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EXPERIMENTAL PROTOCOLS

S1 Binding studies with CT DNA
The interaction of the compounds with CT-DNA was investigated by UV-vis
spectroscopy, viscosity measurements, cyclic voltammetry, and fluorescence emission

spectroscopy studies.

$1.1 Binding study with CT DNA by UV-vis spectroscopy

UV-vis spectroscopy was used for the evaluation of the interaction of the
compounds with CT DNA, and specifically the possible binding modes of the compounds
to CT DNA. Control experiments with DMSO were performed and no changes in the
spectra of CT DNA were observed.

In order to determine the binding mode, the UV-vis spectra of the compounds
were recorded for a constant concentration (3x10° — 5x10-° M) at the corresponding Amax
with increasing concentrations of CT DNA for diverse r values (r = [complex]/[DNA]).
Effective use of the changes in the absorbance of the UV-vis spectra was made and the
DNA-binding constants (K», in M) of the compounds were calculated by the Wolfe—

Shimer equation (equation S1) ) [1] and the plots [DNA]/(ea—¢s) versus [DNA]:

[DNA] _ [DNA] 1
(ea—€r)  (eb—€f)  Kp(ep—ef)

(equation S1)

where [DNA] = the concentration of DNA in base pairs, e~ the extinction coefficient for
the free compound at the corresponding Amax, €A = Adbsa/[compound] and ev= the extinction
coefficient for the compound in the fully bound form. Ks is given by the ratio of slope to
the y intercept in plots [DNA]/(ea—gs) versus [DNA].

$1.2 CT DNA-binding studies by viscosity measurements

The viscosity of DNA (0.1 mM) in buffer solution was measured in the absence and
presence of increasing amounts of the compounds. The experiments were executed at
room temperature and the measurements are devised in a plot (n/no)'® versus r (r =
[complex]/[DNA]), where 1 = the viscosity of DNA in the presence of the compound, and

no= the viscosity of neat DNA in buffer solution.

§1.3 Study of the DN A-interaction by cyclic voltammetry
Cyclic voltammetry can be also used in order to calculate the corresponding
equilibrium constant for the redox process. The oxidized and reduced forms are associated

with a third species (DNA) in the solution using the following equation [2] :



K
AE" = Ej, ~ E(j, = 0.059 < log "~ (equation S2)
ox

where £/ and E[,, are the formal potentials of Mxidzed/Mredueed) couple in the fully bound

and free complexes, respectively. Kox and K: are the binding constants for the binding of

the oxidized and reduced species to DNA, respectively.

$1.4 EB-displacement studies

In order to determine and confirm the DNA-binding mode of the compounds, a
competitive study with EB as an intercalating marker is performed by fluorescence
emission spectroscopy. Therefore, the EB—displacing ability of the compounds from its
EB-DNA conjugate was examined. The DNA-EB adduct was prepared by addition of 20
uM EB and 26 uM CT DNA in buffer solution (150 mM NaCl and 15 mM trisodium citrate
at pH 7.0). The potential intercalation of the compounds between the DNA-bases was
studied by the addition of a certain amount of the compound solution into the EB-DNA
adduct solution. The influence of the compounds on the EB-DNA solution was monitored
through the changes of the fluorescence emission spectra at excitation wavelength (Ae) at
540 nm ) [3]. The tested compounds do not show any significant fluorescence at room
temperature in solution or in the presence of DNA, under the same experimental
conditions (Aex = 540 nm). Bearing that in mind, the observed quenching of the EB-DNA
solution is evidently associated to the displacement of EB from its EB-DNA adduct. The
quenching efficiency (Ksv, in M) for each compound was assessed according to the Stern—

Volmer equation (equation S3) ) [3]:

ITO =1+ k,70[Q] = 1+ Key[Q] (equation S3)

where o and I = the fluorescence emission intensities of EB-DNA in the absence and
presence of the quencher, respectively, [Q] = the concentration of the quencher (i.e.
compounds). Ksv is obtained from the Stern-Volmer plots by the slope of the diagram Io/I
versus [Q]. Taking o = 23 ns as the fluorescence lifetime of the EB-DNA system [4], the
EB-DNA quenching constants (kq, in M-s?) of the compounds can be determined
according to equation S4:

Ksv = kqTo (equation S4)

S2 Interaction with serum albumins

The albumin-binding study for the compounds was carried out by fluorescence
emission quenching experiments using BSA (3 uM) or HSA (3 uM) in buffer solution (15
mM trisodium citrate and 150 mM NaCl at pH 7.0). The tested compounds were used as

quenchers with gradually increasing concentrations to monitor the quenching of the
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emission intensity of tryptophan residues of the albumin [3]. The fluorescence emission
spectra were recorded between 300-500 nm with excitation wavelength of 295 nm. All the
experiments were conducted at room temperature. The fluorescence spectra of the
compounds were recorded under the same experimental conditions and some of them
presented a low—intensity emission band in the region 370-415 nm. Consequently, the
BSA—fluorescence emission spectra were modified properly, by subtracting the spectra of
the compounds, and quantitative studies followed.

The extent of the inner—filter effect can be roughly estimated with the following
formula:

E(lexc)ed E(lem)cd )
Leorr = Ipeas X100 2 X 10 2 (equation S5)

where Icor = corrected intensity, Imeas = the measured intensity, c = the concentration of the
quencher, d = the cuvette length (1 cm), €(Aexc) and €(Aem) = the € of the quencher at the
excitation and the emission wavelength, respectively, as calculated from the UV-vis
spectra of the complexes [5] .

The interaction of the quencher (i.e. compounds) with serum albumins was studied
through the Stern-Volmer and Scatchard equations [3] and corresponding graphs. The
values of the respective Stern—Volmer constant Ksv (in M), the quenching constant kq (in
M-1s1), the albumin-binding constant K (in M) and the number of binding sites per
albumin (n) were calculated.

According to Stern—Volmer quenching equation (equation S3) [3], where Io = the
initial tryptophan fluorescence intensity of the albumin, I = the tryptophan fluorescence
intensity of the albumin after the addition of the quencher, kq = the quenching rate
constants of the albumin, Ksv = the dynamic quenching constant, o = the average lifetime
of the albumin without the quencher, [Q] = the concentration of the quencher), the Stern—
Volmer constant (Ksv, M) can be obtained by the slope of the diagram Io/I versus [Q)].
Taking to = 10-® s as fluorescence lifetime of tryptophan in the albumin [3], the quenching
constant (kq, M's™) is calculated from equation S4.

From the Scatchard equation (equation S6) [3]:

atyy

Al .
o nK — K T (equation S6)

where n = the number of binding sites per albumin and K = the albumin-binding constant.
The K constant (M) is calculated from the slope in plots (Al/lo)/[Q] versus (Al/lo) and n is

given by the ratio of y intercept to the slope [6].
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Table S1. Crystallographic data for complexes 1-6.

TABLES

Complex 1 Complex 2 Complex 3 Complex 4 Complex 5 Complex 6
Crystal data
Chemical C33sH2sCoF12N506P2  Ca750H20C01F12N506P2 - Cas50H30C01F13N504P2 CasHzsCoF12N9OsP2 C37H30C01F12N6Os.50P2  Cas50H31C01F7N504.50P
formula
M: 939.47 994.53 946.50 1013.60 1011.54 858.59
Crystal system Triclinic Monoclinic Monoclinic Triclinic Monoclinic Monoclinic
Space group P-1 P2i/c P2i/c P-1 P2i/a P2i/c
Temperature (K) 295 295 295 294 295 295
a(A) 10.923 (2) 15.7047 (16) 16.218 (2) 10.3630 (15) 14.5285 (17) 17.840 (3)
b (A) 12.278 (3) 18.2941 (17) 16.218 (2) 16.4879 (19) 18.108 (2) 13.639 (2)
c(A) 14.169 (4) 14.4680 (14) 17.274 (2) 16.672 (2) 15.4842 (16) 17.109 (3)
a (°) 84.505 (13) 90 90 61.688 (6) 90 90
B(°) 86.603 (11) 91.730 (3) 95.715 (4) 87.777 (7) 90.389 (3) 105.694 (4)
v () 78.723 (11) 90 90 84.807 (6) 90 90
V (A% 1853.5 (8) 4154.8 (7) 3907.5 (9) 2497.6 (6) 4073.5 (8) 4007.6 (11)
Z 2 4 4 2 4 4
Radiation type MoK MoKa MoK« MoK« MoK« MoK«
i (mm) 0.66 0.60 0.63 0.50 0.61 0.55

Crystal size (mm)

0.20 x0.17 x 0.15

0.22x0.16 x 0.15

0.24 x0.19 x 0.15

0.22x0.18 x0.11

0.20 x0.15%0.14

0.24 x0.19 x0.16

Data collection

Diffractometer
Absorption
correction

Tmin, Tmax

0.89, 0.91

0.91, 0.91

Bruker Kappa Apex2

Numerical, Analytical Absorption [7]

0.89, 0.91

0.91, 0.95

0.91, 0.92

0.90, 0.92



Measured 47210 47349 50578 44782 28482 40455
reflections
Independent 7076 7913 7446 9554 7705 7598
reflections
Observed [I> 5406 5146 5688 6905 5801 5450
2.00(1)]
reflections
Rint 0.033 0.021 0.029 0.022 0.015 0.025
(sin 0/A)max (A1) 0.613 0.612 0.611 0.615 0.615 0.614
Refinement
R[F?> 20(F?)] 0.051 0.053 0.052 0.057 0.060 0.055
wR(F?) 0.080 0.105 0.094 0.115 0.113 0.097
S 1.00 1.00 1.00 1.00 1.00 1.00
Reflections 5406 5146 5688 6905 5801 5450
Parameters 532 559 525 617 575 508
Restraints - 42 13 22 12 8
H-atom H-atom parameters H-atom parameters  H-atom parameters H atoms treated by a H-atom parameters = H-atom parameters
treatment constrained constrained constrained mixture of independent  constrained constrained
and constrained
refinement
AQmax, AQmin (€ 0.57, -0.30 0.63, -0.48 0.48, -0.37 0.52, -0.28 0.50, -0.96 0.39, -0.24
A=)




Table S2. Selected bond lengths (A) and bond angles (°) for complexes 1-6.

Compound Complex1  Complex2  Complex3  Complex4  Complex5  Complex 6
Bond Length (A) Length (A) Length (A) Length (3) Length (3) Length (3)
Col—-01 1.879 (2) 1.889 (3) 1.893 (2) 1.891 (2) 1.901 (2) 1.923 (2)
Col1—03 1.881 (2) 1.879 (2) 1.9055 (19) 1.878 (2) 1.892 (2) 1.9235 (19)
Col—N1 1.935 (2) 1.927 (3) 1.962 (3) 1.943 (3) 1.943 (3) 2.042 (3)
Col—N2 1.937 (3) 1.940 (3) 1.926 (3) 1.939 (3) 1.922 (3) 2.018 (2)
Col—N3 1.934 (2) 1.926 (3) 1.963 (2) 1.928 (3) 1.943 (3) 2.034 (3)
Col—N4 1.904 (3) 1.940 (3) 1.959 (2) 1.964 (3) 1.924 (3) 2.031 (3)
Bonds Angle (°) Angle (°) Angle (°) Angle (°) Angle (°) Angle (°)
01—Col—0O3 95.28 (9) 94.83 (11) 94.85 (9) 95.09 (10) 94.09 (10) 91.97 (9)
O1—Col—N1 177.31(11) 89.28 (12) 174.47 (11) 176.41 (11) 176.56 (12) 174.35 (10)
O3—Col—N1 86.43 (9) 92.15 (13) 87.91 (10) 86.28 (11) 86.76 (11) 87.29 (9)
O1—Col—N2 94.63 (11) 87.42 (11) 93.26 (10) 93.06 (10) 93.91 (12) 93.35 (10)
0O3—Col—N2 85.37 (10) 175.92 (13) 89.06 (10) 88.76 (11) 88.05 (11) 92.29 (9)
N1—Col—N2 83.42(11) 84.46 (13) 81.97 (12) 83.64 (11) 82.78 (13) 81.09 (11)
O1—Col—N3 85.58 (10) 93.56 (13) 86.90 (9) 88.33 (11) 87.79 (10) 90.40 (10)
03—Col—N3 177.35(11)  87.97 (12) 175.76 (10) 17427 (11) 17629 (13)  173.30 (10)
N1—Col—N3 92.81 (10) 177.14 (14) 90.68 (10) 90.59 (12) 91.55 (11) 90.96 (10)
N2—Col—N3 97.07 (11) 95.29 (12) 94.70 (11) 95.66 (12) 95.02 (12) 93.83 (11)
O1—Col—N4 87.57 (11) 176.82 (13) 89.92 (9) 88.07 (10) 89.74 (11) 93.55 (9)
O3—Col—N4 94.54 (11) 85.66 (12) 93.45 (10) 92.89 (11) 92.72 (12) 92.71 (10)
N1—Col—N4 94.38 (11) 93.85 (13) 94.71 (11) 95.19 (11) 93.54 (13) 92.08 (10)
N2—Col—N4 177.80 (11) 92.28 (12) 175.77 (11) 177.92 (12) 176.20 (13) 171.33 (11)
N3—Col—N4 82.99 (12) 83.32 (14) 82.68 (11) 82.61 (12) 84.08 (12) 80.88 (12)
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Table S3. Hydrogen-bonding interactions (lengths A in and angles in 9) in structures of

complexes 1-6.

D—H-A D-H(@A) H+-AA) D-A(A) D-H-A() Symmetry code
1

06—Hé61--02! 0.84 1.98 2.794(5) 164 (i) ~x+1, —y+1, ~z
06 —H62--02i 0.84 2.57 3.251(5) 139 (i) x-1, y, z

2

06—H61--02 0.82 2.35 3.000(7) 136

07 —H71--04 0.85 2.22 3.006 (7) 154

3

04—H37--02i 0.82 1.99 2.752(6) 154 (i) x, ~y+1/2, z-1/2
05—H591--04 0.82 1.70 2498 (6) 163

4

O4—H41--N9 0.83 2.15 2964 (8) 165

O4—H41--N10 0.83 1.49 2.168(8) 136

04 —H42--08! 0.88 2.58 3.418(8) 159 (i) —x+1, —y+1, —z+1
05—H52--04 0.83 2.17 2.811(8) 134

O7—H71--02 0.87 2.07 2.674 (8) 125

N9—H91--O4 0.84 2.22 2.756 (8) 122 (ii) —x+2, —y+1, ~z+1
N9—H101--O4 1.14 1.84 2964 (8) 168

05—H396--06 0.83 2.01 2818(8) 166

08 —H397--07" 0.83 1.92 2.742(8) 172 V)X, y+l, z

5

06—H61--02 0.85 2.23 3.075(6) 176

07 —H72--04 0.83 2.42 3220(6) 161

6

05—H52--02 0.82 2.42 3.050 (6) 134

06—H61--05 0.82 2.39 3150 (6) 154

05—H394--01 0.82 2.49 3.128(6) 136
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FIGURES
Figure S1. IR spectra (KBr) of the complexes.
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Figure S2. 'H NMR spectra of the complexes in a 95:5 mixture of D20 : DMSO-de.
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Figure S3. 'H NMR spectra of complex 1 in a 95:5 mixture of D:O : DMSO-ds for two
different time intervals (0 h and 24 h).
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Figure S4. UV-vis spectra of a CT DNA buffer solution, in the presence of increasing

amounts of the complexes.
The arrows show the changes upon increasing amounts of the compounds.
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Figure S5. UV-vis spectra of a DMSO solution of the complexes, in the presence of

increasing amounts of CT DNA.

The concentrations of the solution of the compounds are given in parentheses. The arrows

show the changes upon increasing amounts of CT DNA.
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Figure S6. Plots of

[DNA]
P

(

 versus [DNA] for the complexes.
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Figure S7. Cyclic voltammograms of the complexes in the absence (black line) or presence
(green line) of CT DNA.

12 mL solution of the complexes (0.33mM, 1/2 DMSO/buffer) were used. Scan
rate =100 mV s7L. Supporting electrolyte =buffer solution. The arrows show the changes

upon addition of CT DNA (0.5 mL CT DNA 3 mM).
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Figure S8. Fluorescence emission spectra for EB-DNA in buffer solution in the absence
and presence of increasing amounts of the compounds.

Conditions: Aexcitation = 540 nm. [EB] = 40 uM. [DNA] = 45 uM. Buffer solution: 150 mM NaCl
and 15 mM trisodium citrate at pH 7.0. The arrow shows the changes of intensity upon

increasing amounts of the compound.
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Figure S9. Stern—Volmer plots of the EB-DNA quenching experiments upon addition of

the compounds.
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Figure S10. Fluorescence emission spectra of BSA in buffer solution in the presence of
increasing amounts of the compounds.

Conditions: Aexcitation = 295 nm. [BSA] = 3 uM. Buffer solution: 150 mM NaCl and 15 mM
trisodium citrate at pH 7.0. The arrow shows the changes of intensity upon increasing

amounts of the compound.
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Figure S11. Fluorescence emission spectra of HSA in buffer solution in the presence of
increasing amounts of the compounds.

Conditions: Aexcitation= 295 nm. [HSA] = 3 uM. Buffer solution: 150 mM NaCl and 15 mM
trisodium citrate at pH 7.0. The arrow shows the changes of intensity upon increasing

amounts of the compound.
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Figure S12. Stern—Volmer plots of the BSA-quenching experiments upon addition of the

compounds.
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Figure S13. Stern-Volmer plots of the HSA-quenching experiments upon addition of the

compounds.
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Figure S14. Scatchard plots of the BSA-quenching experiments upon addition of the

compounds.
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Figure S15. Scatchard plots of the HSA-quenching experiments upon addition of the
compounds.
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