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Abstract: Spermines are bivalent regulators of cellular function, promoting cell growth or cell death

depending on their environmental signals. In the present work, Raman and Infrared spectroscopy had been

used to expand our knowledge about Spermine-DNA interactions at various volume ratios. The analysis

of Raman and Infrared data supported the subsistence of structural specificities in the interaction. From

the observed results, the effect of spermine on DNA is clearly explained. For example, Raman band at

1317 cm  is assigned to guanine (imidazole ring coupled with C8-N9 stretching) vibration. This band-1

shifts downward by several cm  in the spectra of spermine-DNA of all the complexes studied, which-1

shows strong interaction is present. This is evidenced by the Infrared spectroscopy, that is, the Infrared

band at 1718 cm  is assigned to guanine (C7-N stretching) vibration.  At higher spermine concentration-1

this band shifts downwards by 8 cm , which suggests that sturdy interaction is present. -1
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INTRODUCTION

2 2 4 2Polyamines [putrescine NH (CH ) NH , spermidine

2 2 4 2 3 2N H ( C H ) N H ( C H ) N H  a n d  s p e r m i n e

2 2 3 2 4 2 3 2NH (CH ) NH(CH ) NH(CH ) NH ] are small aliphatic
polycations that bind with DNA and regulate gene
expression and cell proliferation, possibly through

regulation of chromation . The positive charge of[1 ,2]

polyamines enables them to bind to and modify the

negatively charged structures, such as DNA.  In the
past, it was believed that the role of polyamines prop

up intracellular growth factors, increasing the rate of
cell growth and differentiation. But recently, it has

been shown that polyamines can also regulate the cell
death process known as apoptosis . So, the [3 ]

polyamines are bivalent regulators of cellular function,
promoting cell growth or cell death depending on their

environmental signals. Under normal circumstances
polyamine concentrations regulate  their own

biosynthesis and prevent overproduction. On the whole,
it would appear that imbalances in polyamine

metabolism might be an important signal for the cell to
undergo apoptosis.

With high levels of polyamines being so strongly
associated with rapid proliferation and growth of

tumors, it is understandable that great effort has taken
to design inhibitors of polyamine synthesis and

polyamine analogs and test their ability to restrict
growth of tumor and cancer cells. Similarly, Polyamine

deficiency may be achieved by treating cells with

specific inhibitors of the polyamine biosynthetic
enzymes.

The objective of the present work is to
characterize the structural changes that DNA undergoes

in the presence of spermine. One of the methods of
promise to provide information on binding sites,

stacking interactions and conformation, is vibrational
spectroscopy, particularly Raman spectroscopy and

Infrared spectroscopy. Here the Raman and Infrared
spectroscopy had been used to analyze the effect of

spermine on DNA.

MATERIALS AND METHODS

Materials: Highly polymerized calf-thymus DNA

2sodium salt (6.2% sodium content, 13% H O content)
and spermine were purchased from Sigma Chemical

3Co. DNA was deproteinated by the 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.
The appropriate amount of spermine  (50mM) was

prepared in distilled water and added drop wise to the
DNA solution to attain the desired spermine / DNA

(1:50,1:20,1:10&1:5), volume ratios. The pH of the
solutions was adjusted at 7.0 ± 0.2.
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Methods:

Raman Measurements: A Raman spectrum was

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. A standard quartz cell was used

for liquids (1-cm section) where approximately 1 ml of

the solution 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 of spermine- DNA complexes at

different volume ratios recorded between 600 and 1800

cm .-1

Infrared Measurements: Infrared spectra were

recorded with a FTIR spectrometer (Impact 420 model)

equipped with deuterated triglycine sulfate detector and

KBr beam splitter, using AgBr windows. Interferograms

were accumulated over the spectral range 600-1800 cm -

 with a nominal resolution of 2cm  and a minimum of1 -1

100 scans. The water subtraction was carried out using

0.1 M NaCl solution at pH 7.0 ± 0.2 as a reference.

The infrared spectra of spermine-DNA complexes at

different volume ratios were recorded.

RESULTS AND DISCUSSION

Analysis of Raman Spectroscopic Data: The Raman

spectra of calf-thymus DNA, spermine, and spermine-

DNA complex (different concentrations) are displayed

in figure 1. Generally, polycations induce condensation

and precipitation of the negatively charged DNA

strands and this effect is further enhanced by further

addition of positive charge of the counterion . In our[4]

experiment, we are using ornithine-derived polyamine

i.e., spermine as a polycation at physiological pH.

However, DNA precipitation with tetravalent spermine

occurs at a low concentration than for trivalent

spermidine. This is the major reason for selecting the

lower concentrations, when we increase the spermine

concentrations, which is greater than 10 mM, DNA

gets precipitated in our experimental condition.

Spermine solutions ranged between 1-7.5 mM are

physiological concentrations. At the same time DNA

strands of calf-thymus containing small amount of

polyamines in adenine, guanine and cytosine moiety.

The Raman spectra of the spermine-DNA

complexes show wave number shifts, indicating that

interactions are present without condensation.

Analysis of Infrared spectroscopic data The

Infrared spectra of calf-thymus DNA, spermine, and

spermine-DNA complex (different concentrations) are

displayed in figure 2. The Infrared spectra of the

spermine-DNA complexes show wave number shifts,

indicating that interactions are present.

Interpretation of Raman Spectra: Raman spectra of

DNA have been comprehensively studied in recent

years, although not all the bands have been

indisputably assigned upto now. In Raman spectra,

bands mainly arises from both base and phosphate

v ib ra t io ns , together with so m e d eo xyr ib o se

contributions. The region between 1700 and 1200 cm -1

in the Raman spectrum is clearly dominated by base

vibrations, which involves the stretching modes of

aromatic rings, the carbon -oxygen double bond

stretching and some methyl bending vibrations, and the

Raman band observed around 1400-1450 cm is-1  

assigned to methylene scissoring modes of the

deoxyribose units .[5]

The Raman band observed at 1666 cm -1

corresponds to C=O stretching mode and it has been

largely assigned to the C2=O2 bond of thymine

residues . Thymine O2 atoms are a reputed site of[6]

interaction of DNA at the minor groove because they

are not involved in Watson-Crick hydrogen bonds. This

band does not show any shift in spermine - DNA

complexes. Contradictory, opposite behaviour is

observed at the Raman band at 1487 cm of DNA,-1  

which has been assigned to guanine-N7 reactive site .[7]

It shifts upward by 5 cm in the Raman spectra of-1  

spermine - DNA complexes. 

Raman bands of spermine at 1452 and 1475 cm -1

have been assigned to an interaction site with guanine -

N7 reactive site . Raman band at 1511 cm  is[8] -1

assigned to an adenine carbon-carbon stretching

vibration . This band shifts downward by 3 cm  in[8 ] -1

the spectra of spermine-DNA of all the complexes

studied. 

Raman band at 1575 cm has been assigned to a-1  

purine vibration , its behaviour discriminates[9]

spermine, for which this band does not shift at any

volume ratios. The band measured at 1463 cm in the-1  

Raman spectrum of DNA has been assigned to the

deoxyribose moieties . They correspond to methylene[10]

bending modes, although they should also have some

contributions from adenine vibrations. Interpretation of

their wave number shifts is, nevertheless, troublesome

for solutions at the highest spermine concentrations,

because they also contain methylene groups.

Additional evidence of spermine - DNA

interactions by the bases can be obtained from the

DNA bands at 1341 cm  (adenine and guanine), 1301-1

cm  (adenine), 1259 cm (adenine and cytosine) and-1 -1 
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1176cm (thymine and cytosine) . All of them shift-1  [1 1 ]

up to several cm in the spectra of spermine-DNA-1 

complexes. 

Raman spectrum of DNA between 1100 and 800

cm is dominated by two intense bands, namely, at-1  

1088 & 797 cm , which have been assigned to the-1

symmetrical stretching vibrations of the phospodioxy

2(PO ) & phospodiester (P-O-P) moieties respectively-

. In addition, a second phospodiester (P-O-P) peak is[12]

measured at 840 cm , which is considered as one of-1

the DNA conformational marker bands . [12]

The O-P-O marker band at 840 cm desires to be-1  

discussed independently. This band is very perceptive

to both conformation and base sequence . As a[12]

result, for native DNA, it usually appears as a broad

band that cannot be split by deconvolution procedures.

For the spermine - DNA Raman spectra, some

deviations are observed with respect to the wave

number measured for calf-thymus DNA. However, they

do not let to conformational transitions A:B:Z in any

case. In our opinion, the observed shifts are due to

small conformational distortions originated by the

molecular interaction. 

Raman band at 896cm  have been assigned to-1

stretching vibrations of the deoxyribose rings for DNA

. Their shifts upon spermine complexation indicate[13]

contribution of the sugar moieties in the interaction.

Bands between 650 and 800 cm in the Raman spectra-1  

of the DNA have been assigned to the vibrational

bending modes of the nucleic bases. Their shifts upon

spermine complexation, preferential link to guanine

residues can be inferred for spermine, in agreement

with the standard discussion for the stretching modes

of the bases, between 1700 and 1200 cm . -1

3The observation of the NH  stretching and+

bending vibrations for any solute of a water solution is

not an easy task because they lie close to the related

O-H vibrations of the solvent molecules at 3000 and

1 7 0 0 c m re sp e c t iv e ly .  A t  h ig h e r  s p e rm in e- 1  

concentrations, it goes to lower wave numbers as a

probe of the active participation of these groups in the

3interactions. However, the NH groups have a third+ 

type of vibrational mode, generally called the rocking

mode , which gives rise to one or two Raman bands[14]

around 1100 cm . It has been observed at 1065 cm-1 -1

for spermine. At higher spermine concentrations it goes

to a lower wave numbers as a probe of the active

participation of these groups in the interactions.

Interpretation of Infrared Spectra of Solutions in

Water: At low spermine concentration, the interaction

with DNA is mainly with DNA bases. Evidence for

this comes from the changes in the intensity and

shifting of the bands in the region 1550 - 1800 cm ,-1

which is assigned to in-plane DNA vibrational

frequencies . Infrared band at 1718 cm  is assigned[15] -1

to in-plane stretching vibrations of double bond of

guanine (C7=N) located at the major groove . This[15]

band is shifted downward by 8cm  in the spectra of-1

spermine - DNA complexes.

Infrared band at 1608 cm  is assigned to in-plane-1

stretching vibrations of double bond of adenine (C7=N)

. This band shifts downward by 4cm  in the spectra[15] -1

of spermine - DNA complexes. Infrared band at 1664

cm  is assigned to in-plane stretching vibrations of-1

double bond of thymine (C2=O) . This band shifts[15]

downward by 2cm  in the spectra of spermine - DNA-1

complexes.

A major increase in the intensity was mainly

observed for a guanine band at 1718 cm , thymine-1

band at 1664 cm , and adenine band at 1608 cm .-1 -1

These intensity changes also with band shift are due to

the interaction of spermine - DNA complexes.

Infrared band at 1578 cm  is assigned to in-plane-1

C8=N7 stretching vibrations of purine ring (mainly

guanine residue) . This band is shifted downward by[15]

2cm  in the spectra of spermine-DNA complexes. This-1

band is evidence and pinpointing of a major spermine

complexation with the guanine N7 atom.

Other DNA vibrational frequencies in the region

1550-1250 cm  showed minor spectral changes upon-1

spermine complexation. The band at 1492cm  is-1

assigned largely to the cytosine residue , which[15,16]

shows no major shifting and its intensity did not

c ha n ge  s ig n i f ic a n t ly  a t  d i f fe re n t  sp e rm in e

concentrations. Thus, the possibility of an interaction

between spermine and cytosine is very less.

The Infrared spectra of DNA in the region1250-1000

cm  were assigned to backbone phosphate group-1

vibrations. Mainly the band at 1224 cm  and 1088 cm-1 -1

were assigned to the asymmetric and symmetric

2stretching vibrations of the PO  groups . An increase- [17]

in intensity and the band shifts downward to 2cm  of-1

2the asymmetric PO at 1224 cm  reflects the- -1

interaction of spermine with the oxygen atoms of the

backbone phosphate groups.

Spermine strongly interacts with the guanine and

adenine - N7 sites as supported by the shifts of the

bands at 1717 and 1609 cm . Infrared band at 836cm-1 -1

is assigned for the sugar – phosphodiester mode, which

is considered as a major marker band for the DNA

conformation . Minor spectral changes were observed[18]

for the marker bands in the spectra of spermine –

DNA complexes. However, these minor changes do not

lead to conformational transitions such as B:A:Z. 
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Fig. 1: Raman Spectrum of Spermine with DNA at various volume ratios

Fig. 2: Infrared Spectrum of Spermine with DNA at various volume ratios
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Discussion: The interaction between spermine and

DNA has been widely studied in the past by using

different experimental and theoretical techniques and

several models have been discussed . The results[1 9 ]

obtained from Raman and Infrared spectroscopic study

in terms of binding the preferential sites between

spermine - DNA complexes were compared with

interaction models proposed on the basis of different

biochemical, physical and chemical techniques .[18]

In this study, it is significant to note that the wave

numbers of spermine – DNA complexes go to the

higher shift at higher concentrations. It is clear that if

the spermine content is further added, the uncontrolled

growth takes place, which leads to the cell damage.

Since isolated DNA gives the similar effects as that of

the cell, DNA is chosen for the present work. 

The scope of the study can be extended through

experimentation on the interaction between drugs with

the spermine-DNA complexes to explain the reverse

effect of the spermine – DNA interaction. 
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