel, 2001)

with minor modifications. The materials required and method employed are described

below:

2.13.1. Buffers and solutions: The buffers and solutions required for the extraction are listed

‘below:

[a]

Trizol reagent: This had the following composition:

GTC 08M
Ammonium thiocyanate 04 M
Sodium acetate, pH 5 0.1 M
Glycerol 5%
Phenol 38 %

DEPC treated water to make the final volume to 100 ml.

DEPC treated water was prepared by mixing by stirring O/N, 2 ml of DEPC in 1000 ml

water.

[b]

el

1d]

[e]

dilution.

TE buffer: This had the following composition:

Tris-HC, pH 8.0 10 mM
EDTA, pH 8.0 1 mM

Chloroform: This was used directly from the bottle.

Isopropanol: This was used directly from the bottle.

Ethanol: ‘A 75 % solution was prepared using absolute alcohol by appropriate

2.13.2. Methodology: The entire isolation protocol was performed in a sterile room with restricted

entry. Only sterile, RNase free glassware and plasticware were used, which were prepared

by treating the plasticware and glassware with DEPC water, following which they were

autoclaved. Fresh-gloves were also used for the isolation process. These precautions were
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taken in order to mimimize the possibilities of comtamination as success of isolation of

RNA is largely dependent on contamination free isolation conditions.

From an E. coli culture grown as described (§ 2.5.2.), 1.5 ml of culture was taken in a
microfuge tube and spun at 10,000 xg. The resulting cell pellet was resuspended in 1 ml
trizol reagent and allowed to stand at RT for 5 min. To this, 0.4 ml of chioroform was
added, shaken for 15 s and again allowed to stand at RT for 3 min. The suspension was
centrifuged for 5 min at 13,000 x g. The upper 90 % of the supématant was carefully
collected and 0.5 ml of isopropanol was added to it. It was left to stand at RT for 30 min and
spun' in a Sigma centrifuge for 10 min at 13,000 xg. The supernatant was discarded. The
pellet, which primarily contained the total cellular RNA, was washed with 75 % ethanol and
dried. The dried pellet was dissolved in TE buffer. Quantification of the isolate was done
spectophotometrically (§ 2.14.2). The isolated RNA was subjected to 2 % AGE (§ 2.18).

2.14. Quantification of nucleic acid
2.14.1. Quantification of DNA by chemical method: DNA was quantified by the diphenylamine
assay of DNA estimation (Burton, 1968) with minor modifications. The methodology is

briefly described below.

- 2.14.1.1.  Solution required: Diphenylamine reagent: The reagent was prepared using the

following ingredients: A
Diphenylamine 15g
Glacial acetic acid 100 ml
Concentrated sulfuric acid 15 ml

The above reagents were mixed in the specified quantities carefully. The resulting reagent
was stored at RT.

2.14.1.2.  Methodology: DNA was-estimated by adding 2 ml of diphenylamine reagent to 0.1
ml of the DNA sample and boiling the mixture in a water bath for 10 min. The absorbance
of the blue colored solution was read at 595 nm after the solution had cooled down to RT.
Sperm whale DNA served as a standard.
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2.14.2. Quantification of DNA and RNA by spectrophotometric absorbance method: DNA or
RNA samples were also quantified by measuring the absorbance of the appropriately diluted
sample at 260 nm in a DU-530 Beckman spectrophotometer. The DNA and RNA contents
were calculated using the relationship of one unit absorbance at Aso being equivalent to 50
pg.ml™ DNA and 40 pg.ml™ RNA, respectively (Sambrook and Russel, 2001). The purity of
DNA or RNA was also determined by the absorption ratio Aaeo:A2g0 (Sambrook and Russel,
2001). ‘

2.15. UV-Cirradiation protocols
The effect of UV-C on the pMTa4 DNA profiles was studied in vitro and in vivo. The

irradiation protocols followed are described below.

2.15.1. Irradiation of pMTa4 DNA in vitro: For irradiation of pMTa4 in vitro, aqueous solution
of pMTa4 DNA (4 pg DNA in 2 pl) was irradiated in a UV chamber (§ 2.2.1) in dark and on
ice for varying intervals of time.

2.15.1.1.  Low dose studies: For the low dose studies, the irradiation was done for 30, 60, 90,
120 and 150 s which delivered UV-C doses of 1.2, 2.4, 3.6, 4.8 and 6 J.m™, respectively, to
pMTa4 DNA.

2.15.1.2.  High dose studies: For the high dose studies, the irradiation was done for 120, 240,
480 and 960 s, which delivered UV-C doses of 4.8, 9.6, 192 and 384 Jm? respectively to
pMTa4 DNA.

Immediately after irradiation, non-irradiated control and irradiated pMTa4 DNA were
subjected to AGE (§ 2.18.) for analysis. From the captured image the band intensities of the
CC and OC forms of pMTa4 were calculated using the KDS 1D software.

2.13.2 Irradiation in vive. For in vivo irradiation with UV-C, 1.5 ml of pre-cooled mid-log £.
coli cultures grown as described (§ 2.5.2.) were irradiated on ice in a dark UV-C chamber (§

32



2.2.1.) at low dose conditions (§ 2.15.1.1.). Plasmid DNA was isolated from these irradiated
cells following one of the two protocols listed below. Isolated plasmid DNA from non-
irradiated control and the irradiated cells (§ 2.11.) were subjected to AGE (§ 2.18.) for
analysis. From the captured image the band intensities of the CC and OC forms of pMTa4
were calculated using the KDS 1D software.

2.15.3. Irradiation of E. coli cells: AB1157 and JC9239 cells of E. coli, precooled for 30 min,
were irradiated for 120, 240, 480 and 960 s, which delivered UV-C doses 0of 4.8, 9.6, 19.2
and 38.4 J.m™. Following this, RNA was isolated (§ 2.13.) in repair permissive, (i.e., after
incubation at 37 °C for 60 min in the presence of light) and repair non-permissive (i.e.,
immediately after irradiaton) conditions, AGE performed (§ 2.18.) and the results analyzed
(§ 2.26.). The total proteins were also analyzed (§ 2.34.).

2.15.3.1.  Plasmid isolation under repair non-permissive (R) conditions: For isolation of
pMTa4 under R™ conditions, pMTa4 DNA was isolated immediately after UV-C.irradiation
(§ 2.11.) in dark. -

2.15.3.2.  Plasmid isolation under repair permissive (R*) conditions: For isolation of pMTa4
under R conditions, the UV-C irradiated E. coli cultures were first incubated in a 37 °C
water bath for 60 min and then plasmid DNA was isolated (§ 2.11.). In order to study the
kinetics of the repair, the UV-C irradiated E. coli cultures were also subjected to variable
periods of post-irradiation repair incubation (15, 30 or 60 min) and then the pMTa4 DNA

isolated.

2.16. Gamma irradiation protocol
Cultures of AB1157 and XL.1 Blue strains of E. coli (§ 2.4.1.) were subjected to gamma

irradiation.
2.16.1. Irradiation in vive: Cells grown in an LB medium (§ 2.5.2.) (1.5 ml) were pre-cooled on

ice in microfuge tubes for 30 min before placing the tubes in gamma chamber for 30,60 and
120 min of exposure to gamma radiation accumulating doses of 100, 200 and 400 Gy,
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respectively, under in vivo condition. The plasmid DNA was isolated for analysis following

either of the two protocols listed below.

2.16.1.1.  Plasmid isolation under repair non-permissive (R) conditions: pMTa4d DNA was
isolated (§ 2.11.) from cells immediately after irradiation in the dark. Isolated plasmid was
dissolved in 20 pl of sterile Millipore water and kept refrigerated for analysis.

2.16.1.2.  Plasmid isolation under repair-permissive (R”) conditions: After irradiation, the
cells were subjected to post-irradiation repair incubation in a water bath at 37 °C for 60 min
in the presence of light. After this incubation, pMTa4 DNA was isolated (§ 2.11.), dissolved
in 20 pl of sterile Millipore water and stored refrigerated for analysis. In an experiment
designed to study the effect of repair system reconstitution on the repair kinetics (§ 2.26.),
the reconstituted XL1 Blue culture was incubation under repair permissive condition for 30

min only.

2.17. AEBN exposure protocols
The effect of exposure of pMTa4 to AEBN was studied in vitro and in vivo. The exposure

protocols followed are described below:

2.17.1. AEBN exposure of pMTa4 DNA in vitro: Aliquots of whole or linearized (with Ncol)
pMTa4 DNA (2pl containing 4 pg DNA) were exposed to 0.5, 1, 1.5, 2 or 2.5 pl of AEBN
(100 pg.ul™) subjecting the pMTa4 to increasing concentrations of AEBN (50, 100, 150,
200 or 250 pg) at 37 °C for 30 min or to 2.5 pl AEBN (100 pg.ul™) subjecting the pMTa4
to 250 pg AEBN for increasing time intervals (5, 10, 15, 20, 25, 30, 35, 40 or 45 min).

2.17.2.AEBN exposure of pMTad4 DNA in vivo: AB1157 cells were grown as described (§

2.5.2.) in the presence of 50, 100, 150, 200 or 250 ul AEBN (100 pg.ul™) per 10-ml culture,

. essentially exposing the cells to 500, 1000, 1500 or 2000 ng AEBN per ml culture O/N at 37
°C in a shaker.
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2.18. Agarose gel electrophoresis (AGE)
Standard AGE protocol was followed (Ausubel ef al., 1995) as adapted in the laboratory

(Odyuo and Sharan, 2005). The methodology is briefly described below.

2.18.1.Buffers and solutions: The compositions of the buffers and solutions required are
described below.

[a] TAE buffer, pH 8.0 (1 x): This had the following composition:
Tris-acetate, pH 8.0 40 mM
EDTA, pH 8.0 1 mM

[b] Sample loading solution: This had the following composition:
Sucrose 40 %
Bromophenol blue 02 %

[c] EB staining solution was used as supplied.

2.18.2. Gel preparation: In 100 ml of TAE buffer in a beaker, 1, 1.2 or 2 g of agarose was added
to prepare 1, 1.2 or 2 % agarose gel, respectively. The agarose was. dissolved by slowly
heating the beaker to about 90 °C in a microwave with repeated swirling. The clear agarose
solution was. cooled to about 40 °C, slowly poured into gel casting chambers and a comb
inserted into the molten gel. The gel usually solidified in ~ 20 min at RT. The comb was
removed and the gel was placed into the electrophoresis tank containing 1 X TAE buffer.

2.18.3.Sample loading: After mixing the DNA or RNA samples (usually containing ~ 4 pg of the
nucleic acid) with 1/10" volume of the sample loading solution, the mixture was loaded into

the wells of the agarose gel with the help of microtips.

2.18.4. Electrophoresis: The samples in the submerged agarose gels were subjected to
electrophoresis at constant voltage for specific periods of time, as shown below, in a Mupid
gel electrophoresis apparatus (Japan). The electrophoresis conditions for the various

samples used are described in table 3.
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Table 3: Agarose gel electrophoresis details

Sample for electrophoresis | Gel percentage | Voltage (V) | Time (min)
PMTad4 DNA ' 1% 100 60
RNA 12% 100 60
PCR amplicon | 2% 100 30
Restriction digests of pMTa4 | 1% | 50 | 60

{ DNA '

2.18.5.8taining and documentation: Gels were stained in 0.3 pg.m!I' EB in TAE buffer for 10
min on a rocker, following which the gels were destained in TAE buffer for 30 min. The
gels were visualized on a UV transilluminator. The fluorescence emancipating from the EB
intercalated in the nucleic acid was captured and digitized using a Kodak DC120 camera.

2.19. Alkaline agarose gel electrophoresis (AAGE)
AAGE was performed after exposing the pMTa4 DNA to varying doses of AEBN in vitro
(2.17.1.). The method followed was that of Sambrook and Russel (2001) wnh minor
modifications. Briefly, it is described below. '

2.19.1. Buffers and solutions: The compositions of the buffers and solutions required are
described below.

la] Alkaline agarose gel electrophoresis buffer (10 x): This had the following

composition:
NaOH 500 mM
EDTA, pH 8.0 10 mM

The stock buffer was stored refrigerated. For use, it was diluted to 1 x concentration with
water. The resulting pH was found to be ~ 9 when checked with a pH strip.

{b] Gel loading buffer (6 x): This comprised the following:

NaOH 300 mM
EDTA, pH 8.0 6 mM
Bromophenol blue 02%

The buffer was stored refrigerated and used for up to 2 months.
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[c] Neutralizing solution: This solution had the following composition:

Tris-Cl, pH 7.6 1M
NaCl 5M

[d] EB: It was used as supplied.

2.19.2. Methodology: The agarose gel solution was prepared by melting 1 g of agarose in 80 ml

of Millipore water by heating it in the microwave to ~ 90 °C. It was cooled to ~ 55 °C and

10 ml of the 10 x AAGE buffer was added. This gel usually solidified in 20 min at RT. The

DNA samples (which consisted of pMTa4 DNA exposed to varying concentrations of

-AEBN (§ 2.17.1.) and untreated control pMTa4 DNA) were mixed with 1/6 volumes of 6 X

gel loading buffer and loaded. Electrophoresis was performed at 3.5 V.cm™ for 16 hin 1 X

AAGE buffer. After electrophoresis, the gel was neutralized using the neutralizing solution

for 1 h, stained in EB (§ 2.18.5.), photographed and the results analyzed by comparing the
mobility of the bands with the mobilify of a lambda DNA HindIII digest DNA marker.

2.20. Recovery of CC and OC forms of the DNA from the agarose gel

The pMTa4 isolate upon electrophoresis (§ 2.18.) gives two major bands on an agarose gel.
These bands are the OC and the CC topological forms of plasmid DNA (Humstoe ef al.,
1998; 2003). To isolate pure OC and CC forms of pMTa4 from the plasmid isolate, the
plasmid was prepared in bulk and subjected to a preparative AGE. In one of the lanes of this
gel a small amount of the pMTa4 isolate was loaded to serve as a marker. After
electrophoresis the marker lane of the gel was carefully cut out using a sterile scalpel and
stained with EB (§ 2.18.5) in order to determine the location of the OC and CC forms of the
plasmid on the gel. Placing this stained marker gel next to the unstained portion of the
preparative gel on a UV-transilluminator and using the stained section of the gel as a guide,
the portion of the preparative gel containing the CC and OC forms of the plasmid were
carefully excised out. The desired piece of gel was crushed and placed over tightly packed
sterile glass wool in a column. This column was placed in a microfuge tube and centrifuged
at 10,000 x g for 45 s. The eluent containing the desired conformational form of the pMTa4
DNA was collected in a fresh tube and concentrated by speed vacuum. The Axg of the
eluent was recorded to calculate the quantity of the recovered topological form of pMTa4.
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2.21. Gel mobility shift assay
To study the effect of AEBN exposure on pMTa4 DNA, gel mobility shift assay was
employed. The AEBN unexposed and exposed pMTa4 DNA (§ 2.17.1.) was subjected to
AGE (§ 2.18.). The mobilities of CC and OC forms of pMTa4 DNA were analyzed using
KDS 1D software and the shift in mobilities, if any, were éalculated from the data (§
2.26.2.).

2.21.1.Gel mobility shift in vitro as a function of concentration of AEBN: pMTa4 DNA
samples in microfuge tubes were exposed to increasing concentrations of AEBN (§ 2.17.1.).
The control tube had pMTa4 DNA without AEBN. Following this, samples were subjected
to 1 % AGE (§ 2.18.) and shift in mobilities determined (§ 2.26.2.).

2.21.2. Gel mobility shift in vivo as a function of concentration of AEBN: AB1157 cells were
grown O/N in LB broth (§ 2.5.2.) in the absence or presence of increasing doses of AEBN
(§ 2.17.2.). The following day, pMTa4 DNA was isolated from the flasks (§ 2.11.) subjected
to AGE (§ 2.18.) and the mobilities of the OC and CC forms of the pMTa4 DNA were -
determined (§ 2.26.2.).

2.21.3. Gel mobility shift assay in vitro as a function of time of incubation at 37 °C: pMTa4
DNA isolates in microfuge ‘tubes were mixed with 250 png of AEBN. The tubes were
incubated at 37 °C for varying intervals of time (5, 10, 15, 20, 25, 30, 35, 40 or 45 min).
After incubation, the plasmid samples were subjected to AGE (§ 2.18.) and change in
mobilities of CC and OC bands determined (§ 2.26.2.).

2.22, Study of the effect of AEBN on the molecular mass of pMTa4 DNA
) study the effect of AEBN on the molecular mass of pMTa4 DNA, the pMTa4 DNA was
linearized with the restriction endonuclease Ncol (§ 2.25.) and this linearized plasmid was
exposed to increasing concentrations of AEBN (§ 2.17.1.). The samples were subjected to
AGE (§ 2.18.) and the results analyzed by comparing the mobilities of the treated and
untreated DNA against a Lambda DNA HindIlI digest marker.
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2.23. Dissociation kinetic analysis of AEBN adduct from the pMTa4

To study the stability of the AEBN adduct on pMTa4 DNA," AB1157 cells were grown as
described (§ 2.5.2.) in 20 ml of LB broth in the presence of 2000 pg of AEBN per ml
culture. In thirteen separate microfuge tubes each with 1.5 ml culture medium, pMTa4 was
isolated from the AEBN exposed culture the following day essentially following the
standard method (§ 2.11.) with one modification, that is, the ethanol precipitate of plasmid
DNA was. not immediately dissolved in water. The plasmid pellets in the thirteen separate
microfuge tubes could be sequentially dissolved in sterile water every 2 h, essentially
allowing AEBN exposed pMTa4 isolates to remain in solution for precisely 0, 2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22 and 24 h. Following this, the samples were subjected to AGE (§ 2.18)
and stained (§ 2.18.5.) as described.

2.24. Effects of pH, and K* & Na' ions on the stability of AEBN adduct:

To study the factors affecting stability of the AEBN induced adducts on pMTa4 DNA,
AB1157 cells were grown as described (§ 2.5.2.) in the presence of 2000 pg AEBN. pMTa4
was isolated from this culture the following day (§ 2.11.) and effects of pH, K* and Na"ions
were studied by observing the mobility shift of CC and OC forms of pMTa4 (§ 2.26.2.). For
monitoring the effect of pH on the mobility of the CC and OC forms, the pMTa4 isolates
were prepared as described (§ 2.11.) in séven microfuge tubes, each starting with 1.5 ml
AB1157 culture grown in the presence of 2000 pg AEBN per ml culture. The pMTa4 pellet
in separate tubes were dissolved in 1-M Tris-Cl buffer adjusted to increasing pH, e.g., pH 5,
6,7, 8,9, 10 and 11. Similarly, for monitoring the effects of K and Na" ions, the pMTa4
pellets in different tubes were dissolved in varying concentrations (5, 10, 15, 20, 25, 30 and
35 mM) of the ions. The tubes were left to stand at RT for 24 h after which the samples
were subjected to AGE (§ 2.18.). The shift in mobilities were calculated (§ 2.26.2.) and
results analyzed.

2.25. Restriction mapping of pMTa4
In order to study the effect of UV-C irradiation and exposure to AEBN of pMTa4 DNA on
the restriction profile of the pMTa4 DNA, the pMTa4 DNA samples were digested as

described below.
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2.25.1. Restriction map of UV-C irradiated pMTa4 DNA: For the restriction mapping analysis of
the effects of UV-C irradiation on pMTa4 DNA, unirradiated pMTa4 DNA or pMTa4 DNA
irradiated with 4.8, 9.6, 19.2 and 38.4 J.m™ UV-C radiation were restriction digested with
Dral, Sspl, Accl, Ncil and Haell till the restriction digestion of the unirradiated control was
complete (Humstoe ef al, 1998, 2003). The conditions of digestion were those

recommended by the manufacturers.

2.25.2. Restriction map of pMTa4 DNA isolated from cells exposed to AEBN: For the restriction
mapping of the pMTa4 DNA subjected to AEBN exposure, the pMTa4 DNA isolates were
prepared (§ 2.11.) from AB1157 cultures grown as described (§ 2.5.2.) in the presence of
2000 pg AEBN per ml culture. The isolates were restriction digested with the different

restriction endonucieases O/N.

The following day, AGE was performed and the results analyzed. The restriction digestion
profile of the pMTa4 DNA was compared with the restriction digestion profile of an
unirradiated or unexposed control pMTa4 DNA. The molecular sizes of the bands were
analyzed by comparing the mobilities.of the bands with the mobilities of the markers,
Lambda DNA HindlII digest and Lambda DNA HindIIl EcoRI double digest DNA markers.

2.26. Aualysis of bands of pMTa4 DNA bands |
Analysis of the different bands of plasmid DNA resolved on agarose gels was done with the
help of KDSID sofiware. The sofiware was used to quantify the bands as well as to
calculate its mobilities on the gel by calculating its Rf values.

2.26.1. Quantiﬁcation: The intensity of the band was measured as pixel density and was analyzed
by comparing the band intensities of the irradiated or treated pMTa4 DNA with that of the
untreated or unirradiated control bands.

2.26.2. Mobility calculation: The mobility of the bands was analyzed by comparing the Rf of the
irradiated or treated pMTa4 DNA with that of the untreated or unirradiated control DNA.
The molecular size of the restricted pMTa4 DNA was approximated by comparing the Rf of
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the restriction digested fragments with the Rf of the DNA molecular weight markers using

the same software.

2.27. Ethidium bromide (EB) intercalation assay
For monitoring the effect of UV-C radiation and conformational state of plasmid DNA on
EB intercalation this assay was designed.

2.27.1.Buffers and solutions: The compositions of the buffers and solutions required are
described below.

[a] TAE buffer: This was prepared as follows:

Tris-acetate, pH 8.0 40 mM
EDTA, pH 8.0 1 mM

[b] EB solution: A solution of concentration 0.4 ng.ul”' in sterile water was prepared

from stock EB solution.

2.27.2. Methodology: In 100 ml of TAE buffer in a beaker, 1 g of agarose was added to prepare 1
% agarose gel. The agarose was dissolved by slowly heating the beaker to about 90 °C in a
microwave with repeated swirling. The clear agarose solution was cooled to about 40 °C,
slowly poured onto a clean glass slide. A template was inserted into the molten gel. After

the gel had solidified, the template was removed leaving behind the wells on the gel.

In separate microfuge tubes, 2 pl (4 pg DNA) each of the pMTa4 isolate, purified CC form
of the plasmid or purified OC form of the plasmid DNA were mixed well with 0.4 ng of EB
(1 pl of EB solution). This mixture was loaded on the wells. The gel was allowed to stand at

RT for 3 min and the fluorescence emancipating from the wells were captured and digitized
(§2.26.).

2.28. Hyperchromicity assay
The pMTa4 isolates (2 pl containing 4 pg DNA) in separate tubes were exposed to 1.2, 24,
3.6, 4.8 and 6 J.m? doses of UV-C radiation. Immediately afterwards their Az were
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recorded and compared with the Az of the unirradiated control plasmid preparation.
Similarly, the Asep of the unirradiated and irradiated purified CC form of pMTa4 DNA (§
2.20.) was also recorded.

2.29. Absorption spectral analysis of AEBN interaction with pMTa4 DNA
The starting materials for this analysis were plasmid isolate (2 pg pl”) and AEBN (100 pg
™). In different microfuge tubes 2 pl of pMTa4 DNA (4 pg DNA) each were aliquoted. The
pMTa4 DNA was now subjected to increasing concentrations of AEBN (§ 2.17.1.). After
gentle mixing, the tubes were incubated at 37 °C for different time intervals (30, 60 and 90
min). After this, the contents of the tubes were made up to 1 ml with sterile water.
Absorbance spectra for each tube was recorded over a range of 235 to 320 nm using a

spectrophotometer (Systronics, UV-Vis Spectrophotometer 119).

2.30. Effect of AEBN on mutation induction in microsatellite regions

Four microsatellite regions (table 4) of E. coli genome, namely ANTW, NCGT, TNT1 and

INTG, were selected for studying induction of mutation upon exposure to AEBN. The -
selection of the séquences was based on the prevalence of AT- or GC- rich NT sequences
and also on their susceptibility to damages (Metzgar ef al., 2001). The primers for amplifying
the ANTW, NCGT, TNT1 and INTG microsatellites were designed by Metzgar et al. (2001).
Prior to usage, the primers were checked for their annealing properties on the E. coli genome
using the software NCBI Blast (http://www.ncbinlm.nih.gov/BLAST). The details of the

primers used are given in table 4.
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Table 4: Primer sequences of the selected microsatellite regions

Name of Genomic Primer sequence Amplicon Annealing

microsatellite location size (bp) temperature

49

522253 - | Forward-GCGTTGAATGGATATTATCC
522533 Reverse-CGCCATACTGAGTCATATCTCC

TNT1 280 432

' [73903016- Forward-GACATCGGCCACATGGITACC
ANTW' 305 54.8
3903298 Reverse-GGATTGTTACCGCACTAAGCG

379108 - | Forward-CGCACCTCATCATCTGCATGC
INTG 192 52

379303 Reverse-GGAAATTCTGATTCCTTCTGCC

4083497 - | Forward-GCAAAGGTCCAGAATTGGCTC
NCGT ' 169 52

4083689 Reverse-GTGTTGTAAATCATCACGCCG

2.31. Polymerase chain reaction (PCR) based amplification
Standard protocol of PCR was followed as described in Sambrook and Russel (2001).
. Briefly, the methodology is described below.

2.31.1.Buffers and solutions: The compositions of the buffers and solutions reql_lired are
described below. -

[a] Buffer for a PCR reaction: This had the following composition:

KCl 50 mM

Tris-HC1 10mM

Triton X-100 1%

MgCl, 1.5 mM
fb] Deoxyribonucleotide mix: 0.2 mM
[c] Primers: I nM each of forward and reverse primers
{d] Taq DNA polymerase: 5U

231.11.  Methodology: The PCR was performed in a Thermal Cycler (Techne, UK). The
PCR reaction mix was constituted as per the manufacturer’s instructions. The PCR reaction

mix (25 pl), had the following compositions for each microsatellite:

Buffer: 25w
dNTPs: 15 ul
Primers: 1 pl each of forward and reverse primers
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Taq DNA polymerase: 025 ul
Water: _ 17 ul
DNA template: 1 pl of 1 pg ml” genomic DNA

After mixing, the PCR reaction was carried out for 35 cycles as per the steps given below:
Initial denaturation was carried out at 94 ° C for 5 min. Following this, 35 cycles of the
following steps were performed.

Denaturation : 94 °C for 1 min

Annealing: Speciﬁéd annealing temperature for 1 min (Table 4)

Extension: 72 °C for 1 min

After the 35 cycles were over, final extension was-carried out at 72 °C for 10 min.

After amplification, AGE was performed (§ 2.11.) with 2 pl of the amplicon. Part of the

amplicon was lyophilized and sent for sequencing along with its pair of primers.

2.32. Sequencing and alignment
The amplified sequences were sent for sequencing to Bangalore Genei, India, where the
sequencing was done by the single pass analysis-(SPA) technique and the sequencing results
obtained. The results were then aligned using the Multalin software and the results analyzed.

2.33. Effect of UV-C radiation on AEBN interaction with pMTad4 DNA
The pMTa4 DNA (2 pl containing 4 pg DNA) was irradiated with UV-C and its effect on
the binding characteristics of the AEBN on the DNA was studied as described (§ 2.21.).

2.33.1. Mobility shift analysis of UV-C irradiated pMTa4 DNA: pMTa4 (12 pl contammg 24 ug
" DNA) was irradiated with UV-C for 150 s correspondmo to a dose of 6 J.m™. Following
this, the DNA was aliquoted into 6 different tubes. Each of the tubes containing 4 ug DNA,
was subjected to increasing concentrations of AEBN (§ 2.17.1.), mixed well and incubated
at 37 °C for 30 min. For the control, the DNA was incubated without AEBN. Following
this, AGE was performed (§ 2.18.), the gel stained (§ 2.1835.) and the mobility of the two
‘bands of the DNA, the CC form and the OC forms were determined (§ 2.26.2.) from the gel.



2.33.2.8tudy of the effect of UV-C radiation on the molecular mass increase induced by AEBN
on the linearized pMTad4 DNA: pMTa4 DNA, linearized with the restriction endonuclease
Neol (§ 2.25.), was irradiated with UV-C (6 J m?) and incubated with increasing
concentrations of AEBN (§ 2.17.1.). The samples were subjected to AGE (§ 2.18.) and the
AEBN induced increase in the mass of the pMTa4 DNA was monitored from the induced
change in the mobility of linear form of the pMTa4 DNA exposed to AEBN as compared to

the untreated control.

2.34. Preparation of total protein samples
From an AB1157 culture grown as described (§ 2.5.2.), a 1.5 ml aliquot was taken and
centrifuged. The cell pellet obtained was resuspended in 100 pl of sample buffer (§ 2.36.1.).
The sample was then heated in a water bath which denatured the proteins and prepared
samples for SDS- polyacrylamide gel electrophoresis (SDS-PAGE).

2.35. Estimation of proteins by Bradford’s method
Estimation of total cellular proteins of E. coli was done using Bradford’s method of protein -
estimation with BSA as a standard (Bradford, 1976). The materials needed and

methodologies followed are briefly described below.

2.35.1. Buffers and solutions: The reagents needed for the estimation of proteins are given
below:

[a]  Stock Bradford reagent: CBB G-250 (100 mg) was dissolved in 50 ml of 90 %

ethanol. To this, 100 ml of 85 % (w/v) orthophosphoric acid was carefully added. The stock

solution was stored refrigerated. '

[b]  Working Bradford reagent: Stock Bradford solution (15 ml) was slowly added to
85 ml of distilled water and filtered through Whatman #1 filter paper. The resulting solution -

was immediately used for estimation of proteins.

2.35.2. Methodology: From the sample for protein estimation, 6 pl was taken and the volume was
made up to 0.1 ml with distilled water. To this, 5 ml of the working Bradford reagent was
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added and vortexed. The absorbance of the blue colored solution was read at 595 nm after 5

min. Each assay was performed in triplicate.

2.36. Sodium dodecyl sulphate - polyacrylamide gel electrophoresis (SDS-PAGE)
The SDS—PAGE analysis was carried out as described by Laemmeli (1970) with some
modifications as adapted in the lab (Pariat et al., 1997). It employed a 12 % resolving and a
3 % stacking gel. The methoglology employed is briefly described below.

2.36.1. Buffers and solutions: For the preparation of the gel, the following stock reagents were
prepared. These were stored refrigerated and used for up to 1 year except some which are
specified.

[al Gel making reagents

(i) Monomer solution: This has the following composition:

Acrylamide: 30 %
Bis-acrylamide: - 0.8%
This solution was prepared in Millipore quality water and filtered through Whatman filter

paper.

@) Tris-Cl buffer, pH 8.8 M
(i) Tris-Cl buffer, pH 6.8 IM
@iv) SDS solution 10 %
) APS 10 %.

This was freshly prepared before each use. A

(vi) TEMED: This was used directly from the bottle as supplied.
Using these stock reagents, SDS-PAGE gel comprising 3 % stacking and 12 % separating
gels were prepared by mixing the reagents in specified volume as described in table 5.
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Table 5: Quantities of reagents used for the gel preparations

Stock reagent Separating gel Stacking gel
(12 %) B %)
| Monomer solution 4 ml 500 pl
{ Tris-Cl buffer, pH 8.8, I M | 3.73 ml —
Tris-Cl buffer,pH 6.8, 1 M | -~ 625 ul
["Millipore water 221 ml 3.8ml
SDS 10 % 100 wt 50
| APS 10 % 30 ul * 13 pl *
TEMED 10 pl * 12 pl*

* These solutions were added to the mixture after the solutions were degassed using a

vacuum pump.

[b] Sample loading buffer: It consisted of the following:

SDS 12%
DTT : 0.6 M-
Potassium phosphate buffer (pH 7) 60 mM
Glycerol 12%
Bromophenol blue 036 %

To prepare sample for SDS-PAGE, the protein sample was mixed with 1/5™ volume of the

sample lading buffer and heated in a boiling water bath for 3 min.

fc] Electrophoresis buffer: The buffer comprised the following:

Tris-Cl buffer, pH 8.8
Glycine
'SDS

25 mM
192 mM
01%

This buffer was prepared and stored refrigerated for use.

[d] Staining solution: This had the following composition:

Methanol
Acetic acid
CBB R-250
Water

40 m}
10 ml
01lg

50 ml
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[e] Destaining solution: The solution was prepared by mixing methanol: glacial acetic

acid; water in the ratio of 4:1:5.

2.36.2. Methodology: Normally 15 pl (containing 6 pg proteins) of protein samples were loaded
into the wells using long microtips. Electrophoresis was carried out at a constant voltage of
25 V.cm™ for 90 min at RT. After electrophoresis, the gel cassette was disassembled and the
gel transferred to a staining tray. Staining was carried out on a rocker O/N in the staining
solution. The stained gel was destained using by changing the destaining solution 3 times on
the rocker till the background stain was totally removed. The gels were now photographed

and analyzed.

2.37. Quantification an statistical analysis
On an average, the number of repeats performed for each experiment was at least five for
the UV-C irradiation experiments, AEBN exposure experiments, restriction digestion
experiments and three for the EB intercalation, gamma irradiation and induction of
hyperchromicity experiments. Statistical analyses, i. €., the calculation of the mean, standard
deviation, standard error of the mean and t-test were done with the help of MS Excel. The

graphs were plotted using the MS Excel and Kaleidagraph softwares.
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Results



3.1

3.2.

Growth patterns of different strains of E. coli

Three different strains of E. coli used in this study were grown under optimal conditions as
described in § 2.4.2. The increase in the number of E. coli cells, measured as OD at 600 nm
every hour, was plotted as shown in Figure 3.1. A slight difference was observable in the
growth curves of different strains of E. coli. The wild type strain, AB1157, and the recF mutant
strain, JC9239, showed higher but nearly overlapping rates of growth as compared with the
recA mutant strain, XL1-Blue. The AB1157 and JC9239 strains had identical lag phase of 4 h,
while XL1-Blue showed a lag phase of about 5 h. Consequently, the former two entered the
stationary phase in 13 h, while the XL1-Blue strain entered the stationary phase in 15 h.
Overall, the rec4 mutant, XL1-Blue, grew slowly as compared to the wild type, AB1157 and
the recF, JC9239 strains.

1.6

1.2

—e— AB1157
—&—— JC9239
—e—XL1-Blue

OD at 600 nm

0 5 10 15 20
Time (h)

Figure 3.1: Growth curves of E. coli strains: The growth curves of three strains of E. coli used
in this study, the wild type, AB1157 (—e—), the recF mutant, JC9239 (—4—) and the recd
mutant, XL1-Blue (—e—), have been plotted.

Effect of UV-C radiation on survival of E. coli strains
This was done by clonogenic survival assay (§ 2.10.) following exposure to increasing doses of
UV-C (§ 2.6.). Figure 3.2 shows the clonogenic survival of strains of E. coli used in the study.
The survival of the rec4 mutant strain, XI.1-Blue, was seen to be most compromised after UV-
C exposure. At the maximum dose of UV-C radiation used (50 J.m') the survival of the repair
proficient, wild type strain (AB1157) was reduced marginally to 0.19 %. On the other hand, at
this dose of UV-C radiation, recF (JC9239) and the recd (XL 1-Blue) mutant strains showed no
apparent survivals. The survival of recF (JC9239) mutant was < 0.1 % at 45 J.m™ UV-C
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radiation. The recd (XL1-Blue) mutant showed highly compromised survival, with only 0.0001
% of the cells surviving after being irradiated with a dose of 5 J.m™ only.

100 —eo— AB1157
i —u— JC9239
- 10 - —a— XL1 Blue
E.
= 4
£
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o 0.1
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Dose of radiation (J.m™)

Figure 3.2: Clonogenic survival assay of E. coli: The clonogenic survival curves of the strains
of E. coli used in the study as a function of dose of UV-C radiation; the wild type, AB1157
(—e—), the recF mutant, JC9239 {(—=—) and the recA mutant, XL.1-Blue (—&—).

3.3. Transformation efficiency of the pMTa4 plasmid DNA
In order to study the effect of the different mutagenic agents on the pMTa4 DNA, the plasmid
was transformed into the different strains of E. coli, viz. AB1157, JC9239 and X1.1-Blue. The
pMTa4d DNA has Amp" as a marker. Thus, when the transformation was successful the
transformants turned Ampicillin resistant and were able to grow on LB-agar plates containing
100 pg.mi” Ampicillin. Fig. 3.3 shows the colonies transformed with pMTa4 DNA that grew on

Transformed colonies

Figure 3.3: Growth of transformed colomies. E. coli cells transformed with the pMTa4 DNA
appear as colonies on an Amp’ LB-agar plate.
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34.

3.5.

the Amp’-LB-agar plate. The transformation efficiencies for the strains used in this study were
found to be 1000 transformed colonies per ng pMTa4 DNA.

Effect of UV-C radiation on protein profile of E. coli

SDS-PAGE was performed (§ 2.36.) to monitor effects of increasing doses of UV-C radiation
(4.8, 9.6 and 192 J.m™) on total protein profile of the E. coli strains AB1157 and JC9239 under
repair non-permissive (R) and repair-permissive (R") conditions (§ 2.15.2.1. and 2.15.2.2.,
respectively). The protein profiles under R™ and R* conditions were compared with the
unirradiated control. From the gel photograph, as shown in figures 3.4 for AB1157 (4) and
JC9239 (B), UV-C radiation did not induce any observable difference in the profile of cellular
proteins at the doses of UV-C used.

Figure 3.4: SDS-PAGE profile of total proteins of E, coli: Figure shows protein profiles of £.
colj cells isolated immediately after exposing them to varying doses of UV-C irradiation as
indicated in the figures under repair non-permisive (R) and permissive (R*) conditions. Panel A
'shows the protein profiles of wild type strain, AB1157 and panel B that of recF mutant, JC9239.

Profile of pMTa4 DNA isolate of E. coli
The pMTad4 DNA isolated using the procedure detailed in § 2.11 from any strain used in the
study showed, as expected, similar profiles after AGE, indicating that there was essentially no
effect of the strain of E. coli being used as a host for the plasmid on its profile. Figure 3.5 shows
a typical agarose gel electropherogram of pMTa4 DNA (lane A) and the pMT3a4 linearized with
Necol (lane B). In the native form, all plasmids exist in the covalently closed circular (CC) form,

a complex form where the plasmid is supercoiled, and hence the plasmid possesses a very
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compact form. A nick in this complex relaxes the plasmid and it assumes open circular (OC)

form.

Figure 3.5: Profile of pMTad4 DNA: Gel photograph showing profile of pMTa4 (4 ug) immediately
after isolation (lane A) and after linearization of the plasmid by Ncol (lane B). Different topological
forms of pMTad, marked on the gel, are covalently closed circular (CC), open circular (OC) and
multimeric (M) forms. After the pMTa4 DNA was digested with Ncol, it converted all plasmid forms to
its linear (L) form.

A single double stranded break {DSB), or two single stranded breaks (SSB) induced sufficiently
close together in the plasmid, converts it to the linear (L) form. The plasmid isolates (Fig. 3.5;
lane A) does not show any L form. Hence, pMTa4 DNA was digested with the restriction
endonuclease Ncol, which has only one restriction site within the plasmid. It digested all
- topological forms of pMTa4 DNA into linear (L) form. Above the OC bqnd of the plasmid, one
or a few other bands were observed. These bands are the multimeric (M) forms of the plasmid,
which are formed when multiple plasmid molecules are linked together during the process of
isolation of the plasmid, which results in the increase in their molecular sizes and hence, these

forms are seen to move slower than the other forms of the plasmid.

3.6. Effect of UV-C radiation on pMTad4 DNA in vitro
Isolated plasmid preparations were irradiated with 1.2, 2.4, 3.6, 4.8 and 6 J.m” doses of UV-C
radiation in vitro (§ 2.15.1), subjected to 1 % AGE (§ 2.18) and the gel analyzed to quantify
different topological forms of pMTa4 (§ 2.26.1). Figure 3.6 shows the effect of UV-C
irradiation on the resulting forms of pMTa4 DNA. The gel shows UV-C dose dependent
increase in CC and OC forms of pMTa4 (Fig. 3.6 A). Upon quantification and plotting, the
progressive increase in the band intensities of both the conformational forms was obvious (Fig.
3.6 B). The maximum increase in pixel density of CC and OC forms were 146.2 + 3.0 and 123.8

+ 6:67 of the control, respectively. Also notable is the fact that the observed increase in band
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intensity is more in the OC as compared to the CC form of pMTa4 DNA. No L form of the
plasmid was produced by UV-C radiation.
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Figure 3.6: Effect of UV-C radiation on pMTa4 DNA i vitro: Panel A: Electrophesogram showing CC

and OC forms of pMTa4 DNA (4 pg) after being imadiated with moreasing doses of UV-C (lane 1 (€)=
unexposed pMT24; knes 2-6 = pMTad irradiated with 1.2, 2.4, 3.6, 4.3 and 6 J.m™). Parel B: Plot
" showing the percentage pixel densities of the OC (—8—) and OC (—O—) topological forms of the
- pMTad DNA as a function of UV-C dose The data (mean £+ SD) were obtamed from the |
electropherograms.

3.7 Eft‘ect'ot' UV-C radiatiou cu pMT24 DNA of AB1157 strain in vivo
Starting with a single colony of AB1157 strain from an agar plate (§ 2.5.3), an O/N culture was
prepared (§ 2.5.2). The cultures were irradiated with different doses of UV-C radiation (§
2.152). pMTad DNA was isolated from the tubes either immediately or after a repair
incubations as described (§ 2.15.2).

3.7.1. Under repair-non-permissive conditions (R): Immediately after irradiation, plasmid DNA
was isolated (§ 2.11), subjected to AGE (§ 2.18) and topological forms of the plasmid analysed
(§ 2.26). Fig. 3.7 shows a typical electropherogram (panel A) and plot obfained from such an
experiment (panel B). The gel visually showed a dose dependent increase in the band intensity
of both CC and OC forms; the OC form depicted a greater increase in the band intensity as
compared to the CC form of the plasmid (Fig. 3.7 A). The plot of pixel densities of CC and OC
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bands (Fig. 3.7 B) shows that UV-C radiation induced increase in OC form was up to 1460
5.5 % of the control while it was velatively less for the CC form (123.07 = 8.9 % of the control)
at6 Jm™>.
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Figure 3.7: Effect of UV-C radiation on pMTad DNA of ABIIS7 strain in vive vader repair-non-
permissive (R) conditions: Panel A: Electropherogram showing CC and OC forms of pMTad DNA (4
pg) after being imadiated with increasing doses of UV-C in vivo under R conditions (lane 1 {C) =
unexposed pMTa4; lanes 2-6 = pMTa4 afier exposure of E. coli cells 'to 1.2, 2.4, 3.6, 4.8 and 6 Jm™).
Panel B: Plot showing the percentage pixel densities of the CC (%) and OC (—O—) topological forms
of the pMTa4 DNA as a function of UV-~C dose. The data wese obiained fiom the electropherograms. -

3.7.2. . Under repair-permissive conditions (R*): The UV-C exposed cells were subjected to 60
min of post-irradiation repair incubation at 37 “C (§ 2.15.2.2) and then its plasmid DNA was =~
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Figure 3.8;: Effect of UV-C radiation on p3Tad DNA of ABUIS7 strain in vivo under vepair-
permissive (R*) conditions: Panel A: Electropherogram showing increase in the CC and OC forms of
pMTa4 DNA (4 pe) after being inadiated with UV-C in viwo R' conditions (lane 1 (C) = unexposed
pMTa4; lanes 2-6 = pMTa4 imadiated with 12, 2.4, 3.6, 4.8 and 6 J.m?). Panel B: Plot showing the
percentage pixel densities of the CC (—#) and OC (—C—) topological forms of the pMTa4 DNA asa
function of UV-C dose. The data were oblaimed from the electropherogram.
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isolated (§ 2.11), subjected to AGE (§ 2.18) and topological forms of the plasmid analyzed (§
2.26). Figure 3.8 shows a typical electropherogram (panel A) and the plot obtained from the
analyses (panel B). The results show that dose dependent increase in the band intensities of the
CC and OC forms of pMTa4 DNA that was observed after the cells were irradiated with UV-C
(Fig. 2.15.2) nearly completely disappeared after the cells were allowed repair incubation of 60
min (Fig. 3.8).

3.8. Effect of UV-C irradiation on pMTa4 DNA of JC9293 strain in vivo
Similarly, starting with a single colony of JC9293 strain from an agar plate (§ 2.5.3), an O/N
culture was prepared (§ 2.5.2). The cultures were irradiated with different doses of UV-C
radiation (§ 2.15.2). pMTa4 DNA was isolated from the tubes either immediately or after a

repair incubations as described (§ 2.11).

3.8.1.  Under repair-non-permissive conditions (R’): Inmediately after irradiation, plasmid DNA
was isolated (§ 2.11), subjected to AGE (§ 2.18) and topological forms of the plasmid analyzed
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Figure 3.9: Effect of UV-C radiafion on pMTad4 DNA of JC9239 strain under repair-non-
permissive (R") conditions: Panel A: Electropherogram showing pixel densities of the CC and OC
forms of pMTa4 DNA (4 ug) after being irradiated with increasing doses of UV-C in vivo under R
conditions (lane 1 (C) = unexposed pMTa4; lanes 2-6 = pMTa4 irradiated with 1.2, 2.4, 3.6, 4.8
and 6 J.m™). Panel B: Plot showing the percentage pixel densities of the CC (—#—) and
OC {(—O-) topological forms of the pMTa4 DNA as a function of UV-C irradiation. The data were
obtained from the electropherogram.
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(§ 2.26). Fig. 3.9 shows a typical electropherogram (panel A) and plot (panel B) obtained from
such an experiment. The gel visually showed a dose dependent increase in the band intensity of

both CC and OC forms; the OC form depicted a greater increase in the band intensity as
compared to the CC form of the plaémid (Fig. 3.9 A). The plot of pixel densities of CC and OC
bands (Fig. 3.9 B) shows that UV-C radiation induced increase in OC form was up to 153.2 +
4.6 % of the control while it was relatively less for the CC form (128.07 + 7.3 % of the control)
at 6 J.m”.

3.8.2.  Under repair permissive conditions (R"): The JC9239 cells were irradiated with UV-C and
then repair incubated as described (§ 2.15.2). Figure 3.10 shows a typical electropherogram and
the plot obtained from the analyses. The results show that the increase in the band intensities of
the CC and OC forms of the pMTa4 DNA that was observed after the cells were irradiated with
UV-C (Fig. 3.10) persisted even afier the cells were repair incubated.

f
i
5o
o o
. .

Pixel density (% of control) £ SD

110

100

9o4‘\

80 | . : : ,

0 1.2 24 36 48 6
UV-C (J.m?

Figure 3.10: Effect of UV-C radiation on the pMTa4 DNA in vivo of JC9239 strain in
repair-permissive (R") conditions: Panel A: Electropherogram showmg the CC and OC forms
of pMTa4 DNA (4 pg) after being irradiated with UV-C in vivo in R* conditions (lane 1O =
unexposed pMTa4; lanes 2-6 = pMTa4 irradiated with 1.2, 2.4, 3.6, 4.8 and 6 J.m” %), Panel B:

Plot showing the percentage pixel densities of the CC (—#) and QC (—O-) topological forms
of the pMTad4 DNA as a function of UV-C irradiation. The data were obtained from the
electropherogram.
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3.9.

3.9.1

Effect of time of repair incubation on pMTa4 DNA profiles
The repair kinetics of pMTa4 DNA was studied by allowing the pMTa4 to undergo repair

incubation in vitro and in vivo as described below:

Effect in vitro: The pMTa4 DNA was incubated at 37 °C in the presence of light for 0, 15
and 30 min, after being irradiated with 6 Jm™ UV-C radiation. As observed in figure 3.11, post-
irradiation repair-incubation of 0, 15 and 30 min had no apparent effect on the UV-C induced
increase in the band intensities of the two conformational forms, CC and OC of pMTa4 DNA.
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Figure 3.11: Effect of duration of UV-C irradiation on the pMTa4 in vifro. Panel shows a
plot of the effect of UV-C radiation on the pixel densities of the CC (—w—) and OC (-—~o—)
forms of the pMTa4 DNA after they were allowed to undergo repair incubation, for 0, 15 and 30
min following irradiation with 6 Jm? UV-C.

Effect in vivo for AB1157 and JC9239 strains: F igure 3,12 shows the effect of time of post-
irradiation repair incubation at 37 °C in presence of light for 0, 15 and 60 min on CC and OC
forms of the pMTa4 DNA after they were exposed to 6 J.m” of UV-C radiation i vivo.

As observed from the figure, the intensities of OC and CC forms of the pMTa4 DNA isolated
from AB1157 strain decreased rapidly in the first 15 min which slowed down a bit beyond this
point of repair incubation. In contrast, the pMTa4 DNA of JC9239 strain did not show
significant difference in intensities of either topological forms of pMTa4 DNA at different post-

irradiation incubation times.
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Figure 3.12: Effect of duration of UV-C irradiation on the pMTa4 in vivo: Panel shows a
graph plotted to show the pixel densities of the CC (—a—) and OC (—=-—)forms of the pMTa4

DNA isolated from AB1157 cells and the pixel densities of the CC (--®--) and OC (--O==)

forms of the pMTa4 DNA isolated from the JC9239 strain after they were allowed to undergo
repair incubation for 0, 15 and 60 min following irradiation with 6 J.m” UV-C.

3.10. Effect of UV-C radiation on total RNA profile of AB1157 and JC9239 strains of E. coli
Total cellular RNA was isolated (§ 2.13) from unirradiated and UV-C irradiated AB1157 and
JC9239 strains of E. coli under R” and R” conditions (§ 2.15.3.) and analyzed by AGE (§ 2.18).

R R
UV-C (.m) UV-C (Lmi*)

w3
P L

Figure 3.13: Total RNA profiles E. coli: AGE gels showing total RNA (4 pg) profiles of E. coli
cells isolated after exposure to varying doses of UV-C radiation in R" and R” conditions. (lane 1
(C) = unexposed control; lanes 2-4 = irradiated with 4.8, 96 and 19.2 Jm?>). Panel A shows the
total RNA profile obtained from AB1157 strain and panel B is from the JC9239 strain.
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The results are shown in Figure 3.13. As expected, essentiglly only two species of RNA, the
23S and 16S rRNA were detectable on agarose gels (Heptinstall, 1993). The RNA profile of
AB1157 essentially remained invariant. The JC9239 strain, on the other hand, exhibited a weak

dose dependent down regulation of 23S and 16S rRNA, which were more pronounced under R*
conditions (Fig. 3.12 B).

3.11. Ethidium bromide (EB) intercalation assay
An experiment was designed in the laboratory (§ 2.27) in order to observe the effect of UV-C
irradiation on EB intercalation into total plasmid isolate and isolated CC and OC forms of
pMTa4 (§ 2.20.). Figure 3.14 shows the effect of increasing doses of UV-C radiation on total
plasmid isolate (A) and isolated CC (B) and OC (C) forms of pMTa4 DNA. A dose

dependent increase in intercalation of EB was observable in all these cases.

©)

Figure 3.14: EB intercalation by pMTa4 DNA. Figures show the EB intercalation densities of
the pMTa4 DNA (4 ng) irradiated with 0, 1.2, 2.4, 3.6, 4.8 and 6 Jm? UV-C radiation. Panels
show the EB intercalation densities of the total plasmids (panel A), CC form of the pMTa4 DNA
(panel B) and OC form of the pMTa4 DNA (panel C).

The fluorescence emancipafing from the EB were quantified as pixel density and plotted
(Fig.3.15) confirming the dose dependent increase.
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Figure 3.15: Effect of dose of UV-C radiation on EB intercalation: Figure shows graphs
plotted to show the % EB intercalation densities of the total plasmids (panel A), CC (panel B)
and OC (panel C) forms of the pMTa4 DNA after they were exposed to 0, 1.2, 2.4, 3.6, 4.8 and 6
J.m? UV-C radiation.

3.12. Hyperchromicity assay
The effect of increasing doses of UV-C radiation (1.2, 2.4, 3.6, 4.8 and 6 J .m'z) on the Ayg of
the total pMTa4 DNA and purified CC form were studied (§ 2.28.). The resulting hyperchromic
shift was plotted against dose of UV-C for total (A) and purified CC form (B) of pMTa4. A
dose dependent hyperchromicity increase was observed (Fig. 3.16). While the increase was
progressive in case of total pMTa4 (Fig. 3.16 A), it reached a plateau beyond 2.4 J.m™in case of
CC form of pMTa4 (Fig. 3.16 B).
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Figure 3.16: Effect of dose of UV-C radiation on hyperchromicity: Plots of the %
hyperchromicity of the total plasmids (panel A) and CC form (panel B) of the pMTa4 DNA after
they were exposed to 0, 1.2, 2.4, 3.6,4.8 and 6 J.m? UV-C radiation.

3.13. Correlation between EB intercalation and hyperchromicity effects induced by UV-C
3.13.1. In total plasmids:
Upon plotting the UV-C induced hyperchromicity increase against the EB intercalation increase
for the total pMTa4 DNA, it was observed that both the increases followed very similar trends

as observed in figure 3.17.
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Figure 3.17: Comparison of the hyperchromicity and EB intercalation in total pMTa4
DNA: The figure shows comparative linear plots of the EB intercalation densities (—®—) and the

hyperchromicity (—®—) observed for the total pMTa4 DNA obtained after irradiation of the
DNA with varying doses of UV-C in vitro.
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In order to better understand the way in which the hyperchromicity and EB
intercalation correlated with each other, a correlation graph was plotted (Figure 3.18).
From this graph, the slope of the line, and hence the correlation between the EB
intercalation and induction of hyperchromicity was deduced. The correlation was found
to be 0.98552, which is almost a linear correlation.
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Figure 3.18: Correlation graph between the hyperchromicity and intensity due to EB intercalation:

The figure shows a correlation plot obtained by plotting the EB intercalation densities and
hyperchromicity of UV-C radiated total pMTa4 DNA.

3.13.2. In CC form of pMTa4 DNA:

Upon plotting the UV-C induced hyperchromicity increase against the EB intercalation increase

g

140

130 -

120 -

110 - -
—e— Hyperchromicity

—e— EB intercalation

% EB intercalation //Hyperchromicity
(mean £ SD)

(] 1.2 24 36 48 6
uv-C (J.m?)

Figure 3.19: Comparison of the hyperchromicity and EB intercalation densities in the CC
form of pMTad4 DNA: The figure shows comparative linear plots of the EB intercalation

densities (—®—) and the hyperchromicity (—®—) observed for the total pMTa4 DNA obtained
after irradiation of the DNA with varying doses of UV-C in vitro.
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for the CC form of pMTa4 DNA, it was observed that both the increases followed very similar
trends as observed in figure 3.19.

In order to better understand the way in which the hyperchromicity and EB intercalation

correlated with each other, a correlation graph was plotted (Figure 3.20) From this graph,
the slope of the line, and hence the correlation between the EB intercalation and induction of

hyperchromicity was deduced. The correlation coefficient was found to be 0.96314, which is,

again, almost a linear correlation.
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Figure 320: Correlation graph between the hyperchromicity and EB intercalation densities:

The figure shows a correlation graph plotted between the hyperchromicity increase and the EB
intercalation density increase observed after the -CC form of the pMTa4 DNA was irradiated with

UV-C radiation.

3.14. Restriction mapping of UV-C irradiated pMTa4 DNA
pMTa4 DNA was irradiated with 4.8, 9.6, 19.2 and 38.4 J.m? UV-C radiation and restriction

digested for the amount of time required to completely digest the unirradiated control pMTa4
DNA (§ 2.25.). These restriction maps were compared with the map of unirradiated control
pMTa4 DNA.

3.14.1. Digestion with Dral: pMTa4 has four restriction sites for Dral (Fig. 3.21) generating four
restriction fragments of sizes 2682, 2600, 696 and 19 bp.
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Figure 3.21: Schematic representation of the restriction sites of Dral on pMTa4 DNA: The
restriction sites (=) of Dral on pMTa4 DNA are shown in the figure.

Figure 3.22. shows the restriction map of unirradiated (control) pMTa4 and pMTa4 DNA
irradiated with UV-C as detailed in § 2.15.1.2.). The 19 bp fragment electrophoresed out of the
gel due to its small size. Hence, the control lane showed only three bands (Fig. 3.22; lane 2). It
was -observed that upon irradiation with UV-C, pMTa4 DNA showed four additional slow
migrating bands of sizes 3292, 3573, 5462 and 6173 bp (Fig. 3.22 ; lane 3-6), which were
entirely absent in the unirradiated control. The intensify of the extra fragments was seen to
increase with higher doses of UV-C irradiation. This indicates that the digestion of pMTa4 by
Dral was influenced by UV-C radiation. The fragment sizes were determined using a DNA
molecular size marker, lambda DNA HindlIl digest (Fig. 3.22; lane 7).

Figure 3.22: Dral restriction profile of UV-C irradiated pMTa4 DNA: The electropherogram
shows unirradiated and UV-C irradiated pMTad4 DNA (4 pg) digested with Dral. Lane 1 (C) is the
profile of the unirradiated, undigested pMTa4 DNA. Lane 2 (0) is the profile of the unirradiated
pMTa4 DNA digested with Dral, Lanes 2-6 show the profiles of UV-C irradiated DNA digested
with Dral. Lane 7 (M) indicates the molecular weight marker (lambda DNA HindIlI digest). The
fragment sizes (bp) of the bands are indicated in the figure.



Fig. 3.23 schematically explains the pMTa4 bands observed on agarose gel following restriction
by Dral.
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Figure 3.23: Schematic representation of the band sizes obtained after agarose gel
electrophoresis of the digested pMTa4 DNA: The lines (m) represent the restricted fragments.
The yellow bands are indicative of the sites possibly showing resistance to restriction digestion.

The band intensities of different fragments were calculated using KDS 1D software. The plot of
band intensities as pixel density of all bands against dose of UV-C radiation is shown in figure
3.24. The plot shows a dose dependent increase in intensities of extra fragments of 5462 and
3292 bp. The other two extra fragments, 6173 and 3573 bp, also show similar but weaker trend.
A compensatory reduction in intensities of 2862, 2600 and 692 bp bands were noticeable in the

plot.
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Figure 3.24: Relative band intensities of the restricted fragments: The figure represents the relative
band intensities of the fragment sizes obtained after restriction digestion of UV-C irradiated pMTa4
DNA in vitro. The color coded fragment sizes are indicated in the legend.
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3.14.2. Digestion with Sspl: pMTa4 has two restriction sites for SspI (Fig. 3.25) generating two
restriction fragments of sizes 6043 and 130 bp.

Figure 3.25: Schematic representation of the restriction sites of Ssp/ on pMTa4 DNA: The
restriction sites (==) of SspI on pMTa4 DNA are shown in the figure. '

Figure 3.26 shows the restriction map of unirradiated control pMTa4 (lane 2) and pMTa4 DNA
irradiated with UV-C (lanes 3-6) as detailed in § 2.15.1.2. The unirradiated control lqne,
therefore, showed only two bands (lane 2). It was observed that upon irradiation with UV-C,
pMTa4 DNA showed one additional slow migrating band of size 6173 bp (Fig. 3.26; lanes 3-6)
as determined by KDS 1D software with the help of lambda DNA HindlIII digest as a marker
(lane 7). The intensity of the UV-C induced extra band was invariant to increasing doses of UV-
C radiation (Fig. 3.26). In addition, two bands, which corresponded with the CC and OC forms
of the piasmid and not seen in the unirradiated control (Fig. 3.26; lane 2), made their
~ appearances in the irradiated group (lanes 3-6). This indicates that the digestion by Sspl was
hindered due to UV-C irradiation. Depending upon hindrance to digestion at one or both
restriction sites on the plasmid, results would be different, The former would generate fragment
~ of 6173 bp size (Fig. 3.26). In the later condition, the topological form of the plasmid would
remain intact. This explains reappearance of the CC and OC forms of pMTa4 in the irradiated
group (lanes 3-6). It is to be noted that the hindrance to restriction by SspI was more prominent
for OC form of the plasmid as it started showing its appearance from 4.8 J.m? onwards. The
reappearance of CC form was seen for the highest dose of UV-C, that is, 38.4 J.m™.
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Figuare 3.26: Sspl restriction profile of UV-C irradiated pMTa4 DNA: The electropherogram
shows unirradiated and UV-C irradiated pMTa4 DNA (4 ng) digested with Sspl. Lane 1 (C) is
the profile of the unirradiated, undigested pMTa4 DNA. Lane 2 (0) is the profile of the
unirradiated pMTa4 DNA digested with Ssp/. Lanes 2-6 show the profiles of UV-C irradiated
DNA digested with Sspl. Lane 7 (M) indicates the molecular weight marker (lambda DNA
HindIII digest). The fragment sizes (bp) of the bands are indicated in the figure.

Fig. 3.27 schematically explains the pMTa4 bands observed on agarose gel following restriction

by Sspl.
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Figure 3.27: Schematic representation of the band sizes obtained after agarose gel
electrophoresis of the digested pMTa4 DNA: The lines (m) represent the restricted fragments.
The yellow bands are indicative of the sites possibly showing resistance to restriction digestion.

Quantification of all bands was done using the software KDS 1D and plotted in figure 3.28.
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Figure 3.28: Relative band intensities of the restricted fragments: The figure represents the
relative band intensities of the fragment sizes obtained after restriction digestion of UV-C
irradiated pMTa4 DNA in vitro. The color coded fragment sizes are indicated in the legend.

3.14.3. Digestion with Accl: pMTa4 has three restriction sites for Acc/ (Fig. 3.29) generating three

restriction fragments of sizes 3895, 1925 and 353 bp.

Figure 3.29: Schematic representation of the restriction sites of Accl/ on pMTa4 DNA: The

restriction sites (==) of 4cc/ on pM'Tad DNA are shown in the figure.
Figure 3.30 shows the restriction map of unirradiated (control) pMTa4 and pMTa4 DNA
irradiated with UV-C as detailed in § 2.15.1.2. The unirradiated control lane 2, therefore,
showed only three bands. It was observed that upon irradiation with UV-C, pMTa4 DNA
showed an additional slow migrating band of size 5820 bp, which visually showed increase in
intensity with increasing dose (Fig. 3.30; lanes 3-6). This indicates that the digestion by Acc/
was influenced by UV-C irradiation. The fragment sizes were determined using a DNA

molecular size marker, lambda DNA HindIII digest (Fig. 3.30; lane 7).
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Figure 3.30: Accl restriction profile of UV-C irradiated pMTad DNA: The electropherogram
shows unirradiated and UV-C irradiated pMTad DNA (4 pg) digested with Acc/. Lane 1 (C) is the
profile of the unirradiated, undigested pMTad DNA. Lane 2 (0) is the profile of the unirradiated
pMTa4 DNA digested with Acel. 1anes 2-6 show the profiles of UV-C irradiated DNA digested
with Accl. Lane 7 (M) indicates the molecular weight marker (lambda DNA HindlI1 digest). The
fragment sizes (bp) of the bands are indicated in the figure.

Fig. 3.31 schematically explains the pMTa4 bands observed on agarose gel following restriction

by Accl.
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Figure 3.31: Schematic representation of the band sizes obtained after agarose gel
clectrophoresis of the digested pMTa4 DNA: The lines (m) represent the restricted fragments.
The yellow bands are indicative of the sites possibly showing resistance to restriction digestion.

The band intensities of different fragments were calculated using KDS 1D software. The plot of
band intensities as pixel density of all bands against dose of UV-C radiation is shown in figure
3.32. The plot shows that the intensity of the UV-C induced extra band exhibited a trend of

marginal increase with increasing doses of UV-C radiation (Fig. 3.32).
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Figurc 3.32: Relative band intensitics of the restricted fragments: The figure represents the
relative band intensities of the fragment sizes obtained after restriction digestion of UV-C
irradiated pMTa4 DNA in vitro. The color coded fragment sizes are indicated in the legend.

3.14.4. Digestion with Ncil: pMTa4 has six restriction sites for Necil (Fig. 3.33) genecrating six
restriction fragments of sizes 2234, 1038, 1036, 818, 696 and 351 bp.

Figure 3.33: Schematic representation of the restriction sites of Ncil on pMTa4 DNA: The
restriction sites (==) of Ncil on pMTa4 DNA are shown in the figure.

Figure 3.34 shows the restriction map of unirradiated (control) pMTa4 and pMTa4 DNA
irradiated with UV-C as detailed in § 2.15.1.2. The 1038 and 1036 bp fragments, due to their
very similar molecular sizes, are seen as the one band on the gel. Hence, the control lane
showed only five bands (Fig. 3.34; lane 2). It was observed that upon irradiation with UV-C,
pMTa4 DNA showed two very faint additional slow migrating bands of sizes 4318 and 3272 bp
(Fig. 3.34). The fragment sizes were determined using a DNA molecular weight marker, lambda

DNA HindlIll EcoRI double digest (Fig. 3.34; lane 7).
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Figure 3.34: Ncil restriction profile of UV-C irradiated pMTa4 DNA: The electropherogram
shows unirradiated and UV-C irradiated pMTa4 DNA (4 pg) digested with Neil. Lane 1 (C) is the
profile of the unirradiated, undigested pMTa4 DNA. Lane 2 (0) is the profile of the unirradiated
pMTa4 DNA digested with Ncil. Lanes 2-6 show the profiles of UV-C irmadiated DNA digested
with Neil. Lane 7 (M) indicates the molecular weight marker (lambda DNA Hindlll EcoRI double
digest). The fragment sizes (bp) of the bands are indicated in the figure.

Fig. 3.35 schematically explains the pMTa4 bands observed on agarose gel following restriction
by Ncil.
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Figure 3.35: Schematic representation of the band sizes obtained after agarose gel
electrophoresis of the digested pMTa4 DNA: The lines (=) represent the restricted fragments.
The yellow bands are indicative of the sites possibly showing resistance to restriction digestion.

The quantification of bands was done using KDS 1D software and plotted (Fig. 3.36). The band
intensities of the extra fragments were essentially varant following UV-C wrradiation
suggesting no influence of dose of UV-C radiation.
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additional bands were observed after irradiation with UV-C (Fig. 3.38; lanes 3-6). This indicates
that UV-C
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Figure 3.38: Haell restriction profile of UV-C irradiated pMTa4 DNA: The electropherogram
shows unirradiated and UV-C irradiated pMTa4 DNA (4 pg) digested with Haell. Lane 1 (C) is
the profile of the unirradiated, undigested pMTa4 DNA. Lane 2 (0) is the profile of the
unirradiated pMTa4 DNA digested with Dral. Lanes 2-6 show the profiles of UV-C irradiated
DNA digested with Haell. Lane 7 (M) indicates the molecular weight marker (lambda DNA
HindIlI digest). The fragment sizes (bp) of the bands are indicated in the figure.

radiation did not influence pMTa4 restriction by Haell. The fragment sizes were determined

using a DNA molecular weight marker (Fig. 3.38; lane 7).
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Figure 3.39: Schematic representation of the band sizes obtained after agarose gel
electrophoresis of the digested pMTa4 DNA: The lines (m) represent the restricted fragments.
The yellow bands are indicative of the sites possibly showing resistance to restriction digestion.

Fig. 3.39 schematically explains the pMTa4 bands observed on agarose gel following restriction
by Haell. The quantification of observed bands was done using KDS 1D software, which also

supported the visual observation.
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3.15. Effects of gamma radiation on pMTa4 DNA in vivo
E. coli O/N cultures were prepared (§ 2.5.2) and 1.5 ml of it irradiated with 100, 200 and 400
Gy gamma radiation in vivo (§ 2.17.1.2.). pMTa4 DNA was isolated either immediately (R
condition) or after repair incubation (R” condition) as described § 2.15.3. The plasmid isolates

were subjected to 1 % AGE (§ 2.18) and the results analyzed.

3.15.1. Effects in vivo for ABI157 strain: Figure 3.40 shows typical electropherograms of pMTa4
DNA isolates under R™ (panel A) and R" (panel B) conditions. Under R™ conditions an overall
dose dependent degradation of CC and OC forms of pMTa4 DNA was observed which was
pronounced at 200 and 400 Gy doses. Repair
incubation (R"), on the other hand, seemed to reverse the situation and the CC and OC forms of

the plasmid exhibited no apparent effect of increasing doses of gamma radiation.
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Figure 3.40: Effect of y-irradiation on pMTa4 DNA isolated from E. coli strain AB1157: Panel
A: Electropherogram showing effect of gamma irradiation under R™ conditions on pMTa4 DNA (4
pg) Panel B: Electropherogram showing effect of gamma irradiation under R* conditions on
pMTa4 DNA (lane 1 (0) = unexposed pMTa4 lanes 2-4 = pMT a4 irradiated with 100, 200 and 400
Gy radiation).

3.15.2. Effects in vivo for XL1-Blue strain: Figure 3.41 shows typical electropherograms of pMTa4
DNA isolates under R™ (panel A) and R™ (panel B) conditions. The overall dose dependent
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Figure 3.41: Effect of y-irradiation on pMTa4 DNA isolated from E. coli strain XL1-Blue.
Panel A: Electropherogram showing effect of gamma radiation under R™ conditions on pMTa4
DNA (4 ug). Panel B: Electropherogram showing effect of gamma irradiation under R” condition
on pMTa4 DNA (lane 1 (0) = unexposed pMT a4 lanes 2-4 = pMTa4 irradiated with 100, 200 and
400 Gy gamma radiation).

74



degradation of CC and OC forms of pMTa4 DNA under R™ conditions was seen to persist
specially for the OC form even after repair incubation (R).

3.15.3. pMTad4 DNA profile of XLI-Blue strain reconstituted with cell-free extract of ABII57
strain: Cell free extract (500 pl) isolated from I ml AB1157 culture (§ 2.5.2) was added to 1 ml
O/N cultures of XL1-Blue and y-urradiated (§ 2.16.1.).
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Figure 342: Effect of y-irvadiation on pMTad DNA isolated from £ cofi XL1-Blue strain
treated with cell free extract from ABL157. Parel A- Electropherogram showing effect of
gamma iradiation under R conditions on pMTa4 DNA (2 ug). Panel B: Electropherogram
showing effect of gamma irmadiation under R™ conditions on pMTa4 DNA (lane 1 (0) =
unexposed pMTa4 (4ug) lanes 2-4 = pMTa4 iradiated with 100, 200 and 400 Gy gamma
irradiation).

Figure 3.42 shows typical electropherograms obtained. The pMTa4 DNA isolated under R
condition showed an overall degradation of the CC and OC forms. However, after repair
incubation (R"), the isolated pMTa4 DNA seemed to have undergone better repair and hence,
damages mduced by the y-radiation seemed to be repaired better in XL1-Blue strain in the
presence of cell-free extract of AB1157 strain.

3.16. Effect of aqueous extract of betel nut (AEBN) exposure on E. coli
The pMTa4 isolates in vitro or AB1157 cells in vive were exposed to different doses of AEBN
(§ 2.172)). Effects of the exposure were analyzed on different parameters described below.

3.16.1. On the morphology of AB1157 cells: Transmission electron micrography of E.
coli cells grown in the absence or presence of 2000 ug AEBN revealed distinct differences in
the morphology of the cells (Fig. 3.43). The AEBN exposed cells were larger in size and seen to
have more electron dense cytoplasms (panels b & c) as compared to the controls (panel a). The
cell walls showed invagination (panel ¢ arrow) indicating damage.
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Figure 3.43: Transmission electron micrographs of E. coli AB1157 cells exposed to AEBN:
(a) A dividing E. coli unexposed to AEBN (b), (¢) AB1157 cells of E. coli exposed to AEBN.
Magnification = 20,000X.
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3.16.2. On spectrophotometric absorbance of pMTa4 DNA: pMTa4 DNA isolates (4 pg DNA)
were exposed to increasing concentrations of AEBN at 37 °C for 30 min (panel A), 60 min
(panel B) and 90 min (panel C) and their absorption spectra recorded. The results are shown in
figure 3.44. As is apparent from the absorbance spectral plots (Fig. 3.44; A, B and C) both dose
of AEBN and time of incubation affected absorption by pMTa4 DNA.
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Figure 3.44: Absorption spectra analysis: Absorption spectra of pMTa4 DNA-AEBN mixture
with 4 pg pMTa4 DNA and increasing concentrations of AEBN, viz., 50 pg (—), 100 pg (==), 150
ng (=), 200 pg (=) and 250 pg (==) when the incubation was allowed for 30 min (A), 60 min (B)

and 90 min (C).
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From these data, 4 pg pMTa4 DNA, 250 ug AEBN and 30 min incubation at 37 °C were chosen
as ‘saturating conditions’ and were used for further studies. Under these conditions, the
absorption spectra of pMTa4 DNA (4 pg), AEBN (250 pg) and 4 pg pMTad4 DNA exposed to
250 pg AEBN for 30 min at 37 °C were recorded (Fig. 3.45). The pMTa4 isolate absorbed
maximally at a wavelength of 260.8 nm, as expected (arrow). The AEBN exposed pMTa4, on
the other hand, was found to absorb maximally at 283.2 nm (open arrow). The AEBN exposed
pMTa4 exhibited a trough at the original absorption maximum of DNA, i.e., 260.8 nm,
indicating a significant shift in the absorption maximum of the DNA after its exposure to 250
pg AEBN for 30 min. The absorption maximum showed a red shift of 22.4 nm following
exposure to AEBN indicating formation of AEBN adducts on pMTa4 DNA.
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Figure 3.45: Spectrophotometric analyses of pMTa4 and AEBN interaction in vitro:
Absorption spectra of 4 ug pMTa4 DNA (=), 250 pg AEBN (—) and 4 pg pMTa4 DNA

exposed to 250 pg AEBN (—@—). Red arrow indicates the shift in the absorbance maximum of
DNA following its exposure to AEBN for 30 min.

In another study the absorbance maxima at 283.2 nm of the pMTa4 incubated with varying
concentrations of AEBN for different time periods (§ 2.17.1.) were recorded. The results were
plotted in a graph as shown in figure 3.46. The results show that AEBN concentrations up to
100 pg exhibited no dependence on time of incubation. The dose of 150 ug AEBN, on the other
hand, showed an increase in absorbance with time of incubation reaching a maximum at 60 min.
The saturation effect was observed for 250 pg of AEBN in 30 min of incubation as absorbance

maxima was lowered at 90 min incubation.
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Figure 3.46: Analysis of the effect of pMTa4 DNA exposed to AEBN: Graph showing the
absorption of the pMTa4 DNA-AEBN mixture at the absorption maximum, 283.2 nm when the
pMTa4 DNA was incubated with 50 pg (¥), 100 pg (%), 150 pg (A ), 200 pg (m) and 250 pg (o)
AEBN for 30, 60 and 90 min.

3.16.3. On kinetics of association of AEBN with pMTa4 DNA as a function of concentration of
AEBN in vitro: Figure 3.47 shows the effect of in vitro incubation (37 °C for 30 min) of varying
concentrations of AEBN (50, 100, 150, 200 and 250 pg) on the mobility of pMTa4 DNA. The
OC and CC bands of pMTa4 visually showed AEBN dose dependent retardation in mobility on
agarose gel (panel A). From this, the Rf values of the OC and CC forms were calculated using
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Figure 3.47: Effect of AEBN concentration on the mobilities of the CC and OC forms of the
pMTa4 DNA in vitro: Panel A: Electropherogram showing retardation in the mobilities of the CC
and OC forms of pMTa4 (4pg) DNA with increasing concentrations of AEBN (lane 1 (C) =
unexposed pMTa4 lanes 2-6 = pMTa4 exposed to 50, 100, 150, 200 and 250 pg AEBN
respectively at 37 °C for 30 min) Panel B: Plot of the percentage mobility changes for the CC (—e
) and OC (—&—) topological forms of pMTa4 DNA as a function of increasing doses of AEBN.
Data (mean + SD) were obtained from the electropherogram (panel A). * marked points are
statistically significant (p < 0.01) compared to the controls.
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KDS 1D software and plotted against dose of AEBN (panel B). The retardation was significant
for both forms of pMTa4 but was more pronounced for OC form. The mobilities of the OC and
CC forms of the pMTa4 DNA were seen to reach a minimum at 250 pg of AEBN (93.3 + 0.9%
and 94.5 + 0.6 % of the control, respectively). Therefore, 250 pg AEBN was taken as the
saturating concentration of AEBN required to produce maximum decrease in the mobilities of
pMTa4 DNA.

3.16.4. On kinetics of association of AEBN with pMTa4 DNA as a function of concentration of
AEBN in vivo: Figure 3.48 shows the effect of increasing concentrations of AEBN (500, 1000,
1500 and 2000 pg) on the mobility of pMTa4 DNA in vivo (§ 2.21.2.). The OC and CC bands
of pMTa4 visually showed AEBN dose dependent retardation in mobility on the agarose gel
(panel A). The Rf values of the OC and CC forms were calculated using KDS 1D software and
plotted against dose of AEBN (panel B). The retardation was significant for both forms of
pMTa4 but was more pronounced for OC form. The mobilities of the OC and CC forms of the
pMTa4 DNA were seen to reach a minimum at 2000 pg dose of AEBN (94.5 £ 0.6 % and 93.3
%+ 0.9 % of the control respectively). Therefore, 2000 pg AEBN was taken as the saturating
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Figure 3.48: Effect of AEBN concentration on the mobilities of the CC and OC forms of the
pMTad4 DNA in vivo in AB1157 cells: Panel A: Electropherogram showing retardation in the
mobilities of the CC and OC forms of pMTa4 (4 pg) DNA with increasing concentrations of
AEBN (lane 1 (C) = unexposed pMT a4 lanes 2-6 = pMTa4 exposed to 500, 1000, 1500 and 2000
ptg AEBN respectively O/N at 37 °C). Panel B: Plot of the percentage mobility changes for the CC
(—e—) and OC (——) topological forms of pMTa4 DNA as a function of increasing doses of
AEBN. Data {(mean + SEM) were obtained from the electropherogram (panel A).
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concentration of AEBN required to cause maximum decrease in the mobilities of the CC and
OC forms of the pMTa4 DNA.

3.16.4.1. On kinetics of association of AEBN with pMTa4 DNA as a function of time of
incubation of AEBN with DNA in vitro: Figure 3.49 shows the effect of the time of incubation
of 4 ng pMTa4 DNA with 250 ug AEBN at 37 °C on the mobility of
pMTa4 DNA. The OC and CC bands of pMTa4 visually showed a time dependent retardation in
mobility on the agarose gel (panel A). From this, the Rf values of the OC and CC forms were
calculated using KDS 1D software and plotted against time of incubation (panel B). The

A

Time of exposure tmin)

P

\\B \(: "\\ - -.\\

@ &
oc - .

W

-

e

% Mobility {(mean + SEM)

T T T I 1 1 T
0 5 10 15 20 25 30 35 40 45
Time (min)

Figure 3.49: Effect of duration of AEBN exposure of plasmid pMTa4 in vitro on gel
electrophoretic mobility: Panel A: Electropherogram showing retardation of the mobilities of CC
and OC forms of the pMTa4 (4pg) DNA with increasing duration of exposure to AEBN (lane 1
(C) = unexposed pMTa4; lanes 2-10 = pMTa4 exposed to 250 pg of AEBN for 0, 5, 10, 15, 20,
25, 30, 35, 40 and 45 min respectively, at 37 °C). Plot B shows the percentage mobility changes
for CC (—®) and OC (—8) topological forms of pMTa4 as a function of time of AEBN
exposure. Data (mean = SEM) were obtained from the electropherogram (panel A). * marked
points are statistically significant (p <0.01) compared to the controls.
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retardation was significant for both forms, but more pronounced for the OC form. The
mobilities of the OC and CC forms of the pMTad DNA were seen to reach a mmumum (92 + 0.3
% of the control and 95.8 =+ 0.2 % of the control respectively) when the pMTa4 DNA was
incubated with AEBN at 37 “C for 30 mun. Therefore, 30 min of incubation at 37 °C was taken
as the maximum time required for the formation of saturating amounts of adducts in the present
experimental conditions.

3.16.5. Stability of the DNA as a result of the treatment with AEBN in vitro: The figure 3.50
shows the effect of withdrawal of the AEBN exposure regimen on mobility of pMTa4 DNA
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Figure 3.50: Time dependent restoration of mobiities of pMTa4 upon withdrawal of AEBN
exposure regime: Panel A- Electropherogram showing the change in mobilities of CC and OC
topological forms of pMTa4 (4 pg) isolated from AEBN exposed E. coli in vivo (2000 ng AEBN
per mi cultore) as a function of time of withdrawal of AEBN exposure (lane 1 (C) = unexposed
pMTad4; lanes 2-13 =2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22 and 24 h afier the withdrawal of AEBN
exposure regime, respectively). Panel B: Kinetics of restoration of mobilities of CC (—®—} and
OC (—o—) forms of pMTa4 as a function of tume afier withdawal of AEBN exposure. Data
(mean + SEM) were obtained from the electropherograms (panel A). * marked points are
statistically significant (p < 0.01) compared to the control.
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on agarose gel. With the withdrawal of the AEBN exposure regimen, the OC and CC bands
visually showed a reversal in the retardation of the mobilities on the agarose gel (panel A).
From this, the Rf values of the OC and CC forms were calculated using KDS 1D sofiware and
plotted against time of incubation (panel B). The mobilities of the CC and OC forms of DNA
continued to be retarded up to 4-8 h after which the trend reversed. Normalcy was restored in
about 24 h when the mobility of pMTa4 bands approached 100 % (Fig. 3.50). The retardation in
the mobilities of the OC and CC forms of the pMTa4 DNA, which reached a minimum of 95.1
+ 0.8 % and 96.3 £ 1.2 % of the control, respectively, at 24 h due to the formation of AEBN
adducts on pMTa4 DNA.

3.16.6. Effect of ions on the stability of the pMTa4 DNA-AEBN adduct: Figure 3.51 shows the
effect of K" and Na" ions on the stability of the pMTa4 DNA-AEBN adducts (§ 2.24). The
retardation in the mobilities of the CC and oc forms of the pMTa4 DNA induced by the
exposure of pMTa4 DNA to AEBN (and thereby the formation of the AEBN-pMTa4 DNA
adducts) persisted in K" (panel A) and Na" (panel B) ionic environments. This is in contrast to
the earlier observation wherein the AEBN adducts on pMTa4 DNA completely dissociated in
24 h restoring mobilities to the control level in absence of ions (Fig. 3.51). Thus, the present
results show that K" and Na" ions provided stability of AEBN adducts on pMTa4 DNA. The
mobilities of CC and OC forms of the pMTa4 DNA were maintained at essentially the same
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Figure 3.51: Study of the stability of the pMTa4 DNA-AEBN adducts in the presence of the
cations K* and Na™: Panel A: Plot showing the effect of K™ ions (05,5, 50 and 500 mmol) on the
mobility shift of the CC (——) and OC (—&—) forms of pMTa4 DNA. Panel B: Plot showing
the effect of Na" ions (0.5, 5,750 and 500 mmol) on the mobility shift of the CC and OC forms of
pMT a4 DNA, ,



level (94.8 + 0.8 % and 94.7 + 0.7 %, respectively for K* and 94.3 + 0.5 % and 97.3 %
1.8 %, respectively for Na") for different concentration of the ions. This also suggests
that even 0.5 mmol of K or Na* ions was enough to render the AEBN adducts stable
on pMTa4 DNA.

3.16.7. Effect of pH on the stability of the pMTa4 DNA-ARBN adduct: Figure 3.52 shows the
effect of varying the pH on the stability of the pMTa4 DNA-AEBN adduct{§ 2.24.). In contrast
to effects. of jons on the stability of AEBN adducts, different pH used in this investigation did
not show any statistically significant influence on the mobilities of CC and OC forms of pMTa4
after incubation at 37 °C for 24 h. This indicates that pH in the range of 5 to 8 had no effect on
the stability of AEBN adducts on pMTa4 DNA.

% Mobility (mean + SEM)

Figure 3.52: Study of the stability of the pMTad4 DNA-AEBN adducts in the presence of
varying pH: Plot showing the effect of varying the pH on the mobility shift of the CC (—e—)
and OC (—e&—) forms of pMTa4 DNA due to the formation of pMTa4 DNA-AEBN adducts.

3.17. Effect of the formation of AEBN-pMTa4 DNA on the molecular weight of the linear
form of the pMTa4 DNA '
Figure 3.53 shows the effect of formation of adducts on the molecular size of the linear pMTa4
DNA (§ 222.). It can be observed from the electropherogram that there is a distinct dose
dependent decrease in the Rf values of L form of the plasmid upon exposure to varying
concentrations of AEBN (panel A). The Rf values of the bands were compared with a molecular
weight marker, lambda DNA HindIlI digest (lane 7), from which the molecudar size of the band
was determined. The plot (panel B) shows that there is a decrease in the mobility of the L form

of the plasmid as a result of the formation of adduct, which corresponds to an increase in the
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Figure 3.53: Increase in molecular size of pMTa4 DNA upon exposure to AEBN: Panel A:
Electropherogram showing retardation of the mobility of linearized pMTa4 DNA (4 pg) exposed
to increasing doses of AEBN (lane 1 (C) = unexposed pMTa4; lanes 2-6 = pMTa4 exposed to 50,
100, 150, 200 and 250 pg AEBN, respectively, at 37 °C for 30 min; lane 7 (M) = DNA marker (A
DNA Hind III digest) in bp. Panel B: Plot showing the increase in molecular size (bp) of pMTa4
DNA as a function of dose of AEBN. Data (mean + SEM) were obtained from the
electropherogram (panel A).

molecular size of the pMTa4 DNA. The increase in the molecular-size of the pMTa4 DNA was
~7200 bp as a result of exposure to AEBN (Fig. 3.53 B).

3.18. Effect of the formation of AEBN-pMTa4 DNA adducts on the relative quantities of the
CC, OC and L forms of the pMTad4 DNA
To determine the effects of AEBN treatment on the plasmid profiles, the pMTa4 DNA was
exposed to increasing doses (50, 100, 150, 200 and 150 pg) of AEBN and subjected to AAGE
(§ 2.19.). Under alkaline condition it is expected that some CC and/or OC form of pMTa4 DNA
would be hydrolyzed to generate L form of the plasmid. Hence, the alkaline agarose gel should
show all three forms of the plasmid. The results confirm this (Fig. 3.54; panel A). The plot of
- pixel densities of the CC, OC and L bands (Figure 3.54; panel B) shows AEBN dose dependent
increase in the band intensities of OC and L forms with corresponding decrease in the CC band
intensity. In comparison to the control, the band intensities of OC, L. and CC forms of the
plasmid at the highest dose of AEBN (250 pg) were 111.4 + 6.6 %, 104.8 + 6.3 % and 58.3 + 8
%, respectively.
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Figure 3.54: Relative degradation of the CC and OC forms of pMTa4 DNA upon exposure
to AEBN: Panel A: Alkaline agarose gel electropherogram showing the relative degradation in the
bands of the CC, OC and L forms of pMTa4 DNA(4 pg) after being exposed to increasing doses
of AEBN (lane 1 (C) = unexposed pMTa4; lanes 2-6 = pMTad exposed to 0, 50, 100, 150, 200
and 250 ug AEBN, respectively, at 37 °C for 30 min; lane 7 (M) = DNA marker (A DNA Hind III
digest) in bp. Panel B: Plot showing the changes in the band intensities of the CC (—®—) and OC

(—o—) and L (—m—) forms of pMTa4 DNA as a function of doses of AEBN used. Data (mean +
SEM) were obtained from the electropherogram (panel A).

3.19. Induction of resistance to restriction digestion’ by exposure of pMTa4 DNA to AEBN.in
vive
AB1157 cells were transformed with pMTa4 DNA (§ 2.8.) and exposed to 500, 1000, 1500 and
2000 pg AEBN. pMTa4 DNA was isolated from the exposed cells and digested with the
restriction endonucleases Dral, Haell, Ncil and Accl O/N (§ 2.25.2.). The restriction patterns
thus obtained were compared with the restriction patterns of unexposed control pMTa4 DNA.
Some slow Ihigrath1g bands were seen to appear in a number of the restriction digests.

However, these bands were ignored in this section due to reasons to be discussed later.

3.19.1. Digestion with Dral: pMTa4 has four restriction sites for Dral (Fig. 3.21) generating 4
bands of sizes 2862, 2600, 692 and 19 bp. Figure 3.55 shows the restriction maps of unexposed
control pMTa4 and that exposed to AEBN in vivo along with a molecular size marker, lambda
DNA Hindlll EcoRI double digest (lane 7). The 19 bp fragment electrophoresed out of the gel
due to its small size. Hence, the control lane showed only three bands. (Fig. 3.55; lane 2).
AEBN exposed pMTa4 DNA upon restriction digestion showed additional slow migrating
bands which were absent in the unexposed -control (Fig. 3.55). Concurrently with the
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appearance of these slow migrating bands, the intensities of 2862, 2600 and 692 bp bands,

products of restriction digestion, reduced in a dose dependent manner (Fig. 3.55; lanes 3-6).
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Figure 3.55: Dral restriction digestion profile of pMTa4 DNA which formed adducts with
AEBN: The figure shows the electropherogram of pMTa4 DNA (4 pg) digested with Dral. Lane
C is the profile of the unirradiated, undigested control pMTa4 DNA. Lane marked 0 is the Dral
restriction profile of the unexposed pMTa4 DNA. Lanes 2-6 show the profiles of the pMTa4
DNA exposed to 500, 1000, 1500 and 2000 ug AEBN in vivo after digestion with Dral. Lane M
indicates the molecular weight marker, lambda DNA HindIII EcoRI double digest.

For these three bands, the percentage digestion of the AEBN exposed pMTa4 DNA was
calculated from the intensities of the AEBN exposed bands and the corresponding bands of
unexposed control pMTa4 DNA and plotted (Fig. 3.56). The plot confirmed the visual

observation.
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Figure 3.56: Relative band intensities of the restricted fragments: The figure represents the
relative band intensities of the fragment sizes 2862, 2600 and 692 bp obtained after restriction
digestion of UV-C irradiated pMTa4 DNA in vitro.
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From these results, a cumulative percentage digestion graph was obtained (Fig. 3.57) which

shows a dose dependent decrease in restriction by Dral.
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Figure 3.57: Percentage digestion of AEBN exposed pMTa4 DNA: Figure shows the relative
digestion patterns as a result of being exposed to AEBN.

3.19.2. Digestion with Ncil: pMTa4 has six restriction sites for Ncil (Fig. 3.33) generating six
bands of sizes 2234, 1038, 1036, 818, 696 and 351 bp. Figure 3.58 shows the restriction maps
of unexposed control pMTa4 and that exposed to AEBN in vivo along with a molecular size
marker, lambda DNA HindlIIl EcoRI double digest (lane 7). The 1038 and 1036 bp fragments,
due to their similar sizes appear as a single band on the gel. Therefore, after complete digestion
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Figure 3.58: Ncil restriction digestion profile of AEBN exposed pMTa4 DNA: The figure
shows the electropherogram of pMTa4 DNA (4 pg) digested with Ncil. Lane C is the profile of
the unirradiated, undigested control pMTa4 DNA. Lane marked 0 is the Ncil restriction profile of
the unexposed pMTa4 DNA. Lanes 2-6 show the profiles of the pMTa4 DNA exposed to 500,
1000, 1500 and 2000 pg AEBN in vivo after digestion with Ncil. Lane M indicates the molecular
weight marker, lambda DNA HindIlI EcoRI double digest.
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with Ncil, five bands are observed on the gel (Fig. 3.58; lane2). AEBN exposed pMTa4 DNA
upon restriction digestion showed additional slow migrating bands which were absent in the
unexposed control (Fig. 3.58). Concurrently with the appearance of these slow migrating bands,
the intensities of 2234, 1038/1036, 818, 696 and 351 bp bands, products of restriction digestion,
reduced in a dose dependent manner (Fig. 3.58; lanes 3-6). For these five bands, the percentage
digestion of the AEBN exposed pMTa4 DNA was calculated from the intensities of the AEBN
exposed bands and the corresponding bands of unexposed control pMTa4 DNA and plotted
(Fig. 3.59). The plot confirmed the visual observation.
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Figure 3.59: Relative band intensities of the restricted fragments: The figure represents the
relative band intensities of the fragment sizes 2234, 1038/1036, 818, 696 and 351 bp obtained
after restriction digestion of UV-C irradiated pMTa4 DNA in vitro.

From these results, a cumulative percentage digestion graph was obtained (Fig. 3.60)

which shows a dose dependent decrease in restriction by Ncil.

89



B

ﬂllll e

Q

g 80 | \’\

2

we 60

o \

o

;W- \

]

]

§

By
0 7 - T T
0 500 1000 1500 2000

AEBN concentration (ng/ml)

Figure 3.60: Percentage digestion of AEBN exposed pMTa4 DNA: Figure shows the relative
digestion patterns as a result of being exposed to AEBN.

3.19.3. Digestion with Haell: pMTa4 has six restriction sites on pMTa4 DNA for Haell (Fig. 3.37)
generating six bands of sizes 1938, 1680, 1593, 583, 370 and 8 bp. Figure 3.61 shows the
restriction maps of unexposed control pMTa4 and that exposed to AEBN in vivo along with a
molecular size marker, lambda DNA HindlIII EcoRI double digest (lane 7). The 1680 and 1593
bp fragments, due to their similar sizes appear as a single band on the gel. The 8 bp band
electrophoreses out of the gel due to their small size. Therefore, after complete digestion with
Haell,- four bands were observed on the gel (Fig. 3.61; lane 2). AEBN exposed pMTa4 DNA

upon restriction digestion showed additional slow migrating bands which were absent in the
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Figure 3.61: Haell restriction digestion profile of AEBN exposed pMTa4 DNA: The figure
shows the electropherogram of pMTa4 DNA (4 pg) digested with Haell. Lane C is the profile of
the unirradiated, undigested control pMTa4 DNA. Lane marked 0 is the Haell restriction profile
of the unexposed pMTa4 DNA. Lanes 2-6 show the profiles of the pMTa4 DNA exposed to 500,
1000, 1500 and 2000 pg AEBN in vivo after digestion with Haell. Lane M indicates the molecular
weight marker, lambda DNA HindIII EcoRI double digest.
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unexposed control (Fig. 3.61). Concurrently with the appearance of these slow migrating bands,
the intensities of 1938, 1680/1593, 583 and 370 bp bands, products of restriction digestion,

reduced in a dose dependent manner (Fig. 3.61; lanes 3-6).

For these four bands, the percentage digestion of the AEBN exposed pMTa4 DNA was
calculated from the intensities of the AEBN exposed bands and the corresponding bands of
unexposed control pMTa4 DNA and plotted (Fig. 3.62). The plot confirmed the visual

observation.
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Figure 3.62: Relative band intensities of the restricted fragments: The figure represents the
relative band intensities of the fragment sizes 1938, 1593/1680, 583 and 370 bp obtained after
restriction digestion of UV-C irradiated pMTa4 DNA in vitro.

From these results, a cumulative percentage digestion graph was obtained (Fig. 3.63) which

shows a dose dependent decrease in restriction by Haell.
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Figure 3.63: Percentage digestion of AEBN exposed pMTa4 DNA: Figure shows the relative
digestion patterns as a result of being exposed to AEBN.
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3.19.4. Digestion with Accl: pMTa4 has three restriction siteg for Accl (Fig. 3.29) generating three
bands of sizes 3895, 1925 and 353. Figure 3.64 shows the restriction maps of unexposed control
pMTa4 and that exposed to AEBNV in vivo as detailed in § 2.17.2 along with a molecular size
marker, lambda DNA HindIII EcoRI double digest

AEBN (pg)

¢ 9 5“\@\"6'»@

Figure 3.64: Accl restriction digestion profile of AEBN exposed pMTa4 DNA: The figure
shows the electropherogram of pMTa4 DNA (4 pg) digested with 4ccl. Lane C is the profile of
the unirradiated, undigested control pMTa4 DNA. Lane marked 0 is the Acc/ restriction profile of
the unexposed pMTa4 DNA. Lanes 2-6 show the profiles of the pMTa4 DNA exposed to 500,
1000, 1500 and 2000 pg AEBN in vivo after digestion with Accl. Lane M indicates the molecular
weight marker, lambda DNA HindlIII EcoRI double digest.

(lane 7). After complete digestion with Accl, three bands are observed on the gel (F ig. 3.64; lane
2). It was observed that pMTa4 DNA isolated from AEBN exposed cultures, upon restriction
digestion showed an additional slow migrating band after it was exposed to 2000 png AEBN
(Fig. 3.64). Concurrently with the appearance of the slow migrating band, the intensities of the
3895, 1925 and 353 bp bands reduced marginally at the highest dose (2000 pg AEBN) (lane 6).
For these three bands, the percentage digestion of the AEBN exposed pMTa4 DNA was
calculated from the intensities of the AEBN exposed bands and the corresponding bands of
unexposed control pMTa4 DNA and plotted (Fig. 3.65).
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Figure 3.65: Relative band intensities of the restricted fragments: The figure represents the
relative band intensities of the fragment sizes 3895, 1925 and 353 bp obtained after restriction
digestion of UV-C irradiated pMTa4 DNA in vitro.

From these results, a cumulative percentage digestion graph was obtained (Fig. 3.66) which

showed that the digestion was affected by the presence of AEBN only at a dose of 2000 pg
AEBN.
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Figure 3.66: Percentage digestion of AEBN exposed pMTa4 DNA: Figure shows the relative
digestion patterns as a result of being exposed to AEBN.

3.20. Effect of AEBN on the microsatellite regions of the E. coli genome
Four microsatellite regions were selected based on the repeating units of nucleotides in the
microsatellite regions (Metzgar et al., 1999). These regions were then amplified by PCR using

recommended primers as detailed in Table 4. The amplicons for both strands were sequenced

and analyzed (§ 2.34.).
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3.20.1. Analysis of effect of AEBN treatment on the microsatellite region NCGT: Figure 3.67
shows the electropherogram of the amplified 169 bp fragment, NCGT, obtained from the
unexposed control AB1157 cells and AB1157 cells exposed to 2000 pg AEBN in vivo.
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Figure 3.67: Electropherogram of the amplified fragments of the microsatellite DNA, NCGT.
Lane 1(C) is the profile of the electropherogram of the unexposed control. Lane 2 is the profile of
the electropherogram of the microsatellite region obtained from the AB1157 genome that has been
exposed to 2000 pg AEBN. Lane M is the marker. The marker used is the 100 bp ladder.

From the electropherogram, no apparent difference was observed between the control and
AEBN exposed amplicons. The amplified fragments were sequenced (sequence submitted to
GenBank) and aligned using the software Multalin (§ 2.32.) to generate a consensus sequence
for control and AEBN exposed amplicon (Fig. 3.68).

1. 10 20 30 40 50 60 70 80 90 100 110 120 130

I I

Nconfor ATTTCCTCATCAGGRGGGT TTGTACACAATACCATAATGTTGGTGTGTGTGTTCTTATCTGGT TARGAGAARGTGARAARRACACAGCGARRRGAARTCGARARTGTGACARATATCACAGGTG
NChfor ATCGGCATTTCCTCATCAGGAGGGT TTGTT=-AGAATACCATTTAGT TGGTGTGTGTGTTCARATCTGGT TARGAGAARGTGARARARACACAGCGARARGAARTCGARAATG TGACARATATCACAGETE
Consensus  ...... ATTTCCTCATCAGGAGEGTTTGTa, AcARTACCATaaaGT TRGTGTGTGTGTTCaaATCTGGTTARGAGRARGTGARARRARRACACAGCGARARGARATCGAARATGTGRCAAATATCACAGGTE

11 140 150 160 170 174
|

Nconfor TTCGTCAAATTGAGTTATGGCGGCGYGATGATTTACAACACACA
NChfor TTCGTCAARTTGAGYTATGGCGGCGTGTTCATTTACAACACARA
Consensus TTCGTCAARTTGAGT TATGGCGGCGTGaTcATTTACARCACAaR

1 10 20 30 40 50 60 70 80 90 100 110 120 131:

I
Nconrev TCGATARCTCT=TTTGACGATCCCTGTGATATCTGTCACATTTTCGATTICTTTTCRCTGIGTTTTTTTICACTTTCTCTTARCCAGATARGARCACACACACCARCATTATGGTATTCTGTTACAAACCE
NChrev TCGATARCTCAGTTTGACGARCCCTGTGATATTTGTCACATTTTCGATTTCTTTTCGCTGTGTTTTTTTCACTTTCTCTTAACCAGATAAGARCACARCACACCARCATTATGGTATTCTGTTACARACCE
Consensus TCGATAARCTCa, TTTGACGAACCCTGTGATATCTGTCACATTTTCGATTTCTTTTCGCTGTGTTTTTTTCACTTTCTCTTRACCAGATAARGRACACACACACCARCATTATGGTATTCTGTTRCAARCCC

131 140 150 160 170173
i i
Nconrev TTCCTGGATGGAGGGARATTGAGCCARTTATGAACCTTTGCAA
NChrev TTCCTGGATGGAGGGAAATTGAGCCARTTTTGGACCTTTGCA
Consensus TTCCTGGATGGAGGGAAATTGAGCCAATTaTGaACCTTTGEA,

Figure 3.68: Figure showing the consensus sequence obtained after the sequences were aligned.

This microsatellite region is particularly rich in A repeats. No significant NT sequence change
was observable. Few changes in the NT sequences (in blue) were located towards the beginning

and end of the amplicons and could be the result of errors of sequencing and hence, have not
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Tconfor ('IRTGIHGIEHT1 TTGTTGATTGAGGGAT TCATCTGTGCTARAAAT=GTTAGTTTARTARAATAT IGARAGTGACCTGTARTAACAGT TGTTGT TGAT TGAGARCARATAAGT T TATGTGAAAARTATATA
GAGGTAGTGAATTTGTTGATGATGG==TTCATCTCTGCTAAARRTAGTTAGTTTAATAARATAT TGARRGTGACCTGTARTARCAGTTGTTGT TGATTGAGARCARATARGT TTATGTGRARRATATATA

TChfor
Consensus cRgGTAGTGRaTTTGTTGATgaaGG, . TTCATCTcTGCTARARAT ,GTTAGTTTAATAAAATAT TGARAGTGACCTGTARTARCAGTTGTTGTTGATTGAGAACARATAAGT TTATGTGAAARATATATA
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1 1
Tconfor AATACATTAGCTGGTCTTGTGTGTCATTTTATTTITTITTITTIGTTGCTAACACAGGGATATGARCAATAACT! ACTTTATATGAGC LMhLlluLuLﬁlCﬂGﬁﬁnﬁﬂIﬂTqETTCRGTFﬂ
TChfor RARTACATTAGCTGGTCTTGTGTGTCATTTTATTTTTTTITTGT TGCTARCACAGGGATATGAACARTAAC TRAARRGGGCACTTTATATGAGCGGAARACCAGCGGCGCGTCAGGGAGATATGCTTCAGTAT
Consensus RAATACATTAGCTGGTCTTGTGTGTCATTTTATTTTTTITTGTTGCTAARCACAGGGATATGARCARTARCTARRAGGGCACTTTATATGAGEG CCAGCGGCBCGTC TATGCTTCAGTAT
26265

(=1

Tconfor GGCGA
TChfor GGCGH
Consensus GGCGR
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l"ﬂﬂGGRCGEGCﬂGCTGGTTTTGCHECTCRTRTMGTGCCCTITTRGTTFITTGTTCHTHTCCCTGTGTTRGERHCRRRHRHRRHTHRRRIGHCHCHCHRGRCCRGCTHRGGTRTI TATATATTTTTCACA

Tconrev
TChrev ACTGACGCGCCECTGGTTTT=-CCGCTCATATAARGTGCCCTTTTAGTTATTGTTCATATCCCTGTGT TAGCARCARARARAAATARARTGACACACARGACCAGCTARGGTATTTATATATTTTTCACA
Consensus ,AagGACGCGCAGCTGGTTTT,CaGCTCATATAAAGTGCCCTTTTAGTTATTGTTCATATCCCTGTGTTAGCARCARARARAARTAAARTGACACACARGACCAGCTARGGTATTTATATATTTTTCACA
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1

Tconrev TARACTTATTTGTTCTCARTCAACAACAACTGTTATTACAGGTCACTTTCAATATTT YRTTHRHCTHHCRTTTTYHGCRCHGHTGHRTTCRTEHYCRHEHHRTICHETHIHTGGR‘RHYHTEHHTTER&E
TChrev TARRCTTATTIGTTCTCARTCARCARCARCGGTTATTRCAGGTCRCTTTCARTRTTTTATTARACTARCATTTTTAGCRCAGRTGARTTCATCATCARCARATTCACTATRTGGATARTATCARTTCARC
Consensus TARACTTATTTGTTCTCAATCARCARCARCEGTTATTACAGGTCACTTTCAATATTTTATTARACTAACATTTTTAGCACAGATGARTTCATCATCAACARATTCACTATATGGATAATATCAATTCARC

?61265

Tconrev GCAARCA
TChrev GCAACA
Consensus GCAACA

Figure 3.70: Figure showing the consensus sequence obtained after the sequences were aligned.

This microsatellite region is particularly rich in A, T and GT repeats. From the
electropherogram, no apparent difference was observed between the two bands obtained. The
amplified fragments were then sequenced and aligned using the software Multalin, as detailed
in § 2.32. as shown in figure 3.70. In the figure 3.70, no significant changes were observed after
the sequences were aligned. The few changes in the nucleotide sequences (indicated in blue) are
located towards the beginning and end of the sequences and could be the result of errors during
sequencing and hence, are not considered as significant changes. However, an insertion of an A
nucleotide was observed after the 45™ nucleotide in the forward strand. This change was,
however, not corroborated by the sequence of the reverse strand. In the reverse strand, instead, a
T was seen to change to G at the 161* nucleotide. Again, the change was not corroborated by
the sequence of the forward strand. From these changes, it can be said that the changes observed

were not mutations per se.

3.20.3. Analysis of effect of AEBN treatment on the microsatellite region INTG: Figure 3.71
shows the electropherogram of the amplified fragment, INTG, obtained from the unexposed
control AB1157 cells and AB1157 cells exposed to 2000 ug AEBN in vivo using the required

primers.
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Figure 3.71: Electropherogram of the amplified fragments of the microsatellite DNA, INTG.

Lane 1(C) is the profile of the electropherogram of the unexposed control. Lane 2 (2000 pg) is the

profile of the electropherogram of the microsatellite region obtamed from the AB1157 genome

that has been exposed to 2000 ug AEBN. Lane M is the DNA molecular size marker (100 bp

ladder).
From the electropherogram, no apparent difference was observed between the control and
AEBN exposed amplicons. The amplified fragments were sequenced (sequence submitted;
GenBank locus # bankit1015289; Sept 2007) and aligned using the software Multalin to

generate a consensus sequence for control and AEBN exposed amplicon (Fig. 3.70).
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Figure 3.72: Figure showing the consensus sequence obtained after the sequences were aligned.

This microsatellite region is particularly rich m C, G and AT repeats. From the
electropherogram, no apparent difference was observed between the two bands obtained. The
amplified fragments were then sequenced and aligned using the software Multalin, as detailed
in § 2.32. as shown in figure 3.72. In the figure, no significant changes were observable after
the sequences were aligned except for a few changes (indicated in blue) in sequences located
towards the beginning and end of the sequences which could be the result of errors during
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sequencing. This shows that no NT change or mutation was induced by AEBN m this
microsatellite region of the AB1157 genome by AEBN at 2000 ug used in the present

investigation.

3.20.4. Analysis of effect of AEBN treatment on the microsatellite region ANTW: Figure 3.73
shows the electropherogram of the amplified fragment, INTG, obtained from the unexposed
control AB1157 cells and AB1157 cells exposed to 2000 pg AEBN in vivo using the required

primers.
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Figure 3.73: Electropherogram of the amplified fragments of the microsatellite DNA,-~ANTW.
Lane 1(C) is the profile of the electropherogram of the unexposed control. Lane 2 is the profile of
the electropherogram of the microsateilite region obtamned from the AB1157 genome that has been
exposed to 2000 ug AEBN. Lane M s the marker. The marker used is the 100 bp ladder.

From the electropherogram, no apparent difference was observed between the control and
AEBN exposed amplicons. The amplified fragments were sequenced (sequence submitted;
GenBank locus # bankit1015284; Sept, 2007) and aligned using the software Multalin to
generate a consensus sequence for control and AEBN exposed amplicon (Fig. 3.70).
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Figure 3.75: Effect of AEBN concentration on the mobilities of the CC and OC forms of the
pMTa4 DNA in vitro: Panel A: Electropherograms showing retardation in the mobilities of the
CC and OC forms of unirradiated (a) and UV-C irradiated (b) pMTa4 DNA with increasing
concentrations of AEBN (lane 1 (C) = unexposed pMTa4 (4ug) lanes 2-6 = pMTa4 (4 ug)
exposed to 50, 100, 150, 200 and 250 pg AEBN respectively for 30 min at 37 °C) Panel B: Plot of

the percentage mobility changes for the CC (—@—) and OC (—O—) topological forms of

unirradiated pMTa4 DNA and CC (—&—) and OC (—O—) topological forms of pMTa4 DNA
irradiated with 6 J.m? UV-C radiation as a function of increasing doses of AEBN. Data (mean +
SD) were obtained from the electropherogram (panel A).

condition (a) and that primed with UV-C radiation (b). The mobilities of the CC and OC forms
of pMTa4 was plotted against dose of AEBN for UV-C unprimed and primed samples (panel
B). The plot shows that adduct formation on pMTa4 DNA was dependent on both dose of
AEBN and UV-C priming. UV-C irradiation resulted in a greater retardation in mobility as
compared to the mobility shift observed for the unirradiated pMTa4 DNA. Though it was not
significant for CC form of pMTad4, it was statistically significant (p = <0.05) for OC form,
especially at 50, 100, 150, 200 and 250 pg doses of AEBN (Fig. 3.75B).
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3.21.2. Linearized pMTa4: Figure 3.76 (panel A) shows the electropherogram displaying the effect
of varying concentrations of AEBN on the mobility of linearized pMTa4 DNA (4 pg) under
control condition (a) and that primed with UV-C radiation (b). The decrease in the mobility of
the linear form of the plasmid was again AEBN dose dependent. Being linear pMTa4, the
molecular size of the bands could be calculated with the help of DNA molecular size marker
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Figure 3.76: Effect of UV-C radiation on the increase in molecular size of pMTa4 DNA exposed to
AEBN: Panel A: Electropherograms showing retardation of the mobility of linearized unirradiated (a) and
UV-C irradiated (b) pMTa4 DNA exposed to increasing doses of AEBN (lane 1 (C) = unexposed pMTa4 (4
ug), lanes 2-6 = pMTa4 (4 pg) exposed to 50, 100, 150, 200 and 250 pg AEBN, respectively, at 37 °C for 30
min; lane 7 (M) = DNA marker (\ DNA Hind III digest) in bp. Panel B: Plot showing the mcrease in
molecular size (bp) of the pMTa4 DNA as a function of dose of AEBN. Data (mean + SE
from the electropherogram (panel A).




(lane 7(M)). The adducts on linear form of pMTa4 would cause decrease in its mobility, which

is indicative of an increase in the molecular size of the DNA. The molecular size of the
unirradiated pMTa4 DNA was seen to progressively increase to ~7200 bp at 250 ug.dose of
AEBN. Upon UV-C irradiation, the molecular size of pMTa4 DNA increased to ~7500 bp at the
same dose of AEBN. In both the cases, the molecular size seemed to reach a maximum at a dose
of 200 ug AEBN per 4 pg pMTa4 DNA.



Discussion



Genomic instability has come under the limelight in recent years ever since its role in
various diseases like Ataxia telangiectasia, Bloom’s syndrome, Nijmegen breakage
syndrome, Werner’s syndrome, Fanconi anemia, and other diseases, which may ultimately
lead to cancer, has been discovered. With a growing number of scientists now viewing
genomic instability as a step that precedes the onset of cancer (Nowell, 1976), it is assumed
that by identifying the underlying cause of geneﬁc instability in these disorders, one can
derive valuable information not only about the basis of particular genetic diseases, but also
about the underlying causes of genomic instability in sporadic cancers in the general
population. Many cancer biologists now believe that that genomic instability not only
initiates carcinogenesis but also allows the tumor cell to become metastatic and evade drug
toxicity (Tlsty, 1993). Loss of stability of the genome is becoming accepted as one of the
most important aspects of carcinogenesis (Morgan, 1996). Scientists are slowly coming to a
consensus on the fact that understanding genomic instability can be crucial in understanding

the onset of cancer.

Genomic instability can be induced by a variety of agents including radiation and chemicals.
E. coli serves as an excellent model to study the genomic instability because of its small
size, ability to harbor plasmids and a generation time of ~30 min. Hence, this organism has
been used for the study of genomic instability in the present investigation. The strains of E.
coli used were kindly provided by Prof. K. Yamamoto (Tohoku University, Japan) and
chosen on the basis of their ability or inability to repair damages induced by gamma and
UV-C radiation, Three strains of E. coli were used in the study. They were AB1157, an E.
coli K12 repair proficient strain, its repair deficient rec4 mutant, XI.1 Blue, and recF
mutant, JC9239 (§ 2.4.1.). AB1157, being wild with respect to both rec4 and recF genes
was used as the wild type strain. XL1 Blue, being a rec4 mutant, was deficient in
recombination repair (RR) and exhibited hypersensitivity to UV and gamma radiation.
JC9239, being a recF mutant, was deficient in repair of DNA damage caused by UV-C
radiation. In this study two qualitatively different genotoxins were used in order to get a
holistic picture of biological response to the interventions. The genotoxins were UV-C
radiation and aqueous extract of betel nut (AEBN). In contrast to UV-C radiation, which is
essentially packets of photon energy, AEBN is a natural chemical entity that is known to
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physically interact with DNA. Thus, the results of the investigations are likely to provide a
more holistic view of genome instability because of the qualitative difference between the

genotoxins being used for induction of genome instability.

When the growth characteristics of the E. coli strains were studied, it was observed that the
wild type strain, AB1157, and the recF mutant, JC9239, have similar growth patterns while
the rec4 mutant, XL.1 Blue, showed a slightly slower rate of growth (Fig. 3.1). This was
expected as XL.1 Blue, being a rec4 mutant, lacks RecA protein which is crucial for normal
recombination process as well as for RR of the DNA (Kuzminov, 2001). JC9239 is a recF
mutant primarily concerned with repair of UV induced damages in the DNA (Courcelle ez
al., 1997, Kuzminov et al., 1999).

UV-C irradiation resulted in marginally compromised clonogenic survival of the AB1157
strain of E. coli (Fig. 3.2). The recA mutant showed the most compromised survival (~10°
% survival) in comparison to the survival of the wild type strain. The recF mutant showed
intermediate survival rates (~20 % survival) (Fig. 3.2). AB1157 strain is wild with respect to
recA and recF genes that are involved with the repair of damages induced by ionizing and
non-ionizing radiations (Kuzminov, .2001). Because RecF protein is responsible for
repairing damages induced by UV radiation, assault of JC9239 with UV-C resulted in
oomprbmised survival of this strain. However, XI.1 Blue strain showed more compromised
survival as compared to the survival shown by JC9239. This result was expected as JC9239,
despite being a recF mutant, has a functional rec4 gene. RecA protein is not only crucial for
strand rejoining (Sharan et al., 2007), it also takes part in an alternative pathway to repair
damages caused by the UV-C radiation (Courcelle et al., 1997; Kuzminov et al., 1999). XI.1
Blue, on the other hand, is a rec4 mutant. Hence, this mutant is unable to repair the damages
induced by UV-C by RR. Thus, even if the RecF protein is functional, the mutation in the
recA gene will indicate that damages induced cannot be repaired by the altenative
mechanism, and hence, the survival is seen to be compromised (Fig. 3.2). RecA protein is
also involved in the repair of damages induced by other agents. (Kuzminov, 1999; Lusetti
and Cox, 2002; Sharan et al., 2007).
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For the present investigation, the effects of UV-C radiation, gamma radiation and AEBN on
DNA were studied with the help of the plasmid pMTa4 construct as it has served as an
excellent tool for the study of such damages (Humtsoe ef al. 1998; Humtsoe and Sharan
. 2003; 2004; Odyuo and Sharan 2005), due to its small size (6173 bp), ease of propagation,
and ease of its detection due to the presence of the Ampicillin resistance gene as a marker
(§2.4.2.). Moreover, the results obtained are easily analyzed and, therefore, this tool was
adopted for the study. The native conformation of plasmid DNA within a cell is the
covalently closed circular (CC) form. However, the rigors that the plasmid endures during
isolation invariably induce some SSB into them. As a result, the CC form of plasmid DNA
relaxes into open circular (OC) form. If DSB is induced or if two proximal SSB are made on
either strand of the plasmid DNA, the CC or OC form of plasmid gets converted into the
linear (L) form. Our experiments, however, showed the appearance of only two
conformational forms of the plasmid DNA, the CC and OC forms (Fig. 3.5; lane A). Typical
plasmid isolates contained 60% of CC form and 40% of OC form. Few slow migrating
* bands of DNA were observed above the OC form which might be multimeric (M) plasmids
produced due to the intra and/ or inter strand interactions between different plasmid
molecules (Fig. 3.5; lane A). Such DNA structures have been observed by other
investigators in plasmid (Washino and Schnabel, 1982; Herskind, 1987). The plasmid could
be linearized with Ncol, which has one restriction site on pMTa4 (Fig. 2.1) to give the L
form (Fig. 3.5; lane B). This showed the location of the L form (Fig. 3.5). Plasmid DNA is,
thus, a convenient tool to study the induction of SSB and DSB induced by various
genotoxins (Humstoe and Sharan, 2004).

The mechanism of induction of genomic instability by UV-C radiation, a non-ionizing
radiation (NIR), is not known. A NIR type of radiation, which is a low energy radiation,
essentially causes formation of cyclobutane pyrimidine dimers (CPD), 6,4-photoproducts
(6-4 PP), interstrand and intrastrand dimers and so on in a DNA molecule. This is quite
different from the effects of ionizing radiation (JR) like Gamma radiation, which being high
energy photon, can potentially directly interact with DNA, cause ionization and lead to
strand break type of damage. Due to relevance of UV-C radiation in human skin cancer, this
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study was essentially focused on UV-C induced genome instability. However, Gamma

radiation was also used in one set of experiments to serve as a standard.

UV-C (100 - 290 nm) is the most harmful fraction of UV radiation (Haseltine ef al., 1986,
Matsunaga et al., 1991, Ravanat ef al., 2001). Available information regarding the manner
in which the UV-C radiation damages the DNA suggests that UV-C induces dimeric
photoproducts (Douki et al., 2003a), oxidized purine and pyrimidine nucleotides (Ravanat et
al. 2001; Douki et al., 20031;) and small number of SSB in DNA (Miguel and Tyrrell 1986;
WHO 1994). Among the dimeric photoproducts, CPD {Matsunaga et al., 1991) and 6-4 PP
and their Dewar isomers, other nucleotide dimers and adenine dehydrodimer are
documented (Haseltine, 1986; Ravanat ez al., 2001; Douki et al., 2003b). A few or all of
these damages induced in the DNA can cause the genome to become unstable and, hence, be

potential mutagenic precursors if left unrepaired or misrepaired.

In order to study the effect of UV-C radiation on pMTa4 DNA, the plasmid was irradiated
with UV-C radiation in vitro. The doses of radiation were chosen based on the biological
- significance of the radiation at that wavelength. The DNA was thus irradiated with 1.2, 2.4,
3.6, 4.8 and 6 Jm™ of UV-C radiation.

Upon electrophoresing pMTa4 DNA immediately after irradiation with UV-C in vitro and in
dark, that is, in repair non-permissive (R") conditions, an increase was observed in the band
_ intensities of the OC forms of the plasmid, when compared with the unirradiated control
pMTa4 DNA (Fig. 3.6). This indicates that UV-C irradiation caused induction of SSB in the
pMTa4 DNA. However, UV-C is a low energy source of radiation which cannot normally
induce SSB by direct action. UV-C is known to cause formation of CPD and other kinds of
distortions in the DNA. Therefore, it is likely that these changes induced in the DNA caused
induction of SSB in pMTa4 DNA, which was seen as an increase in the band intensity of the
OC form. It is also notable that no L form appeared. This is a clear indication that in the
dose range selected for the study, UV-C was unable to induce DSB or that the SSB induced
were sparsely placed. Otherwise, the two proximal SSB could potentially get converted to
DSB causing the appearance of the L form of pMTa4 on the gel.
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Under in vitro experimental condition in which aqueous solution of pMTa4 DNA was
exposed to UV-C radiation, there existed no repair system. Therefore, even under repair
permissive (R”) conditions, no change in the status of UV-C induced damage to pMTa4
DNA is expected. This was experimentally verified by repair incubating UV-C exposed
pMTad DNA at 37 °C for 60 min and observing change in the band intensity of CC and OC
bands. As observed from the Fig. 3.11, the dose dependent increase persisted even under R
condition, indicating that repair incubation had no effect under in vitro condition on UV-C
induced DNA strand breaks.

The effect of UV-C radiation on pMTa4 DNA was also studied in vivo. pMTa4 DNA was
transformed into two strains of E. coli, viz. the wild type strain, AB1157 and recF mutant
strain, JC9239 as described (§ 2.8.) (Fig. 3.3). Then, the cells were subjected to UV-C
irradiation. It was observed that when the plasmids were isolated in R conditions (§
2.15.3.1.) and subjected to AGE, UV-C irradiated pMTa4 DNA showed an increase in the
band intensities of the OC form in both the wild and the recF mutant strains (Figs. 3.7 and
3.9). This result indicated that the cellular repair system was unable to repair damage
induced by UV-C radiation. The cellular system is, however, known to repair damages,
which are induced by UV-C radiation in vivo in R" conditions (Oguma et al. 2001; Burger et
al. 2002). Therefbre, the AB1157 and JC9239 cells were also subjected to post-irradiation
repair incubation, kept at 37 °C in the presence of light, for 60 min (R*). pMTa4 DNA was
isolated afterwards and analyzed by AGE. In this case, the results obtained for two strains of
E. coli were different. For the AB1157 strain, the band intensity increase observed after UV-
C irradiation in R condition disappeared in R condition (Fig. 3.8). However, the band
intensity increase observed after UV-C irradiation persisted for the JC9239 strain even in R
condition (Fig. 3.10). Since the recF mutant is essentially an isogene of the wild type strain
except for the recF gene, hence, it is an indication that the presence of this gene must have
helped in the repair of the SSB caused by the UV-C radiation in the wild AB1157 strain.

The study was extended by performing a series of experiments to monitor the influence of

duration of R* on repair of UV-C induced SSB in vitro as well as in vivo condition for wild
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and recF strains for all dose points. For the in vitro investigation, aqueous solution of
plasmid isolates were irradiated with UV-C, repair incubated (R”) for 15 and 30 min and
then analyzed by AGE. For in vivo experiments, wild and recF cultures harboring pMTa4
were irradiated and subjected to post-irradiation repair incubation (R") for 15 and 60 min
before isolation of plasmid and analyzed by AGE as described. As expected, under in vitro
exposure conditions, the band intensity increase observed in both the CC and OC forms as a
result of UV-C irradiation remained invariant for increasing period of R" incubation
indicating no repair of SSB (Fig. 3.12). Under in vivo exposure condition the wild strain
showed a sharp decline in band intensity of OC and CC forms in 15 min of R". The decline
remained constant up to 60 min (Fig. 3.12). The result suggests that the pace of repair of
inflicted SSB was rather fast in the wild type and, perhaps, all SSB were completely
repaired in 15 min of R'. In recF mutant, on the other hand, the pixel density of OC
declined only marginally after 15 min of R" and maintained the level for up to 60 min

suggesting poor repair of SSB in recF mutant in line with the earlier observation (Fig. 3.12).

With the increase in band intehsity of the OC form of pMTa4 DNA following UV-C
irradiation, a oofresponding decrease in the band intensity of CC form of pMTa4 DNA was
expected, thereby indicating that induction of SSB in the CC form of pMTa4 DNA
converted them to OC form. However, contrary to expectations, the CC form also showed,
though smaller in magnitude, an increase in the band intensity induced by UV-C radiation in
in vitro as well as repair non-permissive in vivo conditions, of both the wild and recF
mutant strains (Fig. 3.6, 3.7 and 3.9), suggesting a common underlying mechanism inducing
these changes. In the in vifro experiments, equal volumes of pMTa4 DNA were exposed to
UV-C radiation, electrophoresed and analyzed as described. If we suggest the formation of
SSB, then, one could expect induced SSB to convert the CC form of the pMTa4 DNA to the
OC form. This would be seen on the electropherogram as an increase in the band intensities
of OC form with a corresponding decrease in CC form of pMTa4 DNA. However, our
sesults showed, although smaller in magnitude, simultaneous increase in the band intensities
of CC form of pMTa4 DNA. The quantity of plasmid loaded in the wells was carefully
monitored so that one is sure that equal quantities of pMTa4 DNA were loaded. Hence, the
only explanation one could suggest to explain the observation is that pMTa4 DNA
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intercalated more ethidium bromide (EB) after UV-C irradiation. Increased EB intercalation
would increase the pixel density of the DNA being recorded for quantification even when
the actual quantity of DNA in that band did not increase. EB intercalation in the relaxed
forms, namely, the OC and L forms is 1.4 times more as compared with the compact form,
eg. CC form of SV40 DNA (Jones et al., 1993;-Gulston ef al., 2002). This suggests that
UV-C was inducing conformational relaxation in the CC form of pMTa4 DNA that caused
an increase in the band intenﬁty of the CC form of the pMTa4 DNA.

The conformational relaxation caused by the UV-C radiation is not a result of the strand
breaks in pMTa4 DNA in vitro, as no conformational relaxation was seen following strand
breaks induced by the y-radiation (Humtsoé et al., 1998), lithium swift ions (Humtsoe et al.,
2003) or radiomimetic chemicals like Fenton’s reagent and Haber Weiss’ reagent (Odyuo
and Sharan, 2005). However, recent investigations into the effect of UV-C radiation on
DNA has revealed that DNA can undergo tertiary structural changes as a result of exposure
to UV-C radiation (Kurosaki ‘e't al., 2003). Some studies have shown possible alternate DNA
conformation that covalent- damages and NT mismatch induces (Isaacs and Spielmann,
2004). Investigation into the direct influence of UV-C on the conformation of DNA have
revealed that DNA double helix indeed unwinds by ~9° and the helical axis bends by ~30°
due the formation of pyrimidine photoproducts (PP) induced by UV-C radiation (Park et al.,
2002); In addition to the formation of PP, it has also been observed that UV-C induces inter-
and intra-strand crosslinkings in DNA (Douki et al., 2003b). These changes may also
contribute in the unwinding of the DNA. This kind of unwinding can take place in any
conformational form of the DNA and hence the increase in band intensity of the OC form of
the DNA was also observed.

It was now necessary to determine if the increase in the band intensity of the CC form of
pMTa4 DNA was indeed a result of UV-C irradiation. In order to do this, we needed pure
CC form of the plasmid DNA. From pMTa4 isolates, pure CC form of pMTa4 DNA was
| recovered as described (§ 2.20). That the CC form of pMTa4 DNA was 100 % pure was
confirmed by AGE. To see if higher EB intercalation was taking place in relaxed form of
the pMTa4 DNA, precisely measured (both by spectrophotometric and chemical
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quantification (§ 2.14), equal quantities of the CC, OC and total pMTa4 isolates were
irradiated with increasing doses of UV-C radiation, mixed with equal quantities of EB and
loaded on wells punched on freshly cast agarose (§ 2.27). The results showed a dose
dependent increase in the pixel density of DNA-intercalated EB (Fig. 3.14) by the CC, OC
and total pMTa4 isolates (Fig. 3.15). This indicated that these three forms of pMTa4 DNA
indeed exhibited a UV-C dose dependent increase in EB intercalation. It was, therefore,
hypothesized that the increase in EB intercalation occurred due to the UV-C induced
conformational relaxation of the DNA. Conformational relaxation of DNA can be confirmed
by moﬁitoring the hyperchromic shift in DNA under specified conditions (Berg ef al., 2002).
The conformational relaxation was studied using the total pMTa4 DNA isolate and the
purified CC form of the plasmid. The OC form of the DNA was not included in this study.
This was because the OC form of the plasmid DNA has a free end. Because of this any
torsional stress induced by UV-C in the plasmid form could get released.

The CC form of DNA, on the other hand, has no free ends. Hence, the UV-C induced
transient strand’ relaxation of negative supercoiling introduces additional torsion in the
backbone of the plasmid DNA. Irradiation of the CC form of pMTa4 DNA with UV-C was
seen to cause dose dependent increase in Axq of the pMTa4 DNA (Fig. 3'. 16). This transient
and localized relaxation or negatively supercoiling of pMTa4 DNA facilitates enhanced
intercélation of EB. This would result in increase in the band intensity observed in the CC
form of pMTa4 DNA with increasing doses of UV-C radiation.

Increase of hyperchromicity was also monitored for total plasmid isolate, that is, pMTa4
isolates containing all the conformational forms of pMTa4 DNA. In this case also increase
in the hyperchromicity was observed in response to increasing doses of UV-C radiation
(Fig. 3.16). This was expected because, as mentioned, the total plasmid isolate consists of
the CC and OC forms of the plasmid in addition to the M forms of the plasmid. Hence, even
if the other forms do not show any changes in Azeg, post UV-C irradiation, the Aze increase
in the CC form of the pMTa4d DNA would be seen. This resulted in the observed
hyperchromic shift.
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Attempt was now made to correlate the increase in intercalation of the EB in response to
UV-C radiation with corresponding increase in the relaxation of pMTa4 DNA. Both the
total and CC form of pMTa4 DNA showed similar trends in hyperchromicity and dot
intensity increase (Figs. 3.17 and 3.19 respectively). Therefore, the UV-C dose dependent
increase in pixel densities of CC and total plasmids was plotted against the corresponding
hyperchromicity increase (Fig. 3.16). The correlation coefficient between the pixel density
and hyperchromicity increase was calculated from the results. The plot obtained from the
calculation showed an almos't linear correlation for both the CC and total pMTa4 DNA. The
correlation coefficient was found to be 0.98552 for the pMTa4 isolates and 0.96314 for the
CC form (Fig. 3.18 and 3.20 respectively). This confirmed that the UV-C induced relaxation
of pMTa4 DNA caused increase in EB intercalation.

In summation, we can say that UV-C irradiation relaxes the pMTa4 DNA due to the
induction of the damages into the plasmid. This relaxation is responsible for increased
~ intercalation of EB into the pMTa4 DNA. -

As discussed before, the relaxation in-the pMTa4 DNA is observable in the CC form of the
plasmid DNA as this is the only conformational form of the plasmid that has no free ends.
Hence, the torsion that is induced into the DNA backbone is probably responsible for the
induction of SSB. This would convert the CC form into the OC form of the plasmid DNA.
In addition to this possible process of induction of SSB, other processes might also be
responsible for the induction of SS]%. For example, oxidative damages to DNA bases or
sugars are known to induce hydrolytic cleavage of phosphodiester bonds (Cowan 2001;
Zeng and Sheppard 2004). The cleavage may also involve H- atom abstraction of the sugar
moiety leading to partial decomposition of 2-deoxyribose unit and release of a base
(Gurzadyan and Gorner, 1992). In addition, UV-C is known to make the N-glycosidic bonds
of the nucleosides of the DNA to become labile and hence lose the base, hence, generating
an abasic site, which would be prone to a phosphodiester break by F-elimination reaction. A
few or all of these processes may be responsible for the generation of SSB, which is seen in
the conversion of the CC form to the OC form of the pMTa4 DNA.
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Sodium dodecy! sulfate polyacrylamide gel electrophoresis (SDS-PAGE) analysis was done
to observe changes in the protein profiles of the wild strain AB1157 and the recF mutant
strain JC9239 after UV-C irradiation under R” and R" conditions. (Fig. 3.4). No significant
changes were observed in the profiles of the cellular proteins of E. coli. Under the
experimental condition, it appears that UV-C irradiation was unable to manifest its effect on

the cellular proteins.

Total RNA was also isolated from the wild strain, AB1157, and the recF mutant, JC9239
under R” and R conditions and AGE performed. In all experiments only two bands were
observed on agarose gels (Fig. 3.13). They are 16S and 5S rRNA bands as these two types
of IRNA are present in £. coli in overwhelmingly large quantity (Heptinstall, 1998). Due to
this, other types of RNA were not visible being relatively very small in quantity. Thus,
under the experimental condition effects on total RNA could be monitored by monitoring
only 168 and 5S rRNA. The RNA profiles did not show any significant changes as a result
- of UV-C irradiation in the wild type (Fig. 3.13; panel A). However, the recF mutant,
"~ JC9239, did exhibit a weak dose dependent down regulation of both 16S and 5S under R
condition (Fig. 3.13; panel B). The results show that UV-C irradiation was able to down
regulate total RNA in recF mutant but not in the wild type.

Use of restriction digestion has proved to be very useful for analysis of effect of NT
sequence on manifestation of radiation induced damage to plasmid DNA (Humstoe and
Sharan, 2004; Humstoe ez al., 1998). In this piece of work, restriction digestion of UV-C
irradiated and unirradiated pMTa4 DNA was performed in order to observe if UV-C
radiation was able to chemically alter some NT and if there was any dependence on the NT
motif. If a NT was chemically altered, especially in a restriction site, it would affect the
efficiency of restriction digestion. By choosing different RE, different types of NT sequence
characteristics have been chosen in this study, that is, RE whose restriction site is GC or TA
rich. pMTa4 DNA was irradiated with UV-C (4.8, 9.6, 19.2 and 384 J. m?>), the dose at
which maximal effects were observed on DNA in vitro and restriction digested for the exact
time in which the RE was able to completely digest the unirradiated pMTa4 DNA. This time
was empirically determined for each of the RE used and was strictly maintained to avoid
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any forced or limit digestion so as to monitor even slightest resistance to restriction
digestion. The RE used to study the effect of UV-C radiation on pMTa4 DNA were Dral,
Sspl, Neil, Accl and Haell. While Dral and Sspl have AT rich restriction sites, Accl, Ncil
and Haell had their restriction sites that were GC-rich. The dose of UV-C to be used for the
investigation was selected on the basis of the maximal effect that the UV-C was seen to
have on the pMTa4 DNA.

Both Dral and Sspl restricted the plasmid at AT rich sites. Dral digestion of unirradiated
control pMTad4 DNA produced three bands on the electropherogram (Fig. 3.22). On the
other hand, SspI digestion of unirradiated control pMTa4 DNA generates two bands on the
electropherogram (Fig. 3.26). Upon UV-C irradiation of the pMTa4 DNA, it was observed
that with increasing doses of UV-C radiation, some slow migraﬁng bands appeared in the
electropherogram with increasing band intensity in a dose dependent manner for Dral. Upon
comparing the fragment sizes of the bands with the molecular size markers (Fig. 3.24 and
3.28 respectively), it was found that the fragment sizes corresponded with molecular sizes
which would be generated if the digestion of the DNA did not take place between two (or
more) adjacent fragments as indicated in the figure (3.23 and 3.27, respectively). For Ssp/
digestion, irradiation of the pMTa4 DNA with UV-C causes the appearance of the slow
migrating (linear) band at dose 2.4 J.m™ (Fig. 3.28). At higher doses, the reappearance of
the OC and CC forms was observed with a prominent band of the CC form observed at the
highest dose. This indicated that most of the pMTa4 molecules exhibited almost complete
resistance to restriction digestion at these doses. The complete resistance to restriction
digestion caused the pMTa4 to appear as completely uncut plasmid and hence, the
appearance of the CC and OC forms of the pMTa4 DNA.

The resistance to restriction digestion by Dral and Sspl was expected as these two RE have
AT-rich restriction sites, which are most prone to damages by UV-C radiation (Matsunaga
et al., 1991). Thus, the damages induced by UV-C rays at these sites probably modified the
restriction sites by the formation of CPD or 64 PP, such that the RE Dral and Sspl were
unable to recognize these sites and hence were unable to digest the DNA. Consequently,
these uncut fragments appeared as new bands in the gel.
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Accl restriction sites are CA-rich. Accl digestion of unirradiated pMTa4 DNA causes the
appearance of three bands on the electropherogram (Fig. 3.30). Upon UV-C irradiation, an
extra band appeared which showed a marginal dose dependent increase in band intensity
(Fig. 3.32). This band was found to be of a fragment size that could be obtained if restriction
digestion between two fragments of DNA was resisted as indicated in the figure 3.31,
indicating that the restriction site was resisting digestion by Accl as a result of UV-C
radiation. This could happen with Accl restriction site containing T residues, which are
known to be modified upon UV-C irradiation. Thus, UV-C irradiation modified these NT,
which caused resistance to digestion by Accl and hence, the appearance of the extra band.
This was also expected as the restriction site contains pyrimidines, which might get

converted to PP and, hence, induce resistance in restriction digestion.

The RE Haell and Neil digest the DNA at restriction sites rich in GC NT. Haell shows four
bands in the electropherogram afier complete digestion of unirradiated pMTa4 DNA. As
expected, Haell showed no resistance in digestion of the pMTa4 DNA upon being UV-C
irradiated (Fig. 3.38) and hence no extra bands were obtained (Fig. 3.39). This is an
indication that UV-C irradiation did not modify the restriction sites enough to cause changes
in the restriction patterns. However, contrary to expectations, restriction with Ncil seemed to
have been resisted at least slightly as a result of UV-C irradiation as indicated by the
appearance of two faint additional slow migrating bands on the electropherogram in the UV-
C irradiated pMTa4 DNA (Fig. 3.34). The intensities of the slow migrating bands, however,
remained almost invariant for the whole dose range used in the investigation. This indicated
that the lowest dose (2.4 Jm™?) itself caused maximal damages in the NT sequences of the
restriction sites and hence, even at higher doses no significant increases in the slow

migrating band intensities were observed (Figs. 3.30 and 3.34).

Resistance to restriction digestion as a result of UV-C radiation was expected with RE that
recognized AT-rich sites (Sgura et al., 1996). However, Ncil, which has GC-rich restriction
sites, also exhibited resistance, albeit marginal, in restriction digestion (Fig. 3.36) which
corresponded with the band sizes as shown in Fig. 3.35. In order to understand the pattern of
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digestion, a series of studies were done. First, the percentage of AT in the flanking regions
on either side of the restriction sites was calculated to determine if the AT richness of the
region had any effect on the observed resistance to restriction digestion. No influence of this
was found under the experimental conditions used in this study. Next, the proximity of the
TT residues (TT residues having a possibility of forming thymine dimers) to the restriction
sites was studied in order to see if the proximity of the UV-C labile TT residues has any
effect on UV-C induced alteration in restriction pattern. In this case as well, no direct
correlation was observed between the proximity of the TT residues to the restriction sites

and the resistance in restriction digestion.

Hence, in search of an alternative explanation, a motif search was done to determine the
presence of any specific pattern of NT in the proximal region of the restriction site, which
could be responéible for the observed pattern of resistance in digestion. The sofiware
AlignAce (AlignAce) was employed for the analysis. It was found that there does exist a
motif, the presence of which caused resistance to restriction digestion in our investigation.

The motif was found to be as follows:
CCGAGACGGGTCGTCCGCGGGAT

The presence of this motif ensured that the UV-C irradiated pMTa4 DNA was not going to
be digested completely, while the absence ensured complete digestion. This motif is
predominantly rich in GC residues. It has been found that adjacent C residues served as
mutation hotspots in the pS3 gene of the human non-melanoma skin cancers and murine
tumours (Cadet er al., 2002) upon exposure to solar radiation. Other studies indicate towards
the lability of G residues to UV-C radiation. These results show that it is the possible effect
of the UV-C radiation on these residues that render the restriction sites resistant to

restriction digestion.

The effect of y-radiation, another quality of radiation known to induce genome instability,
on the pMTa4 DNA was also studied in vivo. y-radiation, an IR, is known to produce SSB as
well as DSB depending on dose (Sutherland et al., 2000). pMTa4 DNA isolated from y-
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irradiated AB1157 (wild) and XL1 Blue (rec4) mutant cells in R" conditions showed a dose
dependent break down of CC and OC forms of pMT a4 DNA (Figs. 3.40 and 3.41; panels
A). Under R" conditions, however, the pMTa4 DNA isolated from AB1157 cells showed no
smearing (Fig. 3.40; panel B), indicating that repair of the damage had taken place in this
repair proficient strain of E. coli. In R conditions in the rec4A mutant, however, the
smearing was seen to persist (Fig. 3.41; panel B). This indicates that the recd mutant was
unable to fully repair the y-radiation induced damage within 60 min of post-irradiation

repair incubation.

To further understand the effect of this quality if IR, the rec4 mutant cells were treated with

the cell-free extract obtained from wild type cells (§ 2.7) and their repair patterns were

studied in R” and R" conditions (Fig. 3.42). Under R* conditions, the pMTa4 DNA was seen

to completely abolish the smearing, indicating complete repair (3.42; panel B). This result

shows that the presence of the cell-free extract obtained from the wild type cells was able to
restore repair in recA mutant. Since’ the wild type cell is isogenic with the recA mutant

barring the absence of a functional recd gene, therefore, the results indicate that the RecA

protein is crucial in the repair of damage induced by y-radiation. This is in agreement with.
previously obtained results (Peterson and Coté, 2004; Sharan ef al., 2007).

Thus, studies on the effects of y- and UV-C radiation on DNA have shown that whereas y-
radiation interacts with the DNA to form SSB and DSB, thereby causing the mutagenic
effects, UV-C proceeds by the formation of PP on the DNA. Our studies have revealed that
UV-C causes the induction of SSB also on the DNA backbone. It appeared that such SSB
were formed by the relaxation of the plasmid backbone. Such relaxation was particularly
visible on the CC form of the pMTa4 DNA. Also, restriction mapping of UV-C irradiated
pMTa4 DNA have shown that UV-C irradiated pMTa4 DNA have shown that UV-C
irradiation introduced some modifications in the restriction sites, which caused the pMTa4
DNA to exhibit resistance to restriction digestion. Such resistance was apparent where the
RE Dral and Sspl were used for the digestion. Also, though to a lesser degree, but
restriction digestion was also resisted by the RE Neil and Accl. However, no such resistance
was observed for the RE Haell. Analysis of these results showed that presence or absence of
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a particular motif was responsible for the observed pattern of resistance to restriction

digestion.

Our studies have also shown that the strand break types of damages that were observed in
the pMTa4 DNA isolated from the rec4A mutants immediately after y-irradiation,
disappeared upon incubation with the cell-free extract obtained from the wild strain (which
contained active RecA protein. This indicated that the RecA protein is crucial in the repair
of strand break types of damages.

As detailed earlier, AEBN is an entirely different quality of genotoxin that is also known to
be strongly associated with carcinogenesis (IARC, 1985; 2004). Induction of carcinogenesis
is ultimate expression of induced genome instability. A large human population across the
globe uses betel nut (BN) as a social, traditional and habitual masticatory (IARC, 1985;
2004). Incidence of oropharyngeal cancer is reported to be high in this population
:.suggesting that BN is a potent genome instabilizing agent. Study of AEBN induced genome -
instability, therefore, is quite relevant to human welfare. AEBN is alsoa genotoxin that is
qualitatively different from UV-C radiation. Therefore, in order to get a more complete
picture of genome instability, a detailed investigation into genome instabilizing effects of
AEBN has also been carried out in this study.

Effects of AEBN exposure on gross morphology of E. coli were studied by transmission
EM. In normal conditions, the average length and breadth of E. coli cells used in this study
was 1.95 and 0.5 pm, respectively. The dimension of AEBN treated E. coli cells were
significantly enhanced with average length and breadth reaching 3.37 and 0.7 pm,
respectively. Even the dividing cells were larger in size (~ 6 and 0.7 um) following AEBN
exposure as compared to their normal counterparts (~2.85 x 0.5 pm) (Fig. 3.43). The
cytoplasm of the E. coli cells appeared to be more electron dense after treatment with AEBN
~ in comparison to the normal untreated E. coli cells (Fig. 3.43). Some of the treated E. coli
cells showed extensive damage to the cell walls after AEBN treatment (Fig. 3.43; panel c).
The cells also acquired a more elongated shape. These morphological changes indicate a
stress on the cell as a result of exposure to AEBN. It has been reported that E. coli
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undergoes an increase in the cell volume as a result of stress like heat (Neidhardt et al,
1987). The stress that the cell had to undergo in the process of growing in the environment
containing AEBN, which is quite acidic (pH ~5.0), could be one factor responsible for the
induction of the observed changes (Fig. 3.43). It was also noted that the number of dividing
cells was considerably low in AEBN treated cultures in comparison to the number of
dividing cells found in the non-treated control cells. It is possible that many of the cells

might have died under AEBN exposure stress.

AEBN comprises water extractable as well as soluble components of BN. The organic
components of BN that gets extracted in AEBN can chemically interact with DNA. Such
interaction can potentially produce DNA adducts. If chemical adducts are formed on pMTa4
DNA, the absorption characteristics of the plasmid should change. It has been observed that
exposure to AEBN did lead to induction of a red shift, i.c., a rightward shift in the
absorption maximum of the plasmid DNA after exposure to AEBN (Fig. 3.45). Changes in
- spectral characteristics of DNA was observed in terms of its fluorescence (Jiang et al., 2004)
and absorption spectra (Geacintov ef al., 1991). We observed that the absorption maximum
* of the DNA shifted from 260.8 nm to 283.20 nm, showing a red shift of 22.4 nm towards the
absomption maximum of AEBN (Fig. 3.45). Further, in order to determine if adducts were
being formed with AEBN, pure pMTa4 DNA was incubated with increasing concentrations
of AEBN at 37 °C in vitro, for varying intervals of time (§ 2.17.1.) (Fig. 3.44). From the
studies, it was found that 250 pg AEBN formed maximum number of adducts on 4 pg
pMTa4 DNA at 37 °C in 30 min. These conditions are defined as saturating conditions.

When chemical groups (adducts) are added onto plasmid DNA -either by non-covalent
interactions or following covalent linkage logically the molecular size of the plasmid should
show an equivalent increase. Consequently, the electrophoretic mobility of the plasmid
would be retarded (Péréz-Cabré et al., 2004). This should be observed as a decrease in the
mobility of the plasmid DNA band following AGE. This shift is referred to as the mobility
shift and has been widely used for the study of the formation of adducts on the DNA. In
order to confirm if AEBN formed adducts with pMTa4 DNA under the experimental
conditions, mobility shift assays were performed (§ 2.21). The results clearly showed that
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the mobilities of both the CC and OC conformational forms of the pMTa4 DNA were
retarded in an AEBN dose dependent manner reaching a maximum for both the
conformational forms of the plasmid at a concentration of 250 pg AEBN for 4 pg of pMTad
DNA (Fig. 3.47) for the in vitro studies. This confirms the formation of AEBN adducts on
DNA. This study also confirmed the spectrophotometric observation that AEBN exposure
lead to adduct formation on pMTa4 DNA (Fig. 3.44). For further studies, therefore, the
concentration of AEBN chosen was 250 pg per 4 pg pMTa4 DNA in order to ensure that
adequate amounts of AEBN was available for the formation of adducts. In the in vivo
conditions, the mobilities of both the CC and OC forms of the plasmid reached a minimum
when the wild type cells were incubated with 1500 ug AEBN per ml culture O/N. This
indicates that the maximum number of adducts formed on DNA was at a concentration of
1500 pg AEBN per ml culture. However, in order to ensure that more than saturating
concentrations of AEBN were present, 2000 ug AEBN was used as the standard amount of
AEBN for the studies.

Some kinetic properties of this interaction were studied. When 4 pug pMTa4 DNA was-
incubated at 37 "C with 250 pg AEBN for varying intervals of time and ﬂle‘r‘etardétio‘ns in
AGE mobility studied, it was found that adducts were maximally formed when the time of
incubation at 37 °C was 30 min (Fig. 3.49). Incubation of the pMTa4 DNA with AEBN for a
time period longer than this had very little effect on retardation of mobility of either
conformational form of pMTa4 DNA (Fig. 3.49). This indicates that maximum AEBN
induced adducts were already formed on available pMTa4 DNA in 30 min. From these
results the optimized conditions for further studies were fixed at 250 pg AEBN, 4 pg
pMTa4, 37 °C and 30 min incubation. This conditions were used for the study of the various
aspects of the formation of adducts of AEBN on pMTa4 DNA.

Two conformational forms of pMTa4 DNA, CC and CC, showed differential AEBN
induced adduct formation under identical exposure condition (Figs. 3.47, 3.48 and 3.49). In
general the retardation in mobility of OC form of the pMTa4 DNA was more pronounced
than the retardation of CC form. This suggests that a greater quantum of the AEBN induced

adduct was forming on OC form than CC form under the same exposure condition. As the
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OC form of the plasmid is relatively more relaxed or negatively supercoiled in comparison
to the CC form (Humtsoe et al., 1998; Humtsoe ef al., 2003; Odyuo et al., 2005), AEBN bas
a higher probability of interaction with the DNA and, hence, more adducts were being
formed on this topological form of pMTa4 DNA.

Among the components of AEBN, arecoline, upon nitrosation is known to be converted into
several species of electrophilic betel-nut-specific-nitrosamines (BN'SA), which interact with
the DNA with the help of vs}eak interactions or chemical bonds and hence readily interact
and form adducts with the DNA (Sharan, 1996; Chen er al., 1999; Liu et al. 2004).
Moreover, this is the component of the DNA, which is known to be mutagenic
(Balachandran et al.,, 1995). Due to this reason, the main component of BN known to
interact with DNA is considered to be arecoline as also widely reported in the literature
(Jenget al., 1999).

To dwell further into the implications of formation of AEBN adducts on pMTa4 DNA, the
" same samples were subjected to alkaline agarose gel electrophoresis (AAGE). During
AAGE ruh DNA is in its denatured form. In this condition, CC (native plasmid without any
strand break), OC (plasmid DNA with SSB) and L (plasmid with DSB) forms of pMTa4
DNA would denature differently and also migrate differently on the gel. The DNA sample
being éubjected to alkaline separation condition during AAGE would also face alkaline
hydrolysis of labile sites. The results showed an AEBN dose dependent prominent decrease
in the CC form accompanied with almost similar increase in OC and L forms (Fig. 3.54).
This indicates that AEBN dose dependent SSB as well as DSB were being induced in the
plasmid DNA under the experimental conditions when analysed by AAGE. Thus, it can be
interpreted that the formation of AEBN adducts on pMTa4 DNA lead to induction of strand
breaks on DNA. Essentially only SSB induction was observed (Figs. 3.54). Though analysis
of the damage by AGE essentially did not exhibit evidence of induction of DSB, it appears
from the AAGE results that besides SSB there were labile sites that after alkaline hydrolysis
generated DSB on the plasmid DNA.
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With the knowledge about the formation of AEBN adducts on pMTa4 DNA, a study was
made in order to find out the stoichiometry of the formation of the adducts. In this context it
was necessary to quantify the AEBN adducts being formed on pMTa4 DNA. The
electrophoretic mobility of circular plasmid DNA on AGE is a function of conformational
as well as molecular size of the plasmid DNA (Herskind, 1996). Thus, it is not possible to
correlate gel mobility with molecular size for circular DNA molecules. One needed to create
a situation where the mobili;y of DNA band was dependent only on one factor, that is, the
molecular size. This is evident from the fact that despite the CC and OC forms of pMTa4
being of the same size, their mobilities on AGE are distinctly different (Fig. 3.5). Hence,
these circular forms of the plasmid are not suitable for calculating changes in the molecular
size of the plasmid after adduct formation. However, if the same plasmid is linearized then
its AGE mobility will entirely depend on its molecular size or quantum of adducts formed
on the plasmid and can be measured with the help of a suitable DNA size marker. Thus, for
the L form of pMTa4 DNA retardation in mobility on AGE would be directly proportional

to increase in its molecular size due to AEBN induced adduct formation.

~ Such an‘approach was taken wherein the plasmid DNA was first linearized by Ncol having a
single restriction site on pMTa4 DNA (Fig. 2.1). This L form of the plasmid was exposed to
increasing concentrations of AEBN and subjected to AGE. The mobility of the L form of
the pMI‘a4 DNA was, as expected, retarded progressively reaching a plateau at a
concer;tration of 150 pg AEBN per 4 pg pMTa4 DNA, and remaining almost at that level
for higher concentrations (Fig. 3.53). The total increase in the molecular size was found to
be ~ 880 bp under the experimental conditions. The pMTa4 DNA molecule comprises 6173
bp (Table 2, Rakotomahanina et al., 1994). Considering the average molecular weight of a
NT as 330 Da and that of BNSA as 126.6 Da, it can be calculated that the increase in the
molecular size is by 579,040 Da. This indicates that on an average, ~ 4573 adducts were
formed on the DNA. Therefore, it can be calculated that on the 6173 bp long pMTad DNA,

an adduct is formed every 3 NT approximately under the experimental conditions.

The stability of the AEBN induced adducts on DNA has important implications in the
manifestation of possible damage to DNA. Continuing presence of adducts on DNA can

121



lead to increased rate of mutation and vice versa. Therefore, it was important to look into the
stability of adducts induced on pMTa4 DNA under our experimental conditions. From our
earlier in vivo studies it was found that saturating dose of AEBN in vivo was 1500 pg AEBN
per ml E. coli culture (Fig. 3.48). To ensure continuance of the saturating condition in these
in vivo experiments 2000 pg concentration of AEBN was used. Accordingly, pMTa4 DNA
was isolated from the wild strain of E. coli harboring pMTa4 DNA from its O/N growth in
LB medium supplemented with AEBN at a concentration of 2000 pg AEBN per ml
medium. As described in § 2.23, the plasmid isolate was dissolved in water and equal
amounts aliquoted out in separate microfuge tubes. The tubes were incubated at RT and the
retardation in mobility of the plasmid was studied every 2 h for up to 24 h (Fig. 3.50). The.
results show maximum retardation in mobility at ~8 h of incubation. From this period
onwards, the trend of retardation of mobility reversed and the mobility of plasmid DNA
bands progressively regained its normal position, equivalent to unexposed control, after
about 24 h. The results clearly show that the AEBN induced adducts on pMTa4 DNA was
not stable under the experimental condition. As a result of this, they gradually dissociated
from the plasmid DNA.

There can be only one possible explanation for the observed dissociation of AEBN induced
adducts on pMTa4 DNA in vitro. The adduct would be unstable if it was associated with a
NT on the plasmid DNA by non-covalent or weak interactions. Such weak interactions
would break easily and progressively lead to dissociation as observed (Fig. 3.50). It is also
possible that other components of the BN extract that were present in AEBN interfered with
the adducts on pMTa4 DNA and induced or accelerated in sone unkown way leading to
dissociation. These two factors might be contributing to the observed instability of AEBN
induced adducts on pMTa4 DNA in vitro.

This result showing unstable nature of AEBN induced adducts on DNA does not fit into the
ultimate effect of BN chewing, which is known to induce high degree of cancer, especially
oropharyngeal cancers, in chewers. If the adducts dissociated so easily, there would be no
adduct load on DNA. Therefore, there would be less mutation induced by AEBN. All this
suggests that BN or AEBN should not be strongly associated with carcinogenesis. In reality,
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however, it is known that BN, AEBN or its main alkaloid arecoline, have strong association
with human cancer (IARC, 1985; 2004; Sharan, 1996). From this it is obvious that the BN
or AEBN induced adduct on DNA might be getting stabilized under in vivo condition. It
was, therefore, important to look into this aspect as identification of such factors which
stabilize AEBN induced adducts on DNA would be useful for cancer therapy and control.
Since the factor should be physiological in nature, we chose to study the effects of K™ and
Na" ionic concentrations, and pH on the stability of the induced adducts in vivo by gel

mobility assay.

It was found that when the plasmid isolates were incubated at RT for 24 h in the presence of
either K™ or Na" (range: 0.5 to 500 mmol) the retardation in the mobility of the pMTa4
DNA reached its maximum at the lowest dose and persisted (Figs . 3.51; panels A and B).
This indicates that the AEBN induced adducts on pMTa4 DNA acquired stability in the
presence of as low as 0.5 mmol of either K* or Na* (Fig. 3.51). It is to be noted that the
" effective ionic concentration (0.5 mmol) 6f K* or Na* conferring stability to AEBN induced
adducts was much smaller than the physiological concentration of these ions (1.5 mmol in
physiological conditions) (Murray et al., 2003). This brings. to fore the . fact that in the
presence of physiological concentration of Na™ or K* any AEBN induced adduct would
become highly stable leading to persistent mutation and consequent carcinogenesis.

The effect of pH on the stability of the AEBN induced adducts on pMTa4 DNA was also
studied. For this, plasmids were isolated as described (§ 2.11.) and re-established in Tris-Cl
solutions at pH 5, 6, 7 and 8, for a period of 24 h (§ 2.24.). It was observed that the
retardation in the mobility of CC and OC bands were completely abolished after 24 h for all
pH values monitored in this experiment (Fig. 3.52). This indicates that the AEBN induced
adducts on pMTa4 DNA remained unstable in acidic as well as alkaline pH and pH had no
effect on conferring stability to the adducts. ‘

In all in vitro experiments, it can be noticed that with the treatment of the pMTa4 DNA with
AEBN, a decrease in the intensities of both the CC and OC forms of the plasmid were

observed with increasing concentrations of AEBN. This decrease was seen to be always
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more pronounced for OC form of the plasmid as compared with CC form. The OC form of
the plasmid is a relaxed or negatively supercoiled form of plasmid. Due to this, AEBN
components have a greater opportunity to interact with this conformational form as
compared to the CC form, which is tight or positively supercoiled form. Therefore, OC
conformational form of a plasmid shows higher response to any intervention than its CC

counterpart. Our investigations consistently show this pattern.

The work was further extended to see if AEBN induced adduct formation on pMTa4 DNA
had any preference to a specific NT sequence or motif. As was done in case of UV-C
radiation, a set of RE were chosen and the restriction profile of the AEBN exposed pMTa4
was made for each one of them and compared with their respective unexposed controls. All
attempts to use RE on pMTa4 isolate mixed with AEBN in vitro was unsuccessful due to the
resulting pH of the plasmid isolate upon addition of AEBN. The pH of AEBN was highly
acidic (approximately 5). Thus, AEBN treated plasmid isolate was highly acidic. At acidic
pH neither the plasmid DNA nor any of the RE was stable. Both denatured and precipitated
-in acidic environment. Therefore, RE digestion study in vifro was not possible. Attempt to

. use DNase I under this experimental condition also did not succeed. Thus, this investigation

was carried out under in vivo situation. Hence, pMTa4 DNA samples were isolated from
AB1157 strain harboring the plasmid after its O/N growth in LB medium supplemented
with different concentrations of AEBN. The plasmid isolates from different experimental
groups were subjected to restriction digestion for 24 h, the time at which AEBN adducts
almost completdy dissociated from the plasmid DNA (Fig. 3.50). The pattern of digestion
with the different RE was studied.

Upon exposure of pMTad DNA to AEBN in vivo, restriction digestion of the -pMTa4 DNA
was resisted in a dose dependent manner, as was apparent from the appearance of additional
slow migrating bands in the AEBN exposed pMTa4 DNA. However, the analysis of these
bands could not be done on the same lines’ as that done for the UV-C irradiated pMTa4
DNA. This was because the nature of the slow migrating bands in AEBN exposed pMTa4
DNA was distinctly different from the slow migrating bands in the UV-C exposed pMTa4
DNA. For the UV-C irradiated pMTa4 DNA the molecular size of the additional slow
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migrating bands could be correlated with the molecular size of a band that would appear if
some restriction sites resisted digestion by the specific RE. However, in case of AEBN
treated pMTa4 DNA, the molecular size of the slow migrating bands could not be correlated
with any such resitance in restriction digestion. Therefore, the analysis of these bands was

not possible on similar lines.

Instead, attempts were made to study the resistance in digestion that was being displayed.
‘Since complete digestion of the pMTa4 DNA yielded 3, 4 and 5 fragments upoh digestion
with either Accl, Dral, Haell or Ncil (Figs. 3.55, 3.58, 3.61 and 3.64, respectively), the
percentage digestion was calculated from the relative decrease in the band intensities of
these bands as a consequence of AEBN exposure. The cumulative band intensities of the
completely digested pMTa4, obtained by the KDS 1D software was taken as 100 %. The
relative decrease in the intensities of the individual bands was then studied. It was found that .
with RE Dral, Haell and Ncil, AEBN dose dependent decrease in band intensities were
“observed (Figs. 3.56, 3.59 and 3.62, respectively). The cumulative band intensities also
shoed a dose dependent decrease (Figs. 357, 3.60 and 3.63, respectively). These results
show that AEBN induces a dose dependent increase in-resistance fo restriction digestion.

The resistance in restriction digestion that was observed indicated that the exposure to
AEBN probably induced changes in the restriction sites as a result of which the restriction
sites were not recognized by the RE. Also, the increasing resistance in digestion that was
observed is an indication that with increasing doses of AEBN, the numbers of changes

increased, and consequently, the resistance in digestion.

In case of digestion with 4ccl, however, the resistance in restriction digestion was observed
only when the DNA was exposed to the highest concentrations of AEBN used for the
present investigation, viz., 2000 pg AEBN per mi culture (Fig. 3.65). A cumulative
percentage digestion graph was plotted that indicated that the resistance in digestion was
visible only at the concentration of 2000 jig AEBN per ml culture (Fig. 3.66). This indicates
that AEBN is probably unable to alter this restriction site to an extent like the other
restriction sites and hence complete digestion could take place at lower -concentrations of
AEBN. These results indicated that NT changes were being induced in the pMTa4 DNA by
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exposure to AEBN. Attempts were made now to study the mutagenic effects of the AEBN
induced changes on the E. coli genome.

With this in mind, genomic DNA was isolated from both treated as well as untreated
samples of E. coli. Studying the effect of various mutagenic agents on the génome becomes
a challenge due to the size of the genome. In order to overcome this problem, some
microsatellite regions were phosen where the induction of damages by AEBN would be
studied. Microsatellite regions have proved to be excellent regions to target for the study of
such genomic instability (Leroy et al., 2002). The microsatellite regions chosen in this study
were based on the sequences of the microsatellite regions (Metzgar et al., 2001). These
regions in the genome are prone to being damaged by carcinogenic agents as a result of
which they serve as ideal models for the study of damages to DNA. Four microsatellite |
regions were selected and the DNA from the genomic DNA amplified using PCR (Figs.
3.67, 3.69, 3.71 and 3.73). Both strands of the amplicons were sequenced .and analysed (Fig.
3.68,3.70,3.72 and 3.74).

The NT sequence showed only a-few in the earlier parts of the amplified region, which
indicates that the differences in the terminal parts of the amplified region. The change was
also not found consistently in both the strands. In general and due to technology employed
for automated NT seqﬁencing, such changes in NT sequence in the terminal parts of
amplicons are taken as false 'signal or errors of sequencing. As no such consistent NT
change on both strands in the central part of amplicons was observed, we interpret that no
mutations were induced per se. Therefore, AEBN did not seem to induce any mutations in

the selected microsatellite region NT studied for the present investigation.

Upon irradiation of the pMTa4 DNA with UV-C, it was found that the retardation in
mobility of the CC and OC forms of the plasmid increased as compared to the retardation in
the mobility of the unirradiated pMTa4 DNA (Fig. 3.75). This meant that there was an
increase in the number of adducts formed in the plasmid in both CC and OC forms of the
plasmid as a consequence of UV-C irradiation. Our studies have shown that UV-C induces

conformational relaxation as a result of irradiation with UV-C. UV-C induces distortions in
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the backbone of the DNA which relaxes the DNA and qonsequently, the plasmids were seen
to intercalate more EB. In a similar manner, the distortions on the backbone of the pMTa4
DNA caused the DNA to interact with and form greater numbers of AEBN adducts on itself.

Our results thus indicated that UV-C irradiation apparently increased the numbers of
adducts formed on the DNA. We then tried to determine the extent of increase in molecular
size. For this purpose, the pMTa4 DNA was linearized and allowed to form adducts prior to
and after irradiation with 6 J m2 UV-C (§ 2.21). Upon UV-C irradiation, the increase in the
molecular size of the L band observed was ~ 1300 bp as compared to ~ 880 bp increase in
the unirradiated L form of the pMTad4 DNA (Fig. 3.76). This is indicative of an increase in
molecular size by 855,400 Da. This indicates that on an average, 6756 adducts form on the
DNA as compared to ~ 4573 adducts formed on the piece of DNA. Since the size of the
DNA is 6173 bp, therefore, on an average, an adduct is formed every 2 NT. On unirradiated
pMTa4 DNA, an adduct is formed every 3 NT approximately. Therefore, upon irradiation,
as expected, the numbers of adducts formed on the pMTa4 DNA increases. On the basis of -
our findings, we can say that UV-C irradiation of the pMTa4 DNA induces conformational
relaxation in the DNA backbone. Such relaxation exposes more of the DNA bapkbone and

hence, the number of adducts formed increases.
CONCLUSION

From the studies the following conclusions can be drawn:

Features of the UV-C induced genomic instability:

1) UV-C was found to induce conformational relaxation in the pMTa4 DNA backbone in
both the in vitro as well as in vivo conditions in the wild and recF mutant strains of E.
coli.

2) The damages induced by UV-C were found to be repaired in the wild strain upon repair
incubation. However, no repair was observed in vitro or in recF mutant strains.

3) Torsional strain was induced by UV-C which resulted in the formation of strand breaks
in the backbone of the pMTa4 DNA.
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4) The pMTa4 DNA showed a dose dependent resistance in restriction digestion by the
restriction endonucleases Dral and Ssp! upon irradiation with UV-C.

5) UV-C irradiation of pMTa4 DNA was found to cause marginal resistance in restriction
by the restriction endonucleases Accl and Ncil. However, no dose dependence was
observed. The resistance was found to reach saturation at the lowest dose, viz. 2.4 J.m™
and hence, no dose dependence was observed.

6) UV-C irradiation, however, was found to induce no resistance in restriction digestion of
pMTa4 DNA by the restriction endonuclease Haell.

7) Analysis of the results showed the presence of a  motf
CCGAGACGGGTCGTCCGCGGGAT at the restriction site to be decisive in
determining if GV-C irradiation would introduce resistance in restriction digestion at that

site.

Features of AEBN induced genomic instability:

1) AEBN was found to form adducts on the DNA.

2) The number of adducts formed on the OC form of pMTa4 DNA was higher than that

" formed on the CC form of pMTa4 DNA. ~ | ' )

3) The adducts were formed by non-covalent interaction(s) with DNA.

4) The adducts were unstable in nature. |

5) The presence of Na” and K ions was found to stabilize the adducts.

6) One adduct was formed approximately every 3 NT.

7) Interaction with AEBN was found to cause gross structural changes in the morphology
ofthe E. coli cells.

Effect of UV-C priming on the formation of AEBN induced adducts:
1) UV-C priming increased AEBN induced adduct formation on DNA.
2) UV-C priming increased the frequency of adducts formed from approximately 3 NT to
an adduct approximately every 2 NT on DNA.
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Abstract

Purpose:  The biclogical consequences of mnitia) physicochemics) events following exposare of DNA 1o germicidal (254 nm)
ultraviolet C (UV-C) radiation are not fully undesstood despite progress that has been nxsde. In parsicelar the cause of UV-C
induced single strand bresks is not known. This question hes been addressed in the present investigation.
Materials and methods: A plasmid construct, pMTa4, was exposed to UV-C s wi 25 vl 39 in vive afier tmosforming the
plasmid into s repair proficient wild 1ype and repair deficient, 7F, mupant of E cofi. Following UV exposure in vimn, the
pPlasmid was sofated under repair non-permissive amd pesmizsive cosfitons, The plamid isofate snd e pure super-codfed
closed circular (CC) topological form of the plasmid were aualyzad by sgxrose gel electrophoresis. The dependence of UV-C
induced demage and conformational changes on the dose of mdissiom 25 well as on the doration of posr-irradiarion repair
incubations was observed. The influence of UV-C on hyperchromic changs and intercabuion of ethidicm bromide into
plasmid DNA were also recorded.

Results:  'UV-C exposure of pMTat DNA i vivw and i zivo indoped dose dependeny, but sparsdy plaoed, single swwand
breaks (SSB). While the wild type (AB1157) E. odi was ghie 1w repair SSB neary completely wvnder repzir pernmissive
condition, the zecF (JC9239) murant failed 1o do so. A dose-dependonr selavstion of super-strucrure of CC foon of pMTa4
DNA concomitant with enhanced ethidium bromide intercafation o the plesanid DNA was obsexved.

Conchssion: It is proposed thar the conformational redaxation genercred negative super-coiling strain on the DNA backbone
of CC form of plasmid as well as exposed chemical bonds Sor hydnalyric cheavage. This might be the cause of the production

of sparsely placed single straud breaks in pMTz4 spon exposure to Jow doses of UV-C.
Keywords: UV-C, pMTa4, E. coli, conformational velaxarion, single sorand &reaks in DNA

Introduction

The understanding of DNA damage indured by
germicidal (254 nm) ultraviolet C (UV-C) radistion
is biologically relevant as its wavelength coincides
with the absorption maxima of purine and pyrimidine
nucleatides (NT) (reviewed by the World Health
Organization [WHO] 1994, Ravanat et al. 2001).
‘The DNA damaging potential of UV-C has been
attributed to its ability to induce dimeric photopro-
ducts (Donki et al. 2003a), cxidized pyrimidine and
purine NT (Ravanat et al. 2001, Douki et al. 2003b)
and single strand breaks (SSB) in DNA (Miguel
& Tyrrell 1986, WHO 1994). The major lesions
induced by germicidal UV-C are reported o be
cyclobutane pyrimidine dimers (CPD) (Matsensga
et al. 1991) as well as varying amounts of pyrimidine
{6-9) pyrimidone photoproducts ((6-)PP), their

dehwdrodimer (Hascldne 1986, Ravanat et al. 2001,
Doeki et sl 2003b). Relatively few SSB are reported
w be induced by UV-C madiation (WHO 1994).
Neoenetheless, even 2 Jow level of strund breakuge in
DNA can potentially become a source of mutations, if
missepaired or left wswepaired. E coli is capable of
recovering from UV induced damage primarily
wilizing the nmdleotide excision repair (NER) system
Kurosaki et al. 2003). In visibie or pear-UV (310 -
480m) Jight, the pyrimidine NT dimers aye also
repaired wilizing DNA photclyase (Oguma ex al.
2001, Buxper et al. 2002, Schml et al. 2002).
However, in repair deficient sitnations the uorepaired
or misrepaited SSB, even at a low level, can caase
significant mewbolic problems. Furdhermore, com-
pared to onizing mdisvion, the shsorbed TUV-C
encrpy s unlikely w0 canse DNA sirand breaks
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directly. Therefore, it becomes important to under-
stand how strand breaks are induced by UV-C
radiation. To the best of our knowledge this has not
been elucidated.

Plasmid DNA is a convenient ol to stady d
molecular mechanism of radiadon-induced damage
and its repair (Humitsoe & Sharan 2004). Using
pMTa4, a plasmid construct of 6,173 base pairs
{bp), we have earlier smdied the effects of cither low
and high linear energy transfer (LET) radiation on
induction and processing of DNA damage in vizro
and in vivo (Humtsoe et al. 1998, 2003, Humisoe &
Sharan 2004) or radiomimetic chenricals (Odyuo &
Sharan 2005). In the present investigation, we have
used the plasmid after transforming it into repair
proficient wild type and repair deficient recF mutant
of E. coli to study the low-dose UV-C induced
damage to pMTa4 DNA and its repair iz véizo. The
aim was elucidation of the cause of induced strand
breaks. After exposure of E. coli to UV-C in vive, the
plasmid DNA was isolated under repair non-
permissive and permissive conditions, and analyzed.
For comparison, an aqueous solition of pMTa4 was
exposed to UV-C radiation i viny and analyzed.
The initial events following UV-C exposure m vito
and in ofvo appear to introduce conformational
relaxation in DNA super-structure with conoomitant
increase in SSB. While the wild type £ <oli could
repair the damage, the recF mutant failed to do so.

Materials and methods
Chemicals

High purity biochemicals obmined from different
sources, as indicated below, were used in the study:
Ampicillin (Duchefa, Haardem, The Nethedands);
Agarose (Genei, Bangalore, India); Ethidiumn bro-
mide (BB) and sodium hydroxide (Merck,
Dammstadt, FRG); Acetic acid, ethylenediaminete-
traacetic acid (EDTA), sodium chloride (NaCh),
acetic acid, sulfuric acid, glucose and sucrose (Quali-
gens, Mumbai, India); Tris (Boehringer, Manheim,
FRQG); sodium dodecyl sulphate (SDS) (Sigma, St
Louis, Missouri, USA); Luria-Bertani (LB) broth and
LB-agar (Himedia, Mumbai, India); diphenylamine
(Glaxo, Mumbai, India) and trdchloroacede acid
({TCA) (SRL, Mumbat, India).

E. coli strains and culture condition

A repair proficient, wild type E coff K12 strain,
AB1157, and a repair deficient recF muant, JC9239,
were nsed in the study (Humisoe & Sharan 2004).
The recF gene product is involved in repair of UV-
induced DNA damage. The recF mmuant lacks the
functional recF gene product and, thus, is deficientin

repair of UV-induced damage. Single colonies
picked up from Ampicillint-agar plates were grown
wem:glntT"‘CmIBmedmmsupplemmzdmth
100 pgl ! Ampicillin. The cells were harvested in
mid-log phase for experiment.

Plasmid pMTa4d and its isolation

The plasmid pMTad has been described eardier
(Famtsoe et al. 1998, 2003, Humisoe & Sharan
2004, Odyuo & Sharan 2005). It was isolated from
the ovemight cultare of E. cofi by the alkaline lysis
method with minor modificaion (Sambrook &
Russel 2001). The plasmid isolate was dissolved in
sterdle warer to avoid any influence of chemical
constituents of buffer, such as counterions, and

stored refrigerated.

Transformation of E. coli with pMTa4

A standard transformation protocol (Sambrook &
Russel, 2001) was used with some modifications.
Bricfly, to 200 i of freshly prepared competent cells

Jin & precooled wbe, =75p1 (300ng DNA) of

pMTad was added, gently mixed and kept on ice
for 20min. The mabe was then incobated, in seqg-
uence, at 42°C for 30s aud on fce for 180s. IB
mediom (500 pl, pre-warmed o 37°C) was added
into the mbe, geotly mixed and incubated at 37°C
for 60min. The content (200p0) was then plared
on LB agar plates (with 100 ug mi™ Ampiciliin) at
102 and 10~ dilutions and incubated overnight at
37°C. The conuwol was LB-sgar plawes without

- Amuicilli

UV source, dose and experimental design
Nahaimds)ﬁuedinaglasschamb&rinadarkmom
was used for the smdy. The source was approxi-
mately 46 cm above the irradiation table delivering
0.04 J-m 2.5~ as measured by UV 340 dostmerer
(Biostzp, Johnsdorf, Germany). Samples for exposure
were placed in open sterile Petri plates and irradiated
in the dark for varying time (0 ~150s) 1o accumulate
UV-C doses of 0, 1.2, 2.4,3.6, 48 md 6 J-m™2.

a) Dose and time Knetic studies 2 wivo. The
overnight coltares of E of (1.5ml; 8 x 10°
cellsml™") harboring pMTa4 were pre-cooled
on ice and exposed to different doses of UV
mays on ice in the dark Plasmid was isolated
from the UV exposed E. coli either immediately
afier exposure (repair non-permissive, R™) or
after a post-exposure wepair incubation of
60win at 37°C under fluorescent light (repair
permissive, RY). In a 3-point time kinetic study,



the plasmid was also isolated after 15 and
60min of post-irradiation repair incubation
(RY). The plasmid isolates were sobjected to
agarose gel electrophoresis.

() Dose and dme kinetic studies in vitro. Aqueous
solution of pMTa4 (5ul containing 8.5pug
DNA) was irradiated to different doses of UV
rays at room temperature. They were subjected
to agarose gel electrophoresis immediately or
after 15 and 30min of post-irradiation sham-
repair incubation (RY).

Agarose gel electrophoresis

Agarose (1%) gel electrophoresis was done using
Tris-acetate-EDTA (TAE) buffer at 1.5Van ™! for
60min. After electrophoresis, the gel was stained
with EB at a concentration of 0.3 ug ml™ for 15 min,
de-stained in water for 30 min and EB-intercalated
DNA bands visualized on an UV trans-ifuminator
(Bio-Rad, California, USA).

Preparation of CC form of pMTa4 DNA from plasmid
fsolate

A preparative agarose gel (1%) electrophoresis was
done to separate out the CC and open circle (OC)
forms of the plasmid DNA isolate. After eleciro-
phoresis, small piece of the gel with CC band was
carefully excised out. The gel slice was placed in a
sterile tube over a bed of stedle glass wool and
centrifuged (8000 x g for 45 s). From the eluent, CC
form of pMTa4 was purified by phenol-chloroform
extraction. The extract was lyophilized. Typically,
from a 200pg isolate, 30-40g of CC form of
plasmid was recovered, The purity of isolation of CC
form was checked by agarose gel electrophoresis.

Monitoring kyperchromic shifi to measure conformational
relaxation in pMTa4

To monitor the conformational alteration in pMTa4d
DNA molecules, its photochromic property was
exploited (Berg et al. 2002). It is known that DNA
molecules show maximum absorption at 260 nm and
record increasing absorption (hyperchromic shifi)
with progressive denaturation and wice versa. This
property of DNA was used to monitor UV-C induced
conformational relaxation in pMTa4. Purified CC
forms of the plasmid isolates (5.1 uyg DNA in 1ml
H,0) were taken in different tubes and their Aqgo, o,
recorded (DU 530, Beckman, California, USA, UV/
Vis spectrophotometer). The samples were then
exposed to increasing doses of UV-C in the dark,
Immediately after irradiadon, the Ajuon, Was re-
corded for each tibe again. The difference of the two
gave the hyperchromic shift induced by UV-C in

Single strand breaks in pMTa4 DNA by UV-C 921

pMT 324 since the quantity of pMTa4 DNA remained
the same for each pair of measurements.

Monitoring ethidium bromide (EB) i lati
inpMTad

The fuorescence of EB is known to increase 20—~ 30
fold upon its intercalation into DNA helix (Smith
et al. 1992) and the steady state fluorescence of EB is
routinely nsed in visnalization, detection and guan-
tification of DNA. This property has been exploited
to monitor alterations in the conformational state of
pMTa4 following exposure to UV-C. In a relaxed
conformational state, the same quantity of pMTa4
DNA would bind mere of EB molecules than its
native conformation. Equal amounts of purified CC
form of pMTa4 isolates (541 containing 8.5 ug
DNA) were taken and exposed to increasing doses
of UV-C. Immediately afterwards, 21 of EB (40ng
mi™") was added o each irmdiated sample and
incubated for 30min at room temperature. The mix
was carefully loaded in wells (dot spots) punctured
on freshly cast 1% agarose gel on glass slides. After
3 min incubation at room temperature, the gel was
wramsferred onto a UV transiliuminator to capture the
emitting flnorescence from the wells.

Quantification of pMTa4 DNA by diphenylamine assay
DNA was estimated according to Burton (1956)
using diphenylamine with slight modifications. The
absorbance was recorded at 540 nm (Asyopm)- Calf
thymus DNA sexved as a standacd.

Analysis

The images of electrophoresed or dot-spotted
agarose gels were digitized (Kodak, New York,
USA) immedintely. Pixel densities of bands of the
OC and CC wpological forms of pMTa4 on electro-
pherograms were quantified using 1D Image Analysis
software (Rodak, New York, USA). Similarly, the
total florescence emandpating from pMTa4 DNA in
dot-spots on gels were also quantified.

Results and discussion

Plasmid (pMT24) DNA has been used in this
investigation as it offers a direct measure of induced
SSB and double strand breaks (DSB) by acquiring
different wopological forms (OC and lirear (L),
respectively) from its native CC form that are clearly
resolved on an agarose gel (Flumisoe et al. 1998,
2003, Homtsoe & Sharan 2004, Odyuo & Sharan
2005). Under in vivo conditions, the plasmid DNA
exists in CC form. However, during its isolation, the
methodological interventions invariably induce SSB.
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The plasmid isolate in this study contained both CC
and OC forms (Figures 1-3, lanes C) typically
comprising 60% of CC and 40% of QC. The in viro
exposure of pMTad to increasing doses of UV-C
radiation (0-6J-m™>) showed a progressive in-
crease in SSB on pMT24 DNA as the pixel density
of the OC form of the plasmid increased corvespond-
ingly (Fig. 1). No L form band of pMTa4 was
detected on the eleciropherogram (Figure 1A}
showing the inability of UV-C 10 induce DSB in
the dose range used in this investigatdon. Figure 1A
further suggests that the SSB induced by UV-C in
pMTa4d were sparsely placed; otherwise some of the
proximal SSB could potentially get converted to
SB causing appearance of the L form of pMTa4 on
the gel. It is known that UV-C exposure essentially
induces NT phowoproducts (Matsunaga et al. 1991,
WHO 1994, Ravanat et al. 2001, Douki et al. 20033,
b). The energy being low, UV-C does not produce
nicks or SSB by direct action. This is in contrast o
low- and high-LET radiation (Humtsce et al. 1998,
2003, Humtsoe & Sharan 2004) or free radical
generating Fenton and Haber-Weiss radiomimetic
chemical systems (Odyno & Sharan, 2005), which
have been shown to induce both SSB and DSB in
pMTad4 DNA by direct as well as indirect means.
This investigation was designed to look intwo the
possible consequences of UV-C induced changes in
DNA. No direct measure of the induced NT-
photoproducts was made in the investigation as
estimates are available in literature (WHO 1994,
Ravanat et al. 2001). The action spectrum for
induction of SSB in cultared cells was reported to
be highest for UV-C. This sharply decreased with
increasing wavelength and matched rather well with
the action spectrum of CDP and (6-4)PP inductions
by UV rays, especially in the germicidal wavelength
(254 nm) and higher (WHO 1994).

Pixsl density (% 0f controt} W

Interestingly, the profile of UV-C dose dependent
induction of SSB an pMTa4 in vitre (Figure 1A and
B) was remarkably similar to those under @ vivo
exposare oonditions in AB1157 (Figure 2A and B) as
well as in JC9239 (Figure 3A and B) under repair
noa-permissive (R) condition. This was expected as
both in oitre and repair non-permissive (R™) i wivo
conditions were quite similar. In both, due w0
diffevent reasons, damage to DNA was not repaired.
However, following post-exposure repair incobation
{R*), the profiles of SSB in AB1157 (Figure 2C and
D) and JCI239 (Figure 3C and D) were significantdy
different. The repair proficient wild strain of E. coli
ABI1157, nearly completely abolished ar least the
SSB type of pMTa4 damage (Figure 2D) while its
reF murmt, JC9239, failed to do so (Figure 3D).
The study was extended by performing a series of
experiments to monitor the influence of duradon of
repair fncubaton (RY) on repair of UV-C induced
SSB in vitro as well as in vizo condition for wild and
razF strains for all dose points. The in itrg samples
being aqueous solution of pMTa4 did not have any
repair system. Nonetheless, they weré sdll sham-
repair incubated to creare identical conditions of
repair incubation as in vive. This ensured that any
chemical changes taking place on pMT24 DNA
during repair incubation was equally applicable w
the in vitro and in vivo systems wsed in the
investigation. Accordingly, for in vinw investigation,
plasmid isolates were exposed o UV rays, repair
incabated (RY) for 15 and 30 min and then anatyzed
by electrophoresis. For in vive experiments, wild and
recF cultares harboring pMTa4 were iradiated and
subjected to post-irradiation repair incobation (R*)
for 15 and 60 min before isolation of plasmid. The
plasmid isolate was analyzed by elecrophoresis as
described. A representative set of results of such
experiments for 6J-m~2 dose of UV is shown in
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Figure 1. In vitre effect of UV-C radiation on pMTad. The decoophieropram (A} stwws the msolved topological forms of pMTad as a
function of increasing dose of UV-C. The pixe] densities of CC (—f—) and OC {(—13-) bands {mean 4 SD) have been plotted (B as a
function of duse of UV-C (n=6). L shows the expectsd position of rear band of pMTad.
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Figure 2. In viow effect of UV-C mdiation on AB1157 strain of E wfi havbosing pMTa4. The electrophesograms (A and C) show the
resolved topological forms of pMTk4 isolated from AB1157 (wWild) £ o s a function of increasing dose of UV-C under repeic won-
permissive (K top panel) and permissive (R¥; bottom panel) conditions. The comesponding paxdd densities of the CC (—l—) and OC
(--~0) banuds (mean + SD) have been plotted B and D, respectively) 25 a2 hncdon of dose of GV-C (1="5).

Figure 4. As expected, under in oo exposure
condition (Figure 4A), both CC and OC forms
remained invariant for increasing period of R*
incubation indicating that no repair of SSB occurred.
Under in vivo exposure condition, the wild type
strain showed a sharp decline in pixel density of OC
form in 15 min of R* incubation (Figure 4B). The
results suggest that the pace of repair of inflicted SSB
was rather fast in the wild type and, perhaps, all SSB
were completely repaired in 15 min of R only. In
the recF mutant, on the other hand, the pixel density
of OC declined only marginally after 15 min of R™
and maintained the level for up to 60 min (Figure
4B) suggesting poor repair of SSB in recF mutant in
line with the earlier observation (Figure 3). The
trend was similar for all lower doses of UV-C for in
vitro and for wild and recF mutant under in vivo
condition (results not shown).

The UV hypersensitivity of JC9239 is known. We
also observed clonogenic survival of AB1157 and
JC9239 strains against UV-C wherein only JC9239
had a highly compromised survival (20 %) at the
maximum dose. Repair of UV-C induced damage in

E ooli is wnderstandably complex, involving interplay
of several repair pathways (Haseltine 1986, Miguel &
“Tyrrell 1986, Oguma et al. 2001, Burger et al. 2002,
Schml et al. 2002, Kurosaki et al. 2003). Nonetheless,
the nucleotide excision repair (NER) pathway is
proposed to be the main machinery for repair of UV-
C induced photoproducts (Kurosaki et al. 2003).
Since the JC9239 murant lacks recF protein and it
showed persistence of SSB even under R condition
(Figure 3B, D), it is fogical o assume that UV-C
induced photoproducts were not repaired. The wild
type, AB1157, which has all repair systems including
rcF protein mediawed vepair, showed total gholition
of SSB under R* conditions. Therefore, itis apparent
thar in the presence of rzcF prowin, AB1157 was able
1o completely repair UV-C induced damage on DNA
manifesting as SSB under R condition. In contrast,
the JC9239 suain, lacking recF proteins, failed o do
s0 and continued with SSB even after post-exposure
repair incubation (Figure 3). These ficrs strongly
indicate that persistence of UV-C NT-photeproducts
in JC9239 might have been the cause of the observed
SSB in pMTa4 DNA (Figures 3 and 4).
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Figure 3. In vive effect of UV-C radiation on JC9239 strain of E. a¥i harbowing pMTa4. The electropherograms (A and C) show the resalved
topological forms of pMTa4 isolated from JC9239 (recF) E coli 3= 5 functicen of increasing dose of UV-C under repair non-permissive (K
top panel) and permissive (R™; bottom panel) conditions. The cosresponding pixel densities of the CC (—il—) and OC (—IL1—) bands
{mean + SD) have been ploited (B and D, respectively) as a function of dose of UV-C (2=5).
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Figure 4. Bffect of time of repsir incubation on repair of induced 55B by & J.m 2 dose of UV-C. Iz vitrr (A) Plots of pixel densities of CC
(—B—) and OC (~—-{1—-) bands (mean + SD) of pMTa4 at ¢ {toatrol), 15 and 30 min of R*. In viwo (B) Plots of pixe] densities pMTad
bands (mean + SD) in wild (AB1157) strain {CC (—M—) and OC ~1)] and nxF mutant [CC (—@—) and OC (—O-)] at 0
(control), 15 and 60 min of K*.

However, we also noticed a dose-dependent {Figure 2) and JC9239 (Figure 3) strains of E coli
increase in the CC band of the plasmid exposed to under R” condition. This is in contrast to y-radiation
UV-C in virro (Figure 1) and in vivo in both AB1157 induced or radiomimetic chemical strand breaks in



pMTa4 én vitro reported earlier wherein progressive
increases in the pixel densities of OC and L bands on
the agarose gel were accompanied by progressive
decreases in CC form (Humtsoe et al. 1998,
Humtsoe & Sharan 2004, Odyuo & Sharan 2005).
Since UV-C induced increases in the pixel density of
CC form of pMTa4 were remarkably similar under
in vitro (Pigure 1) and repair-non-permissive i vive
condition for wild type (Figure 2) and recF mutant
(Pigure 3) strains, it is logical to assume existence of
a common cause for this. Under the i wvitro
conditions of our investigation, a fixed amount of
pMTa4 preparations were exposed to UV-C and
then analyzed by agarose gel electrophoresis (Figure
1). Part of the CC form of the plasmid DNA, upon
sustaining SSB following UV-C exposure, should
migrate with OC band on the gel (Figare 1).
Therefore, with an increase in pixel density of the
OC band, a corresponding decrease in CC band was
expected. Since our results show otherwise, it can
only be explained by hypothesizing that the obsexrved
increase in the pixel density of CC band on the gel
was due to increased EB intercalation into the CC
form of pMTa4 following UV exposure. In other
words, the increase in observed pixel density of CC
band following UV-C exposure was not due to an
increase in the quantity of DNA in the CC band but
due to an increase in intercalation of EB. EB binding
affinity to relaxed forms (e.g., OC or L forms) is
reported to increase up to 1.4 fold compared to the
compact form (i.e., the CC form) of SV40 DNA
(Jones et al. 1993, Gulston et al. 2002). Therefore, it
appears that UV-C exposure was also inducing
conformational relaxation in the CC form of pMTa4
DNA.

To verify whether or not UV-C exposore caused
conformational relaxation in pMTa4 under our
experimental conditions, we needed pMTa4 DNA
only in the CC form. It was prepared (see above) and
the product was confirmed as 100% pure CC form of
pMTa4 isolate by agarose gel electrophoresis (result
not shown). Hyperchromic shift in the CC form of
plasmid DNA was monitored (see above) as a
function of UV-C dose in oitro (Figure 5). The
progressive increase in the absorption essentially
suggests that UV-C induced a dose-dependent
relaxation in the conformadon of CC form of pMT24
DNA by taking the positively super-coiled DNA into
more negatively super-coiled or relaxed state. The
negative super-coiling is likely to relax essentially the
CC form of the plasmid as this is the only topological
form of a plasmid, which has no free ends on the
DNA backbone, to release torsional energy. For the
OC forms, the sitnation was slightly different as it had
free ends of the DNA backbone to release torsional

energy. The same was true for the L form. Due to

this, the negative super-coiling is unlikely to result in
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conformational relaxation of OC form of pMTa4.
Thas, the cause of the observed increase in pixel
density of CC bands on gels as a function of UV-C
dose (Figures 1, 2A and B, 3A and B) seems o be a
VUV-C induced negative super-coiling or relaxation of
the CC form of pMTa4 DNA.

We assume UV-C induced photoproducts to be
the main cause of the resulting negative super-coiling
or relaxation of the CC form of pMTad DNA
(Fgure 5). This assumption derives support from the
results of experiments dealing with the kipetics of
repair of the plasmid DNA following UV-C exposure
(Figure 4). We did not observe any significant
modification in the proportions of OC a2nd CC
forms in JC9239 cells as a function of duration of
repair incubation, but found a rapid decrease in the
amount of OC form in AB1157 (Figure 4B).
Interestingly, the pixel density of CC form in
ABI1157 did not increase as a fonction of repair
time, as was expected, because the repair of the OC
form leads to regeneration of the CC fornm of the
plasmid. This observation is In agreemen: with our
proposal of an increase in EB staining induced by the
presence of photoproducts and consequent relaxa-
don of plasmid DNA that would be lost in AB1157
during repair incubation because of efficient removal
of base damage n the CC forn.

"To further verify whether or not the CC form of the
plasmid in 3 relaxed conformational state intercalated
more EB, precisely measured equal amounts of the
purified CC fraction of pMTa4 isolate were exposed
to increasing doses of UV-C madiation. After expo-
sure, EB intercalation was monitored for 2 fixed
amount of EB and intercalation time (see above). The
results showed a dose-dependent increase in the pixel
density of DNA-intercalated EB (Figure 6). Since the
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Figure 6. Effect of UV-C radistion on intercalation of ethidium
bromide in pMTz24. The fluorescence of DNA-intercalated
ethiditm bromide in CC form of pMTa4 has been plotted =5 2
function of dose of UV-C (r=4). The inser shows plat of DNA
quantification by diphenylamine assay for the samples used for EB
intercalation experiment. See rext for demils.

increase in pixel density of EB intercalated DNA also
indicates a quantitative increase in DNA, it was
important to reconfirm the eqmality of DNA samples
in this experiment by an independent assay. There-
fore, diphenylamine based chemical quantification of
the amount of DNA in each sample was also done
(Burton 1956). The resnlt shows an invardam
quantity of pMTa4 DNA (Figure 6: inset) in each
sample nsed for the EB intercalation experiment. The
chemical assay of DNA was. preferred over possible
assays using radiolabeling to avoid interference of
another quality of radiaton with UV-C radiation
effects. The plot of EB fluorescence (Figure 6) versus
hyperchromic shift in absorbance (Figure 5) shows a
correlation coefficient of 0.96314 (Figure 7) —a near
linear correlation for the dose range of UV-C used in
this tnvestigation. These results stwongly suggest that
(a) an UV-C induced conformational relaxation in
the CC form of pMTa4 DNA occurred, and (b) in a
relaxed conformation the CC form of plasmid DNA
intercalated more EB.

Based on the results presented here it is hypothe-
sized that the UV-C induced conformational
relaxation of pMTa4 DNA might be the cause of
induction of SSB. The conformational relaxation is
not likely to be the effect of UV-C induced strand
break as neither y-rays (Humisoe et al. 1998), lithium
swift ion (Humtsoe et al. 2003) nor radiomimetic
chemicals (Odyuo & Sharan 2005) induced aoy
conformational relaxation in pMT2a4 despite strand
breaks. Furthermore, UV-C exposure in it
(Figure 1) and i vivo (Figures 2 and 3) produced
similar effects on the pMTa4 DNA. Lastly, we have
directly measured UV-C induced conformational
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Fgure 7. Comelation between hyperchromic shift and ethidium
‘bromide interealation in pMTad. The dara for hyperchromic shift
and ethidium bromide intercalation for increasing doses of UV-C
radiation were plotted o find correlation between the two. The
correlation coefficient, R, of the slope of linear fir (sofid bar) is
0.96341.
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relaxation in CC form of pMT24 DNA (Figares 5, 6).
Earosaki et al. (2003) have also observed tertiary
strucmral changes in the genome of M13 virion afier
UV-C exposure. Isaacs and Spielmann (2004) have
snggested possible induction of alternative DNA
conformations by covalent damage and NT mis-
mach. DNA double helix unwinding by ~9° and
bending of the helical axis by =30° due to pyrimidine
photodimerization have been directly measured in
crystal structures (Park et al. 2002). UV-C induced
inter- and intra-strand cross-links of NT (Douki et al.
2003b) are also likely to contribute to DNA unwind-
ing. The conformational relaxation, negative super-
caoiling or unwinding is likely to generate significant
rorsional strain on the DNA backbone of the CC
form of the plasmid pMTa4 as this form alone has no
free end 1o release the generated torsional energy.
This could lead to induction of sparsely placed SSB.
However, a contribution of other chemical processes
in the inducdon of SSB cannot be ruled out. For
instance, oxidative damage to base or sugirs moieties
of DNA may induce hydrolytic cleavage of phospho-
diester bonds (Cowan 2001, Zeng & Sheppard 2004).
‘This may be achieved without degradation of the
2-deoxyribose moiety or loss of base. In contrast,
cleavage may also mvolve H. atom abstraction of the
sugar moiety leading o partial decompasition of
2-deoxyribose unit and release of a base (Gurzadyan
& Gorner 1992). Additionally, UV-C induced modi-
fications of nudeosides are also reported to exhibit
labile N-glycosidic bonds. These, upon hydrolysis,
might produce unstable abasic sites that trough -
climination result in breaks in phosphodiester bonds.
Involvement or contribution of these processes in the



observed induction of strand breaks has not been
ascertained in this work and should be studied
further. Nonetheless, the results of the presemt
investigation suggest that the immediate effect of
UV-C exposure of pMTad DNA is a relaxation of the
DNA super-structure. The resulting strain on the
DNA backbone or conseqquent availability of vulner-
able bonds for hydrolytic cleavage might be the cause
of the induction of sparsely placed SSB on pMTa4
upon exposure to these low doses of UV-C radiation.
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