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Rich Spectroscopic and Molecular Dynamic Studies on the Interaction of Cytotoxic
Pt(II) and Pd(IT) Complexes of Glycine derivatives with Calf Thymus DNA

Abstract

Some amino acid derivatives, such as R-glycine, have been synthesized together with
their full spectroscopic characterization. The sodium salts of these bidentate amino acid
ligands have been interacted with [M(bpy)(H,0),](NO3), giving the corresponding
some new complexes with formula [M(bpy)(R-gly)INO; (where M is Pt(I) or Pd(1l),
bpy is 2,2'-bipyridine and R-gly is butyl-, hexyl- and octyl-glycine). Due to less
solubility of octyl derivatives, the biological activities of butyl and hexyl derivatives
have been tested against chronic myelogenous leukemia cell line, K562. The interaction
of these complexes with highly polymerized calf thymus DNA has been extensively
studied by means of electronic absorption, fluoresecence and other measurements. The
experimental results suggest that these complexes positive cooperatively bind to DNA
presumably via groove binding. Molecular. dynamic results show that the DNA structure
is largely maintained its native structure in hexylglycine derivative—water mixtures and
at lower temperatures. The simulation data indicates that the more destabilizing effect of
butylglycine is induced by preferential accumulation of these molecules around the

DNA and due to their more negative free energy of binding via groove binding.
Keywords: Platinum and‘palladium complexes; Cytotoxicity; Amino acid derivative;
Calf thymus:DNA; Molecular dynamics simulation.
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hydrogen bonds (H-B)
radial distribution function (RDF)

Introduction

Design and synthesis of new cisplatin analogs, as potential anticancer drugs, have
been renewed by the utilization of bidentate ligands in the development and the
treatment of cancer (1). Cisplatin has been used in the treatment of testicular cancers,
and solid malignancies such as bone, neck and bladder cancers (2). Due to the dose
limiting toxic side-effects of cisplatin, much current research work is aimed at the
discovery of platinum complexes which are not cross-resistant with cisplatin, have
fewer toxic side-effects, are active against a broad range of types of cancer'and can be
administered orally (3-7). In response to these needs, one approach is using a variety of

amino acids as ligands.

Several water soluble platinum and palladium complexes with bidentate essential
amino acids have been reported (8-14). These complexes have shown anticancer
activity comparable to or greater than cisplatin. Also suggested that the palladium
complexes may be useful for the treatment of tumors of the gastrointestinal region

where cisplatin fails (2).

In addition, the substitution of chleride ligands of cisplatin or its palladium analogs
with bidentate ligands such as amino acid or amino acid derivatives that are found in
biological systems may decrease their toxic side effects or increase the concentration of
drug inside the cell. and thus improve the antitumor activities of these agents (15). It has
been reported that many active complexes could react with DNA and inhibit its
synthesis (16,17). Recently, several platinum complexes of diamine chelating ligands
bearing amino-acid type substituents have been reported (18). They have been
interacted with a mononucleotide and DNA. Their results suggested that the presence of
different amino acids derivatives in these complexes can modulate their solubility and
cytotoxic activity. We have earlier reported the synthesis, characterization and protein
binding studies of a Pd(II) complex bearing amino acid derivative (19). The present
study deals with synthesis and characterization of some novel mixed-ligand platinum(II)
and palladium(II) complexes of 2,2'-bipyridine and amino acid derivatives (see scheme
1) including in vitro anti-tumor and detail calf thymus DNA binding studies. Computer

simulations can examine these interactions and describe important features for DNA-
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ligand recognition (20). MD simulation has been applied to evaluate the binding of
newly mentioned complexes to DNA. The LIE algorithm has been applied to calculate
and compare the binding free energies of DNA-ligand systems (21).

Experimental
Materials and Methods

Octylamine, hexylamine, butylamine, sodium chloride, sodium bicarbonate, sodium
hydroxide, hydrochloric acid, sulfuric acid, potassium tetrachloroplatinate, 2,2'-
bipyridine, highly polymerized calf thymus DNA sodium salt and Tris-HCI buffer were
purchased from Merck (Germany). Palladium(II) chloride anhydrous was obtained from
Fluka (Switzerland). Bromo acetic acid, carbon disulfide and ethidium bromide were
obtained from Aldrich (England). [Pt(bpy)Cl,] and [Pd(bpy)Cl,] were prepared
according to the literature procedure (22). Solvents were purified prior to use by the
standard procedures. Other chemicals used were of analytical reagent or higher purity

grade.

The melting points of the compounds were determined on a Unimelt capillary
melting point apparatus and reported as they were. Infrared spectra (4000-400 cm™)
were determined in KBr disks on @ Jasco-460 plus FT-IR spectrophotometer. UV-Vis
spectra were recorded on a Jasco UV/VIS-7850 recording spectrophotometer. '"H NMR
spectra were measured on a Brucker DRX-500 Avance spectrometer at 500 MHz, using
TMS as the internal reference inDMSO-dg. The fluorescence spectra were carried out
on a Hitachi MPF-4 spectrofluorimeter. Conductivity measurements of the above
platinum and palladium complexes were carried out on a Systronics Conductivity
Bridge 305, using.aconductivity cell of cell constant 1.0 and doubly distilled water was
used as'solvent: Carbon, hydrogen and nitrogen in the ligand and the complexes were

analyzed on a Herause CHNO-RAPID elemental analyzer.

Synthesis of Ligands and Metal Complexes
Synthesis of Butylglycine, Hexylglycine and Octylglycine

To a solution of bromoethylacetate (6 mL, 53 mmol) in benzene (10 mL), a solution
of Alkyl amine (106 mmol) in benzene (40 mL) was added dropwise with constant

stirring (19). The reaction mixture was refluxed for two hours and then cooled. The
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amine hydrobromide was filtered off, washed with small amount of benzene and
discarded. From the combined filtrate, all the benzene was removed by rotaevaporator
until a white fume was observed. 2.12 g sodium hydroxide (53 mmol) in 8 ml distilled
water was added, refluxed for 30 min. and cooled. The solution was transferred to a
separator funnel and washed with diethyl ether (two times, each time 20 mL) to remove
undesired organic materials. The aqueous layer was acidified with HCI to pH=2 and
slowly evaporated at 35 'C until crystals appeared and left aside for 24 h.
Recrystallization was carried out by dissolving the filtered crystals is minimum amount
of distilled water, acidifying to pH=2, and slow evaporation. The pure crystals so
obtained was filtered and dried in a desiccator under vacuum over KOH pellets. This

reaction proceeds in accord with Scheme 2.

Butylglycine (CH;-(CH;);-NH-CH>-COOH.HCI), Yield: 80% with a melting point of
199-201°C. Analytical calculated for C¢H14sNO,C1 (167.5): C, 42.98; H, 8.36; N, 8.36.
Analytical found: C, 42.95; H, 8.33; N, 8.4%; IR (cm'l, solid): 3415(w, O-H), 2942(w,
N-H), 2813(w, C-H), 1766 (s, C=0), 1208(s, C-Q). 'HNMR (300 MHz, DMSO-de, 6 in
ppm, J in MHz): 0.85 (t, 3H, 18.75), 1.28 (m, 2H), 1.6 (m, 2H), 2.86 (m, 2H), 3.78 (s,
2H), 9.3 (sb, NH and OH).

Hexylglycine (CH3-(CH;)s-NH-CH;-COOH.HCl), Yield: 69% with a melting point of
206-208 *C. Analytical calculated for CsH gNO,Cl (195.5): C, 49.10; H, 9.20; N, 7.16.
Analytical found: C, 49.08; H,9.18; N, 7.15%; IR (cm™", solid): 3412(w, O-H), 2946(w,
N-H), 2829(w, C-H), 1752(s, C=0), 1215(s, C-0); 'H NMR (300 MHz, DMSO-ds, 6 in
ppm, J in MHz): 0.875 (t,3H, 12.11), 1.338 (m, 6H), 1,57 (m, 2H), 2.81 (m, 2H), 3.85
(s, 2H), 9.35 (sb, NH and OH).

Octylglycine (CH;-(CH;);-NH-CH>-COOH.HCl), Yield: 81% with a melting point of
216-217 C. Analytical calculated for C;0H2,NO,ClI (225.5): C, 52.6; H, 9.7; N, 6.0.
Analytical found: C, 52.6; H, 9.6; N, 6/0%; IR (cm'l, solid): 3400 (w, O-H), 2950 (w,
N-H), 2900 (w, C-H), 1740 (s, C=0), 1220 (s, C-O); '"H NMR (300 MHz, DMSO-dg, §
in ppm): 0.86 (t, 3H, 6.193), 1.25(m, 10H), 1.64(m, 2H), 2.87(t, 2H, 7.80), 3.8 (s, 2H),
9.3 (sb, NH and OH).

Synthesis of [ Pt/Pd(bpy)(Butylgly)|[NO3; complexes

1 mmol of [Pt(bpy)Cl;] or [Pd(bpy)Cl,] was suspended in 120 mL of doubly distilled
water. To this solution, 0.34 mg of AgNO; (2 mmol) in 20 mL water was added slowly
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with continuous stirring. The reaction mixture was heated for 7 h at 75 C and then for
15 h at room temperature under dark with constant stirring. The AgCl precipitate was
removed by filtering through Whatman filter paper No.42. This filtrate at 50 C was
mixed with butyl-glycine hydrochloride (0.17 g, 1 mmol) and NaHCO5 (0.17 g, 2
mmol) dissolved in 10 mL distilled water. The reaction mixture was further stirred and
concentrated at 50 'C for 45 min. to 60 mL and then cooled. The trace amount of
turbidity formed was filtered and the clear yellow filtrate was further concentrated to
about 5 mL at 35 °C (very fine needle crystals of the complex not suitable for X-Ray
crystallography were obtained by slow evaporation of this solution). The crystals
formed was filtered and washed with little amount of chilled double distilled water and

then dried in an oven at 45 C.

[Pt(bpy)(Butylgly)INO;3: Yield: 48% and decomposes at 205-207 C. Analytical
calculated for C6H20N4OsPt (544): C, 35.36; H, 3.68; N, 10.31%. Analytical found: C,
35.4; H, 3.65; N, 10.33%; UV Band maxima in nm ( gy in liter mole™ cm™'x107):
363(0.37), 321(0.85), 310(0.73), 283(1.36), 207(3.23);IR (cm™", solid): 3435 (w, N-H),
3048 (w), 2903 (w), 1680 (s, C=0), 1607 and 1471 (s; C=C), 1384 (s, NO5); 'H NMR
(300 MHz, DMSO-d6, ¢ in ppm, J in MHZ):0.8 (t, 3H, 12.5), 1.34(m, 2H), 1.75,1.95(m,
2H, 143.7), 2.89,2.98(m, 2H, 68.75), 3.47,4.96(m, 2H, 468.7), 8.45(s, NH), Aromatic
protons: 7.85(d, 2H), 8.49(t, 2H), 8.64(m, 2H); Molar conductance of 0.06 mM aqueous

solution: 120 cm?ohm™'mol™.

[Pd(bpy)(Butylgly)JNOs:Yield: 41% and decomposes at 197.7-198.9 ‘C. Analytical
calculated for C1cH»0N4OsPd (455): C, 42.29; H, 4.41; N, 12.33%. Analytical calculated
for: C, 42.34; H,4.44; N,112.30%; UV Band maxima in nm ( &y in liter mole™ cm™'x10
1:309 (098), 239 (1.22), 207 (4.02); IR (cm™, solid): 3434 (w, N-H), 3080 (w), 2923
(w), 1673 (s, C=0), 1602 and 1466 (s, C=C), 1384 (s, NOs"); "H NMR (300 MHz,
DMSO-d6, o in ppm, J in MHz): 0.87 (t, 3H, 12.5), 1.37 (m, 2H), 1.82,2(m, 2H, 187.5),
2.83, 2.92(m, 2H, 62.5), 3.26,4.15(m, 2H, 718.7), 6.71(s, NH), Aromatic protons:
7.87(d, 2H), 8.65(m, 4H), 9.04(m, 2H); Molar conductance of 0.06 mM aqueous

solution: 136 cm?ohm™'mol ™.

[Pt(bpy)(hexylgly)[NO3: Yield: 45% and decomposes at 187.3-188.6 C; Analytical
calculated for C1gsH4N4OsPt (572): C, 37.83; H, 4.20; N, 9.81%. Analytical calculated
for: C, 37.86; H, 4.25; N, 9.88%; UV Band maxima in nm ( €y in liter mole™ cm™ x10°
H:341(0.25), 318(1.29), 306(1.07), 247(1.97), 202(2.49); IR (cm™", solid): 3435 (w, N-
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H), 3113 (w), 2929 (w), 1677 (s, C=0), 1602 and 1470 (s, C=C), 1384 (s, NOs); 'H
NMR (300 MHz, DMSO-d6, J in ppm, J in MHz): 0.8 (t, 3H, 12.5), 1.22 (m, 4H), 1.31
(m, 2H), 1.75,1.95 (m, 2H, 200), 2.9, 2.98(m, 2H, 50), 3.47,3.95(m, 2H, 375), 7.95 (s,
NH), Aromatic protons: 7.87(m, 2H), 8.47(m, 2H), 8.7(m, 2H), 8.9(d, 2H); Molar

conductance of 0.04 mM aqueous solution: 124.2 cm”ohm™'mol ™.

[Pd(bpy)(hexylgly)][NO; and [Pd(bpy)(octylgly)[NO; were synthesized by a method

similar to one described previously (19).

[Pt(bpy)(ocylgly)]NOs: Yield: 41% and decomposes at 186.6-188.4 C; Analytical
calculated for CyoH3N4OsPt (600): C, 40.07; H, 4.67; N, 9.35%. Analytical calculated
for: C, 40.12; H, 4.69; N, 9.30%; UV Band maxima in nm ( &y in liter mole” em™'x10"
):366(0.38), 321(0.72), 309(0.67), 285(1.17), 207(2.73); IR (cm’™", solid): 3435 (w, N-
H), 3118 (w), 2924 (w), 1677 (s, C=0), 1609 and 1467 (s, C=C), 1394 (s, NOs); 'H
NMR (300 MHz, DMSO-d6, ¢ in ppm, J in MHz): 0.79.(t, 3H, 12.5), 1.95 (m, 8H), 1.32
(m, 2H), 1.74,1.93 (m, 2H, 200), 2.91, 2.98(m, 2H, 50), 3.53,3.98(m, 2H, 500), 7.67 (s,
NH), Aromatic protons: 7.88(m, 2H), 8.49(m, 2H), 8.67(m, 2H), 8.78(d, 2H); Molar

conductance of 0.05 mM aqueous solution: 123 em”ohm™'mol™.

Cell culture

Human tumor cell line K562 (which was obtained from National Cell Bank of Iran
(NCBI)-Pasteur Institute of Iran), was selected for study of various Pd(II) complexes
cytotoxicity. Cells were grown in the RPMI medium (RPMI, Sigma). The medium was
supplemented with L:-glutamine (2 mM), streptomycin and penicillin (5 pg/mL) and

10% heat-inactivated fetal calf serum, at 37 °C under a 5% CO;, / 95% air atmosphere.

In vitro cytotoxicity study

The invitro cytotoxicity was studied using the MTT assay. The cleavage and the
conversion of the soluble yellowish MTT to the insoluble purple formazan by active
mitochondrial dehydrogenase of living cells had been used to develop an assay system
alternative to other assays for measurement of cell proliferation. Harvested cells were
seeded into a 24-well plate (2x10° cell/ml) with different amounts of free Pd(II)
complexes (0-240 uM) for 24 h. Four hours to the end of the incubations, 50 uL of
MTT solution (5 mg/mL in PBS) was added to each well containing fresh and cultured

medium. At the end of the incubation, the insoluble formazan produced was dissolved
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in a solution containing 1 ml of isopropanol, 4% HCI 1 N (left for 24 h at room
temperature in dark conditions). Finally, the optical density (OD) was read against a
reagent blank with multi well scanning spectrophotometer (ELISA reader, Asys
Hitchech, Austria) at a wavelength of 570 nm. The cell viability was calculated using
the following equation:

Cell viability (%) = (Atreated/ Acontror) X 100

where Aqeaed and Aconrol are the absorbance of the treated and untreated cells,
respectively. The 50% cytotoxic concentration (Ccsg) was measured as the
concentration of Pd(II) complexes at which 50% of the cells were viable compared with
that of the control (23).

Biochemical Studies

All experiments involving the interaction of the complexes with ct-DNA were carried
out in Tris-HCI buffer of pH 7.4 medium containing 10 mmolL "' sodium chloride
(24,25). The stock solutions of Pt(II) and Pd(IT) complexes (5 mmolL’l) were made in
this medium by gentle stirring and heating at 35 ‘C, while that of DNA (4 mg/mL) at 4
°C until homogenous. The metal complex solutions, with and without DNA were
incubated at 27 "C and 37 oC, separately. Then, the spectrophotometric readings at Anax,
321, 309, 318 and 314 nm, for [Pt(bpy)(But-gly)]NO;, [Pd(bpy)(But-gly)]NO;,
[Pt(bpy)(Hex-gly)INO; and [Pd(bpy)(Hex-gly)INOs, respectively, where DNA has no
absorption were measured. Using trial and error method, the incubation time for
solutions of DNA-metal complexes at 27 'C and 37 'C found to be 2.5 h. No further
changes were observed in the absorbance reading after longer incubation. The
concentration of DNA was determined spectrophotometrically using a molar
absorptivity of 6600 Lmol™ cm™ (258 nm) (26). Different techniques to probe the

changes on DNA structure induced by complexes have been used:

Electronic absorption titration

Electronic absorption spectroscopy is universally employed to determine the binding
parameters (n, K, g) of metal complexes with DNA as reported earlier (11, 27). Where n
is the Hill coefficient, g is the number of binding sites per 1000 nucleotides of DNA and
K is apparent binding constant. Also, the other thermodynamic binding parameters:
molar Gibbs free energy of binding (AG,°), molar enthalpy of binding (AHy°) and molar

entropy of binding (ASy°) were determined according to reported method (14). All
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measurements were performed separately at 27 ‘Cand 37 'C and repeated three times

for each complex.
Denaturation of DNA with Pt(Il) and Pd(Il) complexes

The application of UV absorption method to the study of denaturation of DNA with
Pt(II) or Pd(II) complexes were similar to that reported earlier (14). In these studies, the
concentration of each metal complex at midpoint of transition, [L];,, was determined.
Also, thermodynamic parameters such as: AG° 0y, conformational stability of DNA in
the absence of metal complex; AH® 1120y, the heat needed for DNA denaturation in the
absence of metal complex; AS° o), the entropy of DNA denaturation by ‘metal
complex as well as m, measure of the metal complex ability to denature DNA were

found out using Pace method (14,28,29). All measurements were performed in 0.01

molL™" Tris-HCI buffer (pH 7.4) at 27 'C and 37 'C, separately.
Modes of binding

The modes of binding of some platinum (II) and palladium (II) complexes with ct-
DNA were done by the gel filtration, ethanol precipitation, electronic absorption and
fluorescence experiments as reported earlier(11,30). The modes of binding between
DNA and the above synthesized complexes were investigated by gel filtration
experiments. G-25 Sephadex can be used for separation of double-stranded DNA
fragments. The exclusion limits for 10 base pairs. For preparation of the column
chromatograph, G-25 sephadex'is placed in the usage buffer and allowed to swell for at
least 3 h at 20 °C. The slurry mixture is poured into the column chromatograph in
continuous motion to 20.ml void volume of the gel filtration column. Then, the column
was filled to the top with buffer.

Fluorescencesstudies

Ethidium bromide (EB), one of the most sensitive fluorescence probes having a planar
structure binds DNA by intercalative mode (31,32). At first, DNA (60 umolL'l) was
added to 2 umolL™" aqueous ethidium bromide solution (3.7 uL DNA + 16 uL EB +
430.3 pl buffer) and maximum quantum yield for ethidium bromide was achieved at
471 nm, so we selected this wavelength as excitation radiation for all of the samples at
different temperatures (27 °C and 37 °C) in the range of 540-700 nm. The widths of the
excitation and the emission slit were set at 5.0 nm. To this solution (containing EB and

DNA) different concentrations of the Pt(II) or Pd(II) complex (0.4, 0.5 and 0.6 mmolL"
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") were added. The fluorescence intensities of the Pd(IT) and Pt(IT) complexes at the
highest denaturant concentration at 471 nm excitation wavelength have been checked

and the emissions intensities of these compounds were very small and negligible.
Molecular dynamic simulation

The structures of butyl- and hexyl-glycine derivatives were drawn using HyperChem 7
software, pre-optimized with Molecular Mechanics Force Field (MM+), and their final
geometries were obtained with the semi-empirical AM1 method. Their force field
parameters were generated using PRODRG?2 server (33). The starting conformation.for
the simulations of the DNA was obtained from the protein data bank (PDB) structure
453D (34). The DNA was solvated with a mixture of five butyl- or hexyl-glycine
derivatives and TIPP4 water and placed in a cubic large enough bexes to contain the
DNA and 1 nm of solvent on all sides. Molecular dynamics simulation was performed
using GROMACS software version 3. 3. 1 (35). AMBER 01 force field was used to
model atomic interactions (36). In all simulations, tempetature was kept close to the
intended values (27 'C and 37 'C) by using the Nose-Hoover algorithm (37). Pressure
was also kept constant at 1 bar by applying Parrinello-Rahman algorithm (37). Leap-
Frog integration algorithm was used to solve the motion equation by a time step of two
femtoseconds. All bonds, including hydrogen bonds, were constrained by using LINCS
algorithm (37). Electrostaticinteractions between charged groups within 1.5 nm were
calculated explicitly, while long-range electrostatic interactions were calculated using
the Particle-Mesh Ewald (PME) method (38). Lenard-Jones and van der Waals’s
interactions were calculated with a 1.5 nm range cutoff. Grid algorithm was used to
search neighbors (39). Table I lists a summary of the simulations. All the simulations
were equilibrated by 1 ns with position restraints on the DNA and complex to relax
solvent molecules. After equilibration, the molecular dynamic was run for 20 ns.
Production runs of all the systems were obtained three times to check repeatability and
analyses were averaged from all three independent trajectories. To estimate the affinity
of complex in binding to DNA, relative binding free energy is calculated for each
complex using semi empirical linear interaction energy (LIE) methodology introduced
by Aqvist et al (AGhinding=0 (V15" >bound-<Vis " >tree) + B (KVLs>bound-<Vis >free)+Y)
(40).

Where Vouna and V®ouna are the electrostatic and van der Waals interaction energies

between the ligand and the solvated DNA from a molecular dynamics (MD) trajectory
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with ligand bound to DNA and Ve and VY% are the electrostatic and van der
Waals interaction energies between the ligand and the water from another MD
trajectory with the ligand in water. The angle bracket indicates Boltzmann average and
the subscripts 1 and s refer to the complex and the surround, respectively. For several
ligand-DNA systems, a set of values of 0=0.5 and f=0.16 and y=0 was found to give
good results (40). In order to obtain free energy of binding using this method, system
No. 5-8 of Table I were established and computations were only tested for palladium
complexes. The Lennard-Jones parameters for the palladium were taken from reference
(41) and inserted manually and compared with parameters calculated from Gaussian
software obtained with density functional theory (DFT) B3LYP method and 6-
311++G(d,p) basis set (42).

Results and discussion
Cytotoxicity evaluation

The in vitro anti-tumor properties of Pt(II) and Pd(II) complexes with butyl- and hexyl-
glycine were carried out with human tumor cell line K562 (23). In this experiment, the
cell growth was measured after incubation of cells in the presence of compounds (from
0 to 250 umolL'l) to be tested at 37. C for 24 h. In Figures 1 the cell growth (in %)
versus concentration umolL'l) of above complexes is represented. The 50% cytotoxic
concentration (Ccsp) of each compound was determined >96 umolL™" and 30 umolL
for butylglycine-Pd(II) and -Pt(IT) complexes and >96 umolL'1 and 80 urnolL'1 for
hexylglycine-Pt(Il)"and -Pd(II) complexes respectively.

Moreover, the Ccsg value of cisplatin under the same experimental conditions was
determined to be 154 umolL'l, which is higher than the four prepared complexes.
However, the'Ccs values of these complexes are slightly higher than that of our

analogous Palladium(II) amino acid derivative complexes reported earlier (23).
DNA Binding Studies
Evaluation of binding parameters

In metal complex-DNA titration experiments, the amount of free and bound complex

was determined as follow:

The isothermal titration of each metal complex (25 puL of 1 mmolL" stock) with

different concentrations of DNA (50-100 uL for butyl system and 150-300 uL of stock
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for hexyl system) in total volume of 2 mL was performed by applying electronic
absorption spectroscopy at 27 °C and 37 °C, separately. The change in absorbance when
all binding sites on DNA were occupied by metal complex, AAnax, was determined
from the plot of 1/[AA] Vs 1/[DNA], where AA=Apna+Acom-ApNa-com) and shown in
Table II. These values were used to calculate the concentration of metal complex bound
to DNA, [L],=AA.[L]/AAnax, and the concentration of free metal complex, [L]f=[L]-
[L], and v=[L],/[DNA];, ratio of the concentration of bound metal complex to total
[DNA] in the next experiment, that is, titration of fixed amount of DNA (50 mL of
stock) with varying amount of each metal complex (50-100 uL for butyl system and
150-300 pL of 1 mmolL™" stock for hexyl system) in total volume of 2.mL at.27 °C and
37°C, separately.

Using these data (v and [L]s), the Scatchard plots were constructed for the
interaction of each metal complex at the two temperatures. 27 "C.and 37 'C. The
Scatchard plots are shown in Figures 2A for [Pt(bpy)(but-gly)]NO; and the insert for
[Pd(bpy)(but-gly)]NO3 and 2B for [Pt(bpy)(Hex-gly)INOs and the insert for
[Pd(bpy)(Hex-gly)]NOs. These Scatchard plots are almost curvilinear concave
downwards, suggesting positive cooperative binding (for determining binding
parameters with minimum error, two final experimental points in curve at high v ratio
were eliminated) (27). To obtain the binding parameters, the above experimental data (v
and [L]¢) were substituted-in Hill equation, [v =g(K[L]y)"/(1+(K[L]¢)")], to get a series of
equation with unknown parameters n, K and g. Using Eureka software, the theoretical
values of these parameters could be deduced. The results are tabulated in Table II which
are comparable with those of 2,2'-bipyridine-platinum and -palladium complexes of

dithiocarbamate as reported earlier (43-46).

The maximum errors between experimental and theoretical values of v are also
shown in Table II which is quite low. The K, apparent binding constant and n, the Hill
coefficient in the interaction of hexyl-glycine—Pt or —Pd complexes with DNA is higher
than that of butyl-glycine-Pt or —Pd complexes with DNA (see Table II). Moreover,
these data indicate that the cooperativity of [Pd(bpy)(Hex-gly)]NO3 is more than
[Pt(bpy)(Hex-gly)]NO;. This may be because palladium complexes are about 10° times
more labile than their platinum analogs (44). Moreover, finding the area under the

sigmoidal binding isotherm curves (the values of v were plotted versus the values of Ln
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[L]f) and using Wyman-Jons equation (27), the K,,p, AG®, and AH®, at 27 °C and 37 °C
for each compound with DNA could be calculated. Plots of the values of AH,° versus
the values of [L]f are shown in Figures 3 for Pt complexes and the insert for Pd
complexes at 27 °C. Deflections are observed in all plots. These deflections indicate
that at particular [L]g, there is a sudden change in enthalpy of binding which may be due
to binding of metal complex to DNA or DNA denaturation. Similar observations can be

seen in the literature where Pd(II) complexes interact with proteins (27,14).
Thermodynamic parameters in denaturation studies

The maximum unfolding of DNA by interaction with above platinum and palladium
complexes occurs when all binding sites are occupied. In this experiment, the sample
cell was filled with 1.8 mL Tris-HCI buffer containing ~0.07 molL " DNA for Pd(I)
complexes and ~0.09 molL"' DNA for Pt(IT) complexes where absorption of these
solutions are ~0.5 and ~0.7, respectively. However, reference cell was filled with 1.8
mL Tris-HCI buffer only. Both cells were set separately at constant temperature of 27
°Cor 37 C and then 15 uL of Pt(IT) or Pd(II) complex from stock solutions was added
to each cell. After 3 min., the absorption.was recorded at 258 nm for DNA and at 640
nm to eliminate the interference of turbidity. Addition of metal complex to both cells
was continued until no further changes in the absorption readings were observed. The
profiles of denaturation of DNA by Pt- and Pd-butyl-glycine and Pt and Pd-hexyl-
glycine at two temperatures of 27 °C and 37 'C are shown in Figures 4A and 4B,
respectively. The concentration of metal complexes in the midpoint of transition, [L];,
for Pt(II) and Pd(II) complexes at 27 °C and 37 C are shown in Table III. The important
observation of this work 1s the low values of [L],; for these complexes (26,31,47)1.e.
all the complexes (in particular [Pd(bpy)(Hex-gly)]NOs3) can denature DNA at low
concentrations (~180-610 uM). Thus, if these complexes will be used as anti-tumor

agents, low doses will be needed, which may have fewer side effects.

Another significant observation of this work is the type of denaturation plots shown in
figure 4. The inserts of fig.4A and 4B show ascending sigmoidal curves for both Pd(II)
complexes. These results indicate the ability of both Pd(II) complexes to separate the
two strands of the parent DNA resulting exposure of purine and pyrimidine bases to
UV-light and hence absorption increases. However, the analogous Pt(II) complexes (fig
4A and 4B) exhibit descending sigmoidal denaturation curves which is probably

because the winding the parent douplex DNA resulted in its precipitation. Thus the
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difference in the interaction behavior of these analogous complexes may be due to the
kinetics of central metal ions in the structure of them. Incidentally, palladium(II)
complexes react about 10°-10° times faster than platinum(II) complexes giving reaction

rate that are too fast and may causes winding and hence precipitating the DNA.

Furthermore, some thermodynamic parameters found in the process of DNA
denaturation are discussed here: The standard Gibbs free energy of DNA denaturation,
AGO(the work needed for DNA denaturation) was calculated as a function of complex
concentration by assuming two-state mechanism and using the equations K=/Ay-
Aopsl/[Aops-Ap] and AGO:—RTan, where Ay 1S the observed absorbance used to follow
unfolding in the transition region, Ay and Ap are the values of absorbance to the native
and denatured conformations of DNA, respectively. The free energy of unfolding is
calculated based on the data in the Fig. 4, which varies linearly with complex
concentration in the transition region (28). A straight line with formula of AG°=AGOH20—
m[complex] is obtained when the values of AG’ are plotted versus the concentrations of
each metal complex in the transition region at 27 "C.and 37 'C. These plots are shown in
Figures 5 for Pt(Il) and the insert for Pd(II) systems. The m, slope of these plots (a
measure of the metal complex ability to denature DNA) and the intercept on ordinate,
AG® 20y, (conformational stability of DNA 1n the absence of metal complex) are
summarized in Table III. Similar values have been observed for DNA denaturation with
dithiocarbamate (43-45). Also; the values of AG’ (see Table III) are decreased by
increasing the temperatures for all complexes. This is as expected because in general,
most of the macromolecules are less stable at higher temperature. The values of m for
Pd(II)-hexyl-glycine complex are more than that of other three systems which indicate

the higher ability of [Pd(bpy)(Hex-gly)]NOs) to denature DNA.

Another important thermodynamic parameter found is the molar enthalpy of DNA
denaturation in absence of metal complexes i.e. AH®20). For this, we calculated the
molar enthalpy of DNA denaturation in presence of each metal complex, AHoconformatjon
or AHOdenaturation, in the range of the two temperature using Gibbs-Helmholtz equation
(AHO:(AGO(TI)/TI—AGO(TZ)/TZ)/(1/T1—1/T2)) (48). On plotting the values of these
enthalpies versus the concentrations of each metal complex, straight lines will be
obtained which are shown in Figures 6. Intrapolation of these lines (intercept on

ordinate i.e. absence of metal complex) give the values of AH® 0y (see Table III).
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Figures 6 shows that in the range of 27 °C to 37 °C the changes in the enthalpies in
the presence of Pt(II)- and Pd(II)-hexyl-glycine complexes and Pt(Il)-butyl-glycine are
descending while that of Pd(II)-butyl-glycine is ascending. These observations indicate
that on increasing the concentration of three first complexes, the stability of DNA is
decreased while in the case of [Pd(bpy)(but-gly)]NO; the opposite trend was observed
which may be due to low tendency of interaction of Pd(II)-butylglycine than other
complexes with DNA. In addition, the entropy (ASO(HZO)) of DNA unfolding by Pt(II)
and Pd(IT) complexes have been calculated using equation AGQ(HZO)=AHQ(H20)-TASO(H20)
and the data are given in Table III. These data show that the metal-DNA complex is
more disordered than that of native DNA, because AS° is positive and AG® is negative
and finally complex binding to DNA is a spontaneous process (see Table III). These
data again show that ability of the hexyl-glycine systems in the denaturation of DNA is
more than that of the butyl-glycine systems.

Evaluation of binding modes

In this evaluation, at first, a solution of DNA was passed through a Sephadex G-25
column and each eluted fraction of 2 ml. was monitored spectrophotometrically at 258
nm to detect the DNA coming out and the absorption readings were plotted versus
eluted fractions to construct chromatogram. Numbers of peaks in the chromatogram
indicate the number of DNA fractions. When DNA alone is passed through column, a
single peak is observed Figures 7A and 8A. Then, the solution of each interacted DNA-
metal complex, 350 ulof stock solution complex and 50 uLL DNA of stock solutions in
2.5 mL buffer (0.7 molL"" complex and 0.175 molL' DNA) was passed through a
Sephadex G-25 column equilibrated with the same buffer. Elution was done with buffer
and each fraction of the column was monitored spectrophotometrically at Ap,x of each
complex (see Table II) and 258 nm for all systems for detecting DNA. The gel
chromatograms obtained from these experiments are given in Figures 7 for Pt(Il)- and
Pd(II)-butyl-glycine complexes and Figures 8 for Pt(Il)- and Pd(II)-hexyl-glycine
complexes. These results show that the two peaks obtained at two wavelengths were not
clearly resolved which indicate that metal complexes have not separated from DNA and
their binding with DNA is strong enough that not readily break (43-46). Moreover, all
four complexes break the DNA into two fractions, one smaller (left) and the other larger

(right) and complexes interact with both factions because, in both peaks of
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chromatograms, absorptions due to DNA (at 258 nm) and Ay« of complexes (see Table

IT) were observed.
Fluorescence titration studies

The fluorescence of ethidium bromide (EB) increases after intercalating in DNA. If the
complex intercalates into DNA, it leads to a decrease in the binding sites of DNA
available for EB-DNA system (31,32,49). The changes of fluorescence emission of
intercalated EB in DNA with increasing concentrations of Pd(II) and Pt(Il) complexes
at 27 C are shown in figures 9. These figures show a slowly reduction of the ethidium
intensity by adding the different concentrations of each complex. (Similar.observations
were made at 37 C). These results suggest that the above metal complexes presumably
bind to DNA and provide conformation changes in it. As a result’of these
conformational changes some of EB molecules could not fit in the intércalation sites
properly and thus fluorescence intensity of DNA intercalated EB is quenched.

Further, studies to characterize the mode of binding of Pd(Il) complexes to ct-DNA
were supported using fluorescence Scatchard analysis (50). Saturation curves of the
fluorescence intensity for a series of DNA-Pt(I[)/Pd(II) complexes, at increasing
concentrations of each complex (0.3, 0.4 and 0.5 mmolL™") are obtained by adding
increasing concentrations of EB (2,4;.. 20 umolL™"). The binding isotherms for the
interaction of metal complexes are represented as fluorescence Scatchard plots (r/[L]¢
against r) and are givenin Figures 10. In r/[L]=nK,-rK, formula, r is the moles of EB
bound per mole of DNA, [L]¢is the molar concentration of the free EB, n is the number
of binding sites per nucleotide and K, is the apparent binding constant. The complexes
show non-competitive inhibition of EB binding (Type-D behavior), in which the slope
that is K, with no change in the presence of increasing amounts of metal complexes,
with decreases in the intercept on the abscissa that is n (51). This implies that all

complexes are bound to DNA via hydrogen and groove binding but not intercalation.
Molecular Dynamics Simulation

We first analyzed the root mean square deviation of DNA in the butyl and hexyl
derivatives at two temperatures. In Figure 11A, the Root mean square deviation
(RMSD) of systems was calculated at two temperatures. As found, DNA square
deviation is more at higher temperatures and in butyl complex. In this work the RMSD

rises almost continuously over the first 4 ns. In butyl complex and at 310 K, the RMSD
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overcomes 3.5 nm and the most structure deviation is observed. Figure 11B shows
averaged solvent accessible surface area of DNA in 20 ns time interval in the presence
of butyl and hexyl derivatives at 27 °C and 37 °C. This figure shows more increase of
surface in the presence of butyl at 37 °C. It is obvious that DNA structure is unfolding
and average surface area of DNA in system with butyl at 37 °C is increased more.
Figure 11C shows the averaged gyration radius (R,) of DNA in 20 ns time interval and
it confirms gyration radius of DNA increase at higher temperatures and in the presence
of butyl derivative. This result is in good accordance with increase of surface area of
DNA. This shows that the DNA structure has been unfolded and denatured more in
butyl system at 37 °C.

Figure 12A and 12B show the average intermolecular hydrogen bonds (H-B) and
hydrogen bonds between the DNA and solvent over the course of the MD simulations.
The total number of hydrogen bonds between DNA and water and intermolecular
hydrogen bond decrease with temperature and in butyl derivative. These data suggest
that the butyl molecules attach themselves to the DNA better than hexyl derivative at
higher temperatures, and the solvent-DNA hydrogen bonds are replaced by DNA-butyl
hydrogen bonds. Thus, the interaction between the DNA and butyl molecules are
thought to stabilize the denatured state and lead to DNA denaturation and as a result of
denaturation, intermolecular hydrogen bond decreases. We have calculated atomic
radial distribution functions (RDF) to-compare the strength of direct interactions
between DNA and complex. The radial distribution function of DNA-complex
presented in Figure 12C confirms more attach of butyl derivative to DNA. The strength
of RDF profile (denoted by g(r)) at higher temperatures and in the presence of butyl is
higher compared to the g(r) magnitude in hexyl. Thus, butyl interacts more strongly
with the DNA than water, suggesting that accumulation of butyl around the DNA
causes poor salvation of the DNA and unfolding of structure. The present work suggests
that the number of hydrogen bonds between DNA and with water decreases with time
but this decrease is more prominent at higher temperatures and in butyl comparing to

hexyl derivative.

Results of g(r) of complex-solvent (Figure 13A) shows that RDF decreases by
temperature in the presence of butyl derivative. It reveals that butyl is excluded from
solvent surface. In order to explain this phenomenon, we have used gradual hydration

and repulse concepts at lower temperatures and in the presence of hexyl derivative.
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Results show that solvent molecules are increased in hydration layer around DNA and
this is due to hexyl molecules that go away from DNA surface. We can conclude from
g(r) diagrams that a thin hydration layer is formed on DNA surface in lower
temperatures in the presence of hexyl derivative. The g(r) of solvent around DNA
versus distance is shown in Figure 13B. At high temperatures, butyl derivative exclude
solvent away from DNA more and this result is in good agreement with hydrogen bond
results. As a consequence, both complexes cause solvent exclusion from DNA and this

effect is higher for butyl due to its less steric hindrance and hydrophobic property.

Time-coursed snapshots of the butyl system at 27 C depicted in Figure 14 indicate
interaction of butyl with the DNA. During the simulation, the butyl came near the DNA
and it began to bind the DNA via groove binding at the time of 20ms which is indicated

by an orange circle.

A number of papers have shown LIE as a method with fast and reliable estimates of
binding free energies (52,53). Table IV presents the difference in average interaction
energies (free energies) of complex and DNA. When the ligand locates far from DNA,
the Gibbs free energy is less negative and the value rapidly decreases after the ligand
interacting with DNA or after binding to DNA. This result is in good accordance with
those obtained from previous studies. According to previous studies, negative free
energy confirms that the ligand prefers to bind to the DNA. The most negative value of
free energy is at higher/temperatures and in the presence of butyl derivative. Equilibrium
of system has been monitored by. quantities such as temperature and pressure of the systems
presented in Table V. The steady state in these parameters confirms equilibrium in NPT
ensemble indicating that all systems can be used for subsequent data sampling. Also, bond
lengths and force constant (Table VI) were obtained from quassian software, then

needed parameters for palladium were calculated from them.

Conclusion

In summery, cytotoxic Data show that the Ccsg values of Pt(Il) and Pd(IT) complexes are
lower than cisplatin which indicating of the more cytotoxicity and anti-cancer activity
of these compounds. Maybe the presence of glycinato moiety with hydrophobic tail in
the structure of metal complexes has great influences on the growth suppression activity
of these complexes on K562 cells. Also, the experimental binding results taken together

indicate that all complexes cooperatively interacted with DNA at low concentration in
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the mode of hydrogen or van der Waals binding and presumably groove binding.
Molecular dynamics simulation results show that hydrogen bond interactions between
butyl molecules and the DNA, solvent accessible surface area of DNA and the radius of
gyration of DNA vary with temperature and complex. The direct relationship between
these parameters and hydrophobicity of complex is the dominant mechanism by which
the DNA is unfolded at higher temperatures. The butyl molecules interact and bind
strongly to the DNA via groove binding and have the most negative value of binding
free energy. This strong binding and interaction confirmed by RDF data leads to the
unfolding of DNA. Finally we find that with the decreasing of hydrophobicity or steric
hindrance of complex, the complexes tend to have groove binding interaction and
eventually they can bind on the DNA surface stably. Trend and results of structural

parameters of simulation was compatible with experimental results.
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Table I Summary of studied systems

No system No. water T (°C)
1 DNA-[Pd(bpy)(Buylgly)]NO; 3968 27
2 DNA-[Pd(bpy)(Butylgly)]NOs 3968 37
3 DNA-[Pd(bpy)(hexylgly)]NO; 3910 27
4 DNA-[Pd(bpy)(hexylgly)]NO; 3910 37
5 [Pd(bpy)(Butylgly)]NO, 4248 27
6 [Pd(bpy)(Butylgly)]NO, 4248 37
7 [Pd(bpy)(hexylgly)]NO3 3967 27
8 [Pd(bpy)(hexylgly)]NO, 3967 37

Table Il Values of AAnaxand binding parameters'in the Hill equation for
interaction between Pt(I1) and Pd(11) complexes and DNA in 10 mmol/L Tris-
HCI buffer and pH 7.4

Compound  Temperature “Amo(nM). °AAr, g ‘K(Lmol) °n  Terror

[Ptbpy)(But-gly)][NO; 27 C- . 321 0.138 9 0009 342  0.006
37 C 0062 9 0015 483 0032
[Pd(bpy)(But-gly)INO3~"27 G306 0097 9 0017 439  0.066
37'c 0051 9  0.006 265  0.059
[Pt(bpy)(Hex-gIy)INO; 27°C 318 0045 7 0021 564  0.08
37C 0019 7 0029 524 008
[Pd(bpy)(Hex-gly)]NO; 27°C 314 0022 7 0048 217  0.06
37C 0017 7  0.109 324 007
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2 wavelengths monitored to detect complexes. In this region DNA has no absorption.

b change in the absorbance when all the binding sites on DNA were occupied by each of the metal complexes.
“the number of binding sites per 1000 nucleotides.

9 the apparent binding constant.

¢ the Hill coefficient (as a criterion of cooperativity).

fmaximum error between theoretical and experimental values of v.



Table 11l Thermodynamic parameters of DNA denaturation by platinum
(1) and palladium (I1) complexes

Compound Temperature L]y °m ¢ AG(OHZO) d AH(OHZO) e AS(QHZO)

27°C 0.29 74.2 21.6

[Pt(bpy)(But-gly)INOs 117.2 0.32
37°C 0.25 73.6 18.3
27°C 0.41 63.5 26.1

[Pd(bpy)(But-gly)INOs 56.5 0.1
37°C 0.35 71.7 25.1
27°C 0.55 55 33.64

[Pt(bpy)( Hex-gly)INOs 2234 063
37°C 0.61 48 27.28
27°C 0.24 104 20.7

[Pd(bpy)( Hex-gly)INOs 1775 052
37°C 0.18 61 15.45
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# The concentration of ligand in the midpoint of transition (umol/L)

® measure of the metal complex ability to destabilize DNA (kJ/mol)(mmol/L)™*

¢ conformational stability.of DNA in'the absence of metal complex (kJ/mol)

4 the entropy of DNA denaturation by metal complex (kJ/mol)

¢ the heat needed for DNA denaturation in the absence of metal complex (kJ/molK)
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Table IV Free energy values of systems obtained from LIE method.

N Bounded(kJ.mol™) free(kJ.mol™?) Free Energy
0
Electrostatic VDW Electrostatic VDW (kJ.mol™)
1 42.67 -4495 -26.40 -4396 -38.84
2 49.85 -5914 -24.49 -5762 -64.05
3 -27.08 -4332 -68.92 -4299 -9.810
4 -75.29 -4227 -36.39 -4198 -20.74

Table V. Temperature and pressure value of studied systems during simulation (No column is basedon Table | numbering)

No Temperature(°C) Pressure (bar)
1 27.15 1.03

2 37.68 0.92

3 27.71 0.90

4 37.07 1.17

Table V1. Bond lengths and force.constant of Pd with its neigbouring atoms according to scheme 1.

Atom number Force constant(mDyn.A™) Bond length (A)
Pd- N 1.92 1.93
Pd-0 1.94 1.88
Pd- N# 2.17 1.93
Pd=N" 1.19 1.96

# Force constant and bond length of Pd-N of cyclohexene ring.
®Force constant and bond length of Pd-N of cyclopentane ring.
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N7 N\ 7
NG NO

M

R—NH_ o
C_
B

M= Pt(I1) or Pd(I1)

R= CHg—(CHZ)n—
n=3,57

Scheme 1. Proposed structures of [M(bpy)(R-gly)]NO3 (where M. is Pt(Il) or Pd(ll), R-
gly is butyl-, hexyl- or octyl-glycine and bpy is 2,2' bipyridine.
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2E-MNH; + Br-CHz-COOEt — R-INH-CH2-COCEt + R -INHsBr ¢
MaloH

conc HCI

IaCl + E-IMH-CHa-COOH HCL E-INH-CH3-COCHa + EtOH

Scheme 2. General preparation route of the ligands R-Gly (R = butyl, hexyl or octyl).
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Figure 1. The growth suppression activity A) of the Pd(ll)- (¢) and Pt(II)-butylglycine
complex( ) and-B) of the Pd(Il)- (¢) and Pt(Il)-hexyl-glycine complexes(e) on K562
cell line was incubated with varying concentrations of the complexes for 24 h.
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Figure 2. Scatchard plots for binding of A) Pt(I1)-butyl-gly and B) Pt(I1)-hexyl-gly with
DNA. The inserts-are Scatchard plots for binding of their Pd(I1) analogs with DNA.
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Figure 3. Molar enthalpies of binding in the interaction between DNA and A) Pt(ll)-
butyl-gly and"B) Pt(Il)-hexyl-gly (Inserts: Pd(ll) systems) versus free concentrations of
complexes at pH 7.4 and 27 C.
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Figure 4. The DNA denaturation due to increasing the total concentration of A) Pt(ll)-
butyl-gly and B) Pto(ll)-hexylzgly (the inserts: their analogous Pd(Il) systems) at constant
temperatures.of 27 Cand 37 C.
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Figure 5. The molar Gibbs free energies plots of unfolding (AG’ vs. [L];) of DNA in the
presence of A) Pt(Il)-butyl-gly and B) Pt(ll)-hexyl-gly. Inserts: in the presence of
analogous Pd(I1) complexes.
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Figure 6. Plots of the molar enthalpies of DNA denaturation in the interaction with A)
Pt(I1)-butyl-gly and B) Pt(11)-hexyl-gly and the inserts with analogous Pd(Il) complexes
in the range of 27.C to 37 C.
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Figure 7. Gel chromatograms of free ct-DNA (A), [Pt(bpy)(but-gly)]NO3s-DNA complex
(B) and [Pd(bpy)(but-gly)]NO3-DNA complex (C), obtained on Sephadex G-25 colum.
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Figure 8. Gel chromatograms of free ct-DNA (A), [Pt(bpy)(hex-gly)]NO3s-DNA complex
(B) and [Pd(bpy)(hex-gly)]NO3-DNA complex (C), obtained on Sephadex G-25 column.
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Figure 9. Fluorescence emission spectra of EB (dotted), EB bound to DNA in the
presence of 0.3,.0.4 and 0.5 mM of: A;) [Pt(bpy)(but-gly)INOs, Bi) [Pd(bpy)(but-
gly)INOs, A2)[Pt(bpy)(hex-gly)INOs and B2) [Pd(bpy)(hex-gly)]NOs at 27 C.



Downloaded by [West Virginia University] at 12:11 10 March 2015

(A

r/C x10 *(mol %)
o
e
r/C x10 % (mol )

18
(B2)
16
14

12

r/C x10 2 (mol )

0.8

r/C x10 * (mol %)

0.6

0.4

0.2

Figure 10. Fluorescence Scatchard plots for the binding of EB (2 to 24 pmolL™) to DNA
(60 pmolL2) in the absence of (line 1) and presence (line 2, 3 and 4) of increasing 300,
400 and.500 pmolL™ of A;) [Pt(bpy)(but-gly)]NOs, B:) [Pd(bpy)(but-gly)]NOs, A,)
[Pt(bpy)(hex-gly)]NO; and B;) [Pd(bpy)(hex-gly)]NOs; rs increases in the order of 0 (1),
5(2), 6.6(3) and 8.3(4) in (A) and (B).
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Figure 11. The averaged A) root mean square deviation, B) surface accessible area and
C) gyration radius of the DNA with respect to the initial NMR structure for the
simulations.
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Figure 12. The total number of A) intermolecular H-Bs and B) H-B between sol-DNA
and C) radial distribution function;, g(r) for complex around DNA.
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Figure 14. Snapshots from.the MD simulations showing butyl system at 310 K A) before
simulation and B) within 20 ns.
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Graphical Abstract

Some anticancer Pt(I1) and Pd(Il) complexes of amino acid derivatives have been synthesized,
characterized and interacted with calf thymus DNA. Their biological activities have been tested
against leukemia cell line, K562. Modes of binding have been studied by electronic absorption, gel
chromatography, fluorescence and other measurements. Simulation data indicates that the DNA
structure largely maintains its native structure in hexylglycine derivative—water mixtures and at
lower temperatures. More destabilizing effect of butylglycine induces by preferential accumulation
and interaction of these molecules around the DNA via groove binding:






