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Abstract: Problem statement: In the present study, FT Raman spectroscopy had bged

to extend our knowledge about Magnesium ion - DN#eriactions at various volume ratios
(1:50, 1:20, 1:10 and 1:5Approach: The analysis of FT Raman data supported the
existence of structural specificities in the int¢i@n and also the stability of DNA secondary
structure.Results: Results from the Raman spectra clearly indicaté the interaction of
Magnesium ion with DNA is mainly through the phoafghgroups of DNA with negligible
change of the B-conformation of DNA at all the volel ratios studied. For example, band at
1079 cm® is assigned to the symmetrical stretching vibratiof the nucleic acid
phosphodioxy (PQygroup. This band in the order 16491075— 1070~ 1066— 1063 cm®

at all Magnesium ion DNA concentrations studieichifrly, Raman band at 845 ¢hdue to
antisymmetrical phosphodiester (O-P-O) stretchihddBA. Conclusion: Magnesium ion
interaction with the DNA phosphate is weak in corigae to interactions with the bases. On the
other hand, the Raman signature of B-DNA is largelgerturbed by magnesium ion, suggesting
much weaker interactions.
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INTRODUCTION backbone phosphate groups may play role in
enhancing the lifetime of the open state of the
Metal ions are essential for the biological DNA base pairs, thus accelerating the regulatory
activity of nucleic acids, as well as the process of genetic information transfer. The
characteristics that can prove harmful, result from@lkaline earth metals also play the role of stzbij
the interaction of metals to nucleic acids. Itds f the double helix by neutralization of the negative
this reason that studies of the effects of metafhanges on the phosphate groups. Remarkably,
interaction in nucleic acids are very much extreme stabilization by metal ions can lead theat
important. Magnesium deficiency causes renapdverse result, i.e., the mis-pairing of baseseSine
complications. The appearance of several diseasé®rrect propagation of the genetic code requires th
is related to its depletion in the human bodycorrect complementary base pairing, mis-pairing can
(Anastassopoulou and Theophanides, 2002). Thiead to error (Printz and Hippel, 1965).

binding of metals by nucleosides and nucleotides N view of this, the objective of the present
has been investigated for a number of yearsstudy is to characterize the structural changes tha

Because of recent observations that some methNA undergoes in the presence of Magnesium

. h q d jons. One of the methods of promise to provide
lons cause chromosome damage and consequentiyt,.mation on binding sites, stacking interactions

is mutagenic, there is renewed interest in theyng conformation, is vibration spectroscopy,
binding of heavy metals to polynucleotide. particularly FT Raman spectroscopy. Here the
Interestingly, binding of Magnesium ions to the FT Raman spectroscopy has been used to
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analyze the effect of Magnesium ion on DNA atDNA complexes at various volume ratios (1:50,
various volume ratios. 1:20, 1:10 and 1:5) are recorded.

MATERIALSAND METHODS RESULTSAND DISCUSSION

Highly polymerized calf-thymus DNA sodium é?aléiignlzz Ra{nan sfpectrl??ﬁopm datgl.\llhe d
salt (6.2% sodium content, 13%®l content) and nan spectra or cait- ymgs ) a.n
were purchased from Sigma Chemical Co. DNAMagngsmm ion - DNA comple_:xes (1'59’ 1:20, 1:10
was deproteinated by the addition of CHCI3 an and 1:5 volume ratios) are displayed in Fig. 1 and
isoamyl alcohal in NaCl solution. Sodium-DNA able 2 shows the relevant wave numbers for the
was dissolved in 50mM NaCl (pH 7.20) at 5°C for complete range of concentrations studied.
24 h with occasional stirring to ensure the
formation of a homogeneous solution. Mg#DNA (1/5)

The appropriate amount of magnesium ion (50
mM) was prepared in distilled water and added

drop wise to the DNA solution to attain the desired Mg+DNA (1/10)
Magnesium ion - DNA (1:50, 1:20, 1; 10 and 1:5), N}

volume ratios. The pH of all the solutions was \/W

adjusted at 7. Mg+DKA (120

FT Raman measurements. FT Raman spectra W%WV\/WW

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 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 the solutions
was placed. Backscattering collection of the Raman e

radiation was performed using a mirror behind the DNA

cell and minimum of 2000 scans were accumulated

in all case to enhance the signal-to-noise ratioskig. 1: FT Raman spectrum of calf thymus DNA
Raman spectra were recorded between 600 and and Magnesium ion — DNA complexes
1800 cm*. The Raman spectra of Magnesium ion- (1:50, 1:20, 1:10 and 1:5 volume ratios)

Mg+DNA (1/50)

Table 1: Wave numbers for the complete range ofeotmations studied
DNA Mg+DNA (1:50) Mg+DNA (1:20) Mg+DNA (1:10) Mg+DN (1:05) Assignments

695 693 690 687 688 Guanine [C1'-N9 stretching]

727 727 723 722 722 dA[C1’ -N9 stretching]

747 740 738 736 736 dT[N-H out- of- plane bending]

784 786 789 790 790 dC, dT, O-P-O sym.str mode

845 845 848 848 850 O-P-O asym.str mode

907 908 908 909 909 Deoxyribose

1079 1075 1070 1066 1063 P&ym. str

1187 1187 1185 1183 1178 dT[C5-2bbnd and in-plane ring stretching]
1236 1236 1235 1233 1230 dC [in plane ring str]

1253 1250 1250 1248 1247 dCl[in-plane ring stretghin

1270 1267 1265 1262 1264 dCl[in-plane str. mode]

1299 1298 1298 1297 1296 dC,dT[ring stretching]

1313 1310 1310 1308 1306 dG[imidazole ring couplét(c8-N9) str]
1355 1352 1349 1347 1343 dG[C2 = N3-C4 = C5-N7 =rlede moiety]
1376 1379 1382 1382 1384 dT[C5-C#1r,C6-H in-plane bending], dA
1440 1440 1440 1438 1436 dT[G%, deformation]

1454 1455 1459 1460 1463 dT[C5-gdef., N3-H in-plane bending]
1488 1486 1486 1485 1483 dG, dA[N7-C8 stretching]

1515 1513 1513 1512 1510 dA [ring str]

1546 1546 1543 1541 1538 dG [imidazole ring andv@éety]

1610 1608 1608 1607 1603 dC [ring str]

1633 1636 1638 1640 1640 dC [Carbonyl C2=0Ostr mode]

1660 1660 1665 1666 1668 dT [in-phase stretching]
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The FT Raman spectra of the Magnesiuminvolves both significant contribution from
ion - DNA at various volume ratios show wave deoxyribose ring and dominant contribution from
number shifts, indicating that interactions arethe thymine vibration, is sensitive to C2’
present without condensation. deuteration (Tsuboét al., 1997). The appearance

. ) of the cytosine vibration at higher frequency ad 79
Interpretation of FT Raman spectra of solutions sy i Magnesium ion -DNA  (higher
in water: Raman bands in the 600-800 ¢m concentration) spectrum indicates that Magnesium

regions occur due to C-C and C-N bonds of thegns react readily with the N3 atom of cytosine.

base residues, which stretch and contract in phase. Raman bands in the 750-850 Enspectral
Such a ring brea’ghlng vibrations |nvar|ably. 9V€intervals have been assigned to vibrations which
often the most intense Raman bands in thefnvolve a large contribution from  oxvaen-
spectrum (Thomas, 1970). 9 Y9

The Raman band observed at 695%afi calf  Phosphorous stretching of the phosphodiester (O-P-

thymus DNA is assigned to breathing motion of the©) linkages (Ruiz-Chicat al., 2001) and oxygen-
guanine coupled through the C1'-N9 glycosidePhosphorous stretching of the phophodioxy PO
bond to a deoxyribose vibration (Benevidgsl., group (Nafisiet al., 2008). Because of obvious
1984). The 695 cm band also characterizes the coupling between sugar and phosphate groups,
C2'-endo/anti conformation of B-DNA in aqueous these bands are extraordinarily sensitive to the

solution (Kiefer, 2007). In Magnesium ion - DNA nycleic acid backbone conformation and provide a
spectrum the 695 cthband of metal free DNA  fiym empirical basis for DNA conformational

shifts in the order 695693-690-687-688  ,n4ysis (Nafiskt al., 2008). FT-Raman spectrum

_l . . .
cm ” at all the_ concentrations studied. Th's re_sultof calf thymus DNA exhibits a band at 845 ¢m
indicate that in the presence of Magnesium ions

: due to ant symmetrical phosphodiester (O-P-O)
the B-form structure is melted and the ) 4 . . .
population of dG conformers changes fromstret(_:hmg (RUIZTChICH_aJ., 2001). Th_ls band is
predominantly C2’-endo/anti to a mixture of considered as dlagno_stlc B conform_apon (Nadtsi
C2-endo/anti and C2-endo/syn conformers. al., 2008). The 845 cihfrequency originates from
Duguid et al. (1993) observed similar spectral vibrations associated with the 3 5 -
changes in the study of Raman spectroscopy ophosphodiester network (C-O-P-O-C). The 845
DNA — metal complexes. cm® band is shifted in the order 845848 850
The slugar coupled adenine vibration observe@¢m™ at all the Magnesium ion - DNA complex
at 727 cm in metal free DNA is observed at 727, ratios studied. This is an indicative of a wide

723 and 722 cm in Magnesium ion -DNA  giciibution of torsion angles in the backbones of
complexes, which may be due to strong interactio agnesium ion — DNA. Thomas Ill Rush and

of the bases with one another or with the meta arner, 1995 pragmatic show the matching results

ions. Harada and Takeuchi, (1986) observe b ini ¢ lculati ¢
similar results in the Raman spectra of tryptophar? @" @b initio transform calculation of resonance

and related compounds. The N-H out-of planeRaman spectra of uracil, 1-methyluracil and 5-
bending vibration of thymine near 747 ¢énof  methyluracil.
metal free DNA identifies the C2' endow/anti Raman band at 907¢frhave been assigned to
conformers of dT (Rush and Peticolas, 1995). Instretching vibrations of the deoxyribose rings for
Magnesium ion-DNA complexes, the 747 ém DNA (Prescuttet al., 1984). Their shifts upon
band of DNA shifts to lower frequency in the order Magnesium ion complication indicate contribution
747— 740-738-736 cm?, which indicates that oOf the sugar moieties in the interaction. Also the
the tensional rotations about the glycosyl bondRaman band assigned to the symmetrical stretching
become more flexible in Magnesium ion - DNA Vibration of the nucleic acid phosphodiozy (BP-
complexes. Duguidet al. (1996) have observed group (Guan and Thomas Jr., 1996) is observed at
similar results. 1079 cm® in H,O solution. The ant symmetrical
The 784 cnit band is the composite of two stretching vibration of the phosphodioxy group
major bands, one due to the cytosine ring breathingPO-,) is expected near 1200 ¢ The Raman
mode (Tajmir-Riahgt al., 1988) and the other due scattering of ant symmetrical stretching vibration
to phosphosiester symmetric stretching vibrationcharacteristically very weak, although it generates
(Dam et al., 2002). The cytosine vibration is intense infrared absorption (Aubrey al., 1992).
sensitive to deputation exocyclic substitution whil At all Magnesium ion- DNA concentrations
the phosphodiester vibration is less sensitive tcstudied, the 1079 crh band of metal free DNA
deputation. The thymidine vibration, which shifts to lower frequency in the order 16%9
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1075— 1070- 1066— 1063 cm'. This effect is 2009) which shifts in the order 1356 1352
due to interaction of Magnesium ions with the 1349 1347 1343 cm" at all the Magnesium ion
ionized PO-2 groups through water molecules-DNA complexes studied. The results suggest partial
(outer-space interactions or, more generally,denaturation of DNA in the presence of metal ions
formation of water-separated in pairs). The effectand metal ion binding with the denatured structure.
of the metal action in this M§---O(H)-H---O,P  Duguid et a. have made similar observations in
type of aggregate is to increase the acidity of theRaman spectra of calf-thymus DNA in the presence
water molecules and to strengthen the hydrogemf divalent metal ions during thermal denaturation
bond affecting the phosphate group, causing gDuguidet al., 1993).
decrease in frequency of the symmetric stretch PO—  The intense band at 1376 ¢nis assigned to
2 vibration (Toyamat al., 1993). in-plane ring vibration (lyandurai and Sarojini,
Raman bands in 1180-1600 Crmegion of the  2009) and C6-H in plane bend vibration of
Raman spectrum arises primarily from conjugatecthymine. This normal mode also involves the
CC, CN and CO in-plane stretching modes of theexocylic C5-CH group of thymine and is sensitive
urine and pyramiding bases in which adjoiningto the methyl group environment. Adenine also
bonds stretch with 180° phase difference (A@la contributes to this intense band (Eroal., 2007).
al., 1997). These Raman bands have the potentigthis band shifts to higher frequency side in the
for diagnosis of nucleic acid secondary structure. presence of Magnesium ion indicating metal
The FT-Raman spectrum of DNA in,8  pinding at N3 atom thymine and adenine. Raman
solution exhibits bands at 1187 and 1236 'cm pand at 1440 ci has been assigned to C53-H
These two bands have been assigned to vibrationgeformation of thymine. This band is shifted to
involving stretching of exocyclic C5-GHbond of 1436 cm' at higher Magnesium ion - DNA
thymine and in-plane ring vibrations of cytosine concentration. This shows minor C5yH
(Rush and Peticolas, 1995). In the presence ofieformation of thymine. The Raman band
Magnesium ions the 1187 chthymine band of measured at 1454 ¢hin the Raman spectrum of
metal free DNA shifts in the order 11871185 DNA has been assigned to the deoxyribose
—1183— 1178 1177 cni', the lower frequency moieties (lyandurai and Sarojini, 2009). They
shift is due to a decrease in electron delocabrati correspond to ethylene bending modes, although
in the thymine bases as DNA melts and the metajhey should also have some contributions from
ion interaction with the melted structure. Dugeid adenine vibrations. This band shifts in the order
al. (1993) have observed similar frequency shift1454- 1455 1459 1460— 1463 cm* at all
during thermal denaturation of calf-thymus DNA. Magnesium ion -DNA complexes studied.
Similarly the 1236 ciit band shifts in the order The 1488 crit band of FT-Raman spectrum
1236—~ 1235~ 1233 1230 in the presence of has been assigned to a vibration involving a large
Magnesium ions. These effects are attributed t@lisplacement of N7 and C8 atoms of urine
partial disruption of A-T base pairs and metal (guanine and adenine) (Pet al., 2007). The
binding at N3 atom of thymine and cytosine. guanine contribution is greater, approximately
Three bands are observed in the FT-Ramarhreefold larger than that of adenine. The band has
spectrum of DNA at 1253, 1270 and 1299tm great diagnostic value, both as a monitor of
The first two bands are due to ring stretchingdeuterium exchange kinetics of the urine C8H
vibration of cytosine, while the 1299 chband is group and as an indicator of urine N7 hydrogen
due to ring stretching vibration of both cytosine bonding interactions. The present result shows
and thymine (Spiker and Levin, 1975). All thesemetal ion binding at N7 position of guanine
bands shifted downwards to several “tnin through water molecule. The effect of the metal
presence of Magnesium ions indicatingion in this Mg*-O(H)--H--N7 type of aggregate
interactions are present. The FT-Raman spectrur$ to increase the strength of the hydrogen bonds
of DNA shows a band 1313 ¢indue to guanine between the N7 of guanine and hydrogen of
imidazole ring coupled with C8-N9 stretching water, causing a decrease in frequency of the
vibration (lyandurai and Sarojini, 2009). This band 1488 cm” band.
is shifted in the order 1313 1310— 1308 1306 The FT-Raman spectrum of DNA shows a
cm™ upon complex formation with Magnesium band at 1515 cm due to adenine (Bruce, 2007)
ions. Similarly, Raman band observed at 1355'cm ring stretching vibration and the band observed at
band in HO solution has been assigned to al546 cm?® in H,O solution is due to guanine
guanine imidazole ring mode of the C2 = N3-C4 =imidazole ring and C6 moiety (Kiefer and
C5-N7 = C8 triene moiety (lyandurai and Sarojini, Beckmann, 1984). Upon higher Magnesium ion
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concentration this band exhibits shift in the orderof hypo chromic effect) in Magnesium ion - DNA
1515~ 1510 and 1546~ 1538 cm® indicating ~ complexes.
guanine contributes more than an adenine.
The region 1600750 cm® in Raman

spectrum is often called the “double-bond region”Aida, M., M. Kaneko, M. Dupuis, T. Ueda and K.
contains bands due to stretching vibrations of  Ushizawaet al., 1997. Vibrational modes in
double bonds including carbonyl groups of C, G thymine molecule from an ab initio MO
and T. Also the bands in this region include calculation. Spectrochimica Acta Part A: Mol.
contributions from in-plane deformations of NH ?(i)oinoollé/ Sslpse;gfﬁczos%é | 831351323'407- DOL:
?a:(r)nlgrﬁ)z)?trﬁe(irgjl_go c????a ;glg?);ngt;?rf?g‘: )D?\T/f\j TAnastassopoquu, J. and T. Theophanides, 2002.

: . . ) . Magnesium-DNA interactions and the possible
due to ring stretching vibration of cytosine shtfis relation of magnesium to carcinogenesis.
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