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Magnesium (II) Ion Induced Changes on the Structure of DNA: An FT - Raman Study

N. Iyandurai and R. Sarojini1 2

Department of Physics Sri Krishna College of Engineering & Technology1

Coimbatore - 641 008.
Department of Physics Kongunadu Arts & Science College1

Coimbatore - 641 029.

Abstract: All present day organisms are probably descendants of single ancestor. They also have similar
structural requirements (one or more cells), functional requirements (metabolism of protoplasm), and
chemical requirements (protein and nucleic acids) in order to maintain and repair themselves and to grow
and reproduce. These characteristics of organisms depend ultimately upon a genetic material i.e., stable DNA
macromolecule. DNA contains information used in replicating itself and its modifications and which also
carries the specifications for the organism’s protein. All three of these genetic information steps are mediated
by metal ions. The metal ions are therefore essential for the process of genetic information transfer. Metal
ion coordination to nucleic acids is not only required for charge neutralization, it is also essential for the
biological function of nucleic acids. The structural impact of different metal ion coordinations on DNA
helices is an open question. Magnesium is the 11th most abundant element by mass in the human body;
its ions are essential to all living cells. The free element (metal) is not found in nature. Once produced
from magnesium salts, it is now mainly obtained by electrolysis of brine and is used as an alloying agent
to make aluminium-magnesium alloys, sometimes called "magnelium". This paper deals with the effects
of metal ion (Mg) on the structure of DNA using FT-Raman Spectroscopy. In Mg-DNA, the band at
1093cm  of metal free DNA shifts to lower frequency near 1075 cm  and shows higher intensity relative-1 -1

2to corresponding free DNA. This effect is due to interaction of Mg ions with the ionized PO  groups-

through water molecules.
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INTRODUCTION

Magnesium deficiency causes renal complications.
The appearance of several diseases is related to its
depletion in the human body .[1]

The binding of metals by nucleosides and
nucleotides has been investigated for a number of
years. Because of recent observations that some metal
ions cause chromosome damage and consequently is
mutagenic, there is renewed interest in the binding of
heavy metals to polynuleotides. In this work the
interaction of Mg(II) with DNA in aqueous solution are
studied using FT - Raman Spectroscopy to obtain
information on the binding of the heavy metal ion to
DNA, which can serve as model systems to study the
action of such substances on the DNA structure.

MATERIALS AND METHODS

Highly polymerized calf-thymus DNA sodium salt

2(6.2% sodium content, 13% H O content) is purchased
from Sigma Chemical Co. DNA was deproteinated by

3the addition of CHCl  and isoamyl alcohal in NaCl
solution.

Sodium-DNA was dissolved in 50mM NaCl (pH
7.20) at 5°C for 24 h with occasional stirring to ensure
the formation of a homogeneous solution.      

Chloride salt of the metal cations (Mg(II))  were
obtained from Aldrich Chemical and the appropriate
amount of spermine  (50mM) was prepared in distilled
water and used without further purification.

Sample Preparation: A solution of DNA (50mM) was
prepared and kept at 4 C for 24hrs to ensure theo

formation of a homogeneous solution. This solution
was then mixed with a solution of the metal salt
(Magnesium) to give mixture with the desired metal:
DNA ratios (i.e., 1:50, 1:20, 1:10, and 1:5). An aliquot
of 50 ml was sealed in glass capillary tube for Raman
analysis.

Experimental Technique: FT Raman spectra were
recorded in a Bruker Equimox 55 FT spectrometer
supplied with a Raman module. Spectra are applied at
the spectral resolution of 2cm , using excitation-1

radiation wave number at 1064 nm from Nd-YAG laser
working at 500 mW. We used a standard quartz cell
for liquids (1-cm section) where approximately 1 ml of 

Corresponding Author: N. Iyandurai, Department of Physics Sri Krishna College of Engineering & Technology Coimbatore
- 641 008. 
E-mail: ayandurai@yahoo.com

283



J. Appl. Sci. Res., 5(3): 283-285, 2009

the solutions was placed. Backscattering collection of

the Raman radiation was performed using a mirror

behind the cell and minimum of 2000 scans were

accumulated in all case to enhance the signal-to-noise

ratios. Raman spectra were recorded between 600 and

1800 cm . The Raman spectra of Metal - DNA-1

complexes at different volume ratios are recorded.

 

RESULTS AND DISCUSSION

Metal ions can bind to DNA directly or indirectly

through hydrogen bonding of the coordinating water

molecules surrounding the metal ions. Metal binding to

the bases usually disrupts base pair hydrogen bonding

and destabilizes the double helix. Spectroscopic and X-

ray data shows that the N7 atom of the purine or N3

of pyrimidine residues as well as exocyclic O atoms

and the phosphate oxygen atoms are the preferential

sites of metal binding[2]

The FT-Raman Spectrum of aqueous DNA and

that in the presence of Mg (II) at 1:5 metal: DNA ratio

are given in figures (1&2) respectively. Lower

concentrations are not shown in the figure.

Confirmationally sensitive Raman bands are discussed

and the results are summarized in Table I along with

the assignments.

The N-H out-of plane bending vibration of Thymine

near 759cm  of metal free DNA identifies the C2’-1

endo/anti conformation of dT . In Mg-DNA, the 759[3]

cm  band of metal free DNA broadens and shifts to-1

lower frequency near 749cm , which indicates that the-1

torsional rotations about the glycosyl bond become

more flexible in Mg-DNA complex. Similar

perturbations have observed upon thermal denaturation

of calf thymus DNA-metal complexes .[4]

The band observed at 826cm  in metal free DNA-1

is due to antisymmetrical phosphodiester (OPO)

stretching vibrations  which is attributed to C2’[5 ,6 ,7]

endo/anti confirmation. This band is replaced by a

broad profile of Raman intensity in the 806-837 cm -1

interval in Mg-DNA. This diffused Raman scattering is

indicative of a wide distribution of torsion angles in the

backbones of Mg-DNA .[8]

In Mg-DNA, the 1209 and 1216cm  bands of-1

metal free DNA merge into a single band at 1228 cm -1

indicating partial distribution of A-T base pairs .[9]

The bands observed at 1306 (dA) and 13387

(dA,dG)cm  in metal free DNA merge into a single-1

peak near 1314cm  in the presence of Mg(II) ions . -1 [10,11]

The result suggests partial denaturation of DNA in the

presence of metal ions and metal ion binding with the

denatured structure.

Fig. 1: FT-Raman Spectrum of metal free DNA.

Note: Abbreviations for Residue Assignments Are: 

asdG - deoxyguanine, ã (O-P-O) - phosphodiester

s 2an tisym metrical stre tching m o d e ,  ã (P O ) --

sphosphodioxy symmetrical stretching mode, ã (C2 =

O)-stretching vibrations of carbonyl groups.

Conclusion: The following conclusions are derived

from the present study of the FT- Raman Spectra of

the solutions of DNA in the presence of Mg (II) ion.

Interaction with the phosphate group is observed for

the Mg(II) ion with negligible change of B-

Confirmation of DNA.

The C2$¢-endo/anti conformation of guanine

nucleoside is conserved.

In Mg-DNA, torsional angle in the back bone is

widely distributed.
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Fig. 2: FT-Raman Spectrum of rice leaf DNA in the presence of  Mg(II) ion.

Table 1:

Frequency (Intensity) cm -1

-----------------------------------------------------------------------------------

DNA M g /DNA Assignments2+

(r = 1/5)

687(3.26) 676(2.57) dG

759(2.1) 749(3.51) dA

s826(2.46) 837(2.57) v  (OPO)

s1093(2.86) 1075(3.23) n  (PO )

1184(1.77) 1177(2.6) dT

1306(2.57) -- dT

1630(2.67) 1635(1.87) dC [n(C2=O) ]

1695(2.67) 1699(2.72) dT,dC [n(C=O)]
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