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ABSTRACT

Mixed ligand complexes of copper(l1) with salicyladoxime (SAO), 2-hydroxy
acetophenone oxime (HAO) asprimary ligands and pyridine(Py), imidazole
(Im) as secondary ligands have been synthesized and characterized by
molar conductivity, magnetic moments, electronic, | R and ESR spectral data.
Cyclic voltammetric studies show quasi-reversible reduction attributable to
Cu?/ Cu*. The binding interactions between metal complexes and calf thy-
mus DNA have been investigated by using UV-Visible titrations and cyclic
voltammetry studies. The cleavage activity of complexeswas carried out on
double-stranded pBR322 circular plasmid DNA by using gel electrophoresis.
All complexes show increased nuclease activity in the presence of oxidant
(H,0,). Thenuclease activity of mixed ligand complexes are compared with
that of the parent copper(11) complexes. Controlled experiments suggest that
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the complexes cleave DNA predominantly via an oxidative mechanism.
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INTRODUCTION

Investigations on transition metal complexesto
probe nucleic acids are becoming more prominent in
the research area of bioinorganic chemistry(*™. Cop-
per complexes are well established as chemical nu-
cleasesand knownto cleave DNA by different mecha
nismsviz. hydrolytic® and oxidative’®'%, Oxidative
cleavage of DNA could take place by chemicd or pho-
tochemica means. Chemistsarein search of new tran-
sition meta complexesas chemical nuclease. Oximes
arewiddy recognized ligandsindifferent fiddsof chem-
istry™4, Survey of literaturereveal ed that metal com-
plexesof suchimportant ligandsarenot exploited much
in DNA studies. Transition metal complexesof ortho

substituted aromatic oximes have attracted much at-
tention asthey givecisand transgeometrical isomers.
Copper complexesare known to assumetrans struc-
turewhile cobalt complexeshavecis- structure. Inves-
tigationsof DNA interactions and cleavage activity of
metal complexeswith oximesarevery limited.
Inthelight of aboveand in continuation of our on-
going*>¥ research work on DNA interactionswith
meta complexes, hereinwe describe synthesis, char-
acterization, DNA cleavage/binding studieson mixed
ligand complexes with salicylaldoxime(SAO), 2-
hydroxyacetophenoneoxime (HAO) asprimary ligands
and pyridine (Py) and imidazole (Im) as secondary

ligands.
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EXPERIMENTAL

M aterialsand methods

All thereagentsused in the preparation of ligands
and their metal complexes were of reagent grade
(Merck). Thesolventsused in the synthesisof ligands
and metd complexesweredidtilled beforeuse. All other
chemica swereof AR grade and used without further
purification. pPBR322 DNA and Cdf thymusDNA were
purchased from Banga ore Genig(India). Agarose, Tris.
HCI and ethidium bromidewere procured from Sigma:
Aldrich. All other chemical swere of Merck make.

Thedementd andyseswereparformedusing Perkin
Elmer 2400 CHNS elementd analyzer. Magnetic mo-
mentsweredetermined inthe polycrystalinestateona
PAR modd 155 vibrating sample magnetometer oper-
ating at field strength of 2-8 kG High purity Ni meta
(Saturation moment 55e.m.u/g) was used as standard.
Themolar conductance of the complexesin DMF (10
3M) solutionwasmeasured at 28+ 2°C withaSystronic
modd 303 direct-reading conductivity bridge. Thedec-
tronic spectrawererecorded in DM Fwith aSchimadzu
UV-160A spectrophotometer. The FA B-mass spectra
wererecorded at Indian Institute of chemical Technol-
ogy, Hyderabad on Joel SX 102/DA-6000 mass spec-
trometer usng m-nitrobenzyla cohol asthematrix. FT-
IR spectrawere recorded in the range 4000-50 cnrt
withaBruker IFS66V in KBr and polyethylene me-
dium. ESR spectrawererecorded on Varian E-122 X -
band spectrophotometersat liquid nitrogen tempera-
turein DMF. The voltammetric measurementswere
performed on Bio-Analytical systems, (BAS) CV-27
assembly in conjunction with an X-Y recorder. Mea
surements were made on the degassed (N, bubbling
for 5min) solutionin DMF (10°M) containing 0.1M-
tetragthylammonium perchlorate (TEACIO,) asthesup-
porting electrolyte. Three-el ectrode system consisted
of aglassy carbon (working) platinum (auxiliary) and
Ag/AgCI (reference) eectrode.

Prepar ation of ligands

Theligands SAO and HAO were prepared by the
reaction of hydroxylammoniumchloride (NH,OH.HCI)
with salicylaldehyde or 2-hydroxyactophenone.
Hydroxylammoniumchloride (6.5g, 0.1mol) and sali-
cylddehyde (13ml, 0.1mol) or 2-hydroxyacetophenone
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(15ml, 0.1mol) were taken in 50% aqueous methanol.
Theresulting mixture wasacidified with few drops of
glacial acetic acid and refluxed for 2hrs. The precipi-
tated compound wasfiltered, washed with cold water,
dried under vacuum and recrystallized from agueous
ethanol. SAQ: Yidd: 87%, MS: (m/z) - 137(M*), 119
(M*-H,0); 93 (C,H.0"); 65(CH,"); 39(CH,"). *H-
NMR 6 : 9.91(s) 1H, Oxime-OH; 8.26(s) 1H, adehy-
dic proton;7.73(s) 1H phenolic-OH; 6.8-7.1 (m) 4H
aromatic. HAO: Yield 92%, MS: (m/z)-151(M*),
134(M*-OH); 105 (C,H,N*CH,); 93(CH.0O"),
65(C.,H."); 39(C,H,"). 'H-NMR &: 11.5 (s) 1H
Oxime-OH; 8.2 (s) phenolic-OH; 6.8-7.4 (m) 4H, aro-
matic; 2.4 (s) 3H, methyl protons.

Copper oximescomplexes

Complexeswere prepared by mixing copper(ll)
chloride (4.3g, 0.025mol) and oxime [SAO (6.9g,
0.05mol) or HAO (7.5 g, 0.05moal)] in 1:2ratio in 50%
aqueous ethanolic medium. Thereaction mixturewas
stirred for 30 min. Theprecipitateformed wasfiltered,
washed with hot water and then with cold methanol.
The complexesweredried at 110°C.

Mixed ligand complexeswith pyridine.

Copper(ll) complex (0.005 mol) of SAO or HAO
was placed in aSchlenk tubeand dissolved in pyridine
(3ml). Thesolution wasstirred magneticaly for 30min
and n-hexane (25ml) was added. After standing for 3-
4 days, theresulting dark green product formed was
washed with water and n-hexane and then dried under
reduced pressureover CaCl,,.

Mixed ligand complexeswith imidazole

The copper (1) complex (1.8 gm, 0.01mol) was
placed in a 250-ml round bottom flask. Imidazole
(1.5gm, 0.05moal) dissolvedin CH.CI, was added to
the contents of theflask. Thereaction mixturewasre-
fluxed onwater bath for 2hrs. A dark green precipitate
wasformed. It wasfiltered, washed with cold hexane
and dried under vacuo over CaCl...

DNA -binding studies

Solution of CT DNAin0.5mM NaCl/5mM Tris-
HCI (pH=7.0) gavearatio of UV absorbance at 260
and 280nm, A /A, of 1.8-1.9, indicating DNA was
aufficiently free of protein. Concentrated stock solution
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TABLE 1: Analytical data, molar conductivity and magnetic susceptibility of copper complexesand their adducts

Melting Elemental analysis Molar
S.no.  Complexes Colour oint °C Carbon Hydrogen  Nitrogen conductance (g Kf/fl)
P found (Cal.) found (Cal.) found (Cal.) (ohm™cm®mol™) '
[ Cu(SAO), Green 208-210 50.32(50.27) 3.38(3.5)  8.19(8.32) 5.8 2.18
Il Cu(SAO),(Py), Dark Green 180-184 57.75(58.32) 3.81(4.42) 11.44(11.39) 12.0 2.48
1l Cu(SAO),(Im), Bluish Green 185-188 47.35(47.44) 3.78(3.74) 19.54(19.58) 145 242
v Cu(HAO), Green 234-237 51.67(52.59) 4.89(4.92) 7.62(7.66) 7.0 1.83
V  Cu(HAO)(Py), Dark Green 225-227 56.56(56.60) 4.91(5.16) 9.41(9.44) 12.6 2.58
VI  Cu(HAO),(Im), Dark Green 227-229 52.31(52.52) 4.72(4.94) 12.42(12.65) 12.9 242

of DNA waspreparedin5mM Tris-HCI / 50mM NaCl
inwater, pH = 7.0 and the concentration of CT DNA
(in nuclectide phosphate, NP) were determined by UV
absorbance at 260nm after 1:100 dilutions. Themolar
absorption coefficient wastaken as 6600 M 117,

Solutionsfor titrationswere prepared with the ap-
propriate copper complexes (35uM of a2.0 MM so-
lutionin DMF), calf-thymus DNA (225 uM in NP),
NaCl (fina concentration 50mM) and Tris-HCI buffer
(pH =7.0, final concentration 50 mM) and diluted with
H,Otoatota volumeof 1 mL. After equilibration (ca10
min), spectrawererecorded against an anal ogous blank
sol ution containing the same concentration of CT DNA
and Tris-HCI / NaCl buffer.

The datawere then fitted to eq (1) to obtain the
intrinsic binding constant, K 3
[DNA]/(e-&) =[DNA]/ (e,- &) + UK (g, - &) @)
Wheree,, ¢,and ¢, are apparent, free and bound metal complex
extinction coefficients respectively. A plot of [DNA]/ (¢ - €)
Vs[DNA] gaveaslopeof 1/ (g.- €,) and aY-intercept equal to
UK (e, &), K, istheratio of the slope to the Y-intercept.

Assay of DNA cleavage activity

The DMF solution containing metal complexeswas
taken in aclean Eppendroff tube and 1ul of plasmid
DNA wasadded. The contentswereincubated for 2hr
at 37°C and loaded on 0.8% agarose gl after mixing
5ul of loading buffer (0.25 % bromophenol blue+ 25%
xylene cyanol + 30% glyceral). Electrophoresiswas
performed at constant voltage (80 V) till thebromophe-
nol bluereachesto of the gel. Further the gel is stained
for 20 min by immersingitinethidium bromidesolution
(5 pg/ml of H,0). Thegel wasthen de-stained for 10
min by keepingitin steriledistilled water and plasmid
band werevisudized by viewing thege under transillu-
minator and photographed. Theefficiency of the DNA
cleavage was measured by determining the ability of

TABLE 2: Electronic spectral data (cm) of copper (I1) com-
plexesin DM F solvent

Complexes Chargetransfer (CT) x-7* d-d
I 35710 28570 14950
I 35710 28560 15150
" 35070 28560 15380
v 36360 29762 15625
Y 38410 29760 17180
VI 38460 28570 16660

)

Q C—N-—OH
OH

Figurel: Sructureof ligands. Where R=H SAQO, R=
CH,HAO

the complex toform open circular (OC) or nicked cir-
cular (NC) DNA from its supercoiled (SC) form by
quantitatively estimating theintengtiesof thebandsus-
ing the Vilber Lourmat(V 99.01) Gel Documentation
System. Thereactionswerecarried out in presenceand
absence of H,O,. Control experimentsweredonein
presence of DM SO, glycerol andtert. butyl alcohol as
freeradical scavenger.

RESULTSAND DISCUSSIONS

Thepresent ligandscontained two functiona groups
viz., oximeand phenolic (-OH) groups(Figure 1). All
complexesare stable a room temperature, non hygro-
scopic, insolubleinwater, but partialy solublein metha-
nol, ethanol and completely solublein dimethylform
amide(DMF). Thecolour, melting point, andytica data,
molar conductanceand magnetic moment dataare sum-
marized in TABLE 1. Analytical data support the
formulae of complexes. Themolar conductivity data
suggest that the complexes are non-electrolytes. The
magnetic moment dataindicatethat thecomplexesare
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TABLE 3: Selected | .R. bonds (cm™) with tentative assign-
ment

Complex _n VC=N vM-N
/Ligand vC=N Py/im vAr-H vM-N Py/lm vM-O
SAO 1618 -- 1500-1350 -- - -

I 1585 - 1590-1340 470 - 570
I 1568 1556 1580-1350 474 263 592
Il 1565 1540 1500-1340 475 244 580
HAO 1634 -- 1600-1420 -- - --
v 1624  -- 1600-1350 472 - 575
\Y 1620 1560 1500-1350 472 255 520
VI 1605 1528 1500-1400 465 232 570
monomers.

The electronic spectral data of metal complexes
recordedinDMF aregiveninTABLE 2. A singled-d
band isobserved in thed ectronic spectraof complexes
in 14900- 17200 cm*region. Thisband isassigned to
2Eg—> 2T2g transition, infavor of octahedra structure
facilitated by coordination of DMF solvent molecules
in axial position. Dueto increaseintheligand field
srengthablue shift isobservedinthed-d band of mixed
ligand complexes™.

Mass spectra

The FAB mass spectraof parent complexesand
mixed complexes are used to compare the stoi chio-
metric composition. The molecular ion peak M+ for
parent complexeswere observed at m/z =334 and 362,
suggesting the stoi chiometry of parent complexesas
ML,. The molecular ion peak of mixed ligand com-
plexes were observed at m/z =413 and 441 for pyri-
dine adductsand 402 and 430 for imidazol e adducts
respectively. Thestoichiometry of themixed ligand com-
plexesasML.L’..

Elemental analysisvauesarein close agreement
with the val ues cal cul ate from molecular formulaas-
signed to these complexes, whichisfurther supported
by the FAB-mass studi es of representative complexes.

|.R spectra

Theimportant IR spectral bandsof ligands/ com-
plexesand their assignmentsaregivenin TABLE 3.
Strong bands observed at 3300, 3350 cm? inthe IR
spectraof SAO and HAO respectively areassigned to
vOH vibration of phenolicgroup. Thelow vOH vaues
arepossi bly duetointramolecular hydrogen bonding
asshown bel ow.

Thisstrong band isabsent in copper chelates sug-
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R
I_ ..OH
[ I =N
_H
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gesting the deprotonation of phenolic group and for-
mation of covaent bond between phenolic oxygenand
metal. Strong band observed at 1618, 1634cmtinthe
IR spectraof SAO and HAO respectively areassigned
to >C=N- gtretching vibration. Thisbandisshifted to
lower frequency in complexesreveaing the participa:
tion of azomethinenitrogenin chelation. Thenon-ligand
bands observed in the far IR spectra of metal com-
plexesareassgned (TABLE 3) tovM-N, M-O stretch-
ing vibrations. Additiond bands observed (1610-1600,
1540-1520, 260-220, 245-230cm?) inthe IR spectra
of mixed ligand complexes are presumably dueto the
binding of bases (pyridine/ imidazole) to copper viani-
trogen donor atoms preferably inaxial positiong?.

In the IR spectra of SAO and HAO bands ob-
served respectively at 3260 and 3200 cn areassigned
to oxime OH stretching vibrations. These bandsare
respectively observed at 3200 and 3150 cmrt in the
chelates, indicating theinvolvement of oximeOH in
strong hydrogen bonding leading to the formation of
stable 5-membred ring structure. From above obser-
vation it is concluded that oxime —OH is neither
deprotonated nor participated in chelation. Observance
of threeevenly distributed bandsin 620-450 cm™ re-
gionisthecharacteristic of trans-structurefor thecom-
plexes?. IR spectra datatogether with éectronic and
magnetic moment datasuggest thetranssquare planar
structurefor cuproximeand transoctahedra structure
for mixed ligand copper(I1) complexes (Figure 2ab).

ESR spectraof all complexes were recorded in
DMF at liquid nitrogen temperature. The ESR spectra

o
"C=N O

\

o n=c{
H—O

R

R

WhereR=H, SAO; R=CH_HAO
Figure 2a: Sructure of copper (I11)-Oxime (parent)
complexes
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WhereR=H, SAO; R=CH3HAO;
B=Pyridine/ Imidazole
Figure2b: Sructureof mixed ligand copper (11) complexes

Figure3: X-band ESR spectraof 1V at liquid nitrogen tem-
perature

Current

Figure4: Cyclic voltammetry of [Cu(HAO),Im,], at re-
peated scans at different scan rates 25, 50, 100 and 200
mvVs?

of mixed ligand complexesexhibit aset of four well-
resolved pesksinthelow field regionand singlesigna
inhighfieldregion; correspondingtog jandg, respec-
tively. A typical spectrumof [Cu(HAQO),Im,] shownin
figure 3. The spin Hamiltonian, orbital reduction and
bonding parameters of these complexesaregivenin
TABLEA4. Thetrend g, > g, > 2.0023 observed for the
present copper istypical of acopper(ll) (d°) ioninaxia
symmetry with unpaired el ectron present in the dxz_y2

TABLE 4: E.SRdataof copper (1) complexesat liquid nitro-
gen temperature

Complex g;] 9 Qag G K Ky
I 2203 2032 2089 6.757 0512 0.542

1] 2211 2038 2062 5762 0.513 0.587
" 2221 2031 2.058 3.787 0.513 0.526
v 2374 2044 2.087 4118 0.639 0.645
\Y 2301 2057 2172 7.279 0.681 0.727
VI 2.347 2.051 2149 7.078 0.7124 0.885
TABLES5: Cydicvoltammetricdata of copper (1) complexes*
Complex ?oel?p?l)((a EpdV Eps/V AEp/mV  Eyp IIF:C/
I 0/ 034 059 250 047 118

| + DNA 032 055 230 044 103
I 0/l 034 056 220 045 1.15
I1+DNA 032 052 200 042 1.08
" 0/l 033 053 200 043 112

Il +DNA 030 050 200 040 1.05
v 0/ 035 059 240 047 1.19
IV+ DNA 033 057 240 046 092
\Y 0/ 0.42 0.60 180 051 1.13

V +DNA 038 059 210 048 1.02
VI 0/l 0.34 0.48 140 041 1.02
VI +DNA 028 044 160 0.36 0.95

"Recorded in DMF at room temperature with Et,NCIO, as sup-
porting electrolyte; glassy carbon as working electrode; Pt wire
as auxiliary electrode Ag/AgCl as reference electrode; Scan
rate 50 mVst. CT DNA - [ 5ul]

orbital. Theobserved K| <K, relationindicatesthe
presenceof in-planen - bonding??. Theaxia symme-
try parameter (G) for these complexesindicatesthat
thereisnointeraction between copper centersin DMF
medium. Massacesi'®! reported g, | valuesintherange
2.21t0 2.4 for compl exes containing nitrogen and oxy-
gendonor atoms. The present complexeshaveg, |=2.2
- 2.4 in conformity with both Cu-O and Cu-N bonds.

Electro chemical data of complexes obtained at
glassy carbon electrodein DMF aregivenin TABLE
5. Thecathodic pesk current function va ueswerefound
to beindependent of the scan rate. Repeated scans as
well asdifferent scan rates showed that dissociation
does not take place. Figure 4 shows the profile of
Cu(HAQO),Im,complexesat different scansrates.

All copper complexesare redox active and show
cyclicvoltammetric responsein the potential range of
0.32- 0.60 V whichisassignablefor the reduction pesk
of Cu(ll) / Cu(l). All thesecomplexesexhibit aquasi-
revers ble behavior asindicated by the non-equivalent
current intensity of cathodic and anodic peaks(i /i =
0.512-0.322 V). The difference AE,= E, - E_,_ ex-
ceedstheNerngtianrequirement of 59/nmV (n=num-
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ber of dectronsinvolved in reduction reaction) which
suggeststhe quasi-reversible character of complexes.
All complexeshavelarge separation between anodic
and cathodic pesks (100-250 mV) indicating the quasi-
reversible character. The AE, values of parent com-
plexesaregreater than the mixed ligand complexes.

TheE,, vauesof present complexes are compa-
rablewith other copper complexes showing nuclease
activity®. The E, , values of mixed ligand complexes
arelessthanthat of parent complexes suggesting that
former complexesundergo amorefacileredox change
whichisconsidered asarequirement for DNA cleav-
age®,

DNA binding studies
UV-visbletitrations

Theinteraction of copper complexeswithDNA was
monitored by UV-Vis spectroscopy(Figure 5). The
absorption spectraof copper complexesare compared
with and without CT DNA. In presence of increasing
amounts of CT DNA the spectra of all complexes
showed hypochromicity and bathochromic shift (1- 4
nm). Thechangein absorbancevaueswithincreasing
amount of CT DNA wereused to evauatetheintrinsic
binding constants (K, for al thecomplexeswhich are
showninTABLEG.

Thehigher binding constant of Cu(HAQO), com-
plex when compared with Cu(SAQ), ispresumably due
to the presence of electron donating methyl group
present intheformer complex. Thehigher binding con-
stants of mixed ligand complexeswithimidazole may
beattributed to the presence of additional nitrogen do-
nor alomsof imidazolethat caninteract morewith DNA
bases through hydrogen bonding. The higher binding
constant of mixed ligands may beattributed to the
stacking or hydrophobicinteractions of excess hetero
aromaticligand.

Redox titration

Binding nature of these complexesisfurther con-
firmed by redox investigation studies. Figure 6 show
profilediagramof Cu (HAO),Py, inpresenceand ab-
senceof CT-DNA. On addition of CT-DNA, thecom-
plexesexperienceashiftinE, , valuesaswell asAEp
vauesat the scanrate of 50mV's?. Theratio of anodic
to cathodic peak currentsIp /Ip_in free copper com-
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LB b L] 400
Waveength (nm)
Figure 5: Absorption spectra of [Cu SAO),Py,] in the
absentsand presencesof increasingamount of DNA [0 -
100pM]. [Cu(L)] = 35uM . Arrow showsthedecreasein
absor bance upon increasing Conc. of DNA

Figure6: Cyclicvoltammogramsof 1mM Cu(HAO),Py,]
complex (a) in absenceof CT DNA and (b) in presence of
CT DNA (50)ul) at scanrates

TABLE 6: Effect of CT DNA on theabsor bancebandsand
binding constant of copper complexesand adducts

Complex Frze max’gg?m — Abnm H (%) KM
[ 341.0 3425 15 -10.6 25x10*
I 3395 3435 40 -141 33x10°
1l 351.0 3523 13 -164 6.1x10°
\Y 3340 3355 14 -11.2 57x10*
V 3350 3372 22 -146 48x10°
Vi 3355  336.6 11 -162 59x10°

plexesisdecreased on addition of CT-DNA (TABLE
5), suggesting that CT-DNA moiety is bound to the
complexes??1, Thechangeinforma potentia of free
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Figure7: Agarose gel (1%) showing the results of elec-
trophoresisof 2l of (0.10 ug/ml) pBR 322 plasmid DNA,
5ul of 0.1M TrissHCI/NaCl (pH 8.0) buffer: 1 ul (100 uM)
complex in DMF; 6pl of sterilized water and 2 pl of 9.0
mM H,O, wereadded, respectively, incubation at 37°C (120
min) : Lanel: DNA; Lane2: DNA +H,O,; Lane3: DNA +
Cu(SAO),, Lane4: DNA +Cu(SAO), +H,0,, Lane5: DNA
+[Cu(SAO),|Py,, Lane6: DNA +[Cu(SAO),]Py,+H,O,;
Lane 7: DNA + [Cu(SAO),JIm,; Lane 8: DNA +
[Cu(SAO),JIm,+H,O,; Lane9: DNA +[Cu(HAO),]; Lane
10: DNA + [Cu(HAO),] + H,0O,; Lane 11: DNA + [Cu
(HAO),]Py,;Lane12: DNA +[Cu(HAO),|Py,+H,0,; Lane
13: DNA + [Cu(HAO) JIm,and Lane 14: DNA + [Cu
(HAO),Jim,+H.O,

Figure 8 : Agarose gel electrophoresis of pPBR322 plas-
mid DNA (3.3 ul) treated with mixed complex (1 pl of 2mM),
Sul of 0.1M Tris-HCI/NaCl buffer of pH 8.0, H,O, (24
mM )and potential inhibitor s. Incubation time: 2hr (37°C).
DM SO (4 pL), tert. butyl alcohol (2M) and glycerol (S ul;
Lane 1: DNA, Lane 2: DNA+ Cu(ll) Lane 3: DNA +
[Cu(SAO),]Im,, Lane 4. DNA+[Cu(SAO),]Im,+H.0.,
Lane5: DNA+[Cu(SAO),]Im,+ DM SO, Lane6: DNA +
[Cu(SAO),]Im,+tert. butyl alcohol and Lane7: DNA +
[Cu(SAO),JIm, +glycerol

TABLE 7: DNA (pBR322, 2 nl) cleavage data of copper com-
plexes(For figure7)

Reaction condition % Form| % Form Il % Form Il
DNA control 92.5 7.5 --
DNA+ H,0, 92.0 8.0 --

DNA+ | 79.6 17.1 3.3
DNA+l + H,0, 59.9 319 6.5
DNA+ 11 84.4 14.6 --
DNA+ Il + H,0, 57.2 39.8
DNA+ 111 78.5 15.2 --
DNA+ Il + H,0O, 28.5 50.5 21.0
DNA+ IV 75.5 -- 20.1
DNA+ IV + H,0, 20.6 45.8 324
DNA+V 73 27 --
DNA+V + H,0, 514 48.6
DNA+ VI 84.1 25.8 --
DNA+ VI + H,0, 46.3 41.1 6.8

copper(I1) complex inthe presence of DNA reved the
binding of complex with DNA .The binding constant
K, andredox potential val ues suggest these complexes
areweek binders.

DNA cleavage activity

Thenucleaseactivity of present copper complexes
has been investigated on pBR322 supercoiled plasmid
DNA by agarose gel electrophoresisin the presence
and intheabsence of oxidant (H,0,) at 120 minincu-
bation period. The gel electrophoresisdiagrams are
shown in the Figure 7. The nuclease activity of all
copper(ll) complexeshasfairly increased in presence
of oxidant (H,O,) (Figure 7a; dl even no. lanes).
Cu(SA0), complex cleaved super coiled form(SC) to
nicked circular (NC) both in presence and absence of
H,O, whichisevident fromlanes4 and 3 respectively.
Thehigher dleavageactivity in presenceof oxidant (lane
4) isevident from TABLE 7. Cu(HAO), complex show
complete degrading of SC form to NC and OC(open
circular or linear form) in presence of oxidant (lane 10).
Inlanes6 & 12, Cu(SAO),Py, and Cu(HAO)Py, re-
spectively converted SC form to NC in presence of
H,0,. No such cleavageis observed in the absence of
oxidant (lane5and 11). SC form has been degraded
into NC and OC formsin lanes 8 and 14 containing
imidazolecomplexes. In theabsence of oxidant no such
conversion was observed (lanes 7 and 13). From
TABLE 7 the cleavageefficiency of mixedligand com-
plexesare arranged in order based on cleavage effi-
ciency (TABLE 7). Theorder isasfollows:
Cu(HAO),Im,>Cu(SA0),Im,>Cu(HAO),Py,>Cu(SAO) Py,

Control DNA cleavage experiment reveal the
involvement of ‘OH free radical as cleavage active
species. Inlanes6, 7 & 8 containing DM SO, glycerol
and tert. butyl alcohol are added to reaction mixtureas
hydroxyl radical scavenger agents. In the presence of
hydroxyl redicd scavengers, especidly withDM SO and
tert-butyl alcohol (lanes5 and 6), cleavageactivity is
diminished sgnificantly indicating theinvolvement of the
hydroxyl radical as active species in the cleavage
Process.

CONCLUSIONS

Whilereportson DNA interactionsof copper com-
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plexesof polypyridyl and phenanthrolineligandsare
numerousintheliterature, thoseof interactionsof meta
oximates and, more so of mixed ligand copper com-
plexeswith oximesand aromatic basesarenot investi-
gated so far. In this study, we have attempted to un-
ravel the DNA interactionsand nucleaseactivity of mixed
ligand copper complexes. Thereductionin pesk inten-
Sty (absorption spectra) isin ana ogy with similar ob-
servation made earlier for other mixed ligand com-
plexes®2, Sincethebinding constantsvaluesare ap-
preciable andlessthan 10° M-tand sincethe complexes
contain aromatic hydrophobic groupsthese complexes
may bebetter regarded aspartia intercalatorsof DNA.
Nuclease activity of imidazole complexesismorethan
the corresponding pyridinecomplexes. Themixedligand
complexes of imidazol e arefound to be better DNA
binding agentsand efficient nucleasesthan the corre-
sponding pyridinecomplexespossibly dueto theaddi-
tiond nitrogenatomthat may fadlitateto srengthen DNA
interaction via hydrogen bonding with DNA bases.

The present studies reveal ed that the copper com-
plexesshow inggnificant nudeaseactivity intheaasence
of oxidant. However theactivity isgreatly enhancedin
the presence of oxidant facilitated by the production of
hydroxyl free radicals, which can damage DNA via
oxidative path. Insignificant nuclease activity of com-
plexesintheabsence of oxidant ispresumably dueto
themorestability of complexesattributed to their trans
structure.
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