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ABSTRACT

Zinc is an essential trace element vital for mahysgiological functions. In the present study, DNAdmg and
cleavage activities of a novel Zn-flavonol comphas investigated. The interaction of the complek WIT-DNA
has been explored by absorption, emission, vigcasitl circular dichoric measurements. The compbexleted

hypochromicity in absorption and an increase indfie viscosity, which revealed that the complexiiwbto CT-
DNA through an intercalation mode. The calculatettinsic binding constant (§ was found to be 6.2 x 4™

The data revealed that the complex facilitates dleavage of super coiled pBR322 DNA (Form [) to ¢ipen
circular form (Form Il) and linear form (Form lllyia a hydrolytic pathway. Further, the synthesipenplexes
altered the intrinsic fluorescence of bovine seralipumin (BSA) through a static quenching with thieding

constants (K) of 1.6 x 16 M™* with a number of binding sites of 0.98.

Keywords: Zn-hydroxy flavone; DNA binding and cleavage; holgitic cleavage; Intercalation mode; BSA
binding.

Abbreviations

DNA Deoxyribose nucleic acid

CT Calf Thymus DNA

DMSO Dimethyl Sulphoxide

BSA Bovine Serum Albumin

Zn Zinc

Tris-HCI Tris(hydroxymethyl)aminomethane
EB Ethidium Bromide

Kl Pottassium lodide

NaN; Sodium azide

SOD Super oxide Dismutase

EDTA Ethylenediaminetetraacetic acid

INTRODUCTION

Discoveries in the field of inorganic and bio-inanjc chemistry pose a significant impact on modeamical
medicine. These discoveries have predominantly gaaein the form of either metal-containing diagimshaging
agents or metal-containing therapeutics [1]. Euezesthe landmark discovery of cisplatin, an argpat inorganic
drug, as a DNA reactive therapeutic agent, mucbrisfhave been devoted to the development of rnuatihum
drugs and elucidation of cellular responses to thenalleviate the dose limiting side effects asatead with
cisplatin in clinical use. These problems have alsampted chemists to develop alternative strategéng various
metals and aimed at different targets [2]. Theitghdf metal complexes to form structures with urégand defined
shapes suggests that it is worth exploring a diffeaspect of metal complexes. However, transitietals appear
especially appealing for this purpose because ¢heysupport a multitude of coordination numbers genimetries
that go beyond the linear, trigonal planar andatetdral binding geometrics of carbon.
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Zn is a star player in bioinorganic chemistry [3h is second abundant essential transition metalinohumans
succeeding Fe. It has diverse physiological fumstidRecently, DNA binding proteins that use Zn tgamize
structural elements, called Zn fingers, have bdecidated [4].Zn is attractive because of its redox-inertness and
wide repertoire of co-ordinate ligands, sequestratif other metal ions by special protein-drug ctexgs is a
further possibility [5].

Flavonoids, as part of the human diet, are a g@fupolyphenolic phytochemicals that have multipleldgical
effects as antioxidants, antiviral and antimutagexgents [6-8]. They have a basic structure of @aghbenzo-c-
pyrones. Furthermore, flavonoids are effective imieta chelators [9-12]. The experimental and th&oat studies
have shown that the ideal complexation site fovdteids involves the hydroxyl group on carbon 3Haand the
adjacent 4-carbonyl group. As the transition maiat play a vital role in initiation of free radlcarocesses (via
Fenton reaction) metal ion chelation is widely édaeed as another mechanism for the antioxidantvigciof
flavonoids. At the same time, the interaction af/Bnoids with metal ions may alter antiradical ties and some
of the biological effects of the flavonoids [13].

DNA is the primary intracellular target of most i@anhcer and antiviral therapies according to celdgy [14]. The
phosphate diesters are known to serve as nuclediitages in the genetic DNA. Phosphate diestees ar
exceptionally stable, making them uniquely suitedttieir role as the backbone for genetic mateiighical
nucleases accelerate the rate of DNA hydrolysifabiors exceeding 18[15].

The mechanism of DNA-binding and behavior of thetaheomplexes as novel cancer therapeutic agemts ar
strongly attributed to the size, shape, and planafithe intercalative ligands. It is also knovnat metal complexes
may interact with DNA either covalently or non-ctesatly. In covalent binding, the labile part of tbemplexes is
replaced by a nitrogen base of DNA such as guavieéts N7 donor atom. On the other hand, the nondema
DNA interactions include intercalative, electrostand groove binding of cationic metal complexkmg outside
of DNA helix, the major or minor groove. Intercadat involves the partial insertion of aromatic hietgyclic rings
between the DNA base pairs. The complexes bind3N\A through interstrand cross-linkage between nedgimg
guanine residues bound covalently through purit@gen atoms, thus affecting replication, trangmipand DNA
repair [16]. Generally, DNA cleavage follows andedive or hydrolytic cleavage pathway. The hydiclyathway
proceeds through hydrolysis of the phosphodiestedbleading to fragmentation of DNA and such patysvare
mediated by enzymatic process, while the oxidapvecess involves the oxidation of nucleobases and/o
abstraction from the sugar moiety.

The investigation of compounds with respect to rthehding to albumins becomes important becausehef
pharmacokinetic and pharmacodynamics role of sumthirg [17,18]. Serum albumins are most abundaoteims
in the circulatory system of a wide variety of angans. They have important role in bioregulatorgctions like
maintenance of the colloidal osmotic blood pressamd blood pH. In addition, serum albumins serval@gsot
proteins and as transport proteins for a varietyenflogenous and exogenous substances such asadatty
hormones and drugs [19-21]. In general, bovinemealbumin (BSA) has been extensively used becabises o
structural homology with human serum albumin (H$22,23]. BSA is the most abundant protein of plasand
has been widely used a model system to study pretggregation and for biotechnological folding, laggtion.
BSA is a well-known protein which displays tendeneoyself-assembly in large macromolecular aggregateler a
variety of conditions [24,25]. Therefore, it is @ys chosen as a relevant protein and has beconze#tatudied
model of general drug-protein interactions [23].

The present work stems from our interest to ingasti the binding mode of DNA and nuclease activitythe
hydroxy flavone Zn(ll) complex [26]. The possibleusture model of the complex is shown Figure 1eTh
mechanistic investigation demonstrated that hydiftagone Zn(1l) complex bound to DN®ia intercalation mode
and promotes cleavag@ hydrolytic pathway.
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Figure 1

Figure 1. The possible structure model of the compk
MATERIALS AND METHODS

2.1 Materials and instrumentation

UV-Visible spectra were recorded using Perkin Ellbambda 35 spectrophotometer operating in the rarfige
200-500 nm with quartz cells ardvalues are expressed in‘Mni'. The emission spectra were recorded on a
Perkin Elmer LS-45 fluorescence spectrometer. \dggomeasurements were recorded using a Brookfield
Programmable LV DVII+ viscometer. Tris(hydroxymellaminomethane—HCI (Tris—HCI) buffer solution was
prepared using deionized and sonicated triplelldidtivater. The supercoiled pBR322 DNA and Calfniiwg (CT)
DNA were procured from Bangalore Genie (India).cGlar dichoric spectra of CT-DNA were obtained gsm
JASCO J-715 spectropolarimeter equipped with adPemperature control device at 25 + 0.1°C with @m path
length cuvette.

2.2 DNA binding experiments

2.2.1. Absorption spectral studies

Electronic absorption spectrum of the complex veaorded before and after addition of CT-DNA in tlresence
of 50 mM Tris-HCI buffer (pH 7.5). A fixed conceation of metal complexes (10 uM) was titrated with
incremental amounts of CT-DNA over the range (08 g@M). The equilibrium binding constantdjivalues for the
interaction of the complex with CT-DNA were obtainftom absorption spectral titration data using fisilowing
equation 1 [27].

[DNAY/ (ea - &) = [DNAJ/ (ep - &) + 17Ky (eb - &) 1)

Whereg, is the extinction coefficient observed for the rgeatransfer absorption at a given DNA concentratip
the extinction coefficient at the complex free miution, g, the extinction coefficient of the complex whenlyul
bound to DNA, K the equilibrium binding constant, and [DNA] thencentration in nucleotides. A plot of [DNA]/
(ea- &) versus [DNA] gives K as the ratio of the slope to the intercept. The-lntear least square analysis was
performed using Origin lab, version 6.1.

2.2.2. Fluorescence spectral studies

Experiments were carried out at pH 7.2 in the buffentaining Tris — HCI buffer 50 mM by keeping EBNA
solution containing [EB] = 4uM and [DNA] = 50 uM aenstant and varying the concentration of comflex100
pM). Fluorescence spectra were recorded usingatixsi wavelength of 496 nm and the emission rasgfe
between 550 and 750 nm. The quenching constgyw&s deduced from Stern-Volmer method where the it
fluorescence of the compound along @ver the fluorescence of the compound in thegires of CT-DNA (1) is
presented as a function of CT-DNA concentration.

I/1=1 + Kgy[r]. 2)
Where }, is the ratio of fluorescence intensities of tbenplex alone, | is the ratio of fluorescence inites of the

complex in the presence of CT-DNAgKs a linear Stern — Volmer quenching constantraisdhe ratio of the total
concentration of quencher to that of DNA, [M] / [BIN A plot of I5/ | vs.[complex]/ [DNA], Ky is given by the
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ratio of the slope to the intercept. The apparémiibg constant (i) was calculated using the equatiopsHcB] /
Kapdcomplex], where the complex concentration waswvihleie at a 50% reduction of the fluorescence iritte g
EB and Kk = 1.0 x 10 M™ ([EB] = 3.3uM) [28].

2.2.3. Viscosity measurements

The binding mode of the complex to CT-DNA, viscgsiteasurements were carried out on CT-DNA (0.5 rbiyl)
varying the concentration of the complex (0.01 neM)2 mM, 0.03 mM, 0.04 mM, 0.05 mM). Data weresered
as fi/mo) versus binding ratio of concentration of comptexthat of concentration of CT-DNA , whergis the
viscosity of DNA in the presence of complex apds the viscosity of DNA alone.

2.2.4. Circular dichoric spectral studies
Incubation of the DNA with the Zn(ll) complex indet notable changes in CD spectrum. The spectrune wer
recorded in the region of 220-320 nm for 200 uM DidAhe presence of 100 uM of Zn-flavonol complex.

2.2.5. Protein binding studies

Fluorescence spectra were recorded from 300 tonB®@vith the excitation wavelength at 280 nm. F8anl of

solution containing an appropriate concentratioh (rmol/L) of BSA was titrated by the successiveitaid of

complex solution. Titrations were executed indhsence and the presence of the complex in the remperature
with incubation period of 5 min. Under strictly rdoolled temperature and pH value, the cause afrdscence
guenching mode is, as below, dynamic or static goi@g. In order to determine the quenching propettig

fluorescence decay data were analyziedhe Stern-Volmer equation [29]:

Fo /F=1+ K [Q] @)

Where K and F are the steady-state fluorescence intemsitiethe absence and the presence of quencher,
respectively. K, is the Stern-Volmer quenching constant and [@hésconcentration of quencher. The plot @ff-
vs [Q] shows the value ofdg. According to the equation (4):

Ksv = KqTo 4)

where K, is the quenching rate constant agds the fluorescence life time of protein inethabsence of
quencher, the value of is considered to be 10s.

When small molecules bind independently to a setqoiivalent sites on a macromolecule, the equilibrbetween
free and bound molecules is given by the followéggation [30].

Log(Fo - F)/F = logK + nlog[Q] ®)

Where K is the binding constant to a site and thésnumber of binding sites per BSA. The bindingstant K and
the number of binding sites n can be obtained ygusquation. (5).

The absorption titrations of BSA in the mmese and the absence of complex were impleméntiée range
of 200 - 500 nm. BSA concentrations were fixed @fuol/L. The influence of the absorbance of coxgdewas
reduced by adding in the reference cells thetisolsi of complexes of the same concentrations dkdérsample
solution.

2.3. DNA cleavage experiments

The DNA cleavage experiments were performed byasgagel electrophoresis. pBR322 DNA (0.1ug/ul) iis-T
buffer (pH 7.2) was treated with complex (50 uM}he presence of additives. The sample was inedfatr 3h at
37°C and the reaction was quenched by 1 pl of tgpduffer. pPBR322 DNA bands were stained by EBuaiized
under UV light and photographed. The extent chedge of SC DNA was determined by measuring thengities
of the bands using a UVITECH Gel Documentation &yst

RESULTS

3.1. DNA binding experiments

3.1.1. Absorption spectral studies

The binding of Zn-hydroxy flavone complex to CT-DN#as monitored classically through absorption tira
method. The absorption spectra of the complexérmpttesence and absence of CT-DNA is shown in Figuhkéetal
complex bound to DNA through intercalation is cleéesized by change in the absorbance (hypochromasith)red
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shift in wavelength, due to the intercalative bimglimode involving a stacking interaction betweem EINA base
pairs.

2.00+
3.0
284 -_’_p
E 1-5. 2 84 . - .!‘W(Wh- : /
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Figure 2

Figure 2. Absorption spectra of the complex (25 pMin the absence and presence of increasing amouatfsCT-DNA (0 - 200 uM) in Tris-
HCI buffer. Insets: Plot of [DNA]/(g. — &) vs [DNA] for absorption titration of CT-DNA and complex

3.1.2. Fluorescence spectral studies

The complex emits prominent luminescence in Tridswith a maximum emission wavelength of aboud 3in.
The well-behaved titration of the complex with CNR is displayed in Figure 3. On addition of CT-DN# the
complex, enhancement in fluorescence without wanggheshift was observed in the region of 340-360 nm

600.0

330.0 335 340 345 350 355 360 365 370 375 380.0

Wavelength (nm)
Figure 3

Figure 3. The change of emission fluorescence specof vanadium complex (25 pM) in the absence and-@sence of increasing amounts
of CT-DNA. The arrow shows the intensity increaseavith increasing amounts of DNA

Steady state competitive binding experiments ugiiegZn-hydroxy flavone as quenchers were undertaseget

further proof for the binding of the compounds tdMvia intercalation. EB emits intense fluoresceatabout 620
nm in the presence of DNA due to its strong intlati@n with adjacent DNA base pairs. The relativeding of EB

bound to DNA in the absence and presence of compag emission spectra are given in Figure 4. dinéssion
band at 618 nm of the DNA-EB moiety decreased tiarisity upon increasing the complex concentration.
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Figure 4. Emission spectra of EB bound to DNA in Tis — HCI buffer (pH 7.2) in the absence and preser®f the complex. [EB] = 4 uM,
[DNA] = 40 puM, [complex] = 0 to 100 uM. Xex = 480 nm). The arrow shows the intensity changes increasing the complex
concentration. The inset shows the plot ofll vs. [complex]/ [DNA] for fluorescence quenchingurves of EB-DNA by complex
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3.1.3. Viscosity measurements studies
For further clarifying the binding of the complextiwCT-DNA, viscosity studies were carried out. Tiesults of

the viscosity measurements are represented iguré-b.
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Figure 5

Figure 5. Changes in relative viscosity of CT-DNAmincreasing amounts of complex

3.1.4. Circular dichoric spectral studies
Upon the addition of the complex to CT-DNA, the Gpectrum undergoes changes in both positive andtimeg

bands in intensity as represented in Figure 6.
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DNA + [Zn Complex]

220 240 260 280 300 320
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Figure 6
Figure 6. CD spectra was recorded over the waveletigrange 220-320 nm of CT-DNA and the complex

3.2. DNA cleavage experiments

Figure 7 and Figure 8 shows agarose gel electregiwpatterns for the cleavage of plasmid DNA affteing
induced by increasing the concentrations of thepternand Zn(ll) salt under the same experimentald@mns in
the absence of external agents. The conversionpsErsoiled DNA to the nicked DNA and linear DNA betes
more efficient when increasing the concentratiothefcomplex. As shown Figure 9, no evident infobitof DNA
cleavage activity was observed in the presence D& 3), Kl (lane 4), NaiN(lane 6), L -histidine (lane 7) and
SOD (lane 8), which suggests that, the DNA cleavagfévity of the complex might not occura an oxidative
pathway rathevia a hydrolytic and/or interaction.

1 2 3 4 9 6 7 8

- Form Il
wle- EOrm il

- Form |

Figure 7

Figure 7. Cleavage of plasmid pBR322 DNA (50 uM) Wi varying concentration of complexes at 37°C in Tis — HCI buffer (pH 7.2).
Lane 1, DNA control; Lanes 2-8: DNA + Complex (1020, 30, 40 50, 75 and 100 pM: incubation for 3 h)

1 2 3 4 5

Figure 8

Figure 8. Cleavage of plasmid pBR322 DNA (50 uM) wi Zn(ll) acetate at 37°C in Tris — HCI buffer (pH 7.2). Lane 1, DNA control,
Lane 2-5: DNA + Zn(ll) acetate. [ 10, 25, 50 and DOuM incubation for 3 h]
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1 2 3 4 ) 6 7 8

Form ll

el Form |

Figure 9

Figure 9. Gel electrophoresis diagrams showing thdeavage of pBR322 DNA (50 uM) by complex in presee of different additives at
pH 7.2 and 37°C; Lane 1: DNA control; Lane 2: DNA +complex; Lanes 3-8: DNA + complex (50 pM) + (DMSCXI, EDTA, NaN 3, L-
histidine and SOD)

3.3. Protein Binding studies

3.3.1. Fluorescence quenching of BSA by complex

BSA solutions exhibit a strong fluorescence emissidth a peak at 348 nm when excited at 285 nm.edride
same experimental condition, the emission integsitf the complex were very weak. Figure 10, shibesesult of
increasing the concentration of complex on the risoence emission of BSA. The intensity of charatie
emission band at 348 nm decreased gradually withirtreasing concentration of the metal compleheut any
shift, which validate that, the interaction betwaeetal complexes and BSA have occurred.

500.0-

e 7 10 T DR

Intensity (a.u)
(%]
o
e

100-

0.00 - T T T T T -1
320.0 330 340 350 360 370 380 400.0
Wavelength (nm)
Figure 10

[@jxio*

Figure 10. Fluorescence spectra of BSA in presenogvarious concentration of complex [BSA] = 1.0 x@® molL™ Inset shows the plots
of emission intensity /| vs [Q]. [Q = complex]

3.3.2. UV-visible spectral absorption spectral angkis

The representative absorption spectrum of free B84 BSA-complex is depicted in Figure 11. The abton

band obtained for BSA at 280 nm in the absence efahcomplexes showed an increase in the intemdity
absorption after the addition of complex.
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Figure 11. Absorption spectra of BSA in presence afarious concentration of complex Vs [BSA] [complex= 10 x 10° molL ™
DISCUSSION

DNA binding is the critical step for DNA cleavage most cases. Therefore, the binding ability of ¢benplex to
CT-DNA was studied by using UV-Vis absorption spestopy. Upon addition of increasing concentratdiCT-
DNA (0 — 200 uM) a significant “hypochromic” eféd in the intraligand bands at 220— 240 nm was vese
accompanied by a strong red shift of 6-8 nm, ancattve of stabilization of the DNA helix. The hygwomicity
suggests the complex may bind to DNA by intercatatinode, due to a strong interaction between tbetreinic
states of the intercalating chromophore and thé$eeoDNA bases [31]. These observations can benaltzed by
the following reasons. When the complex intercaldate base pairs of DNA, tHé*- orbital of the intercalated
ligand in the complex can couple with tReorbital of the DNA base pairs, thus decreasingliteIT transition
energy resulting in the bathochromism. Furthermtre,couplingll — orbital is partially filled by electrons, thus
decreasing the transition probabilities and contamily resulting in hypochromism [32]. The intriasbinding
constant (k) of the complex to CT-DNA have been calculatedjuantify the extent of DNA binding. The binding
constant of the complex was determined to be @@ M™. To further confirm the interactions between theled
complex and CT-DNA, emission experiments were edrdut. The result revealed that the stronger erémeant of
fluorescence intensity for the complex may be lprgeie to the interaction between the adjacent ppags of the
CT-DNA and the complex. The observed result agreitls those of other intercalators [33-35]. To diarihe
interaction pattern of the complex with CT-DNA, ladrimetric competitive binding experiment was @ out
using ethidium bromide (EB) as a host, which showsapparent emission intensity in buffer solutiare do the
solvent quenching. It has been reported that tieamsed fluorescence emission intensity can be dueehby the
addition of another molecule [36]. Fluorescenceersities at 618 nm were measured at different cexnpl
concentrations. The emission band at 618 nm ofDNA-EB moiety decreased in intensity upon incregsine
complex concentration. The apparent binding comsid,) at room temperature were calculated to be 5.8°M1

! Viscosity, sensitive to length increase is regdrds the one of the least ambiguous and the mlesant tests of
binding model with CT-DNA in solution in the absenef crystallographic structural data [3@n increasing the
amount of the complex, the relative viscosity of ®hhcreases steadily. The viscosity experimentalits thus
provide strong evidence for the interaction of tieenplex with CT-DNA by intercalation mode. Circuldichoric
spectral investigation is useful in monitoring tleenformational variations of DNA during complex-DNA
interactions [38]. The CD spectrum of CT-DNA exlsba positive band at 275 nm due to base stackidgaa
negative band at 245 nm due to helicity of B-tyg¢A)39]. The decrease in ellipticity is due to tihestabilization
of DNA form attributed to the opening of DNA struo¢ by the formation of intra-strand DNA cross-limgs. The
decrease in both the bands suggests that the coggteunwind the DNA helix and lead to loss of tig)i

In order to evaluate the function of the complexirioise pBR322 DNA, the cleavage reaction of supiéed
pBR322 was monitored by agarose gel electrophoregjsre 7. Form | Plasmid DNA is gradually corteerin to
Form Il (Lanes 2-5). Form Il began to appear ie firesence of 50 uM and above (Lanes 6-8). Howexer,
cleavage activity was observed in the control epents with Zn(ll) salt as depicted in Figure 8hege results
revealed that the Zn(ll) salt did not show DNA elage activity but the Zn flavonol complex play @avirole in
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DNA cleavage, and the degradation activity of tamplex is obviously concentration dependant. Ireotd further
clarify the DNA cleavage mechanism promoted by cl@xphydroxyl radical scavenger (DMSO and KI) and
singlet oxygen scavenger (Nalind L-histidine), superoxide quenchers (superogidenutase enzyme SOD) and
chelating agent (EDTA) were introduced in the iratitm mixture as shown in Figure 9. The EDTA a atinf
agent that strongly binds to Zn(ll) (lane 5) forgnia stable complex, can efficiently inhibit DNA alage,
indicating Zn(Il) complex play the key role in tB&NA cleavage activity.

Generally, the fluorescence of a protein is causethree intrinsic characteristics of the proteiamely tyrosine,
tryptophan and phenylalanine residues. In factjntrénsic fluorescence of many proteins is maiobntributed by
tryptophan alone. However, due to very low quantuedd of phenylalanine, fluorescence of a tyrossmealmost
completely quenched if that tyrosine is ionized][4Quenching can be classified as either dynamicstatic
guenching by different mechanism. Dynamic quenchegults from collision between fluorophore and ripher,
and static quenching is due to the formation ofigtbstate complex between fluorophore and quenthgeneral,
dynamic and static quenching can be distinguishetthdir different dependences on temperature aswbsity. The
guenching rate constants decrease with increagenperature for static quenching, but the reverfecteis
observed for dynamic quenching [41]. The value @ found to be 0.98. The values of n is basicaligociated
with binding constants, which implies a direct tiegla between the binding constant and number odibon sites.
The binding constant value of the synthesized cemplas found to 1.6 x fM™. The K, value (16 M™) of the
metal complex is higher than the maximum scattdisem-quenching constant of diverse kinds of qelears for
biopolymers fluorescence (2 x 481™'S?) indicating the existence of static quenching namism. UV-visible
absorption investigation is a very simple and effecmethod in exploring the structural change datecting the
complex formation [42]. From the Figure 11, we cawmeal that there exists a static interaction betwBSA and
the respective complex of due to the formationrolugd state complex of the type BSA-complex as mepoearlier
[43].

In summary, the binding interaction between theflZzmonol complex and CT-DNA has been sustained singu
UV-Visible, fluorescence, viscosity and circulacldioic measurements. The obtained results collegtishowed
that the Zn complex binds to CT-DNA by an intertialg. mode. The complex exhibited strong nucleaseigcin

the absence of any oxidizing and reducing agenisuré clinical success will benefit from targetsotigh
interdisciplinary collaboration, which are highlyezific for cancer cells.
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