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SPECTROSCOPIC DATA OF SYNTHESIZED COMPOUNDS
Ligand HLCI

IR (ATR): 3387w, 3128w, 3091m, 3017m, 2955s, 1701vs, 1612w, 1550vs,
1486s, 1401m, 1300w, 1201s, 1135w, 976w, 944w, 914m, 786w, 748w, 684w,
585w, 551w. (HL!CI -E). 'H NMR (500 MHz, DMSO-dj, 8): 2.41 (s, 3H, H-5),
3.30 (s, 9H, H-8), 4.60 (s, 2H, H-7), 7.85 (d, 1H, J = 5.0, H-2), 7.93 (d, 1H, J =
5.0, H-3), 11.61 (s, 1H, N-H). 13C NMR (125 MHz, DMSO-dj, 8): 13.90 (C-5),
53.65 (C-8), 63.01 (C-7), 123.33 (C-2), 143.94 (C-3), 146.98 (C-4), 161.23 (C-
1), 167.04 (C-6). (HL!CI -Z). 'H NMR (500 MHz, DMSO-dg, §): 2.53 (s, 3H, H-
5), 3.34 (s, 9H, H-8), 4.82 (s, 2H, H-7), 7.85 (d, 1H, J= 5.0, H-2), 7.93 (d, 1H, J
= 5.0, H-3), 11.86 (s, 1H, N-H).13C NMR (125 MHz, DMSO-dg, §), : 15.05 (C-
5), 53.89 (C-8), 63.76 (C-7), 123.65 (C-2), 143.97 (C-3), 150.80 (C-4), 166.78
(C-1), 167.34 (C-6).

The Cu(ll) complex 1

Yield: 42 mg (36 %). Combustion analysis for CjjHpoBCuF4N70,S:
Calculated. C 28.43, H 4.34, N 21.10, S 6.90; found C 28.53, H 4.15, N 21.17, S
6.89. IR (ATR): 3352w, 3317w, 3077m, 3050s, 2970m, 2940w, 2047vs, 1829w,
1698w, 1604w, 1522s, 1477m, 1444m, 1413m, 1395m, 1325m, 1287m, 1239w,
1159w, 1124w, 1088w, 1053m, 1007m, 961w, 939w, 917m, 878w, 783m, 735w,
656w, 631w, 563w.

* Corresponding author. E-mail: kka@chem.bg.ac.rs
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Fig. S-1. DNA-binding activity: (A) UV-Vis absorption spectra of CT-DNA (49.9 uM, dotted
line), complex 1 (1, 5, and 10 uM, dashed lines) and 1-CT-DNA after the interaction (solid
lines); in the inset comparison of absorption at 258 nm between the CT-DNA-1 and the sum
of the values of CT-DNA and 1; (B) — The absorbance titration of the compound 1 (10 uM)
by gradually increasing the concentration of double stranded CT-DNA (4.99, 5.98, 6.98, 7.98,
8.98, 9.98, 10.98, 11.97, 12.97, 13,97 and 14.97 x 10-5 M); the arrows show the changes in
absorbance with increasing amounts of CT-DNA,; in the inset is shown the plot of
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Fig. S-2. Fluorescence displacement study: (A) — changes in emission spectra of ethidium
bromide (2.5 x 10~ M) bound to CT-DNA (9.7 x 10-5 M) and quenching of EB-CT-DNA
system by increasing concentrations of 1 (B) — Changes in emission spectra of Hoechst 33258
(2.8x10°5 M) bound to CT-DNA (9.7x10-5 M) and quenching H-CT-DNA system by
increasing concentrations of 1. The arrows show that fluorescence intensity decreased with
increasing concentration of the complex. The insets in panels (A) and (B) show fluorescence
quenching curves of EB bound to DNA at A, = 600 nm by 1, and H bound to DNA at

Amax = 443 nm by 1, respectively.
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Fig. S-3. IR spectra of ligand HLCI
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BIOLOGICAL ACTIVITY

Measurement of intracellular reactive oxygen species (ROS) levels in HeLa and
HaCaT cell lines

HelLa cells were incubated with ICsq concentration of Cu(ll) complex for 24
h. After the incubation, the cells were collected by trypsinnization, washed with
PBS and incubated again in a solution of 30 uM 2',7’-dichlorodihydrofluorescein
diacetate in PBS for 45 min at 37 °C, according to the previously described
procedure.l The cells were then washed with PBS and intracellular ROS levels
were assessed by flow cytometry.

HaCaT cells were incubated with subtoxic ICyq concentration of Cu(ll)
complex for 24 h (applied concentration was 20 pM, as assessed by MTT test for
24 h treatment). Afterwards, the cells were collected, washed and incubated in a
solution of 30 uM 2’,7'-dichlorodihydrofluorescein diacetate in PBS for 45 min at
37 °C. After the incubation and washing, the cell samples were exposed to 4 mM
hydrogen peroxide solution (H2O») to induce the generation of ROS for 30 min
at 37 °C. After 30 min, these cells were washed with PBS and analyzed.

The intensity of green fluorescence emitted by dichlorofluoresceinin in HeLa
and HaCaT cells was measured by flow cytometry. Data are presented as mean +
S.D. of two independent experiments.

Effects of Cu(ll) complex on intracellular ROS levels

In order to explore the possible role of ROS generation in mediating
cytotoxic effects of novel Cu(ll) complex (1), the intracellular ROS level in
HelLa cells treated with I1Csq concentration of the complex for 24 h was measured
by flow cytometry using 2’,7'-dichlorodihydrofluorescein diacetate as a fluore-
scent probe. The effects of the complex on intracellular ROS levels in HelLa cells
are presented in Fig. S-5. The tested Cu(ll) complex 1 remarkably decreased the
intracellular ROS level in HelLa cells, when compared with basal intracellular
ROS level in untreated control cell samples, suggesting the antioxidant properties
of tested complex at lower sub-toxic concentration.

Due to potential radical-scavenging activity of the novel complex, applied at
subtoxic concentration, the effect of the complex on generation of intracellular
ROS induced by H>O5 in normal keratinocytes HaCaT was examined, as it can
be seen in Fig. S-6. Preincubation of normal HaCaT cells with subtoxic 1Coq
concentration of the complex for 24 h induced an increase in the intracellular
ROS level triggered by exogenously added H2O», in comparison with this level
in untreated control cells exposed only to H»O», pointing to prooxidant activity
of 1 in the presence of H>O> in normal cells. This is in accordance with the
studies reporting an increase in intracellular ROS production induced by some
copper complexes.24 Therefore, it is possible that higher toxic concentrations of
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the investigated Cu(ll) complex 1 may modulate differently intracellular ROS
levels in cancer cells.
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Fig. S-5. Effects of 24 h pretreatment of HeLa cells with 1Cs, concentration of the Cu(ll)
complex (1) on intracellular ROS level.
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Fig. S-6. Effects of 24 h pretreatment of HaCaT cells with 1C,, concentration of Cu(ll)
complex 1 on intracellular ROS production induced by hydrogen peroxide.

BSA fluorescence measurements

For BSA fluorescence measurements, BSA concentration in 40 mM
bicarbonate buffer was kept constant in all samples, while the concentration of
the compounds was increased: into 1 mL of buffer 10 uL of stock solution of
BSA (1 mg/mL) and 0.5 pL of stock solution of the compound (10 mM) were
added and incubated for 10 min. The emission spectra in range 295 to 500 nm
were recorded (excitation wavelength 280 nm). Another 0.5 pL of the solution of
1 was successively added at final concentrations of 1: 5x106 M, 1, 1.5, 2, 2.5. 3,
3.5,4,4.5,5,55 and 6 x 10> M. The change in the fluorescence intensity was
measured.

BSA interaction studies

BSA has often been used as a model protein to measure the albumin-binding
ability of drugs and metal complexes. Fig. S-7 shows that BSA exhibited an
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intense fluorescence emission band at 335 nm when excited at 296 nm, due to
presence of tryptophan residues Trp-134 and Trp-212.°> The addition of
increasing concentrations of 1 to BSA solution resulted in a significant
qguenching of fluorescence intensity, indicating the interaction of the complex
with the protein. The obtained strong decrease in fluorescence intensity at
maximum wavelength (by 65 %) and a blue shift (about 14 nm) suggested that
the complex caused significant conformational changes in the secondary
structure of albumin. The fluorescence quenching data were further analyzed
with the Stern-Volmer equation (S-1).6
lo/l =1+ Kqgrocq = 1 + KgyCq (S-1)
Kg=Ksv/ 0 (S-2)
where | and lg are the steady state fluorescence intensities in presence and
absence of a quencher, respectively. Kgy is the Stern-Volmer constant and cq is
concentration of the quencher; zg is the average lifetime of the protein without the
guencher. As shown in insets in Fig. S-7, good linear fitting linearity of the plot
suggests that the Stern-Volmer model is appropriate for studying the binding
mechanism between 1 and BSA. The Stern-Volmer constant Kg, and the
quenching constant Kq were calculated using the equations (S-1) and (S-2),
respectively. Kgy for 1 was calculated from the plot of Ig/l versus ¢ as 2.75x104
M-1. Assuming that average lifetime of the biomolecule is around 108 s-1 7 K,
value for 1 was calculated to be 2.75x10-12 M~1s-1, indicating static quenching,
i.e. the formation of a nonfluorescent complex between the compound and BSA.
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Fig. S-7. Fluorescence spectra of BSA in the absence and presence of increasing concen-

trations of 1. Value of K, was calculated from the plot 1o/l versus ¢, shown in inset. The

arrow shows the decrease in fluorescence intensities with increasing concentrations of the
complex.

DNA cleavage experiments. For DNA cleavage experiments, plasmid pUC19
(pUC19, 2686 bp, purchased from Sigma-Aldrich, USA) was prepared by its
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transformation in chemically competent cells Escherichia coli strain XL1 blue.
Amplification of the clone was done according to the protocol for growing E. coli
culture overnight in LB medium at 37 °C8 and purification was performed using
Qiagen Plasmid plus Maxi kit. Finally, DNA was eluted in 10 mM Tris-HCI
buffer and stored at —20 9C. The concentration of plasmid DNA (550 ng/ul) was
determined by measuring the absorbance of the DNA-containing solution at
260 nm. One optical unit corresponds to 50 pg/mL of double stranded DNA.

The cleavage reaction of supercoiled pUC19 DNA (550 ng) with complex 1
(1,2,3,4,5, 6 and 7 mM) was performed in a 20 pL reaction mixture in 40 mM
bicarbonate buffer pH 8.4 at 37 °C, for 90 minutes. The reaction mixtures were
vortexed from time to time. The reaction was terminated by short centrifugation
at 10000 rpm and addition of 5 pL of loading buffer (0.25 % bromophenol blue,
0.25 % xylene cyanol FF and 30 % glycerol in TAE buffer, pH 8.24 (40 mM
Tris-acetate, 1 mM EDTA)). The samples were subjected to electrophoresis on
1 % agarose gel (Amersham Pharmacia-Biotech, Inc) prepared in TAE buffer
pH 8.24. The electrophoresis was performed at a constant voltage (80 V) until
bromophenol blue had passed through 75 % of the gel. A Submarine Mini-gel
Electrophoresis Unit (Hoeffer HE 33) with an EPS 300 power supply was used.
After electrophoresis, the gel was stained for 30 min by soaking it in an aqueous
ethidium bromide solution (0.5 pg/mL). The stained gel was illuminated under a
UV transilluminator Vilber-Lourmat (France) at 312 nm and photographed with a
Nikon Coolpix P340 Digital Camera through filter DEEP YELLOW 15
(TIFFEN, USA).

DNA cleavage. The type of DNA interactions with the metal complex has
been further established by the investigation of damage to circular DNA. The
nuclease efficiency of the Cu(ll) complexes is usually investigated using
different activators for initiating the DNA cleavage.® In this work, the ability of
1 to cleave double-stranded plasmid DNA in the absence of reducing agents was
investigated using an agarose electrophoretic assay by monitoring the conversion
of supercoiled form (FI) plasmid DNA into the nicked (FII) and the linear form
(FIT). As shown in Fig. S-8 (lane 1), plasmid pUC19 consisted mainly of FI and
FIl. Upon the addition of an increasing concentration of complex 1 to the
plasmid, a gradual diminishing of the amount of supercoiled form FI, followed
by the formation of nicked form FIl, occurred. In addition, the bands
corresponding to FI and FIl forms smeared at a much higher concentration of 1
(5, 6 and 7 mM, lanes 6, 7 and 8, respectively), indicating the nuclease activity of
the complex, which converts DNA to shorter fragments. The form FIll was not
observed at the applied concentration range of 1, indicating that the double strand
scission did not occur upon the interaction of complex Cu(Il) with circular DNA.
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Fig. S-8. DNA cleavage activity of 1: the agarose gel electrophoretic pattern of supercoiled
form FI, open form FIl and linear form FlIl of pUC19 (0.32 uM; lane 1) after an interaction

1

with 1 (1, 2, 3,4, 5, 6 and 7 mM, lanes 2-8, respectively).
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