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A zinc complex with p-aminobenzoate [Zn(p-H2NC6H4

COO)2(H2O)4]n·1.5nH2O has been synthesized. The inter-

action of the complex with genomic DNA was investigated

by viscosity measurements and spectrometric methods. The

experimental results indicated that complex bound to DNA

by intercalative mode via the ligand. In this study, DNA breaking

activity of the compound have also been examined through

an agarose gel electrophoresis experiment using genomic

DNA. The result showed that no DNA breakings took place.

The electrophoretic mobility of the bands was observed to

decrease slightly as the concentrations of ZnPAB were increa-

sed from 0.065 to 0.65 and 65 mM. The change in mobility

could be due to a change in conformation of the DNA.

Key Words: DNA-Metal interaction, Goose genomic DNA,
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INTRODUCTION

The many biological experiments conducted so far recommends that

DNA is the primary intracellular target of anticancer drugs because the

interaction between DNA and small molecules can cause DNA damage in

cancer cells, preventing the division of cancer cells and resulting in cell

death1-3. These studies, the interaction of transition metal complexes, having

multidentate aromatic ligands, with DNA has gained much attention,

because of their possible applications as new therapeutic drugs and their

properties of photochemical that make them potential research of DNA

structure and conformation4-9. It is necessary to understand the binding

properties in developing new potential DNA targeting antitumor drugs.

Basically, metal complexes interact with double helix DNA to make non-
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covalent or covalent way. There are three binding modes, such as inter-

calation, groove binding and external static electronic effects. DNA binding

modes are one of the most significant among these interactions, intercalation.

It was noted that the intercalating ability appeared to increase with the

planarity of ligands10,11. Additionally, the coordination geometry and ligand

donor atom type also play key roles in determining the binding extent of

complexes to DNA12,13. The metal ion type and its flexible valence, which

are responsible for the geometry of complexes, also affect the intercalating

ability of metal complexes to DNA14,15.

The role of zinc in a wide range of cellular processes, including cell

proliferation, reproduction, immune function and defense against free radicals,

has been well established16,17. Zinc is thought the most plenty trace intra-

cellular element and there exists increasing evidence that zinc plays an

important role in both genetic stability and function18. in vitro, significant

amounts of zinc are incorporated in the nuclei19. It is clear that mechanistically,

zinc has a considerable impact on DNA as component of DNA replication

and transcription and DNA repair20-22. Recently, the ligand based on p-amino-

benzoate and its metal complex has been synthesized. However, to our best

knowledge, there are no reports on its biological activities and interactions

with DNA. In this paper, the binding behaviours of  the complex [Zn(p-

H2NC6H4 COO)2(H2O)4]n·1.5nH2O, bis(p-aminobenzoato)zinc (ZnPAB),

with goose genomic DNA were studied by viscosity measurements, spectro-

photometric and electrophoresis measurements.

EXPERIMENTAL

Zinc sulfate and p-aminobenzoate (PAB) were commercially available

and used without further purification. Goose genomic DNA was obtained

from Department of Biochemistry, Faculty of Veterinary Medicine, Kafkas

University, Kars, Turkey. Tris[hydroxymethyl]aminomethane (TRIS) and

TAE buffers, ethidium bromide and agarose were purchased from Aldrich

and Sigma.

Viscosity experiments were conducted using an Ubbelodhe viscometer

maintained at a constant temperature at of 29 °C in a thermostatic bath23. A

digital stopwatch was used to measure six times the flow time and each

sample was measured six times and an average flow time was calculated.

Data were presented as (η/η0)
1/3 versus binding ratio24, where η is the visco-

sity of DNA in the presence of complex and η0 is the viscosity of DNA

alone25. UV-Vis spectra of the complex was studied in a Heyλios Range of

UV-Visible spectrophotometer. For the absorption spectra, an equal solu-

tion of DNA was added to both complex solution and standard solution to

prevent the absorbance of DNA itself. UV measurements were conducted

on a Heyλios UV/Vis spectrometer with quartz cuvettes.
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For the gel electrophoresis experiments, goose genomic DNA was

reacted with Zn(II) complex in 50 mM Tris-HCl, 20 mM NaCl buffer, pH

7.2. Agarose gel (1.5 % w/v) in TBE buffer (45 mM Tris, 45 mM boric acid

and 1 mM EDTA, pH 7.2) containing 0.5 µ mL-1 of ethidium bromide was

prepared. Then, 15 µL of each of the incubated the complex-DNA mixtures

was loaded on the gel and electrophoresis was carried out under TBE buffer

system at 50 V for 24 h. At the end of electrophoresis, the gel was visualized

under UV light using a Bio-Rad Trans illuminator. The illuminated gel

was photographed by using a polaroid Camera (a red fitler and Polaroid

type of film was used)26.

Synthesis of [Zn(p-H2NC6H4COO)2(H2O)4]n·1.5nH2O, bis-(p-amino-

benzoato)zinc:  [Zn(p-H2NC6H4COO)2(H2O)4]n·1.5nH2O complex was

synthesized according to the reported procedure27. The hydrate of ZnPAB

(bis-(p-aminobenzoato)zinc) was obtained by adding a hot dilute aqueous

solution of the sodium salt of p-aminobenzoate (PABA) to a dilute solution

of zinc sulfate. After filteration, the pale-yellow solution was left to stand

for several days, after which pale-yellow crystals formed. The crystals were

separated and dried in a desiccator over anhydrous CaCl2 at room temperature27.

DNA samples were dissolved in aqueous solution and all the experi-

ments involving the interaction of compound with goose genomic DNA

were conducted in 50 mM Tris-HCl, 20 mM NaCl buffer, pH 7.2. Agarose

gel (1.5 % w/v) in TBE buffer (45 mM Tris, 45 mM boric acid and 1 mM

EDTA, pH 7.2). A solution of genomic DNA in this buffer gave, at 265 and

285 nm, ratios of UV absorbance, presenting that the DNA was consider-

ably free of protein28. The solution of compound in the presence of DNA

were prepared. The changes in absorbance of DNA of an intra ligand (IL)

band upon each addition were monitored at the maximum wavelengths

285 and 335 nm for 65, 0.65 and 0.065 mM, respectively. The DNA concen-

tration per nucleotide was determined by absorption spectroscopy using

the molar absorption coefficient (6600 M-1 cm-1) at 260 nm29,30.

RESULTS AND DISCUSSION

The clarification of the interaction between the complex and DNA was

studied by viscosity measurements. Optical photophysical studies provide

necessary, but not enough, evidences to support a binding model. The measure-

ments of hydrodynamic that are sensitive to length change (such as, viscosity

and sedimentation) are considered as the least ambiguous and the most

critical tests of binding in solution in the absence of crystallographic structural

data25. A classical intercalation model ends up in lengthening the DNA

helix, as base pairs are splited to accommodate the binding ligand, leading

to the increase of DNA viscosity. The effects of [Zn(p-H2NC6H4COO)2(H2O)4]n·

1.5nH2O on the viscosity of DNA is shown in Fig. 1. When increasing the
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ratio of Zn(II) complex to DNA, [compound]/[DNA. ZnPAB can increase

the viscosity of DNA, which indicates that these compounds bound to DNA

by intercalation of the aromatic ring into the base pairs of DNA. This result

gives sign of an intercalative binding mode of the complex and also in

agreement with the pronounced hypochromism, bathochromism of the

complex in the presence of DNA25.

Fig. 1. Effect of increasing concentrations of [Zn(p-H2NC6H4COO)2(H2O)4]n·1.5nH2O

( ), on the relative viscosities of goose genomic DNA ( ), [DNA] = 0.5 mM,

at 29.0 (± 0.1) °C

In addition to the above study, the binding of zinc-aminobenzoate with

genomic DNA was examined. Absorption titration can monitor the inter-

action of a metal complex and DNA. In the UV-Visible region, absorption

bands appeared from 285 to 335 nm which are believed to charge transfer

transitions. In the UV region, the absorption band observed in the Zn(II)

complex are attributed to intraligand p-p* transition of the coordinated

groups31. Electronic absorption spectra are initially used to study the binding

of ZnPAB complex with genomic DNA. Addition of increasing concentrations

of the complex results in the obvious tendency of hyper-chromism and

blue shift of the absorption bands (Fig. 2). In general, complex bound to

DNA through intercalation usually results in hypochromism and red shift,

due to the strong stacking interaction between aromatic chromophore of

the complex and the base pairs of DNA. The absorption spectra of the

complex in the absence and presence of DNA are illustrated in Fig. 4. An

electrostatic interaction between ZnPAB complex and the DNA can be

predicted based on the hyperchromism exhibited and shift in absorbance

of the cobalt complex. Because our complex contains the p-aminobenzoate,

which is expected to be non-planar and possesses a smaller π-system than

a classical intercalative interaction is precluded31. However, the high hyper-

chromism effects observed suggest that van der Waals contacts between
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the groups of PAB of the complex. The coordination bond of DNA base

with zinc can take place through replacement of ligands in the complex31-33.

Fig. 2. UV spectra of [Zn(p-H2NC6H4COO)2(H2O)4]n·1.5nH2O complex in

the  absence (top) and presence of goose genomic DNA (0.065, 0.65

and 65 mM)

Gel electrophoresis study of [Zn(p-H2NC6H4COO)2(H2O)4]n· 1.5nH2O

complex supplies visualization of the interaction of DNA and ZnPAB com-

plex. The complex of genomic DNA with ZnPAB complex was contained

at different concentartions and agarose gel electrophoresis was subsequently

conducted. Representative gel images are illustrated in Fig. 3. In this study,

it was investigated the effect of increasing concentration of ZnPAB, at pH

7.2 on goose genomic DNA. The changes in both intensity, mobility and

other small fragments were monitored by agarose gel electrophoresis. Goose

genomic DNA originally appeared as bright streaking band at pH 7.2 (Fig. 3),

exhibiting that the molecular mass of the DNA covered a wide range of

values. When allowed to interact with ZnPAB at pH 7.2, it was found that

although the unreacted DNA band was not very bright, there was a prono-

unced increase in intensity of the band for most of the concentration of

ZnPAB. The concentrations of the metal complex were varied from 65,

0.65 and 0.065 mM. The actual changes in intensity of the bands with the

increase in concentration of ZnPAB were as follows. First, it was found

that (as in the case of unreacted DNA, lane 4), the band (lane1 at 0.065

mM ZnPAB concentration was less brighter than untreated DNA. The other

two bands (lane 2 and lane 3) at next higher concentrations 0.65 and 65

mM had much more brightness compared to the lower concentration and
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untreated DNA (Fig. 3). The electrophoretic mobility of the band was observed

to decrease slightly as the concentrations of ZnPAB were increased from

0.65 to 65 mM (Fig. 3). The change in mobility could be due to a change in

conformation of the DNA. While free DNA moves in the electricfield

toward the anode, making slow took place at above in the case of ZnPAB

complex. This work cleared that the cationic unit of the complex are neutr-

alizing the negative charges of DNA, thereby resulting in the formation of

stable complex. The binding between DNA and ZnPAB is considered to

take place mainly through electrostatic interactions among the participating

species. The ZnPAB-DNA complex is produced spontaneously resulting

from the formation of ion pairs between amino groups of p-aminobenzoate

and the phosphate groups of DNA. In order to prove the binding of the

zinc(II) complex to DNA, a gel retardation experiment was conducted on

DNA (Fig. 3). The interaction of DNA-ZnPAB, in this work the transportation

of the DNA band is made slow as the concentration of zinc(II) complex is

increased as well. This clearly proves that the ZnPAB complex neutralizing

the negative charges of DNA which could be made easy further because of

the increase of p-aminobenzoate groups of ZnPAB complex.

      1             2             3            4

Fig. 3. Interaction between [Zn(p-H2NC6H4COO)2(H2O)4]n·1.5nH2O and goose

genomic DNA in TAE buffer at pH 7.24 in air and incubating for 24 h.

Lane 4: untreated goose genomic DNA (100 ng); lanes 1-3: DNA + [Zn(p-

H2NC6H4COO)2(H2O)4]n·1.5nH2O with 0.065, 0.65 and 65 mM, respec-

tively

Conclusion

There is an interaction between DNA and the ZnPAB complex as

indicated by the UV spectra.The specrophometric and viscosity studies

support an intercalative binding model between the complex and goose

genomic DNA. The intercalation generally ends in enforceing of the DNA

helix as base pairs are separated to accommodate the binding ligand, then

leading to an increase of DNA viscosity. When the concentration of the

zinc(II) complex was increased, the relative viscosity of DNA increases

with increasing in the concentration of the zinc(II) complex.
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