Int. J. Mol. Sci2006, 7, 111-118
International Journal of

M olecular Sciences
| SSN 1422-0067
© 2006 by MDP!I

www.mdpi.org/ijms/

Studies on the Interaction between Zinc-Hydr oxybenzoite
Complex and Genomic DNA

Ali Arslantas™*, A. Kadir Devrim 2, Neceti Kaya and Hacali Necefoglu

1 Department of Chemistry, Faculty of Arts and 8ces, Kafkas University, 36300 Kars, Turkey
E-mail: arsoz33@gmail.com

2 Department of Biochemistry, Faculty of Veterindgdicine, Kafkas University, Kars, Turkey
E-mail: akdevrim@hotmail.com

3 Department of Biochemistry, Faculty of Veterindgdicine, Kafkas University, Kars, Turkey
E-mail: nkaya@hotmail.com

4 Department of Chemistry, Faculty of Arts and 8ces, Kafkas University, 36300 Kars, Turkey
E-mail: hnecefoglu@hotmail.com

* Author to whom correspondence should be addredsedail address: arsoz33@gmail.com (A.
Arslantas)

Received: 14 November 2005, in Revised Form: 2 Ma006 / Accepted: 20 March 2006 /
Published: 7 April 2006

Abstract: Zinc-Hydroxybenzoite ([Zn (kD)g] (p-HO-GH4COO)%L2H,0) complex which was
synthesized and characterized by instrumental ndstlamd the DNA samples which had
been isolated from cattle were allowed to inteetc87 °C for different time periods. The
interaction of genomic DNA with this complex hasebefollowed by agarose gel
electrophoresis at 50 V for 2 h. When DNA samplesenallowed to interact with this metal
complex, it was found that band intensities changik the concentrations of the complex.
In the result of interaction between this complexd agenomic DNA samples, it was
determined that the intensities of bands were abduag the different concentrations of the
complex. The brightness of the bands was increasetl mobility of the bands was
decreased, indicating the occurrence of increasedlent binding of the metal complex
with DNA. In this study it was concluded that tti@mage effect of ascorbate was reduced
by Zinc-Hydroxybenzoite.
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1. Introduction

The role of zinc in a wide range of cellular praes including cell proliferation, reproduction,
immune function and defense against free radibals,been well established [1,2]. Zinc is considere
the most abundant trace intracellular element,thede exists increasing evidence that zinc plays an
important role in both genetic stability and fuocti[3]. In vitro, significant amounts of zinc are
incorporated in the nuclei [4]. It is clear thatechanistically, zinc has a significant impact onAak
a component of chromatin structure, DNA replicatsord transcription and DNA repair [5]. Zinc is a
component of more than 3000 zinc-associated trgmiger factors, including DNA-binding proteins
with zinc fingers, and more than 300 enzymes, olioly copper/zinc superoxide dismutase
(CuznSOD) and several proteins involved in DNA iep@-8]. Thus, zinc plays an important role in
protecting cellular components from oxidation aathdge to DNA [8].

Of those studies, the interaction of transition aheomplexes, containing multidentate aromatic
ligands, with DNA has gained much attention, owiagheir possible applications as new therapeutic
agents and their photochemical properties that nitaken potential probes of DNA structure and
conformation [9-14]. Basically, metal complexeseract with double helix DNA in either non-
covalent or covalent way. The former way includese¢ binding modes, i.e., intercalation, groove
binding and external static electronic effects. Aigpdhese interactions, intercalation is one ofrtiuest
important DNA binding modes. It was reported the intercalating ability appeared to increase with
the planarity of ligands [15, 16]. Additionally,elcoordination geometry and ligand donor atom type
also plays key roles in determining the bindingeexbf complexes to DNA [17, 18, 20, 21].

In this paper, we choose to concentrate our workamnplex of [Zn(H0)g](p-HO-CsH4,COO)-2H,0
([Zinc(I)(hexaaqua)]bis(para-hydroxybenzoiate)) igbh possesses interesting characteristics and
DNA cleaving properties, but have not received ashmattention as the Ru(ll) systems [12]. The aim
of the present study was to determine the effedtzinc-Hydroxybenzoite([Zn(H20)e](p-HO-
CsH4COO)-2H,0) complex on DNA. Specifically we investigated tinéeraction between the metal
complex and DNA (genomic DNA) by gel electrophosesi

2. Resultsand Discussion
2.1 Interaction between [ZngB)g] (p-HO-CsH,COO). 2H,0 complex and genomic DNA

We examined the effect of increasing concentratibZinc-Hydroxybenzoite, [Zn(kD)s](p-HO-
CsH4COO)-2H0, at pH 7.4 on genomic DNA. The changes in both sitgnmobility, and other
small fragments were monitored by agarose gelrelglcbresis. Genomic DNA originally appeared as
a bright streaking band at pH 7.4 (Fig. 1), indiogtthat the molecular mass of the DNA covered a
wide range of values. When it was allowed to intewaith [Zn(H.0)e](p-HO-CsH4COO)-2H,0 at pH
7.4, it was found that although the unreacted DNWdwas not very bright, there was a pronounced
increase in intensity of the band for most of tbaaentration of [Zn(kD)e](p-HO-CsH,COO)-2H,0.

Gel electrophoresis of unreacted genomic DNA a7pHgave two bands corresponding to supercoiled
Form | and singly-nicked Form Il (Fig. 1a) with tHeorm | band being not more prominent.
Electrophoretic mobility of the bands was foundrtorease slightly with the increase in concentratio
of [Zn(H20)6](p-HO-CsH4,COO)-2H,0. The increase in mobility could be due to a cleang
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conformation of the DNA. The concentrations of tmetal complex were varied from 0.1, 1 and
10mM. The actual changes in intensity of the bamd#h the increase in concentration of
[Zn(H20)6](p-HO-CsH4,COO)-2H0 were as follows. First, it was found that (as ire tbase of
unreacted DNA), the band at 0.1mM [Zn (] (p-HO-CsH,COO)-2H,0 concentration was less
brighter than untreated DNA (Fig. 1a). The otheo bands at next higher concentrations 1mM and
10mM had much more brightness compared to the l@eecentration and untreated DNA (Fig.1a).
The electrophoretic mobility of the band was fouledincrease slightly as the concentrations of
[Zn(H20)6](p-HO-CsH4COO),-2H:0 was increased from 0.1, 1, and 10mM (Fig.1) [7]. amined
effect of incubating time period on the interactiogtween the complex and DNA. In the same way,
the mixtures were incubated for 12 h following whitie reaction was stopped by rapid cooling to O
°C. we found that untreated DNA band was brigher€&twas a pronounced decrease in intensity of the
band for most of the concentration of [Za(h](p-HO-CsH4,COO)-2H,0. The band at 10mM
[Zn(H20)6](p-HO-CsH4COO)-2H,0 concentration was faint than untreated DNA (Fig. Tde other
two bands at next lower concentrations 0.1 and Imahflalso faint bands compared to untreated DNA
(Fig. 1c). The electrophoretic mobility of the bamds found to increase slightly as the concentatio
of [Zn(H20)s](p-HO-CsH,COQO)-2H,0.

When genomic DNA was allowed to interact with zlgdroxybenzoite complex in presence of
ascorbate, the intensity of the band was founcetoahse slightly as the concentration of the coxple
was increased (Fig.1b). In the case of Lane 1 {lbigshows that intensity of the band is found to
decrease and also the mobility of band is decre&aahpared to lane2, lane3, and lane4 the increase
in mobility could be due to a change in conformaitid the DNA. As the concentration of the complex
was increased, the mobility of the band increasigtitty over the concentration range from 1, and 10
mM. The decrease in intensity and the increasdecirephoretic mobility suggest a reduction in the
size of the DNA molecule due to its partial cleadgr short term incubation time period and except
untreated DNA, all bands were disappeared for [mrgpd incubation 12 h (Fig. 1d). The results show
that [Zn(H:0)e](p-HO-CsH4COO)-2H,0 in the presence of ascorbate are somewhat monag#ato
genomic DNA.

In addition to the above study, the binding of Ziydroxybenzoite with genomic DNA was
examined. Absorption titration can monitor the ratgion of a metal complex and DNA. In general,
complex bound to DNA through intercalation usuatigults in hypochromism and red shift, due to the
strong stacking interaction between aromatic chyamooe of the complex and the base pairs of DNA
[23]. The absorption spectra of the complex indheence and presence of DNA are illustrated in Fig.
2. The electronic absorption spectra of the compke similar in shape to that of Zinc-
Hydroxybenzoite, [Zn(kD)s](p-HO-CsH4,COO)-2H,0. In the UV region, the intense absorption bands
observed in the Zn (Il) complex are attributedrtyaligand pp* transition of the coordinated groups
[23]. With increasing DNA concentration, the hypominism increases and is accompanied by a red
shift in the UV (UV-visible) band of the complexa brder to compare quantitatively the binding
strength of the three concentrations of the complex intrinsic binding constants Kb of them with
DNA were obtained by monitoring the changes in disace at 271, 273 and 268 nm for complex
with increasing concentration of DNA [23]. The in8ic binding constants Kb of complex can be
obtained from the decay of the absorbance. In génarplanar extension of the intercalative ligand



Int. J. Mol. Sci2006, 7 114

would increase the strength of the interaction fg tomplex with DNA [23]. This significant
difference in DNA binding affinity of complex carelunderstood as a result of the fact that the digan

display a more planar [23].

lanel lane2 lane3 lane lanel lane2 lane3 lane:

(b)

lanel lane2 lane3

lanel lane2 lane3 lane4

(©) (d)

Figurel. (a) Interaction between [ZngBle](p-HO-CsH4COO)-2H,0 and genomic DNA in TAE
buffer at pH 7.4 in air, and incubating for 3 hnkad: untreated genomic DNA (100 ng); lanes 1-3:
DNA + [Zn(H20)s](p-HO-CsH4COO)-2H0 with 0.1, 1, and 10mM, respectively. (b) Int¢iac
between [Zn (HD)g] (p-HO-CGH4COO). 2H,0 and genomic DNA in presence of ascorbate in TAE
buffer at pH 7.4 in air, and incubating for 3 lanle 4: untreated genomic DNA (100 ng); lanes 1-3:
DNA + [Zn(H20)s](p HOGH4COO)-2H,0 with 0.1, 1, and10mM, respectively. (c) Interawti
between [Zn(HO)s](p-HOCsH4COO)-2H,0 and genomic DNA in TAE buffer at pH 7.4 in ainda
incubating for 12 h. Lane 1: untreated genomic DINIBO ng); lanes 2-4: DNA + [Zn{@8)s](p-HO-
CsH4COO)-2H:0 with 0.1, 1, and 10mM, respectively. (d) Inteiactbetween [Zn(kD)s](p-HO-
CsH4COO)-2H,0 and genomic DNA in presence of ascorbate in TAfeb at pH 7.4 in air, and
incubating for 12 h. Lane 1: untreated genomic DB0 ng); lanes 2-4: DNA + [Zn{@8)s](p-HO-
CsH4COO)-2H,0 with 0.1, 1, and10mM, respectively.
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Figure 2. Absorption spectra of Zinc-Hydroxybenzoite comp(&® M) in the absence (top) and
presence of genomic DNA (0.1uM, 1uM, and 10uM).ori(thick) shows that the absorbance
changes upon increasing DNA concentrations.

2.2 Conclusion

When genomic DNA were allowed to interact with Zidgdroxybenzoite, [Zn(kD)s](p-HO-
CsH4COO)-2H,0, complex, it was found that the metal complenseal repairing to DNA. The
results suggest that covalent binding of the mebtahplex caused a change in the conformation of
genomic DNA such that more of ethidium bromide rioé¢ated and hence an increase in intensity of
the band was generally observed. The decreas¢emsity of the band is believed to one or bothhef t
following two reasons: (1) a change in conformatadnthe DNA due to its binding with the metal
complex such that less ethidium bromide can intateavithin DNA and (2) some damage to DNA
brought about by its covalent binding with the rhetamplex. The authors suggested that the strong
binding was to N7 positions of guanine whereaswbeak binding was due to the cooperatvity of the
transition of DNA to a new double-helical conforimat[24]. The results described in this study show
that changing the ligand environment can modulaebinding property of the complex with DNA.

3. Experimental Section
3.1 Materials

Peripheral blood samples (6-9 ml) were collected EDTA-tubes from cattle. DNA samples were
isolated from the leukocytes by commercial kit (MBérmantas-Genomic DNA Purification Kit
#K0512, USA) using the salting out DNA extractioretirod. Isolated DNA concentrations were
measured spectrophotometrically (Spectranfiis 384, Molecular Devices, USA) and DNA samples
were concentrated at 100 ng/ul prior to proceslscddhmon chemicals, solvents were purchased from
Aldrich and Sigma.
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3.2 Synthesis

[Zn(H20)6](p-HO-CsH4COO)-2H:0, ([Zn(Il)(hexaaqua)]bis(para-hydroxybenzoiateyditate), was
synthesized according to literature [22].

3.3 Methods

3.3.1 [Zn(H0)g](p-HO-CsH4COO):2H,0 Genomic DNA Binding

For these series of experiments, [Zs{}](p-HO-CsH,COO)-2H0, were used as the source of
reactive. The complex solutions were prepared itiQMivater and were sterilized by passing through
a Millipore filter. The pH of the solutions was adfed to 7.4 by adding slowly NaOH solution.
Solution of genomic DNA in the buffer consisting ohM Tris-HCI at pH 7.5, 1mM NaCl and 1mM
EDTA were used [24]. Appropriate volume of the céempvas added to 5ul of genomic DNA and the
total volume was made up to 100 pl by adding MiNi@ter so that the concentration of the complex
ranged from 0.1, 1, and 10 mM while that of DNA ened unchanged in terms of nucleotide. The
mixtures were then incubated at 37 °C for 3 h &l &nd the reaction was quenched by rapid cooling
to 0 °C. At the end of incubation, 6ul of loadinged(0.25% bromophenol blue in 40% sucrose
solution) was added to the mixtures.

3.3.2 Gel Electrophoresis

Gel electrophoresis of genomic DNA was carried with 100 pl reaction mixture. Agarose gel
(1.5% w/v) in TBE buffer (45mM Tris, (Tris (hydroryethyl) aminomethane), 45mM boric acid, and
1mM EDTA, pH 8.0) containing 0.5 phiof ethidium bromide were prepared. Then, 15 pgadh of
the incubated the complexes-DNA mixtures was loautedo the gel and electrophoresis was carried
out under TBE buffer system at 50 V for 1 h. A tend of electrophoresis the gel was visualized
under UV light using a Bio-Rad Trans illuminatoheTilluminated gel was photographed by using a
Polaroid Camera (a red filter and Polaroid typélof was used) [24].

3.3.3 Interaction between [Zn{B)s](p-HO-CsH4,COO)-2H,0 complex and genomic DNA

Genomic DNAs were allowed to interact with Zinc-Hyggybenzoite, [Zn(KHD)s](p-HO-
CsH4COO)-2H:0, complex. In order to compare the effect of intaoacbf the metal complex between
genomic DNA, two sets of electrophoretic assay weagied out. Zinc-Hydroxybenzoite was also
allowed to react with genomic DNA in the presentasxorbate, followed by electrophoretic assay of
DNA as described earlier. The mixture with pH athdsto7.4 by adding 0.01M NaOH were left
standing overnight at room temperature. Appropnaikimes of the mixture were added to 1ul of
genomic DNA so that the concentration of the complas varied from 0.1, 1, and 10mM. The
mixtures were incubated for 3 h and 12 h followivigich the reaction was stopped by rapid cooling to
0°C. At the end of incubation the mixtures weretetgphorsed as described earlier.
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