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Abstract Lead (Pb*") a common pollutant and known
toxicant, and other various anti cancer drugs such as
5-fluorouracil bind to DNA competitively. Their efficacy as
anti cancer drugs was brought by their mechanism of
involvement with DNA and their interactive geometries. In
this perspective we have designed CD spectral studies to
investigate the interference of Pb*" with DNA-Drug
interaction geometries. The change in elliptical intensities at
around 260 nm to 280 nm and 245 nm shows the
conformational changes in B-form of DNA. Amplitude
changes observed with in B-form indicates the hairpin
formation which is an intra-molecular variant of the B-form.
Calf thymus DNA with 42% of G-C content has tendency
towards hairpin transitions. In this study we have found that
hairpin transitions might be involved in mechanism of Pb*"
interference with 5-fluorouracil induced structural changes.
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1. Introduction

Lead (Pb*") is an ubiquitous metal that has been used by
humans for more than 3 millionnia. Human exposure to
metals is a frequent occurrence due to their environmental
persistence and wide usage in industry [1]. Lead (Pb*") is the
most common metal in the environment that has known
adverse effects on biological systems. Lead, a heavy metal
with atomic mass of 207.2 amu is considered to be one of the
most toxic metals in our society [2]. At the cellular level,
Lead (Pb*") accumulates in cell nuclei and associates with
nuclear proteins and chromatin [3].

Lead (Pb*") had been recognized as an environmentally
toxic chemical, which causes a wide range of biological and
biochemical consequences such as enzyme inhibition,
fidelity of DNA synthesis, mutation, chromosome aberration,

cancer and birth defects [4-8].

Interaction of Lead (Pb*") with DNA can be of direct and
indirect [9,10]. Direct interaction may involve covalent
binding between Lead (Pb*") and DNA. Indirect interaction
may be associated with oxidative damage to DNA, thereby
increasing cellular oxidants in the cells and producing free
radicals. In addition, indirect interaction also involves the
impairment of DNA repair processes via formation of
DNA-protein and DNA—amino acid crosslinks [11].

The conformational changes mediated by divalent cations
within a discrete polynucleotide helical geometries of
nucleic acid enzyme system and interference of common
metallic pollutants with DNA interacting therapeutics is of
biological importance [12]. The binding affinities and
conformational effects of metal ions on RNA and DNA have
been well studied and reported [13-16]. Studies had revealed
that interaction of divalent cations with phosphate backbone
stabilizes polymer conformation where as transition metal
ions induces random coil formation due to their affinity
towards bases [13,14,17-21].

Lead (Pb®") ions which act as Lewis acids are of
intermediate strength. Consequently, it binds preferentially
to the charged phosphate groups of DNA, stabilizing its
double-helical structure without affecting its conformation.
It interacts also weakly with the nucleic bases, most likely at
the N7 positions of guanine and adenine in the major groove
and to the O, atom of thymine in the small groove of the
macromolecular duplex. However, confirmation of its
binding to the O, atom of cytidine, which has been suggested
as a major site of interaction of the nucleotide in Me,SO has
not been concluded [22].

Besides of its therapeutically important anti-cancer
activity, the drug 5-fluorouracil interacts with DNA growing
strand and also with the intact genomic DNA in solution
phase. 5-fluorouracil which is a pyrimidine analogue is
transformed inside the cell into different cytotoxic
metabolites which are then incorporated into DNA and RNA,
finally inducing cell cycle arrest and apoptosis by inhibiting
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synthetic phases of DNA [23,24].

In this study we have investigated the structural changes
of calf thymus DNA brought by Lead (Pb*") and 5-Fluoro
Uracil (5-FU) individually and in combination under solvent
affect. Secondary structural changes of the DNA have been
investigated by Circular Dichroism Spectroscopy.

2. Materials & Methods

2.1. Preparation of Calf Thymus DNA Sample

A stock solution of 100ug/ml of calf thymus DNA was
prepared by dissolving in deionized double distilled water.
1ml from the above stock was used as working solution.

2.2. Sample Preparation for Combinational Treatments

2.2.1. Preparation of Lead Acetate Solution

A stock of 1% Lead Acetate solution was prepared by
dissolving 1g of Lead Acetate in 100 ml of distilled water.
Different concentrations of 0.032, 0.064 and 0.32 mM of
Lead Acetate solutions from the stock (1% Lead Acetate
solution in distilled water) were used for treating 1ml of
100pg/ml of calf thymus sample for a period of 1 Hour to
study the interaction of Lead with calf thymus DNA.

2.2.2. Preparation of 5- Fluorouracil

A stock of 10mg/ml of 5- Fluorouracil has been dissolved
in DMSO and then diluted to Img/ml using injection grade
water.

Iml working solution of Calf thymus DNA sample was
treated with 0.08 and 0.16 nM of the drug sample from the
above stock and was used as working solution for CD
Spectroscopy.

2.3. Sample Preparation for Combinational Treatments

1ml working solution of Calf Thymus DNA sample was
treated with 0.032 mM concentration of Lead Acetate and
was titrated with 0.08 and 0.16 nM concentrations of drugs
5-Fluorouracil for a period of 1 Hour (the threshold time
which we observed that the secondary structural changes
were stable) to study the interaction of Lead with Calf
thymus DNA.

2.4. CD Spectroscopy

The Circular Dichroism (CD) spectroscopy of the sample
was determined by M/S JASCO — 810 Circular Dichroism
Spectrophotometer. Since, CD spectroscopy distinguishes
two-state conformational isomerizations between distinct
conformers from gradual changes within arrangements
characterized by a single energetic minimum [25,26]. CD
spectral studies had been designed to investigate the
interference of Pb*" with Drug 5-Fluorouracil induced
structural changes in DNA geometries.

The samples were subjected to Circular Dichroism
Spectroscopy .We have performed the analysis on
JASCO-810 circular dichroism spectrophotometer at the
scan speed of 20nm/min using 0.2cm cuvette at room
temperature. The scan has been performed from 220 nm-340
nm and all the readings are an average of 4 scans. The
spectrum obtained has been smoothened using Origin
package.

3. Results

Since our study was to check the effect of Lead Pb*" at
most lower threshold levels of action, we have selected 0.032
mM for combinational treatments, which has brought the
intensity variations compared to controls. In combinational
treatments DNA was prior incubated with Lead Acetate and
then titrated with different concentrations of and
5-fluorouracil.

The results obtained are as below.
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Figure 1. CD Spectra of Calf Thymus DNA
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Figure 2. Calf Thymus DNA treated with 0.032mM of Lead Acetate
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Figure 3. Calf Thymus DNA treated with 0.064mM of Lead Acetate
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Figure 4. Calf Thymus DNA treated with 0.32mM of Lead Acetate
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Figure 5. Calf Thymus DNA treated with 0.08nM of 5-Fluorouracil
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Figure 6. Calf Thymus DNA treated with 0.16nM of 5- Fluorouracil.
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Figure 7. Calf Thymus DNA treated with 0.032 mM of Lead Acetate &
0.08nM of 5-Fluorouracil
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Figure 8. Calf Thymus DNA treated with 0.032mM of Lead Acetate &
0.16nM of 5-Fluorouracil
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4. Discussion

In many biological and biochemical systems divalent
cations are important for the activity of some integrated
structural requirements of nucleic acids [27]. CD spectra of
nucleic acids provide valuable information about
conformational changes induced by variation of the
suspending medium or by effects of interactions with the
polymers [28,29].

The change in elliptical intensities at around 260 nm to
280 nm and 245 nm shows the conformational changes in
B-form of DNA*. At the same time a ne gative ellipticity was
observed at 260 to 280 nm with 0.32 mM of Lead Acetate
treatment in Fig 4. A negative ellipticity was also observed
for all viz 0.08 nM and 0.16 nM concentrations of
5-Fluorouracil Fig 5 and Fig 6. The negative ellipticity that
was observed at 290 nm at 0.32 mM of Pb** Fig 4 indicates
the possibility of B - Z transitions [28]. Also the negative
ellipticity that was observed at 260 — 280 nm for 0.08 nM &
0.16 nM treatments of S-fluorouracil Fig 5 and Fig 6,
indicates the topological variations.

In combinational treatments DNA was prior incubated
with 0.032 mM Pb>" and then titrated with different
concentrations of 5-Fluorouracil. A positive ellipticity was
observed at 260-280 nm in combinational treatment of
5-fluorouracil with Pb*" Fig 7 to Fig 8. And a negative
ellipticity at 245 nm with all the treatments support that, the
predominant structure was B-form and the variations

observed in elliptical intensities explains the varied geometry.

The absence of negative ellipticity with other individual
treatments Fig 2 and for combination treatments with Lead
Acetate and the drug 5-Flurouracil Fig 7 and Fig 8 shows the
variations in intensities suggesting varied adduct geometries
in presence of Pb*".

Calf thymus DNA with 42% of G-C content [24] has
tendency towards hairpin transitions. The amplitude
changes observed in this study indicates the hairpin
formation which is an intra-molecular variant of the B-form
[28]. With these results, it is anticipated that, hairpin
transitions might be involved in mechanism of Pb*"
interference with 5-Fluorouracil induced structural changes.

B-form is the most frequently observed conformation of
DNA with weak chirality showing characteristic positive
ellipticity around 260-280 nm and negative ellipticity
around 245 nm [28]. CD spectrum also depends on number
of base pairs per turn corresponding to varied elliptical
properties and geometries [28].

With the results obtained, we can presume the interacting
competence of Pb>" and Pb*>" - 5-fluorouracil which brings
the changes in geometries of their interactions with DNA.
Also, we have investigated the interference of this important
pollutant (Pb*") which exists in various physiological
systems and its role in altering the geometries of drug
induced DNA secondary structural changes.
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