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Abstract

The binding study of [Ru(phen)s]?* (phen = 1,10-phenanthroline) complex on DNA
isolated from strawberry extract has been investigated by UV-Visible absorption spectral
studies. The complex [Ru(phen)s]?* shows a ligand centred (LC) and metal to ligand charge
transfer (MLCT) absorption peak at 262 and 450 nm in aqueous medium. The absorption
spectrum of DNA isolated from strawberry shows a high energy peak at 230 nm and a
shoulderpeak at 275 nm. The absorption spectrum of the DNA with the incremental
addition of [Ru(phen)s]?* complex display hyperchromic and bathochromic shifts this
indicates that the complex interact with the DNA through intercalative and electrostatic
modes of binding. The binding constant (Ky) of this complex with the DNA isolated from
strawberry extract is determined from the Benesi-Hildebrand plot and is found to be 3.3 x
10® M for LC region and 5.3 x 10’ M for MLCT region. The obtained results reveal that
the complex bind strongly withthe DNA in the MLCT region than that of the LC region.
The Ky depends on the purity of the DNA and the ligands present in the complex.
Keywords: [Ru(phen)s]>* complex, Strawberry DNA, Binding Constant, Intercalative

interaction, Electrostatic interaction.

1. Introduction

DNA has received attention in the interaction of transition metal polypyridyl
complexesas DNA secondary structural probes and photocleavage reagents. Ruthenium(ll)
complexes due to the strong DNA-binding and potential anticancer activity currently focus
on the DNA binding extensively as the material of inherence and control for the structure
and functions of the cells [1-3]. Ru(ll)-ploypyridyl complexes undergo binding with DNA,
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RNA and proteins and act as therapeutic agents [4]. The higher coordination number of
ruthenium and its redox properties play an important role in the transport mechanisms of
the drug in the body, as well as in the interaction between the drug and several different

biologically relevant proteins.

Ruthenium metal co-ordinated with polypyridyl ligand such as phen, acts as
chelating agent for metal complexes which exhibit metal-to-ligand charge transfer (MLCT)
and ligand- to-metal charge transfer (LMCT) transitions in the complex [5]. In order to
understand the roleof Ru(ll) complex with DNA, the present study focuses on the binding
of [Ru(phen)s]?* complex with the DNA isolated from strawberry extract. The binding of
[Ru(phen)s]?* complex with the DNA isolated from strawberry extract leads to better
binding property which plays a way for applicability in various medicinal and biological
field.

2. Materials and Methods

Materials

RuCls.3H20 and phen were purchased from Sigma-Aldrich. Analytical grade
solventswere used for the synthesis of the complex. Double distilled deionized water was
used as a solvent for the binding studies.

Synthesis of [Ru(phen)3]CI2 Complex

RuCls. 3H20 (0.5 g) and phen (0.76 g) were treated with 25 mL of ethanol and was
refluxed for 20 h. The red orange complex formed was remained in the ethanol solution.
The product was filtered, washed with cold water and diethyl ether and further dried in a
vacuum desiccator. The complex was purified by column chromatography using silica gel
as the adsorbent and n-propanol as eluent and on subsequent evaporation to recover the
complex.

Extraction of DNA from Strawberry Extract

The strawberry fruit was mashed in a zipper bag. The extraction buffer was prepared
inin a 100 mL beaker by adding liquid soap and salt in 50 mL of water. The extraction buffer
wasadded into the strawberry extracts and kept aside for 5 minutes. The content was

transferred into a 100 mL beaker, 10 mL of ice-cold ethanol was added into it and allowed
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to stand for 5 minutes. The DNA of strawberry was separated as white strands. The isolated
DNA from the extract was collected and used as such for the binding study.

Equipment

The absorption spectral measurements of the [Ru(phen)s]>* complex and the binding
studies of the synthesised complex with the DNA isolated from strawberry extract were
carriedout using Shimadzu UV-1800 spectrophotometer. All the spectral measurements
were carriedout at room temperature.

Determination of Purity and Quantity of Isolated DNA

The purity of the DNA isolated from strawberry extract was measured by
spectrophotometric methods. The absorbance of the isolated DNA was measured at 260
and 280 nm using UV-Visible spectrophotometer and its ratio (Azso/A2g80) Was calculated.
The DNAconcentration was calculated as:

Total DNA concentration (ng/uL) = Azeo x 50 ng/uLL x 100

Determination of Binding Constant

The binding of [Ru(phen)s]** complex with the isolated DNA at various
concentrations(5 x 107 - 3 x 10* M) in aqueous medium has been studied by absorption
spectral technique. The solutions for the binding studies were prepared by dissolving the
DNA and the complex indistilled water. The binding constant (Ks) of the [Ru(phen)s]?*
complex with the DNA isolatedfrom strawberry is determined from the Benesi-Hildebrand
equation using absorption intensitydata [6].

1/AA = 1/Kb Ae [H] + 1/A¢ [G]

where, [H] is the concentration of the host (sensitizer), [G] is the concentration of the guest
(quencher), AA is the change in the absorbance of the [H] on the addition of [G]. Ag is the
difference in the molar extinction coefficient between the free [H] and [H]-[G] complex.
The plot of 1/AA vs 1/[G] gives a straight line. The Ky can be obtained from the ratio of Y-

interceptto the slope of the straight line.
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3. Results and Discussion

The structure of the synthesized complex used in the present study is shown in Fig.
1. The absorption spectrum of [Ru(phen)s]** complex in aqueous medium shows a high
energy absorption in the region 262 nm corresponds to the ligand centered (LC) © - ©*
transition and the low energy absorption at 450 nm assigned to the dx - * metal to ligand
charge transfer (MLCT) transition (Fig. 2).

Fig. 1 Structure of [Ru(phen)s]?* complex
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Fig. 2 UV spectrum of [Ru(phen)s]?* complex

The DNA isolated from the strawberry extract is shown in Fig. 3. The absorption

spectrum of the strawberry DNA shows a high energy absorption in the region at 230 nm
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and shoulder peak at 275 nm and it does not show any peak in the MLCT region of the
synthesisedcomplex (Fig. 4). The purity and the concentration of the DNA isolated from
strawberry extractis found to be 1.5 and 450 ng/uL.

Strawberry

Fig. 3 DNA isolated from strawberry extract
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Fig. 4 UV spectrum of DNA isolated from strawberry

extract

The binding affinity of the complex is determined by the change in the absorbance

of the DNA with the incremental addition of the complex. The absorption spectrum of the
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isolated DNA of strawberry with the incremental addition of [Ru(phen)s]** complex in
aqueous medium shows an increase in the LC and MLCT absorption maximum, this
indicates the formation of ground state complex (Fig. 5). The ground-state interactions
between the complexwith the DNA are hydrophobic or m-stacking in nature [7]. To the
extent that 7 - 7 stacking interactions exist between the ligands of Ru(l1)-complexes and the
DNA, the binding becomesstronger. The Kj, of the [Ru(phen)s]?* complex with the isolated
DNA of strawberry is determined from the Benesi-Hildebrand plot (Fig. 6). The Ky of
[Ru(phen)s]?* complex with the DNA of strawberry at LC and MLCT region is found to be
3.3 x10° and 5.3 x10” M respectively. The obtained results reveal that the complex bind
strongly with the DNA in the MLCT region than that of LC region.
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Fig. 5 UV spectrum of DNA isolated from strawberry extract with the incremental
additionof [Ru(phen)s]?* complex
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Fig. 6 Benesi-Hildebrand plot of DNA isolated from strawberry with [Ru(phen)s]?*
complex The absorption spectra of the synthesised complex at different
concentrations on thestrawberry DNA display hyperchromic and bathochromic
shifts and this clearly picturizes thatthe complex interact with the DNA through
intercalative and electrostatic modes of binding. The intercalative interaction is
mainly due to the - stacking interaction between the aromatic ligands present in
the complex and the DNA base pairs. The cationic complex binds with theDNA
base pair through electrostatic interaction also. The hyperchromic shift is due to the
partial uncoiling of the helical structure of the DNA. The existence of hyperchromic
shift leadsto electrostatic binding between the positively charged complex and the
negatively chargedspecies of the phosphate backbone of the DNA double helical
structure at the peripheral region.

The binding of the [Ru(phen)s]** complex to the DNA base pair leads to breakage
in the DNA double helix and bind through intercalative and electrostatic modes which gives
betterbinding property [8]. The hydrogen bonding formation between the DNA base pairs
and also the van der Waals interactions between the complex and the base pairs of the DNA
leads to strong binding. This result is in accordance with the DNA binding studies of various
complexeswith hyperchromic shifts [9,10]. The results of the present investigation reveal
that the [Ru(phen)s]?* complex strongly binds with the strawberry DNA and the K, depends
on the purity of the DNA and the ligands present in the complex.

Conclusion

The DNA binding affinity of the synthesized [Ru(phen)s]>* complex on the
DNAisolated form strawberry extract has been investigated by absorption spectral
techniques. TheKy of [Ru(phen)s]?* complex with the DNA of strawberry at LC and MLCT
region is 3.3 x10%and 5.3 x10” M respectively. The Ky values clearly depict that the
synthesized complex showsstrong binding affinity towards strawberry DNA through
intercalative and electrostatic modesof binding. the Ky depends on the purity of the DNA

and the ligands present in the complex.
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