This article was downloaded by: [Renmin University of China]

On: 13 October 2013, At: 10:43

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

oz e Journal of Coordination Chemistry
CHEMISTRY Publication details, including instructions for authors and

subscription information:

http://www.tandfonline.com/loi/gcoo20

Review: Synthesis, characterization,
and DNA-binding properties of Ru(ll)

molecular “light switch” complexes

C. Shobha Devi ® & S. Satyanarayana

# Department of Chemistry , Osmania University , Hyderabad 500
007 , India
Published online: 31 Jan 2012.

To cite this article: C. Shobha Devi & S. Satyanarayana (2012) Review: Synthesis, characterization,
and DNA-binding properties of Ru(ll) molecular “light switch” complexes, Journal of Coordination
Chemistry, 65:3, 474-486, DOI: 10.1080/00958972.2011.649736

To link to this article: http://dx.doi.org/10.1080/00958972.2011.649736

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,

and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/loi/gcoo20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00958972.2011.649736
http://dx.doi.org/10.1080/00958972.2011.649736
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Renmin University of China] at 10:43 13 October 2013

Journal of Coordination Chemistry e Taylor & Francis
Vol. 65, No. 3, 10 February 2012, 474-486 Taylor & Francis Group

Review: Synthesis, characterization, and DNA-binding
properties of Ru(Il) molecular *light switch” complexes

C. SHOBHA DEVI and S. SATYANARAYANA*

Department of Chemistry, Osmania University, Hyderabad 500 007, India
(Received 8 September 2011, in final form 21 November 2011)

This article presents recent progress in our laboratory on the interactions of Ru(II) polypyridyl
complexes with calf thymus DNA (CT-DNA). Mixed polypyridyl Ru(Il) complexes
[Ru(L)4(AIP)]** and [Ru(L)4PyIP]**, where L is 4-amino pyridine and pyridine (AIP =2-(9-
anthryl)-1H-imidazo[4,5-f][1,10]phenanthroline;  PyIP = 2-(1-pyrenyl)-1H-imidazo[4,5-f][1,10]
phenanthroline), have been synthesized and characterized by elemental analysis, and physico-
chemical methods such as ESI-MS, UV-Vis, IR, and NMR spectroscopic techniques. Electronic
absorption titrations, fluorescence spectroscopy, viscosity measurements, and salt-dependent
studies of CT-DNA in the presence of incremental amounts of all four Ru(1I) complexes clearly
demonstrate that all four complexes bind to DNA by intercalation. The DNA-binding affinities
of these complexes follow the order [Ru(4-APy)4(PyIP)** > [Ru(Py),PyIP]*" > [Ru(4-
APy)4(AIP)]** > [Ru(Py),AIP]*". Irradiation of pBR 322 DNA with these complexes results
in nicking of the plasmid DNA. All four complexes were screened for antimicrobial activity. All
complexes also exhibited DNA “light switch properties. These results suggest that both
ancillary ligand and intercalative ligand influence the binding of these complexes to DNA.

Keywords: Ru(Il) complexes; Polypyridyl ligand; Fluorescence; Light switch effect;
Photocleavage

1. Introduction

Recent trends in studies of metal complexes have focused on binding with DNA
through intercalation [I-6]. DNA interstrand cross-linking agents comprise an
extremely important class of clinical agents not only in the treatment of cancers, but
also for diseases, such as psoriasis and various anemias. A quantitative understanding
of factors that determine recognition of DNA sites would be valuable in the
development of sensitive diagnostics and chemotherapeutics [7-10]. Several ruthenium
complexes have developed as an alternative to Cisplatin (cis-diammine dichloro
platinum(II), cis-[PtCI,(NHj3),]) for potential use as therapeutic anticancer agents with
lower toxicity than the platinum counterparts [11-14]. Structure—activity relationships
of these complexes were studied in detail [15] giving new insight into understanding
cytotoxicity of a series of Ru(Il) anti-tumor complexes. The strong absorbance caused
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by metal-to-ligand charge transfer (MLCT), luminescent characteristics, and their
perturbations upon binding to DNA of the Ru(II) complexes provide practical means
to explore their DNA-binding mechanisms. Ruthenium polypyridyl complexes are
promising DNA probes due to their intense MLCT luminescence and excited state
redox properties [16]. Certain other mixed-ligand ruthenium(II) complexes can be
modified in 3-D to adopt to the DNA helix [17-19].

The majority of work on Ru(II) complexes emphasized on more intercalative ligands
than ancillary ligands. However, a few works [20-23] have studied the role of ancillary
ligands in polypyridyl Ru(II) complexes for their interaction with DNA. The ancillary
ligand of polypyridyl ruthenium(II) complexes plays a key role in the spectral properties
and interaction with DNA [24].

In most of the compounds described so far, the Ru(II) is bound to bidentate aromatic
and polyaromatic ancillary ligands [25, 26]. Less attention has been paid to compounds
containing monodentate ancillary ligands. In this contribution, we report synthesis and
characterization of ruthenium polypyridyl complexes [Ru(4-APy)4(PyIP)]*",
[Ru(Py)4PyIP]*", [Ru(4-APy)4(AIP)]*", and [Ru(Py),AIP]>* which contain monoden-
tate aromatic ancillary ligands. Their interactions with DNA were explored by
electronic absorption, emission-quenching studies, viscosity, and salt-dependent studies.
Effects of switching on and switching off light were also studied. This light switch effect
is quite remarkable and provides the basis for a valuable photo-physical probe of
nucleic acids. These complexes can intercalate into DNA base pairs and cleave the pBR
322 DNA with high activity upon irradiation. We have also tested all four complexes
for their antimicrobial activity.

2. Experimental

2.1. Materials

All reagents and solvents were purchased commercially and used as received unless
otherwise noted. RuCls, 1,10-phenanthroline monohydrate and pyridines were
purchased from Merck. Calf thymus DNA (CT-DNA) was purchased from Aldrich
and supercoiled pBR 322 DNA was obtained from Bangalore Genie. Doubly distilled
water was used for preparing various buffers. Interactions of the complexes with DNA
were studied in tris-buffer (Smmol L™" Tris-HCI, 50mmol L™" NaCl, pH 7.2). The
DNA had a ratio of UV absorbance at 260 and 280 nm of about ~1.9: 1, indicating that
the DNA was sufficiently free of protein [27]. The concentration of DNA in nucleotide,
i.e. phosphates or bases was determined spectrophotometrically using molar absorp-
tivity of 6600 cm ™" (260 nm) [28, 29].

2.2. Synthesis and characterization

1,10-Phenanthroline-5,6-dione [30], AIP, PyIP [25], and [Ru(L)4Cl,] were synthesized
according to literature procedures [31]. Synthetic strategies of these ligands and their
Ru(IT) complexes are shown in figure 1.
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Figure 1. Synthetic routes for ligand and 1-4.

3
[Ru(4-APy),(PyIP)]>*

2

2.2.1. Synthesis of [Ru(4-APy)4(AIP)|(C104),-2H,0 (1). [Ru(4-APy)4(AIP)] was
synthesized using a mixture of [Ru(4-APy),CL]-2H,O (0.5mmolL"") and AIP
(0.5mmol L") refluxed in 25mL ethanol and 15mL water for 8 h under nitrogen to
give a clear, red solution upon cooling; the solution was treated with a saturated
aqueous solution of NaClO,4 to give a red precipitate. The red solid was collected and
washed with small amount of water, ethanol, and ether, then dried in vacuum. Yield:
76%. Anal. Caled for C47H43N1,0,0CLRu (%): C, 50.94; H, 3.88; N, 15.17. Found
(%): C, 50.89; H, 3.9; N, 15.2. ES™-MS: calculated: 1107, found: 1108. IR (KBr) 3440
(broad) (N-H), 1655 (C=N), 1546 (C=C), 556cm™' (Ru-N). 'H-NMR (DMSO-dq,
400 MHz): § 8.9 (d, 1H, Hy¢), § 8.1 (m, 2H, Hy, H3), 8 7.9 (d, 1H, Hy7), 8 7.7 (m, 1H, Hy),
8 7.5 (m, 2H, H,, Hyy), § 7.3 (t, 1H, Hy,), 8§ 7.1 (d, 1H, Hjp), § 6.9 (s, 1H, Hyy).

2.2.2. Synthesis of [Ru(Py)4(AIP)](Cl04),+2H,0 (2). This complex was obtained by a
similar procedure to that described above; [Ru(Py)4Cl,] - 2H>O (0.5 mmol L") was used
in place of [Ru(4-APy)4Cl,]-2H,0. Yield: 65%. Anal. Calcd for C47H39NgOoCl,Ru
(%): C, 53.86; H, 3.72; N, 10.69. Found (%): C, 53.9; H, 3.8; N, 10.81. IR (KBr) 3450
(N-H), 1655 (C=N), 1561 (C=C), 550cm~" (Ru-N). "H-NMR (DMSO-d,, 400 MHz):
59.0 (m, ZH, H], Hl6)7 5 8.9 (d, IH, H3), §8.2 (m, 2H, H17, Hz), 87.9 (rn, 3H, ng, H](),
Ho), 8 7.8 (m, 2H, Hg, Hyy), 8§ 7.7 (s, 1H, Hy,). *C['H]-NMR (DMSO-de, 400 MHz):
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§ 157 (1C, Cy), 8 155.7 (1C, Cy), 8 154.1 (1C, C3), § 150 (1C, Cy), 8 136.0 (2C, Cs.7),
§135 (1C, Cig), 8 130.5 (2C, Cys), § 129.0 (2C, Cs.13), 8 128.0 (1C, Co), 8 125.0
(1C, Cy), 8 124.6 (1C, Cyp), 8 124.0 (1C, Cy2), § 123.0 (1C, Cy4), §120.4 (1C, Cy)).

2.2.3. Synthesis of [Ru(4-APy)4(PyIP)](ClOy),2H,0 (3). This complex was obtained
by a similar procedure to that described above; PyIP (0.5 mmol L™") was used in place of
AIP. Yield: 75%. Anal. Calcd for C49H44N1,010CLRu (%): C, 51.94; H, 3.88; N, 14.84.
Found (%): C, 52.01; H, 3.92; N, 14.91. IR (KBr) 3360 (broad) (N-H), 1643 (C=N),
1521 (C=C), 552cm™! (Ru-N) 'H-NMR (DMSO-d¢, 400 MHz): § 9.7 (d, 1H, H,), § 9.6
(d, 1H, Hy4), 8§ 9.4 (m, 2H, H,, Hy3), 8 8.6 (d, 1H, H3), § 8.5 (m, 2H, Hgy), § 8.4 (m, 2H,
Hll,lQ)o §8.3 (m, 2H, le’lg), 58 (d, lH, H14), §6.6 (S, lH, Hl6)a 5§64 (m, lH, H15).

2.2.4. Synthesis of [Ru(Py)4(PyIP)](ClO4),2H,0 (4). This complex was obtained by
a similar procedure to that described above, [Ru(Py)4Cl,]-2H,O (0.5 mmol L™") was
used in place of [Ru(4-APy)4Cl,]-2H>O. Yield: 75%. Anal. Caled for
CyoH 4 NgO1oCLLRu (%): C, 54.85; H, 3.73; N, 10.44. Found (%): C, 54.93; H, 3.8;
N, 10.54. EST-MS: calculated: 1072, found: 1070. IR (KBr) 3368 (broad) (N-H), 1650
(C=N), 1560 (C=C), 545cm™' (Ru-N) '"H-NMR (DMSO-de, 400 MHz): § 9.4 (s, 1H,
Hy), § 9.2 (m, 2H, H,, H3), 6 8.7 (s, 1H, H»3), § 8.5 (m, 2H, Hy4, Hys), § 8.4 (m, 2H,
Hg,]l), §8.2 (m, lH, HIS): 58.1 (m, ]H, Hl6)a 57.9 (m, 2H, Hg, H]g), 5§74 (S, lH, H]z),
8 7.2 (s, 1H, Hyg), 7.0 (s, 1H, Hyy). "*C['"H-NMR (DMSO-dg, 400 MHz): § 157.7 (1C,
C1), 8 150.04 (1C, Cay), § 136 (1C, C5), 8 134.8 (1C, Cys), 6 132.15(2C, Cy45), 6 131.4 (2C,
Ce.7), 6 131.02 (2C, Cy122), 8 129.1 (1C, Cy), § 128.9 (1C, Cy), § 127.7 (1C, Cyy), § 127.05
(1C, Cyp), 6 1259 (1C, Cyg), 8 125.2 (1C, Cy9), 8 124.9 (1C, Cy), § 124.2 (2C, Cy415),
8 123.4 (1C, Cyy) (figure 2).

WFW'WWTT('Y'leFFI‘I‘I IIIII ||1-1|..|‘.I‘.||...|||
170 160 150 140 130 120 110 100

Figure 2. 3C['H]-NMR spectra of [Ru(Py)4(PyIP)].
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2.3. Physical measurements

UV-Vis spectra were recorded with an Elico SL159 spectrophotometer. Infrared (IR)
spectra were recorded as KBr discs on a Perkin-Elmer FT-IR-1605 spectrometer.
"H and '*C NMR spectra were recorded on a Bruker 400 MHz spectrometer with
DMSO as solvent at RT and TMS as the internal standard. Electrospray ionization
mass spectrometry (ESI-MS) mass spectra were recorded on an ESI-MS LCQ ion trap
(Thermo Finningan, San Jose, CA, USA) mass spectrometer. Microanalyses (C, H,
and N) were carried out with a Perkin-Elmer 240 elemental analyzer. Fluorescence
measurements were performed on an Hitachi F-2500 spectrofluorimeter. Viscosity
experiments were carried out on an Ostwald viscometer immersed in a thermostated
water bath maintained at 30 £0.1°C.

3. Results and discussion

3.1. Absorbance titration experiment

All four complexes were titrated with CT-DNA; the changes in spectral profiles during
titration of [Ru(4-APy)4(PyIP)]*" are shown in figure 3. As the DNA concentration
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Figure 3. Absorption spectra of [Ru(4-APy)4(PyIP)] in #ris-buffer upon addition of CT-DNA in the absence
(top) and presence of CT-DNA (lower) the [complex]=10-15pmol L™'. [DNA]=0-120 pmol L™". Inset:
plots of [DNA]/(g, — &r) vs. [DNA] for the titration of Ru(II) complexes with DNA. The arrow shows change
in absorption with increasing DNA concentration.
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Table 1. DNA-binding (Kj,) data of Ru(Il) complexes.

Absorption Emission (Ksy) Only
Absorption binding constant  binding comp + DNA
Complex Amax (NM) Hypochromism Ky ((molL™)7™")  constant comp 1:50 1:200
[Ru(4-APy)4(PyIP)] 471, 367, 325 11.50% 7.6 x 10° 7.2 % 10° 826 542 130
[Ru(Py)4PyIP] 457, 382, 329 9.41% 6.41 x 10° 6.3 % 10° 752 379 101
[Ru(4-APy)4(AIP)] 481, 385, 307 16.20% 3.36 x 10° 3.5%10° 483 245 75
[Ru(Py),AIP] 451, 398, 333 12.40% 2.5%10° 2.6 x 10° 432 211 45

increased (at constant concentration of complex), [Ru(4-APy),(PyIP)]*",
[Ru(Py)4PyIP]*", [Ru(4-APy)4(AIP)]**, and [Ru(Py)sAIP]*" show hypochromicity of
15.2, 12.5, 11.5, and 9.41%, respectively. Insignificant red shifts in the MLCT band at
471,457,481, and 451 of 1-4 were observed. To compare the DNA-binding affinities of
all four complexes quantitatively, their intrinsic binding constants K, to DNA were
obtained by monitoring the changes of the MLCT absorbance at their respective
wavelengths, according to the following equation [32]:

[DNA]/(ea — &) = [DNA]/(er — &r) + 1/ Ko (ep — &5),

where [DNA] is the concentration of DNA in nucleotides, ¢,, &, and ¢, are the
extinction coefficient for the free Ru(Il) complex, extinction coefficient of complex in
the presence of DNA, and the extinction coefficient of the Ru(Il) complex in the fully
bound form, respectively. In plots of [DNA]/[e, — &f versus [DNA], Ky, is given by the
ratio of slope to intercept. Intrinsic binding constants Kj, for all four complexes
are given in table 1. The Kj, values of all the complexes studied are in the order [Ru(4-
APy)4(PyIP)]*" > [Ru(Py),PyIP]*" > [Ru(4-APy)4(AIP)]*" > [Ru(Py),AIP]*". As
PyIP possesses a greater planar area and extended s system, it penetrates more
deeply into DNA base pairs, hence PyIP has a higher hypochromicity than that of AIP,
and binding constants for 3 and 4 are higher than that of 1 and 2. The difference in
binding strengths of 1 and 2 or 3 and 4 is probably due to the difference in ancillary
ligands. The NH, groups on pyridine in 1 and 3 may exert some additional interactions
(may be H-bonding) with DNA base pairs and hence have higher binding constants.
The Ky values of the complexes studied are smaller than that of Ru(Il) complexes
reported in the literature, such as [Ru(Phen)>(AIP)] (Kp=1.57 x 10° (mol L") and
[Ru(Phen),PyIP] (K, =1.57 x 10® (mol L™")~") [24]. This may also arise from larger
planarity of the ancillary ligands, phenanthroline compared to pyridines.

3.2. Luminescence spectroscopic studies

The luminescence titration experiment was carried out in Tris buffer at ambient
temperature [33]. Excitation peaks appeared at 475, 460, 485, and 456 nm and emission
peaks at 541, 539, 584, and 593 nm for 1, 2, 3, and 4, respectively, as shown in figure 4.
In all these complexes, emission intensity increases with the addition of CT-DNA.
These spectral changes provide direct evidence for the interaction between the positively
charged ruthenium complexes and the DNA polymer. Binding data were calculated
from Scatchard plots of r/Cy versus r, where r is the binding ratio C,/[DNA] and Cy is
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Figure 4. Emission spectra of [Ru(4-APy)4(PyIP)] (a), [Ru(Py)4PyIP] (b) in Tris-HCI buffer at 25°C upon
addition of CT-DNA, [Ru]=20pumolL~" [DNA]=0-120pmol L='. The arrow shows the increase in
intensity upon increasing CT-DNA concentrations.

the free ligand concentration. The binding constants calculated are consistent with the
above absorption spectra results. The K values are given in table 1.

Hexacyanoferrate(Il) is a suitable quencher to discriminate between differently
bound ruthenium species with DNA. In the absence of DNA, the quenching of the
fluorescence intensity of the Ru(II) complex by [Fe(CN)g]*~ is stronger, whereas in the
presence of DNA quenching is weaker. The bound ruthenium complex is protected
from the anionic quencher, since the highly negatively charged quencher is repelled by
the negatively charged phosphate backbone of DNA. Figure 5 shows Stern—Volmer
plots for luminescence quenching of 1-4 by hexacyanoferrate(Il) in the absence and
presence of DNA, respectively. The Stern—Volmer quenching constant K, can be
determined by using the Stern—Volmer equation [34],

I/T=1+ Ky[0],

where [y and [ are the fluorescence intensities in the absence and presence of quencher,
respectively, Q is the concentration of the quencher and K, is a linear Stern—Volmer
quenching constant. In the quenching plot of Iy/I versus [Q], K, 1s given by the slope.
Figure 4 shows the Stern—Volmer plots for free complex in solution and the complex in
the presence of increasing amounts of DNA. The K, values for all four complexes are
given in table 1.

The stronger the binding of complex to DNA, the greater is the emission
enhancement. Based on the emission enhancement data, the strength of complex
binding with DNA is in the order 2 <1 <4 < 3.

3.2.1. DNA light-switch behavior. Figure 6 gives the emission spectra of DNA-
[Ru(APy)4(PyIP)]*" in the absence and presence of Co®". From figure 6, after binding
to DNA (switch on), the emission of DNA-[Ru(APy)4(PyIP)] can be quenched by
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Figure 5. Emission quenching of [Ru(4-APy)4(PyIP)] (1), [Ru(Py)4PyIP] (2), [Ru(4-AP?/)4(AIP)] 3),
and [Ru(Py)4AIP] (4) with K4[Fe(CN)g] in the absence (a) and presence (b) [Ru]=20pumol L', and excess
of DNA (c).
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Figure 6. Luminescence changes of 0.01 mmol L™' [Ru(PyIP)(APy)4] in the presence of 0.2mmol L' of
DNA (a) and in the absence of 0.2 mmol L™! DNA (b) (1), addition of 0.03 mmol L' Co** (2), and addition
0.03mmol L™ of EDTA (3).
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Figure 7. Salt dependence of the equilibrium binding constants for [Ru(4-APy),(PyIP)] (a) and [Ru(4-
APy)4(AIP)] (b). Slopes are —1.315 and —1.216, respectively.

cobalt(Il), thus turning the light switch off [35, 36]. The addition of Co*"
(0.03mmol L") to the complex (0.01 mmol L") bound to DNA (0.2 mmol L™") results
in loss of luminescence due to the formation of a Co?*—[Ru(APy),(PyIP)]**
heterometallic complex.

As shown in figure 6, on adding EDTA to the buffer system containing Co>"—
[Ru(APy)4(PyIP)]*", the emission intensity of the complex is recovered again (light
switch on). This indicates that the heterometallic complex Co**—[Ru(APy),(PyIP)]
becomes free again due to EDTA-Co" complex formation. In this experiment adding
0.03mmol L™" of Co*" decreased the intensity of [Ru(APy),(PyIP)], and on adding
equimolar EDTA (0.03 mmol L™'), the luminescence was recovered. Similar observa-
tions were obtained for all four complexes. The emission of the DNA-intercalated
complex (light switch on) can be quenched by transition metal ions, thus turning the
light switch off.

3.3. Salt-dependent studies

The polyelectrolyte theory quantitatively describes the thermodynamic linkage between
cation and charged ligand binding to the DNA lattice. Cation and positively charged
metal complex binding are thus thermodynamically linked and the binding of one
influences the binding of the other. The dependency of the complex-DNA binding
constant on cation concentrations is a manifestation of the thermodynamic linkage. As
the concentration of salt (NaCl) increases, the binding constant decreases.

From the record theory, the slope of the lines in figure 7 provides an estimate of Z,
where ¥ is the fraction of counter ions associated with each DNA phosphate (1 =0.88
for double-stranded B-form DNA) and Z is the charge on the complex. The data in
figure 7 indicate that both Ru complexes carry a net charge of +2. Consequently, the
slopes of the lines are greater than 1, —1.31, and —1.236 for 1 and 3, respectively. These
values are less than the theoretically expected value of Zy =2 x 0.88 =1.76. Such lower
values could arise from coupled anion release (from the ligand) or from changes in
ligand or DNA hydration upon binding. By increasing the Na™ concentration, the
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Figure 8. Effect of increasing amount of EB (a), [Ru(4-APy)4(PyIP)] (b), [Ru(Py)sPyIP] (c), [Ru(4-
APy)4(AIP)] (d), and [Ru(Py);AIP] (e) on relative viscosity of CT-DNA at 30+0.1°C. The total
concentration of DNA is 0.25mmol L™".

relative binding affinities of the complexes decreased similar to that of proven
intercalators [37] like ethidium bromide (EB).

3.4. Viscosity measurements

The measurement of viscosity of DNA is regarded as the least ambiguous and the most
critical test of a DNA-binding model in solution in the absence of crystallographic
structural data [3, 38]. A classical intercalation model demands that the DNA helix
must lengthen as base pairs are separated to accommodate the binding ligand, leading
to increase in viscosity of the DNA solution [3, 38]. The effects of [Ru(4-
APy)4(PyIP)I*", [Ru(Py),PyIP]**, [Ru(4-APy)4(AIP)]**, [Ru(Py);AIP]*", and EB on
the viscosity of rod-like DNA are shown in figure 8. As expected, EB increases the
relative specific viscosity for the lengthening of the DNA double helix resulting from
intercalation. The increased degree of viscosity may depend on the binding affinity to
DNA (figure 8). These results also suggest that all complexes intercalate between the
base pairs of DNA and parallel the results obtained by absorption, fluorescence, and
quenching measurements.

3.5. Antibacterial activity studies

Recent reports have shown that ruthenium-based complexes have catalytic activity and
also very good medicinal properties [39—42], so that synthesized ruthenium complexes
were screened invitro for their microbial activity against Escherichia coli and
Neurospora crassa at 1.5mgmL~" concentration by the standard disc method. The
results were expressed as inhibition zone diameter (in mm) versus control (DMSO). The
complexes were more effective against E. Coli. [Ru(A-Py)4(PyIP)] showed the highest
activity (20mm) (table 2). All these complexes showed less zone of inhibition with
fungal species. The antimicrobial activity increased as the concentration of the
compounds increased. Increase in the lipophilic character of the complex favors its
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Table 2. Antibacterial activity of Ru(II) complexes.

Bacterial species Fungal species
E. coli N. crassa

DMSO Nil Nil

[Ru(4-APy)4(PyIP)] 20 17
[Ru(Py),PyIP] 15 12
[Ru(4-APy)4(AIP)] 14 9
[Ru(Py),AIP] 4 1
Ampicillin 23-28 18-22

Zone of inhibition of diameter in (mm).

(a)
Form-II
Form-Ill
Form-I

(b)

Form-Il

Form-Ill
Form-I

(©)

Form-II
Form-I

(d)

Form-II

Form-I

Figure 9. Photoactivated cleavage of pBR 322 DNA in the presence of [Ru(4-APy)4(PyIP)] (a),
[Ru(Py)4PyIP] (b), [Ru(4-APy)4(AIP)] (c), and [Ru(Py),AIP] (d) complexes after irradiation at 365nm.
Lane 0 control plasmid DNA (untreated pBR 322), lanes 1-5 addition of complexes 20, 40, 60, 80, and
100 umol L™,

permeation through the lipid layer of the bacterial membrane, and therefore shows
higher activity.

3.6. Cleavage of plasmid DNA by Ru(Il) complexes

The ability of the present complexes to cleave DNA was studied by gel electrophoresis
using pBR 322 DNA. When circular plasmid DNA is subject to electrophoresis,
relatively fast migration will be observed for the intact supercoil form (Form-I).
If scission occurs on one strand (nicking), the supercoil will relax to generate a slower
moving open circular form (Form-II). If both strands are cleaved, a linear form
(Form-III) that migrates between Form-I and Form-II will be generated [43]. In figure 9
the gel electrophoresis pattern of pBR 322 DNA is shown after incubation with 1-4 and
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irradiation at 365 nm. No DNA cleavage was observed for the control in which a metal
complex was absent (lane 0). With increasing concentration of the Ru(II) complexes
(lanes 1-5), the amount of Form-I diminished gradually, whereas Form-II increased
and Form-III was also produced. Under comparable experimental conditions,
3 exhibits more effective DNA cleavage activity than the other complexes. This may
be related to the molecular structure of these complexes, which has been testified in
another case [44].

4. Conclusions

Four Ru(Il) complexes have been synthesized and characterized. Binding of these
complexes to CT-DNA has been investigated by electronic absorption titration, steady
state emission, viscosity, and salt-dependent studies. The results suggest that all the
complexes bind to DNA in an intercalative mode. When irradiated at 365 nm, the four
Ru(II) complexes were efficient photocleavers. Our studies led us to conclude that, as all
four complexes are intercalators, they may be useful as a practical probe of DNA
sequence or conformation. All the complexes show effects of light being switched on
and switched off.
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