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SYNTHESIS, CHARACTERIZATION, DNA-BINDING, AND
DNA-PHOTOCLEAVAGE PROPERTIES OF [Co(bpy)2(7-NO,-dpp2)J3+,
[Co(dmb),(7-NO,-dppz)13*, AND [Co(phen),(7-NO;-dppz)13+
COMPLEXES: (7-NITRO-dppz = 7-NITRO
DIPYRIDOI[3,2-a:2’-3’-c]PHENAZINE; bpy = 2,2’-BIPYRIDINE; dmb =
4,4'-DIMETHYL-2,2’-BIPYRIDINE; PHEN = 1,10-PHENANTHROLINE)
AND THEIR TOXICITY ON DIFFERENT MICROORGANISMS

Kotha Laxma Reddy," Y. Harish Kumar Reddy,? K. Ashwini Kumar,’
S. Vidhisha,! and S. Satyanarayana’

JDepartment of Chemistry, Osmania University, Hyderabad, India
2Department of Microbiology, Osmania University, Hyderabad, India

o The polypyridyl ligand 7-Nitro dipyrido[3,2-a:2 -3 -c[phenazine (7-Nitro-dppz) and its com-
plexes [Co(bpy)2(7-NOs-dppz)P* (1) (bpy = 2,2-bipyridine), [Co(dmb)s(7-NOs-dppz)]*(2),
(dmb = 4,4 -dimethyl-2,2 -bipyridine), and [Co(phen)s(7-NOy-dppz)P*(3) (phen = 1,10-
phenanthroline) were synthesized and characterized by UV/VIS, IR, elemental analysis, ' H and * C-
NMR, and mass spectra. The binding properties of the three complexes to CI-DNA were investigated
by different spectroscopic methods and viscosily measurements and DNA cleavage assay. The
experimental resulls suggest that these complexes bind to CI-DNA through an intercalative mode.
Also, the three complexes promote the photocleavage of plasmid pBR-322 DNA under irradiation.
Toxicological effects of the selected complexes were estimated with different microorganisms.

Keywords Co(III) complexes; polypyridyl ligand; calf thymus DNA; photo cleavage;
intercalative mode; toxicology

INTRODUCTION

Deoxyribonucleic acid plays an important role in the life process
because it bears heritage information and instructs the replication and
transcription of genetic information in living cells. DNA is a particularly
good target for metal binding sites.l!™* Such sites include the electron
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rich DNA bases or phosphate groups that are available for direct covalent
coordination to metal center. There are noncovalent binding modes as
well, such as hydrogen bonding and electrostatic binding to grooved
regions of the DNA and intercalation of planar aromatic ligands into the
stacked base pairs. The interaction of transition metal polypyridyl and
mixed ligand complexes with DNA has been extensively studied during
the past several years.[®-1%1 Especially, extensive work has been done
on the DNA binding of metal complexes with bipyridyl ligands.!!!-1%]
Clearly, further studies using various metals and ligands to evaluate
and understand the effect and factors on DNA binding and cleavage
mechanism are necessary. Recently our group has reported!!*-1® DNA
binding and photocleavage studies of several mixed ligand complexes
of ruthenium (II) and cobalt (III). In this work, we present our results
on the synthesis and studies on the interaction of DNA with Co(III)
complexes, which possess the same interesting characteristics and DNA
cleaving properties, but have not received as much attention as the Ru(II)
systems. 17211 Three Co(III) complexes, [Co(bpy)s(7-NOg-dppz)]1®* (1),
[Co(dmb)g(7—NOg—dppZ)]3+(2), and [Co(phen)g(7—N02—dppz)]3+(3) were
synthesized and characterized (Scheme 1). All three Co(III) complexes
possess extended aromatic w-systems, like some bidentate ligands such as
di pyrido[3,2-a;2’-3'-c]phenazine (dppz). This structural features offer the
chance for them to be a candidate for DNA-binding reagents. Their binding
properties to calf thymus DNA were studied; absorption spectroscopy,
emission spectroscopy, DNA melting techniques, viscosity measurements,
and their abilities to induce cleavage of pBR-322 DNA were also investigated.
Previously Kazachenko et al. established that some complex compounds
of gold with glycine, histidine, tryptophan, and cysteine possess selective
antibacterial activity and low toxicity.l??2! In this work the antimicrobial
and toxicological studies of the three complexes were estimated with
different microorganisms of different origin and type.

EXPERIMENTAL
Materials

CoCly-6H50, 1, 10-phenanthroline monohydrate, and 2, 2"-bipyridine
were purchased from Merck (India). calf thymus, 4-nitro-ortho-
phenylenediamine and 4,4’-dimethyl-2,2"-bipyridine were obtained from
Sigma (St. Louis, MO, USA). The super coiled (CsCl purified) pBR-322
DNA (Bangalore, Genei, India) was used as received. All other chemicals
and solvents were procured from locally available sources. All the solvents
were purified before use as per standard procedures.!?*) Deionized,
double distilled water was used for preparing various buffers. Solutions
of DNA in Tris HCI buffer (pH = 7.2), 50 mM NaCl gave a ratio of UV
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SCHEME 1 Synthetic routines of ligand and Co (III) complexes.

absorbance at 260 and 280 nm of 1.8-1.9, indicating that the DNA was
sufficiently free of protein.!?>! The concentration of calf thymus DNA was

determined spectrophotometrically using the molar absorption coefficient
6600 M~'em ™! (260 nm).[25]

Synthesis and Characterization

The compounds 1,10-phenanthroline-5,6-dione,[?”] [Co(bpy)2Cly]Cl,
[Co(dmb)sCls]Cl, 28 and[Co(phen)QClg]Cl[29] were prepared according
to literature procedures. Synthetic roots of ligands and their Co (III)
complexes are shown in Scheme 1.

A. Synthesis of Ligand

7-Nitro dipyrido[3,2-a:2 -3 -c[phenazine; (7-nitro-dppz). A solution of 1,10-
phenanthroline-b,6-dione (0.210 g, 1 mmol) and 4-nitro-1,2-phenylenedia-
mine (0.153 g, 1 mmol) in ethanol (20 ml) was heated at reflux for 4
hours. After cooling, the precipitate was collected by filtration, washed
with cold ethanol, and vacuum-dried. (yields; 70%) C1sHoN5Oo; Caled.(%);
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C:66.05; H:2.75; N:21.40; Found(%): C:66.24; H:2.83; N:21.36. IR(KBr):
1618(C=N), 1521(C=C), cm™!; ESI-MS (DMSO) m/z; 328 (calcd.327);
TH-NMR (DMSO-d6, §ppm): All the protons resonate down field between
10 to 8.5 ppm corresponding to aromatic ring protons. 9.85 (2H,d);
8.70 (2H,m); 9.30 (2H,d); 7.80(1H,s); 8.95 (1H,d); 8.50 (1H,d); "*C['H]-
NMR (DMSO-dg, sppm): The *C NMR of 7-nitro dppz gives a peak at 151.8
corresponding to carbon next to nitrogen(C,) and 141.2 corresponding to
carbon attached to nitro group(Cy,), 134.5(C.), 132.2(Cs), 131(C;),128(C,),
126.7(Cq), 124(C,), 118(Cy).

B. Synthesis of [Co(bpy): (7-NOz-dppz)] (ClO43-3H,0

To a 50 ml ethanolic solution of Cis-[ Co(bpy)2Cle]Cl-3H2O (0.531 g,1.0
mmol) was added about 0.490 g (1.5 mmol) of NDPPZ. The resulting
solution was refluxed for 1 hour and further stirred for 5-6 hours un-
der nitrogen. It was filtered and the complex was precipitated by upon
addition of a saturated ethanolic solution of NaClOy4 to the filtrate. The
complex was filtered and further dried under vacuum before recrystalliza-
tion (MesCO-Et0O). (yields; 75%) Found (%): C;43.54, H;2.86; N:12.14;
Calcd for CsgH31NgCl3O17Co; C;43.42, H;2.95; N:12%. IR(KBr): 1681 (C =
N), 624(Co-N(nitro-dppz)), 558(Co-N(bpy)) cm~!; 'H-NMR(DMSO-dg,s-
ppm): 9.15 (4H,d); 8.75 (6H,m); 8.70 (4H,m); 8.40 (2H,d); 7.95 (4H,m);
7.90 (2H,m); 7.50 (1H,d); 8.72 (1H,s); 8.60 (1H, d). '*C['H]-NMR (DMSO-
d¢, ppm, major peaks): Upon coordination 7-nitro dppz to Co(IIl) the
carbons next to nitrogen of phenanthroline ligand (C,) shifted to down
field and appeared at 155 and 152(bipyridine). Other peaks also shifted
to down field and resonates at 151.6(Cy), 150(C.), 148(Cs), 143.5(C,),
138.1(Cy), 135.2(Cq), 130(Cy), 127(Cy).

C. Synthesis of [Co(dmb); (7-NOx-dppz)] (ClO43-3H,0

This complex was obtained by a procedure similar to that de-
scribed above, Cis-[Co(dmb)sCly]CL.3H2O (0.587 g,1.0 mmol) in place
of Cis-[Co(bpy)2Cla]CL.3H5O. Yields; 65%. Found(%): C;45.33, H;3.64;
N:11.19; Calcd for C49H39NgCl30;7Co; C;45.56, H;3.52; N:11.39%. IR (KBr):
1622, (C=N) 1420(C=C), 557(Co-N) cm~!; '"H-NMR (DMSO-dg,6ppm):
9.92 (2H,d); 9.05 (4H,d); 8.90 (4H,s); 8.24 (2H,m); 7.60 (4H,d); 7.92
(2H,d); 8.84 (1H,d); 8.38 (1H,d);9.30 (1H,s); 2.74 (12H, s). *C['H]-
NMR (DMSO-dg, §ppm, major peaks): 156(C,) of nitro-dppz, 155 (the car-
bon next to nitrogen of dimethyl bipyridine), 150(Cy), 132(C;), 129.2(Cq),
127(Cy),125(Cy,) and methyl carbon on bipyridine resonates at 21.3.

D. Synthesis of [Co(phen), (7-NOz-dppz)] (ClO4)3-3H,0
This complex was obtained by a procedure similar to that de-
scribed above, Cis-[Co(phen)sClo]C1.3H2O (0.578 g,1.0 mmol) in place of
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Cis-[Co(bpy)2Cle]CL.3H2O. Yields; 65%. Found(%): C,45.83; H,2.65;
N,11.56; Calcd for C4oHj3NgCl30;7Co; C,45.90; H,2.82; N,11.47%. IR
(KBr): 1607(C=N), 1431 (C=C), 654 (Co-N (nitro-dppz), 467 (Co-N(phen)),
cm™: TH-NMR (DMSO-dg,8ppm): 9.95 (2H,d); 9.20 (4H,d); 8.60 (4H,m);
8.45 (1H,d); 8.02 (8H,m); 8.00 (2H,m); 8.18 (2H,d); 9.38(1H,s); 8.80
(1H,d). BC['H]-NMR(DMSO-ds, Sppm, major peaks): 154(C,) and 153.4
(the carbon next to nitrogen of phenanthroline), 148(Cy), 144(C.),
141(Cy), 139.4(C,), 136(C), 132(Cq), 130.5(Cy), 126(Cy).

Physical Measurements

UV-Visible spectra were recorded with an Elico Bio-spectra-photometer,
model BL198. IR spectra were recorded in KBr discs on a Perkin-Elmer
FT-IR-1605 spectrometer. 'H NMR spectra were measured on a Varian
XL-300 MHz spectrometer using DMSO dg as the solvent and TMS as an
internal standard. Micro analysis (C, H, and N) were carried out on a Perkin-
Elmer 240 elemental analyzer. Fluorescence spectra were recorded with a
JASCO Model 7700 spectrofluorometer for solutions having absorbance less
than 0.2 at the excitation wavelength. Viscosity experiments were carried
on Ostwald viscometer, immersed in thermostatted water-bath maintained
at 30 £ 0.1°C: DNA samples approximately 200 base pairs in average
length were prepared by sonication in order to minimize complexities
arising from DNA flexibility.[*) Data were presented as (/ 19)'/? versus
concentration of [Co (III)]/[DNA], where 7 is viscosity of DNA in the
presence of complex, and 7, is the viscosity of DNA alone. Viscosity values
were calculated from the observed flow time of DNA-containing solutions
(t > 100 seconds) corrected for the flow time of buffer alone (ty).'*!! The
DNA melting experiments were carried out by controlling the temperature
of the sample cell with a Shimadzu circulating bath while monitoring the
absorbance at 260 nm. For the gel electrophoresis experiments, super
coiled pBR-322 DNA (100 uM) was treated with Co (III) complexes in
50 mM Tris-HCI, 18 mM NaCl buffer pH 7.8, and the solutions were
then irradiated at room temperature with a UV lamp. The samples were
analyzed by electrophoresis for 2.5 hours at 40V on a 1% agarose gel in
Tris- acetic acid-EDTA buffer, pH 7.2. The gel was stained with 1 ug /ml
ethidium bromide and photographed under UV-light. Toxicity studies were
performed on different type of micro organism of different origin, among
them an industrially important yeast [Saccharomyces cerevisiae CFTRI 101];
soil borne Pseudomonas sps; commercially available pro biotic lactic acid
bacteria, Lactobacillus sporogenes and soil borne pollutant degrading bacteria
Bacillus cereus MTCC 8550 as the test organisms. These microorganisms
were grown as per the given clinical microbiology procedure.!??! Based on
the preliminary experiments over a range of concentrations, toxicity was
determined for all complexes at a level of 5 uM in the medium. Estimation
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of growth was done depending on organisms used over a time period, from
24 to 120 hours. At each time period, the cells were dispersed by vortexing
the culture till a uniform suspension was obtained, and turbidity of aliquots
was measured at 660 nm. Growth with no added complex served as control.

RESULTS AND DISCUSSION
DNA Binding Studies

Characterization

All the compounds synthesized in this study have been characterized
by elemental analysis, UV-Vis, IR, and 'H-NMR spectroscopic methods.
Electronic absorption spectra of the complexes are characterized by metal
to ligand charge transfer (MLCT) transition in the visible region. The low
energy bands at 361, 351, and 339 nm for compounds 1, 2, and 3 respectively
are assigned to the metal-to-ligand charge transfer transition. The important
stretching frequencies observed in the Infrared spectra, 'H-NMR spectral
data for the ligands and compounds synthesized in this study, show the
expected peaks in the aromatic region.

Absorption Spectral Studies

The absorption spectra of complexes 1, 2, and 3 in the absence and
presence of CI-DNA (at constant concentration of complexes) are given in
Figure 1. As the concentration is increased, the MLCT transition bands of
complexes 1, 2, and 3 at 361, 351, and 339 nm exhibit hypochromism of
about 12.9, 8.7, and 14.5% as well as an insignificant bathochromism about
6, 5, and 8 respectively. These results are similar to those reported earlier for
various metallo intercalators.[33-34] Based on the observations, we presume
that there are some interactions between the complexes and the base pairs
of DNA. In order to compare quantitatively the binding strength of the three
complexes, the intrinsic binding constants Ky, of the three complexes with
CT- DNA were obtained by monitoring the changes in absorbance at 353 nm
for complex 1, at 356 nm for complex 2 and at 341 nm for complex 3 with
increasing concentration of DNA using the following equation,!®! through
a plot of [DNA] / [ea—er] Vs [DNA].

[DNA]/ (e, — &r) = [DNA]/ (e, — &) + 1/Ky (e, — &)

where [DNA] is the concentration per nucleotide, the apparent absorption
co-efficients ¢, &f and &y, correspond to Aghsd /[co(ny], the extinction co-
efficients for the free cobalt complex, extinction co-efficients of complex
in presence of DNA and the extinction co-efficients for the cobalt complex
in the fully bound form, respectively. In plots [DNA]/(e,—¢&¢)Vs [DNA],K
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FIGURE 1 Absorption spectrum of complexes [Co(bpy)g(7—NOg—dppz)]+3 (1), [Co(dmb)g(7-NOo-
dppz)]?’+ (2) and in Tris HCI buffer at 25°C in the presence of increasing amount of CT- DNA, [Co]
= 10uM, [DNA] = 0-120 uM .The arrows indicate the change in absorbance upon increasing the DNA
concentration. Insert: Plot of [DNA]/ (e,-¢f) versus [DNA] for titration of the Co(III) complexes.

is given by the ratio of slope to intercept. Intrinsic binding constants
Ky, of [Co(bpy)2(7-NOg-dppz)13T (1), [Co(dmb)g(7-NOg-dppz)°*(2) and
[Co(phen)g(7—N02—dppz)]34r (3) were obtained about 1.4 + 0.2 x 10°, 1.1
+ 0.3 x 10%, and 1.7 & 0.2 x 10° M~!, respectively. Addition of increasing
amounts of CI-DNA results in hypochromism and moderate bathochromic
shift in the UV spectra of three [Co(bpy)a(7-NOg-dppz)]1®*, [Co(dmb)q(7-
NOy-dppz) 1, and [Co(phen)s(7-NOg-dppz)]**. According to the data
presented in Table 1, it seems that the spectral perturbation of the three
complexes upon addition of DNA follows: [Co(phen)g(7-NO2-dppz)]3Jr >
[Co(bpy)2(7-NOg-dppz) 1*" > [Co(dmb)g(7-NOg-dppz) ]**. These spectral
characteristics may suggest a mode of binding that involves a stacking
interaction between the complex and the base pairs of DNA.

The difference in binding strength of complexes of 1 and 2, probably
being caused by the different ancillary ligands. The four additional methyl
groups in complex 2 relative to complex 1 exert some steric hindrances.
Therefore complex 1 is probably more deeply intercalated and more tightly
bound to adjacent DNA base pairs than complex 2. Similarly, the difference
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TABLE 1 Results of absorption titration and thermal melting experiment

Absorption Amax

(nm)
Hypochromicity
Complexes TMmC (%) Free Bound AX
CT DNA alone 61 —
[Co(bpy)a(7- 67 129 261 267 6
NOy-dppz) 13+
[Co(dmb)e (7- 64 8.7 253 258 5
NOy-dppz) 13+
[Co(phen)y (7- 69 14.5 956 264 8
NOg-dppz) 13+

in binding strength of complexes 1 and 3 is due to the difference in
the ancillary ligands. On going from bpy to phen, the planarity area and
hydrophobicity increase leading to a greater binding affinity for complex 3
than 1.

Fluorescence Spectroscopic Studies

The complexes 1, 2, and 3 can emit luminescence in Tris buffer at
ambient temperature with maxima at 422, 423, and 420 nm respectively.
Binding of three complexes to DNA was found to increase the fluorescence
intensity. Here the introduction of a nitro group of 7-Nitro-dppz ligand
may be responsible for the negligible luminescence. The emission spectra
of three complexes in the absence and presence of CT DNA are shown in
Figure 2. In the presence of CT-DNA, the emission intensity increases 1.30
times for complex 1, 1.17 times for complex 2 and 2.4 times for complex 3,
respectively; the extent of enhancement increases on going from complex
1 to complex 3, which is consistent with the above absorption spectral
results. This observation is further supported by the emission quench-
ing experiments using [Fe(CN)g]*™ as quencher. The ion [Fe(CN)g]*™
has been shown to be able to distinguish differentially bound Co (III)
species, positively charged free complex ions should be readily quenched
by[Fe(CN)s]*". The complex binding to DNA can be protected from
the quencher, because highly negatively charged [Fe(CN)g]*™ would be
repelled by the negative DNA phosphate backbone, hindering quenching
of the emission of the bound complex. The method essentially consists
of titrating a given amount of DNA-metal complexes with increasing the
concentration of [Fe (CN) ¢]* and measuring the change in fluorescence
intensity. The Ferro-cyanide quenching curves for these three complexes in
the presence and absence of CT DNA are shown in Figure 3. The absorption
and fluorescence spectroscopy studies determine the binding of complexes.
From the quenching studies also it is clear that the binding ability of the
complexes to DNA is in the order 3 > 1 > 2.
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FIGURE 2 Emission spectra of complexes [Co(bpy)g(7—N02—dppz)]?’+(l), [Co(dmb)g (7-NOg-
dppz)] 3+ (2) and [Co(phen)s (7-NOg-dppz)] 3+ (3) in Tris HCl buffer at 25°C in the presence of CT-DNA,
[Co] = 10uM, [DNA] = 0-120 uM. The arrow shows the intensity change upon increasing CT-DNA
concentrations.

Viscosity Studies

Viscosity measurements which were carried out further to clarify the
interaction of metal complexes with CT-DNA. A hydrodynamic measure-
ment such as viscosity is sensitive to length change and is regarded as the
least ambiguous and most critical tests of a binding model. In classical
intercalation, the DNA helix lengthens as base pairs are separated to accom-
modate the bound ligand leading to an increase of the viscosity of the DNA
solution.!3136] For example, under appropriate conditions, intercalation
of drugs like ethidium bromide (EtBr) causes a significant increase in
the overall DNA length. On the other hand, partial and/or non classical
intercalation of the ligand may bend (or kink) the DNA helix, resulting
in a decrease in its effective length and concomitantly, its viscosity. The
effects of the three complexes [Co(bpy)s(7-NOg-dppz)]**, [Co(dmb)g(7-
NOg-dppz) 1T, and [Co(phen)q (7-NOg-dppz) ]** on the viscosity of rod-like
DNA are shown in Figure 4. As the concentration of complexes increases,
the relative viscosity of DNA increases obviously, as a result the length of



19: 28 25 January 2011

Downl oaded At:

[Co(bpy)2( 7-NOy-dppz) >+, [Co(dmb)s(7-NOs-dppz) >+ 213

45 - 45 -
4 4
] 35
34 ) +DNA
N ]
25 +DNA 25 4
< SN
— 24 =
15 154
1
18
05 1 05| 2
0 0 T T T T T \
0 001 002 003 004 005 006 0 001 002 003 004 005 006
4-
[Fe(CN) ]*(M) [Fe(CN) ;1*:(M)
3
25
2
5 1z +DNA
|.
05 3
0

0 on 002 003 004 0.05 006

[Fe(CN) ;1*(M)

FIGURE 3 Emission quenching of Co(IlI) complexes 1-3 with K4[Fe(CN)g] in the presence and
absence of DNA. [Co] = 10uM, [DNA]/ [Co] = 40:1.

the duplex DNA increases following intercalation, which is similar to that
of the classical intercalative complex [Ru(phen)sdppz]?*.137) This result
suggests an intercalative binding mode of three Co (III) complexes and
also parallels the pronounced hypochromism, bathochromism and emission
enhancement of three complexes in the presence of CI-DNA.

DNA Melting Studies

As intercalation of the complexes into DNA base pairs causes sta-
bilization of base stacking and hence raises the melting temperature
of the double standard DNA, the DNA melting experiments are use-
ful in establishing the extent of intercalation.[®®] All the three present
complexes ([Co] = 10 uM) were incubated with CT-DNA (100 uM),
heated to 85°C from ambient temperature and the OD at 260 nm
was monitored.[?") The melting curves of CT DNA in the absence and
presence of complexes [Co(phen)g(7-NOg-dppz)]®*, [Co(bpy)g(7-NOy-
dppz)]3+, and [Co(dmb)s (7-NOe-dppz) 13+ are presented in Figure 5. Here,
a DNA melting experiment revealed that T,, of calf thymus DNA is 61 +
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FIGURE 4 Effect of increasing amount of ethidium bromide (1) complexes [Co(phen)sg(7-NOq-

dppz)]?’+ (2), [Co(bpy)2(7—NOQ—dppZ)]?’+ (8) and [Co(dmb)g(7—NOz—dppz)]3+ (4) on relative viscosity
of CT-DNA at 30+ 0.1°C. The total concentration of DNA is 0.25 mM, [Co] = 10 uM.

0.2°C in the absence of the complexes. The observed melting temperature
in the presence of the complexes were 67 = 0.2°C, 64 £+ 0.3°C, and 69 +
0.2°C, for 1, 2, and 3 complexes, respectively, and gives strong support for
intercalation into the helix. Binding of complexes does lead to an increase
in AT,, of DNA is in order [Co(phen)s(7-NOg-dppz)]1*" > [Co(bpy)s(7-
NOqy-dppz) 1*T > [Co(dmb)s (7-NOg-dppz)1** (Table 1).

Photo Activated Cleavage of pBR-322 DNA by Co (III) Complexes

The cleavage of plasmid DNA can be monitored by agarose gel elec-
trophoresis. In the dark the complexes does not promote DNA strand
breaks. Figure 6 shows gel electrophoretic separation of pBR322 DNA
after incubation with the complexes and irradiation at 365 nm. When the
plasmid was irradiated in the presence of complexes, an efficient photo
induced DNA-strand cleavage occurs. No DNA cleavage was observed for
controls in which complexes were absent (lane 1). At low concentrations of
the complexes, no significant cleavage of the plasmid DNA was observed.
With increasing concentration of the complexes (1, 2, and 3; lanes 2-5),
a significant nicking of the super coiled plasmid form took place. The
amount of the super coiled form of pBR322 DNA diminishes gradually,
whereas the movement of the nicked, slower moving open circular form!4]
increases.
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FIGURE 5 Melting temperature curves of DNA in the absence (0) and presence of

complexes[Co(phen)g(7—N02—dppz)]3"' 1), [Co(bpy)2(7—N02—dppz)]3+ (2) and [Co(dmb)g(7-NOg-
dppz)]3+ (3).The total concentration of DNA is 100uM, [Co] = 10 uM.
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FIGURE 6 (A) Cleavage of pBR 322 DNA [10 ul of 100 uM stock] in the presence of [Co(bpy)2(7-
NOg—dppz)]“and light after 30 min irradiation at 365 nm. DNA alone (lane 1), the concentration
of [Co(bpy)2(7—N02-dppz)]3+ was 20,40,60,80 uM (lane 2-5). (B) Cleavage of pBR 322 DNA [10 ul
of 100 uM stock] in the presence of [Co (dmb)2(7-NOQ—dppz)]3+and light after 30 min irradiation at
365 nm. DNA alone (lane 1), the concentration of [Co(dmb)g(7-N02-dppz)]3+was 20,40,60,80 uM
(lane 2-5). (C) Cleavage of pBR 322 DNA [10 ul of 100 uM stock] in the presence of [Co(phen)g(7-
NOg-dppz)]3*and light after 30 min irradiation at 365 nm. DNA alone (lane 1), the concentration of
[Co(phen)g (7-N02-dppz)]3+was 20,40,60,80 uM (lane 2-5).



19: 28 25 January 2011

Downl oaded At:

216 K. L. Reddy et al.

TABLE 2 Effect of cobalt complexes on different microorganisms [Saccharomyces
cereviceae CFTRI 101 (2a); Psuedomonas sps (soil bacteria) (2b); Lactobacillus
sporogenes (2c); Bacillus cereus MTCC 8550 (2d)] growth expressed on the bases of
absorbance at 660 nm, growth of control (no complex) was taken as 100% for
quantitative evaluation of toxicity of the complex

2a.

OD (Optical Density) of the microorganism growth observed at

660 nm
[Co(bpy)e(7-  [Co(dmb)e(7- [Co(phen)s(7-

Time (Hours) Control NOg-dppz) 1%+ NOo-dppz)13+  NOs-dppz) 13+
24 0.4 0.395 0.3 0.38
48 0.8 0.61 0.426 0.64
72 1 0.73 0.577 0.755
96 1.01 0.88 0.586 0.776
120 1.01 0.89 0.592 0.781
2b.
4 0.009 0 0.002 0
8 0.01 0.001 0.008 0
12 0.03 0.009 0.01 0.009
16 0.131 0.112 0.127 0.108
20 0.311 0.19 0.223 0.125
24 0.317 0.194 0.231 0.133
2c.
4 0.04 0.001 0 0.001
8 0.066 0.041 0.038 0.054
12 0.165 0.139 0.091 0.143
16 0.411 0.293 0.269 0.303
20 0.52 0.461 0.433 0.466
24 0.529 0.48 0.461 0.481
2d.
4 0.09 0.01 0 0
8 0.1 0.026 0.02 0.008
12 0.201 0.082 0.133 0.082
16 0.287 0.201 0.175 0.104
20 0.399 0.275 0.196 0.119
24 0.401 0.28 0.199 0.12

Toxicological Studies

A series of [Co(bpy)s(7-NOg-dppz)]1*T, [Co(dmb)e(7-NOge-dppz)1®T,
and [Co(phen)(7-NOo-dppz) 1>+ complexes are evaluated with different
microorganisms. Toxicological effects of the complexes 1, 2, and 3 are
compared for their effects on growth of the selected micro organisms. The
results shown in Tables 2a through 2d indicate that all three complexes
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are growth inhibitory with toxicity being in the order 2 >3 > 1 with the
yeast [Saccharomyces cerevisiae CFTRI 101]; whereas with the Pseudomonas sp,
Lactobacillus sporogenes and Bacillus cereus MTCC 8550, the order of inhibition
is 3 >1 >2; 2 >1 >3; 3 >2 > 1, respectively. The absence of any lag
in the onset of growth effects suggests that the complexes are taken up
rapidly and affect intracellular metabolism and regulation.[*!] This study
on different microorganisms will lead to application and impacts of the
synthetic complexes on environment and living systems.

CONCLUSION

In summary, three Co(Ill) complexes of [Co(bpy)s(7-NOg-dppz)]*T,
[Co(dmb)g(7-NOg-dppz)1%F, and [Co(phen)s(7-NOg-dppz) ]*>* have been
synthesized and characterized. Their DNA-binding and photocleavage prop-
erties were also investigated. Spectroscopic studies and viscosity experiments
supported that the three complexes can intercalate into DNA base pairs
via 7-NOy-dppz ligand. Upon comparison with ethidiumbromide the results
reveal that our complexes are not as good intercalators as ethidiumbromide.
Toxicological studies show that the three complexes have effect over eu-
karyotic and also prokaryotic microorganisms. The effect varies on different
microorganisms depending on their constitution of the system. This study
will give a pavement for further studies of the complexes effect and its
applications on various living systems.
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