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ABSTRACT

Calorimetric and spectroscopic studies on the interaction of Calf thymus DNA with divalent metal ions
have been carried out in order to investigate how different ionic strengths as well as different divalent
cations affect the thermal stability of the DNA double helix. The thermodynamic parameters of thermal
denaturation of ds-DNA have been determined from solutions containing Mn2*, Co?*, Ni*, Cu?*, Zn?* and
Cd?* ions in different concentrations. The results obtained indicated that the nature of the interactions of
the metal ions with the DNA molecule depends on metals ion concentration. At low metal concentrations
there are no significant changes in the melting temperature value. However at high metal concentrations
a decrease in melting temperature was observed, showing that the presence of high divalent cation
concentration decreases the double helix stability. Further, it is also shown that the cations tested have
significantly different interactions with DNA, even at the same concentration. This reveals clearly that
not only the ionic strength is important in DNA stability, but that the changes observed in stability and

thermal profile depend largely on the metal used.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Metal ions are ubiquitously distributed in the environment.
Many of them, such as cobalt, nickel, zinc, calcium and iron, are
essential components of biological systems. Usually, transition
metals have a strong base pair-affinity. They can coordinate directly
to the nucleophilic atoms of bases and, thus perturb the hydro-
gen bonding between base pairs, resulting in a destabilization of
DNA. As such, the active biological role of metal ions, in particular
their interaction with the DNA molecule [1-3], has been attracting
increasingly the interest of many research groups.

The way metals interact with the DNA structure is very impor-
tant from the point of view of nucleic acids biophysics and
molecular biologists. Metal binding to DNA and its effect on the
conformational state has been previously described in the litera-
ture [4]. In general, for Na-salt Calf thymus DNA, the multivalent
cations electrostatically bind at the entrance of the B-DNA major
groove (between the two phosphate strands) repelling the sodium
counterions from the neighbouring phosphates which are strongly
attracted to the groove-bound cation leading to groove closure and
DNA bending [5].
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The stability and conformation of DNA in the presence of metal
ions have been previously studied by a variety of techniques such
as fluorescence [6], circular dichoism [7,8], electron microscopy [9],
FTIR [10], NMR spectroscopy [11] and others. The study of the con-
formational changes of nucleic acids has developed mainly due to
two new factors: first, the improvement of biochemical preparation
techniques of native DNA and DNA fragments and ability to manip-
ulate native conformation or engineering new sequences; second,
the use of highly sensitive experimental techniques (e.g. differen-
tial scanning microcalorimetry) for the determination of the energy
parameters of the conformational transition. Micro-DSC has proved
particularly suitable for the study of the conformational transitions
of DNA double helix in dilute solution [12,13] surpassing the tra-
ditional use of other techniques such as UV spectroscopy [14,15]
to determine the energetics of the transition, particularly because
the calorimetric enthalpy can always be obtained as a “model-free”
parameter, which does not hold for most other techniques used.

In this work the effect of the metal ion, and its concentration, on
the stability of Calf thymus DNA was studied by, differential scan-
ning calorimetry. In order to get further information of the melting
profile under the studied conditions, a spectroscopic technique
(UV) was also used. Most studies of metal ions-DNA interactions
found in the literature have been carried out at high metal con-
centrations. However, in solutions of low ionic strength, the DNA
conformation should be more sensitive to the solution conditions.
For this reason, in the present work all the experiments have been
carried out in buffer solutions (with constant ionic strength) con-
taining also the metal ions under study in the form of chlorides.
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2. Experimental
2.1. Material and solutions

NaCl (Merck; 99.5%) and CgHsNa;07-2H,0 (Merck; 99%)
together with Calf thymus DNA (Sigma) and the hydrated chloride
salts of the studied divalent metals (Mn?*, Co2*, Ni%*, Cu?*, Zn2*
and Cd2*) were from Aldrich, analytical grade and have been used
without further purifications.

Three stock solutions were prepared in Milli-Q water for the
DSC experiments. A sodium citrate buffer solution (ssc; pH 8.35)
containing sodium chloride (0.3 moldm~3) and sodium citrate
(0.03 mol dm~3). A DNA stock solution (2 mg cm~3) was obtained
dissolving the Calfthymus DNA in the desired volume of ssc (sodium
chloride 0.15 mol dm~3 and sodium citrate 0.015 moldm~3). Stock
solution for each divalent metal ion (0.5 mol dm—3) was prepared by
dissolving the corresponding chloride salt in Milli-Q water. For the
experiences in the absence of metals, a reference solution (without
DNA) was obtained by simple dilution of the ssc solution and a DNA
containing sample was prepared by dilution of the DNA stock solu-
tion (DNA 1 mgcm~3, sodium chloride 0.15 moldm~3 and sodium
citrate 0.015 moldm=3).

A reference and a sample metal containing solutions (metal ion
concentration range between 0.002 and 0.010 moldm—3 sodium
chloride 0.15 moldm~3 and sodium citrate 0.015 mol dm~3) were
prepared by mixing the appropriate volume of the three stock solu-
tions.

For UV absorbance measurements solutions with a
concentration of DNA (0.05mgcm=3) and metal ion
(1x1074-2.5x 103 moldm—3) were prepared by 20 times
dilution of the solutions used in the DSC experiments.

The DNA concentration (expressed in base pairs) was deter-
mined spectrophotometrically at 20°C using a extinction coef-
ficient [16-22]: &360=13,200mol~!dm3 cm~!. The ratio of UV
absorbance obtained for these solutions, at 260 and 280 nm, was
about 1.8-1.9, indicating that the DNA was sufficiently free from
protein contamination [18,23-30].

2.2. Techniques

2.2.1. Differential scanning calorimetry (DSC)

DSC experiments were run on a Micro-DSC Ill Setaram appara-
tus, which has been shown to be suitable for working with dilute
solutions of biological macromolecules. DSC experiments were per-
formed using a scan rate (8) of 1°Cmin~!, and the sample was
scanned between 20 and 110°C. The measurements were per-
formed in a measuring cell charged with a solution volume equal to
0.8 cm~3, against a reference cell charged with the same volume of
buffer. Buffer-buffer runs were performed in the same conditions
to be used as blank experiments.

The instrument software (SETSOFT, Setaram) was used to per-
form the blank correction and to obtain the calorimetric enthalpy
(AH¢,) by integration of the corresponding peak areas (Eq. (1)).
The final C, versus T plots were obtained from the experimental
corrected signal by dividing it by the scanning rate

T,
AHgy = /Cp dr (1)
Ty
The calorimetric entropy was determined using Eq. (2)
T,
ASca = /% dr (2)

T

The melting temperature (Ty,) was determined as the midpoint of
the melting transition and was also provided by the used software.
In order to check whether the transition followed a two state
model, commonly used for DNA denaturation [31-33] we did also
perform a van’t Hoff analysis of the calorimetric curves.
The van’t Hoff enthalpy, (AHyy/] mol=1) [31-38] was obtained
from the relation:

oRT3(, DI

AHVH - AH«:a\l

(3)
where o =6, in our experimental conditions, R is ideal gas constant,
Cpy,, heat capacity at T, and AHc, calorimetric enthalpy.

The average number of base pairs [16,23,26-28,34,36] in a coop-
erative melting unit was calculated considering the ratio.

The ratio:

AHVH

4
AHcal ( )

was used to assess the validity of the two state model.

2.2.2. UV-vis spectroscopy

UV absorbance measurements were carried on an AGILENT 8453
UV-visible spectroscopic system equipped with a thermoelectri-
cally controlled cell holder and quartz cell with a pathlength of
1.0cm.

Absorbance versus temperature data profiles were recorded
after every 0.15 °C and it were obtained by plotting the absorbance
measured at 260 nm with a heating rate of 1°Cmin—!.

The fraction of melted base pairs, 6, was calculated from the
standard formula [24,39,40]:

A-A

0=Au—AL

(5)

where A, A; and Ay are sample absorbance, absorbance of the lower
baseline, and the absorbance of the upper baseline respectively.
T is defined as the temperature for which 6 was 0.5.
The hyperchomicity [18,30,41,42] of the samples was calculated
using:

Ay -A
=S

%HZGO x 100 (6)

3. Results and discussion

Figs. 1-4 show the calorimetric curves obtained by micro-DSC
for the thermal denaturation process of Calf thymus DNA in the
absence and presence of different divalent transition metal ions at
different concentrations. Table 1 summarizes the thermodynamic
parameters obtained from these experiments as explained in Sec-
tion 2.

The melting profile obtained for the DNA in the absence of met-
als (Figs. 1 and 2), agrees with the previously reported by different
authors [16,27,30,42,43]. The curves showed a broad band going
from 80 to 100°C with a fine structure formed by three peaks of
similar intensity (A-C in Fig. 1a) and a smaller one (D). According
to the previous work [16,27,42] the lower intensity of peaks B and
D can be associated to the use of different experimental condition
such as the heating rate or the buffer.

At low metal ion concentration the transition curves do not
show significant differences (Fig. 3) and retain the main charac-
teristics showed by the DNA denaturation in the absence of metals.

As the metal ion concentration is increased, the destabilization
of the ds-DNA is clearly evident for all studied systems by a decrease
in the temperature of onset of the transition (Figs. 1 and 2). How-
ever, the DSC profile, i.e., the bands shift of the C, versus T plots is
different for each metal, indicating that the process of denaturation
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Fig. 1. Excess heat capacity as a function of temperature for ds-DNA solutions

with different concentrations of MCly. Citrate sodium buffer ([NaCl] 0.15 mol dm—3),
[DNA] 1 mgcm~3, B=1Kmin~"'. (a) MnCl, and (b) NiCl,.

depends significantly on the concentration and the nature of these
cations.

Fig. 4 shows the curves obtained at the highest metal ion con-
centration studied, i.e., 0.050 moldm~3. The profiles for Cu?* and
Cd?2* are not included due to their stronger interaction at such con-
centrations that leads to not well defined DSC profiles. In both cases,
the formation of aggregates was observed by eye at concentrations
higher than 0.015 moldm3. In general, the profiles present three
peaks of higher intensity than the ones obtained for the denatura-
tion of DNA in the absence of the metals (Fig. 4). Mn2*, Co%* and
NiZ* present a first and small peak between 70 and 75°C. While in
the case of Mn%* and Co?* this peak is followed by a more intense
band around 80 °C which is splitted into two peaks, in the case of
Ni2* we can see a second intense peak around 85°C., In the case
of Mn?2*, a second peak appears between 75 and 80°C and a third
(and less intense) peak around 80 °C. For Co2* this second peak was
much more intense and narrow, and the third one showed the same
intensity as the one for Mn2*, becoming a shoulder in the peak.
The presence of Zn2*, however, led to a different calorimetric pro-
file, especially at low temperatures. While the same splitted peaks
appear at the same temperature than for Mn2* and Co?*, it showed
two new and small peaks around 60°C and 65-75 °C respectively.

Itis a well known fact that the energy necessary to melt GC pairs
is higher than the one for AT, since the GC couples are bounded
by three hydrogen bonds (versus the two needed for AT binding).
This energy difference can be enhanced in the presence of agents
with the ability of interact preferentially with the purine or the
pyrimidine bases. This hypothesis has been proved in previous
reports on the DNA stability in the presence of several destabiliz-
ing agents by different techniques [44-47]. Some of them suggested
that the high temperature region of the calorimetric curves could
be associated to the melting of the more energy demanding GC
rich clusters [46,47]. The peaks corresponding to the low tem-
peratures zone were then associated to the melting of AT pairs
which requires less energy. It should be noted that previous stud-
ies [1-5,28,41,43,48,49] have suggested that these cations interact
preferentially with GC pairs. This interaction usually involves N7

Table 1
Thermal denaturation parameters for Calf thymus DNA in the absence and presence of divalent metal ion. Citrate sodium buffer ([NaCl] 0.15 moldm~3), [DNA] 1 mgcm~3,
B=1Kmin~1.
Sample ¢ M?*/moldm—3 Tl C AH ¢5/k] mol~! AScat/J K1 mol~! (AHyu/AHcy)
Total Total
DNA 0 90.4 89.1 89.1 257 257 8.8
Mn?* 0.002 90.5 99.5 99.5 286 286 6.3
0.010 89.8 115 115 337 337 5.9
0.020 84.7 128 128 353 353 7.3
0.050 71.1 79.1 31.2 104 135 80.6 273 354 62 11
Co** 0.002 89.8 101 101 292 292 5.2
0.010 90.9 130 130 350 350 4.7
0.020 85.9 126 126 337 337 8.9
0.050 78.7 128 128 372 372 9.9
Ni%* 0.002 91.0 100 100 307 307 5.4
0.010 85.8 122 122 351 351 8.8
0.020 74.9 84.6 91.8 26.5 9.0 97.1 133 754 255 274 375 73 173 21
0.050 72.1 84.8 30.4 110 140 79.4 297 376 91 23
Cu? 0.002 91.5 81.7 81.7 238 238 8.4
0.010 87.4 108 108 302 302 9.8
0.015 57.9 80.7 28.8 108 137 96.5 307 403 33 29
Zn** 0.002 90.0 109 109 313 313 6.2
0.010 90.1 110 110 321 321 5.1
0.020 74.6 83.1 95.3 38.5 11.2 71.5 121 120 22.9 182 325 53 158 20
0.050 60.3 66.9 80.4 28.2 136 84.2 126 77.1 30.7 233 341 98 282 17
Ccd?* 0.002 89.5 92.6 92.6 280 280 3.8
0.010 90.4 99.0 99.0 277 277 7.3
0.015 88.3 102 102 292 292 8.9
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Fig. 2. Excess heat capacity as a function of temperature for ds-DNA solutions
with different concentrations of MCl,. Citrate sodium buffer ([NaCl] 0.15 mol dm~3),
[DNA] 1 mgcem~3, B=1Kmin~"'. (a) CuCly, (b) ZnCl, and (c) CdCl,.

and O6 of guanine, although cytosine 02 and N3 have been also
considered for Cu?*. These metals ions have been shown to inter-
act preferentially by destabilizing the GC pairs. There are some
evidences that they also interact, to a lower extent, with the AT
moieties.

In some cases the metal ion can bind primarily to the phosphate,
resulting in a stabilization of the DNA helix. The binding preference
towards the base is usually higher than for the phosphates for these
divalent metals, and the following order of preference has been
established [3]: Cu?* > Cd2* > Zn?* > Mn2* > Ni%* > Co?".
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Fig. 3. Excess heat capacity as a function of temperature for ds-DNA solu-

tions with different metal ions. Citrate sodium buffer ([NaCl] 0.15moldm™3),
[c]=0.002 moldm~3. [DNA] 1 mgcm—3, B=1Kmin~'.

The results presented in Fig. 4 can be analyzed in the scope of the
interactions of the cations with GC and AT DNA base pairs. There is a
group of metals that seems to interact with the AT bases in a similar
way, namely: MnZ*, Co2*, Ni2* and Cd?*, if we consider the shape
and position of the first peak. ZnZ* and Cu?*, on the other hand,
are the most destabilizing metals for DNA (decreasing the melting
temperature to 60°C) as a consequence of their stronger destabi-
lization of the AT pairs. According to our calorimetric tracings, Zn2*
shows two peaks in the low temperature region, suggesting a dif-
ferent mechanism of interaction as compared to Cu%*. Although the
profiles at such high concentration were not obtained for Cu?* and
Cd?Z*, the analysis of their curves at the highest concentration used
suggested their inclusion in different groups. Focusing the analy-
sis on the GC pair stability, we can perform a different grouping.
Ni2* and Cd%* seem to disturb the stability of these pairs to a lower
extent than a second group formed by Mn?*, Co?*, Zn2* and Cu?".
Thus, this difference could be associated to a different mechanism
of interaction involving different base atoms. In that case the corre-
sponding peak showed splitting. This behavior could be related to
the melting of two kinds of GC-metal complexes of slightly differ-
ent stability. The less stable (lower temperature) will correspond to
simple GC-metal complexes while the second peak could be due to
the fraction of complexes which are involved in phosphate chela-
tion. The behavior of Zn2* in the low temperature region could be
also related to phosphate chelation of the AT metal complexes.
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Fig. 4. Excess heat capacity as a function of temperature for ds-DNA solu-
tions with different metal ions. Citrate sodium buffer ([NaCl] 0.15moldm~3),
[c]=0.050 moldm~3. [DNA] 1 mgcm—3, B=1Kmin~'.
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The total calorimetric enthalpy increases with increasing of the
metal ion concentration. Table 1 shows that the total calorimet-
ric enthalpy at 0.050moldm~3 was around 130-40k]Jmol-! for
Mn?2*, Co2*, Ni2* and Zn?, suggesting that their interaction with
DNA involves a similar energy, and therefore could be associated
with similar processes. In the case of Cu2* and Cd?* the calorimet-
ric enthalpies are missing in the table as at these concentrations
the curves were not integrated (as explained above). This differ-
ence in behavior can be explained because these metal ions have an
important and peculiar effect in the ds-DNA stability and structure,
interacting with different groups in different sites of the macro-
molecule, influencing the structures canonic of the DNA.

Table 1 also shows that the total entropy increases with the
increase of the metal ion concentration. This entropy increase can
be also attributed to an increase in hydration water release in the
thermal denaturation process due to the electrostatic interactions
between the metal ion and the macromolecule. For Zn?*, the total
entropy did not change significantly with the increase in metal ion
concentration.

The cooperativity of the transition is a very important question,
and that lead to the calculation of the van’t Hoff enthalpy from
the calorimetric results, to try to assess it quantitatively. The ratio
between the calorimetry enthalpy and van’t Hoff enthalpy gives
quantitative information on the cooperativity of the transition, that
can also be qualitatively derived from the width of the denatura-
tion profile. For the system studied here there was a significant
difference between the calorimetric and the van’t Hoff enthalpies
(Table 1).

A ratio (AHyy/AHg, > 1) is related with the mean number of
nucleotides that melt as a single thermodynamic entity and may
indicate significantly populated intermediate states [16,27,34,50].
It is an index of the mean cooperative unit size (in case of coopera-
tive transition), as previously reported [16]. In this work, when the
profiles present the main characteristics as those obtained for the
denaturation of the DNA in the absence of metals, this ratio is lower
as compared to the one obtained for the DNA alone. At high metal
ion concentration, there is a shift in the shape of the profiles and the
ratio increases as compared to DNA alone. These differences point
to a change in the denaturation process due to the presence of the
metal ions.

The effect on the transition width of the first addition of metal
ion and the reduction in width with further addition is in agree-
ment with otherresults in the literature [27]. This may be explained
by considering the hypothesis that polyvalent cations are almost
completely bounded to the double helix at low concentration. The
stability of the “unmelted” regions increases, and the transitions
are broadened, as a result of the partial denaturation of a helix that
releases some cations, which are free to bind elsewhere on the same
helix or on another one [27].

To increase the time which the DNA remained in the unfolded
form, a decrease of the scan rate to (0.2, 0.5 Kmin~!) have been
done. The results do not show significant differences in the ther-
modynamic parameters values when compared with the results
obtained at 1 Kmin~!.In all cases the denaturation calf thymus DNA
processes was irreversible.

In order to obtain information on the denaturation profile, the
denaturation was also followed by UV. UV spectra were measured
at 260nm as a function of temperature for Calf thymus DNA in
the absence and presence of divalent metal ion. The UV absorbing
proprieties of the DNA arises from the w— electronic transition
occurringin the nucleotide bases. The changes in their electron den-
sity distribution as a consequence of the double helical stacking is
reflected in the increase of the absorbance as it denatures [39].

The interaction between the metal ions and the DNA is known to
depend on both the nature and the concentration of the metal ions
[6,51,52]. Figs. 5-7 shows a significant change of the melting tem-
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Fig. 5. Relative absorbance at 260nm as a function of temperature for ds-
DNA solutions with different concentrations of MCl,. Citrate sodium buffer
([NaCl]=7.5 x 103 moldm~3), [DNA] 0.05mgcm~3, B=1Kmin~'. (a) NiCl,, (b)
ZnCl; and (c) CdCl,.

perature when increasing the ion concentration, in agreement with
the DSC results. For Cd?* and Zn?* a marked decrease in absorbance
is observed at high temperatures (>60 °C) for the highest ion con-
centrations, indicating probably a strong aggregation/precipitation
ofthe samplesin these conditions. Atlow concentration the melting
curves of DNA in the presence of metal ions do not show signifi-
cant differences (Fig. 6) and the preserve the main characteristics
showed by the DNA denaturation in the absence of metals.

Fig. 7 shows the curves obtained at the highest metal ion con-
centration, i.e., 0.0025 mol dm~3. The UV melting curves of DNA in
the presence of Zn%* and Cd?* at this concentration differ signif-
icantly from the ones in the presence of Mn?*, Co?* and Ni%* as
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Fig. 6. Relative absorbance at 260 nm as a function of temperature for ds-DNA solu-

tions with different metal ions. Citrate sodium buffer ([NaCl] = 7.5 x 10~ moldm~3),
[c]=0.0001 moldm~3, [DNA] 0.05 mgcm~3, B=1Kmin~'.

referred to above. In general, the profiles present two peaks for the
denaturation of the DNA. In this figure, the profiles for Cu2* are not
included due to their stronger interaction and precipitation at this
concentration. Mn2*, Co%* and Ni2* present a first peak of denatu-
ration between 68 and 72 °C and the second peak between 76 and
80 °C. Generally speaking, the UV results are in accordance with the
DSC ones, although some peaks observed in the DSC tracing cannot
be detected by UV. Further, the UV profiles did show signs of pre-
cipitation/aggregation at concentrations not detected by eye before
the DSC experiments.

Some melting studies of interactions between divalent ions and
genomic DNAs have been published in the past [53]. The authors
explained that some kind of fragmentation of DNA occurs irre-
versibly at low ionic strength (0.02M Na*), whereas this effect
disappears at a high ionic strength (0.2 M Na*). The results observed
in this current paper are in agreement with suggested Kozyavkin
and Lyubchenko [53] showing that the melting process is irre-
versible.

According the DSC data, it is possible to classify the effects of
these metals in two groups, as discussed above. On one side we
have Cd?* and Zn2*, which effect was the most destabilizing, pre-
senting a significant decrease of the melting temperature (Fig. 5). It
is possible to include also Cu?* in this group, as the effect seems to
be similar, although even stronger (higher precipitation)—already
at 0.015 moldm~3 the DSC profile showed a denaturation process

1.8

0.4 T T
20.0 40.0 60.0 80.0 100.0

T/°C

Fig. 7. Relative absorbance at 260 nm as a function of temperature for ds-DNA solu-
tions with different metal ions. Citrate sodium buffer ([NaCl] =7.5 x 10~3 moldm~3),
[c]=0.0025 moldm~3, [DNA] 0.05 mgcm~3, B=1Kmin~'.

Table 2
uv thermal denaturation results. Citrate sodium buffer
([NaCl]=7.5 x 10~ moldm~3), [DNA] 0.05 mgcm—3, B=1Kmin~!.
Amostra c/moldm—3 %H Tl
DNA 0 38.7 60.7
Mn?2* 0.0001 39.8 65.6
0.0005 40.8 70.7
0.0010 36.8 74.6
0.0025 * 69.2 77.9
Co?* 0.0001 40.0 62.9
0.0005 38.2 68.4
0.0010 373 76.1
0.0025 441 715 79.9
Ni2* 0.0001 35.6 61.9
0.0005 35.8 65.2
0.0010 37.7 72.7
0.0025 38.1 68.6 76.4
Cu?* 0.0001 384 62.6
0.0005 37.3 60.0
0.00075 * 441
Zn%* 0.0001 37.9 61.7
0.0005 36.8 65.1
0.0010 27.9 65.7
0.0025 * 59.3 66.4
cd* 0.0001 411 67.0
0.0005 35.7 65.7
0.0010 325 56.5
0.0025 * 49.8 63.7

around 40 °C. On the other side we have the group formed by Mn?*,
Co%* and Ni?*.

The hyperchomicity of the Calf thymus DNA was calculated in
the absence and presence of the divalent metal ions at 260 nm. In
their absence, it reaches a value of approximately 40% (Table 2). As
can be seen in the table, the hyperchomicity values in the presence
of these ions, does not change significantly with the increase in
metal ion concentration.

4. Conclusions

Interaction of calf thymus DNA with divalent metal was stud-
ied in a broad concentration range for different divalent cations.
AS expected, DSC showed to be a very powerful technique for the
following of DNA denaturation under different experimental con-
ditions.

All ions investigated modify significantly the DSC melting
profiles of ds-DNA. The changes are reflected in a shift of the tem-
peratures of thermal denaturation, as well as in the shape of the DSC
melting profiles (width, number and relative height of the peaks).
The results obtained suggest a pronounced interaction of the metal
ions with the base pairs, causing a decrease in the stability of the
double helix. The enthalpy associated with M2*-DNA formation
shows significant dependence upon metal ion concentration.

For low concentration, there are no substantial modifications in
thermal denaturation process of Calf thymus DNA in the absence
and presence of divalent metal ion. Increasing metal ion concen-
tration, there is a significant change of the thermal denaturation
process.

The interaction of the Cu?*, Cd?* and Zn?* with the DNA bases
is stronger than for Mn2*, Co%* and Ni2* showed destabilization of
the ds-DNA.

These results obtained are in agreement with the general trends
observed in the literature. Previous authors suggested that metal
ions can bind to both the base and the phosphate and that all metal
ions bind to the N7 atom of guanine. Based on our results, we can
further suggest that Ni2* binds also by chelation to the phosphate
group (indicated by stabilization of the DNA). The interaction of the
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Cu?* and Cd2* with AT base was observed to destabilize the duplex
helices.

In general the Ty, values reported in Table 1 in the presence of
cations are similar to or lower than those observed in their absence.
It should be stressed, nevertheless, that the temperature reported
is an “overall” temperature for the transition, although the occur-
rence of small peaks is evident from most tracings. Clearly at the
highest ion concentrations, there is a significant decrease in the
melting temperature, and the strength of this effect depends on
metal ion. In general, any ligand that interacts more strongly with
double-stranded than with single-stranded DNA will influence the
thermodynamic parameters of helix-coil transition and hence also
the DNA melting process by shifting the equilibrium toward sta-
bilization of the helix form [41]. Consequently, low and moderate
concentrations of metal cations may stabilize DNA and increase
the melting temperature. . The results reported in Table 2 are, thus,
in good agreement with this state. As noted in the literature, this
effect is restricted to very low metal concentrations. On the con-
trary, it has been reported that high concentrations of alkaline
earths and transition metals cause rupture of hydrogen bounds,
base unstacking, and, ultimately, decrease the thermal stability of
DNA. The results obtained by DSC in the presence of the 20 times
more concentrated metallic ions (Table 1) support this hypothesis.

Finally, the probable order of preference for base
over phosphate for the metals studied has shown to be:
Cu2* > Cd?* >Zn%* > Mn?* > Co?* > Ni%*,
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