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Interaction Studies of Bis-(p-aminobenzoato)diaquanickel(II)
and Bis-(p-aminobenzoato)triaquacadmium(II)
Complexes with Cat Genomic DNA
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Bis-(p-aminobenzoato)diaquanickel(II) [Ni(p-H.N-CsH,COO),-
2H,0] and bis-(p-aminobenzoato)triaquacadmium(Il) [Cd(p-H,N-
C¢H,COO),-:3H,O] complexes derived from p-aminobenzoate are reported.
The genomic DNA interactions of these complexes with cat genomic
DNA have been investigated with UV spectroscopy, gel electrophoresis
and viscosity measurements. Ni(H,N-C¢H,COO),-2H,O and Cd(H,N-
CsH,COO),-:3H,0 complexes exhibit interaction activities with DNA.
The experimental results indicate that the complexes can bind to DNA
via an intercalative mode. The intrinsic binding constants of the comp-
lexes with genomic DNA are 5.2 x 10°-2.49 x 10° M, respectively.
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INTRODUCTION

Recently DNA binding studies with transition metal complexes with small mole-
cules over molecular levels get more attention"”. Especially, new small complexes
have get considerable attention because of their importance in the development of
new therapeutic materials®*. The DNA binding properties of metal complexes are
being broadly studied as DNA structural probes’®. There are several kinds of sites
in the DNA molecule in which metal complexes binding can occur as intercalation,
groove, major groove or on the outside of the helix’. The plenty of biological studies
have already proven that DNA is the primary intracellular target of anticancer drugs
because of the interaction between DNA and small molecules that may lead DNA
damage in cancer cells, which prevent the division of cancer cells and leading to
cell death'"",

Nickel(Il) and cadmium complexes get more attention in order to the environ-
mental toxicity and carcinogenic nature of some nickel and cadmium complexes
and the chemotherapeutic activities of these metal complexes'. Some scientists have
indicated that proteins or ligands can rise the toxic effects of nickel and cadmium
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ions. Though, the complete mechanism to involve carcinogenesis has not been ex-
plained'*". The discover of new nickel(Il) and cadmium(II) complexes that may
have useful applications in medicine for DNA probes'"”. Hence, further researches
by studying different ligands with different structures to assess and understand the
factors that can determine the DNA binding modes'®.

The objective of the present study was to investigate the interactions of Ni(H,N-
CsH4COO),-2H,0 and Cd(H.N-CsH4COO),-3H,0 complexes with cat genomic DNA
using gel electrophoresis, viscosity measurements, electronic absorption spectra.
The data indicate that the complexes interact with DNA via intercalation modes.

EXPERIMENTAL

Genomic DNA was isolated at Kafkas University and ethidium bromide was
purchased from Aldrich chemicals. All solvents and materials used in this work
were analytical grade. The experiments that involve interaction of the complex
with genomic DNA were conducted in doubly distilled water buffer containing 5 mM
tris-[tris(hydroxymethyl)aminomethane] and 50 mM NaCl and adjusted to pH 7.1
with HCI. A solution of DNA in the buffer gave a ratio of UV absorbance of about
260 and 280 nm, which show that the DNA was free of proteins'®. The DNA concen-
tration per nucleotide was determined by absorption spectroscopy using the molar
absorption coefficient™ (6600 M cm™) at 260 nm.

Preparation of Nl(p-HzN-C6H4COO)2'2H20 and Cd(p-HzN-C6H4COO)2'3H20
complexes: Green crystals of bis-(p-aminobenzoato) diaquonickel(II), Ni(p-H,N-
CsH4COO),.2H,0, were obtained by slow addition of a solution of sodium p-
aminobenzoate to a solution of NiSO,. After stirring at room temperature, a green
precipitate of the Ni(p-H,N-C¢H4COO),-2H,O (Fig. 1a) is obtained. The crystals of
the compound are monoclinic®'.

The complex compound formed by cadmium halides with p-aminobenzoic acid
have been synthesized and its properties was studied®. Crystals of bis-(p-amino-
benzoato)triaquocadmium, Cd(p-H,N-CcH4sCOO),-3H,0, were obtained by the reaction
of aqueous solutions of sodium p-aminobenzoate and CdCl, (Fig. 1b).
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Fig. 1b. Speculate structures of Cd(p-H,N-C¢H,COO),.3H,0 complex
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Gel electrophoresis study of the nickel(II) and cadmium(II) complexes
with cat genomic DNA: The p-aminobenzoate of the nickel(Il) and cadmium(II)
complexes was used as the source of sample. Ni(H,N-C¢H,COO),-2H,O and
Cd(H,N-CsH4COO),-3H,0 complexes solutions were prepared in MilliQ water and
were sterilized by passing through millipore filter. Solution of genomic DNA in the
buffer containing of 1 mM ¢ris-HCl at pH 7.1, 1 mM NaCl and 1 mM EDTA was
used. Adequate amount of solution of the nickel(Il) and cadmium(Il) complexes
were added to 1 mL of genomic DNA and all the volume was made up to 25 mL by
adding MilliQ water in the order that the concentrations of nickel(II) and cadmium(II)
complexes changed from 0.0-12 mM while that of DNA remained unchanged at
0.50 mg/mL. After the mixtures were incubated at 37 °C for 6 h, the reaction was
rapidly cooled to 0 °C.

Gel electrophoresis: Agarose gel (1.5 %, w/v) in TBE buffer, pH 7.1 consisting
of 0.50 mg/mL ethidium bromide was prepared. Afterward, 15 mL of each of the
incubated nickel(Il), cadmium(II) complexes and DNA mixtures containing loading
dye was added to on the gel and the electrophoresis was performed under TBE
buffer system at 100 V for 3 h. At the end of electrophoresis experiment, the gel
was visualized under UV the bio-rad trans illuminator. In the end the gel was photo-
graphed with a polaroid camera®*'.

Physical measurements: Viscosity measurement of the complexes were carried
out on a Ubbelodhe viscometer, put in a thermostatic water bath at 30 °C. About
200 base pair genomic DNA samples with average length were prepared in order to
minimize complexities arising from DNA flexibility. The time of flow was determined
using a digital stopwatch. Each sample was measured three times. The results were
presented as (1)/1o)"” versus the concentration of the Ni(Il) and Cd(II) complexes,
where 1 represents the viscosity of DNA in the presence of the complexes, Mo
represents the viscosity of DNA alone®.

Absorption spectra were performed on a Shimadzu UV-vis spectrophotometer
using corvettes of 1 cm path length. Absorption spectral measurements were conducted
by using DNA stock solutions interacted with the Ni(II) and Cd(ll) complexes. For
the gel electrophoresis experiments, the cat genomic DNA was interacted with the
Ni(II) and Cd(II) complexes in 45 mM tris-HCI, 18 mM NaCl buffer, pH 7.1 and
the solutions were incubated for 6 h in the dark at room temperature.

RESULTS AND DISCUSSION

In this study genomic DNA was used to carry out the gel electrophoresis for the
Ni(H,N-CsH4COO),-2H,0 and Cd(H,N-CsH.COO),-3H,0 complexes. For Ni(H,N-
CsH4COO),-2H,0, form I and form II bands of the DNA were observed. When the
concentration of Ni(H.N-C¢H4COO),-2H,0 complex was 12 mM, the interaction
between the DNA and the nickel(I) complex was observed. Mobility of the band-
I was decreased and visibility of band was a little faint compared to that of the
untreated DNA (C) (Fig. 2). When the concentration of Ni(H,N-C¢H,COO),-2H,0
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complex was 2 mM, the band (2) was observed to be faint compared to untreated
DNA band (C). When 0.2 mM small amount of Ni(H,N-CsH4sCOO),-2H,O complex
was added into the DNA sample, it was observed that the complex leaded to change
in the mobility and intensity of the form I band (3) as compared to that observed in
the untreated DNA (C), but it was found that the band (3) of the mixture was a little
bright. Therefore, it can be said that the observed changes in the DNA bands in the
presence of Ni(H,N-CsH4sCOQ),-2H,0 complex is a evidence of interaction between
DNA and the complex. As a result the band (1) showed that the relative intensities
and mobility of the band (1) was almost appeared to change when the concentration
of the complex was increased (Fig. 2). It can be concluded that the complex interacts
with genomic DNA.

Cahaw2 3

Fig. 2. Agarose gel electrophoresis diagram of cat genomic DNA-Ni(H,N-CsH,COO),:
2H,0 complex. Lane C: untreated cat genomic DNA, lanes 1-3: DNA + nickel(I)
complex in the concentrations of 12, 2, 0.2 mM, respectively

As for the interaction of Cd(H,N-CsH4sCOO),-3H,O complex with genomic
DNA, the DNA was incubated with cadmium(II) complex under the same reaction
condition. The reaction was carried out to observe the effect of the complex on the
DNA by using gel electrophoresis in the same way for the cadmium(II) complex.
When 12 mM of Cd(H,N-CsHsCOO),-3H,O complex was treated with genomic
DNA, the interaction between the DNA and the complex was observed. The band
(C) is untreated genomic DNA. It was observed that no change occurred in mobility
and intensity of the band (C). When the concentration of cadmium (II) complex
was increased to 12 mM, it was found that the band (1) was visible, and slightly
faint as compared to the band (C) of the untreated DNA. Mobility and intensity of
the band (1) stayed almost unchanged (Fig. 3). When the concentration of Cd(H>N-
CsH4COO0),-3H,0 complex was 2 mM, the band (2) was observed to be very bright
as compared to the band (C) of untreated DNA and the band (2). Also the size of
band (2) was greater than those of other bands. When 0.2 mM small amount of
Cd(HoN-CsH4COO),-:3H,O complex was added, it was found that no significant
change in the mobility and intensity of the form I band (3) as compared to that
observed in the band (3). However, it was found that its mobility and intensity of
the band decreased and the band (3) appeared brighter than those of untreated DNA
and the band (1). Hence, it can be said that the observed changes in the DNA bands
in the presence of Cd(H,N-C¢H4COO),-3H,O complex is a proof of interaction
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between DNA and the complex. It can be concluded that the complex interacts with
genomic DNA.

c 1 2 3

Fig. 3. Agarose gel electrophoresis diagram of cat genomic DNA-Cd(H,N-CsH4,COO),:
3H,0 complex. Lane C: untreated cat genomic DNA, lanes 1-3: DNA + cadmium(II)
complex in the concentrations of 12, 2 and 0.2 mM, respectively

The interactions of Ni(H,N-C¢H,COO),-2H,0 and Cd(H,N-CsH,COO),-3H,O
with DNA were studied through the electronic spectra and viscosity measurements
to assess their binding properties™. Electronic absorption spectroscopy was an efficient
method in investigating the interaction with DNA®. The absorption spectra studies
of Ni(H.N-CsH4COO),-2H,0 and Cd(H,N-CsH4sCOO),-3H,O complexes are shown
in Fig. 4a. It is seen that the addition of genomic DNA to the solutions of two
complexes at the molar ratio of DNA/complexes varied from 0-10 and it caused
hypochromism and bathochromism shifts***’. The absorption band of Ni(H,N-
C¢H,COO),-2H,0 was observed about 385 nm and the band of Cd(H,N-
C¢H4COO0),-3H,0 was appeared around 300 nm. The results show that Ni(H>N-
CsH4COO0),-2H,0 and Cd(H.N-CsH.sCOO),-3H,O complexes interact with DNA,
and the complexes bind to DNA by intercalation mode which can stabilize the
DNA27,28‘

0.7




1714 Arslantas et al. Asian J. Chem.

(b)
Fig. 4a. Absorption spectrums of (a) Ni(H,N-C¢HsCOO),-2H,0 and (b) Cd(H,N-CsH4sCOO),-
3H,0 in the presence of increasing concentration of genomic DNA, [DNA] = 0-50
mM. The arrows show the absorbance changes when increasing DNA concen-

tration

The obtained data indicate that these two complexes interact with genomic
DNA. The data suggest that the complexes go into an inner site of the DNA. It can
be reported that the relative binding constants of Ni(H.N-CsH.COO),-2H,O and
Cd(H,N-C¢H,CO0),-3H,0 are 5.2 x 10°-2.49 x 10° M, respectively (Fig. 4b).
These binding constants results show that binding strength of Ni(H.N-
CsH4COO),-2H,0 is stronger than that of Cd(H,N-CsH4COO),-3H,0.
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Fig. 4b. Plots of [DNA]/(ea-ef) vs. [DNA] for the titrations of DNA with of (a) Ni(H,N-
C6H4COO)22H20 and (b) Cd(HzN-C6H4COO)23H20 Complexes
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In addition to above the studies, viscosity measurements were also conducted
to ensure the interactions between the Ni(H,N-CsH,COO),-2H,O and Cd(H,N-
CsH1COO),-:3H,0 complexes and the DNA. Physical measurement studies give
necessary data, but it is not effective enough to explain binding between the comp-
lexes and the DNA. The impacts of the Ni(H,N-CsHsCOO),-2H,O and Cd(H,N-
CsH4COO),-3H,0 complexes on the viscosity of DNA at 30 °C are shown in Fig. 5. The
viscosities of the DNA increase with increasing amounts of the Ni(H.N-CsH,COO),-
2H,0 and Cd(H,N-CsH4COO),-:3H,O complexes. This type of behaviour which
increases the relative specific viscosity for the lengthening of the DNA double
helix resulting from intercalation. Viscosity experimental data show that the comp-
lexes can intercalate between DNA base pairs and thus this increases the viscosity of
DNA?_ The Ni(H,N-C¢H4,COO),-2H,0 can intercalate more than that of Cd(H,N-
CsH4COO0),-3H,0.
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Fig. 5. Effect of increasing concentration of Ni(H,N-CsH,COO),-2H,O (@) (a) on the
relative (A ) viscosity of cat genomic DNA at 30 °C and Cd(H.N-C¢H4sCOO),-3H,O
(#) (b) on the relative (A) viscosity of genomic DNA at 30 °C

Conclusion

The interaction of genomic DNA with p-aminobenzoate ligand of the nickel(II)
and cadmium(II) complexes was investigated using gel electrophoresis, absorption
spectra and viscosity measurements. The measurements show that the Ni(H,N-
CsH4COO),-2H,0 and Cd(H,N-CsH,COO),-3H,0O complex interact with the DNA, but
Ni(H,N-CsH4COO),-2H,0 complex can more strongly interact with the DNA than
that of Cd(H.N-CsH4COO),-3H,0O complex. The interaction takes place by an inter-
calation mechanism. DNA-binding affinities of Ni(H,N-C¢H4COO),-2H,0 are higher
than Cd(HzN-C6H4COO)2'3H20.
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