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Zn(II) complex of 2-hydroxy-5-methoxyacetophenone thiosemicarbazone { Zn(HMAT)2} was synthesized and 
characterized by 1H NMR, UV–Vis and FT-IR spectroscopies. Further, X-ray powder diffraction (XRD) analysis of 
Zn(HMAT)2 was carried out to point out the complexation. The binding affinities of Zn(HMAT)2 with calf thymus 
DNA (CT-DNA) have been studied by using fluorescence and absorption titration technics. In addition, bovine 
serum albumin (BSA) binding studies were recorded by fluorescence and UV–Vis spectroscopy. Zn(HMAT)2 is a 
strong binders of CT-DNA with binding constant (Kb) 3.65×107 M−1. The binding parameters KSV (for EB), Kq (for 
BSA) and Kb (for BSA) were determined as 8.2×107 M−1, 1.8×1014 M−1 s−1 and 2×107 M−1 respectively. 
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Introduction 

DNA is the fundamental intracellular target in drug 
design (1). Combination of DNA and small molecules can 
give rise to cell death and cancer cells DNA damage (2). 
However, transition metal complexes are being studied by 
researchers for DNA binding experiments due to their 
regulators of gene expression, potential use as drugs and 
DNA structural probes (3-4). In previous studies, it was 
reported that, compounds with sulfur content show high 
DNA/protein binding/cleaving (5-7). Thiosemicarbazones 
present pharmacological properties due to their C=S and 
NH moiety for chelating with metal center (8). Metal 
complexes of thiosemicarbazones exhibit more biological 
activity than their ligands (9). In previous studies, DNA 
binding assays, anticancer activity, antimicrobial and 
cytotoxicity evaluation of some thiosemicarbazones zinc 
complexes have been investigated (10-12). Zinc differs 
from other transition metals due to some properties such 
as the malleable coordination geometry, remarkably high 
bioavailability and the role as a Lewis acid (13). In the 
presence of zinc metal, proteins' conformation changes 
rapidly to carry out biological reactions due to their 
flexible coordination geometry (14). Understanding the 
interaction between proteins and metal complexes cause 
the development of new drugs (15). Bovine serum 
albumin (BSA), which is the protein in the blood, take 
place in many researches due to its low cost (16), 
structural homology to human serum albumin and 
stability (17).  

Synthesis method of 2-hydroxy-5-
methoxyacetophenone thiosemicarbazone based Zn(II) 
complex and its application studies such as evaluation of 
anticancer activity in breast cancer cell lines, carbonic 

anhydrase inhibition and microbiological analysis results 
were included in our previous study (18,19). In addition, 
the investigation of binding properties CT-DNA and BSA 
with the compound have been presented in this article. 

 

Materials and Methods 
 

Apparatus  
Thiosemicarbazide, 2-hydroxy-5-methoxyacetophenone, 

DMF (N,N-Dimethylformamide) EtOH (Ethyl alcohol), H2SO4 

(Sulfuric acid), CT-DNA (Deoxyribonucleic acid from calf 
thymus) and Trizma base (for Tris/HCl buffer) were obtained 
from Sigma–Aldrich and Merck. 1H NMR spectrum was 
monitored by A Bruker AC 400 (400 MHz) NMR 
spectrometer. FT-IR spectrum was carried out by using 
Attenuated Total Reflection-Fourier Transformed Infrared 
(ATR-FTIR) spectrometer (Perkin Elmer 100). UV–Vis and 
fluorescence spectra were monitored by Shimadzu UV-1800 
double beam spectrophotometer and PTI Quantamaster 400 
Fluorometer spectrophotometer, respectively. XRD 
measurement was recorded using Bruker axis diffractometer 
(Bruker D8 ADVANCE). 

Synthesis of Zn(HMAT)2 
Zn(HMAT)2 was synthesized (Scheme 1) according to our 

previous article (18,19). The possible structure of the 
complex is given in Scheme 1 (20,21). 

Zn(HMAT)2: Yellow crystals, yield 72.5%; mp: 189-191°C 
Anal. Calcd. C20H22N6O4S2Zn: H, 4.11; N, 15.56; C, 44.49%. 
Found: H, 4.19; C, 45.03; N, 15.68%. FT-IR (cm−1) ʋ: 585, 783, 
1030, 1215, 1540, 3192, 3486. 1H NMR (400 MHz, DMSO-d6): 
δ (ppm): 2.35-3.78 (s, 3H, -CH3), 6.84-6.93 (d, 2H, HAr), 7.24 (s, 
2H, -NH2). 

http://xxx.cumhuriyet.edu.tr/
http://creativecommons.org/licenses/by-nc/4.0/
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Scheme 1. Proposed structures of HMAT and 

Zn(HMAT)2 
 

Dna Binding Experiments 
The interactions of Zn(HMAT)2 with CT-DNA were 

explored using UV–visible absorption titration 
experiments. All titration experiments of Zn(HMAT)2 with 
CT-DNA were investigated in a pH 7.2 Tris/HCl buffer (5 
mM Tris/50 mM NaCl). The emission spectra were 
recorded with the compound (20 µM in DMF), during 
which the concentration of CT-DNA (2-5.5 µM) was 
gradually increased. 

 

Competitive Ethidium Bromide-Dna Binding 
Fluorescence Measurement 

Displacement experiments of EB have been monitored 
fluorometrically upon gradual addition of Zn(HMAT)2 (1-4 
μM) to the aqueous solution of EB (10 μM) bound CT-DNA 
(10 μM) in Tris-HCl buffer (5 mM Tris/50 mM NaCl, pH 7.2). 

 

Protein Binding Studies 
The absorbance measurements were monitored of 10 µM 

BSA in phosphate‐buffered saline (PBS) and BSA with Zn(HMAT)2 
(4 µM in DMF). The interaction of Zn(HMAT)2 with BSA was 
investigated by using fluorescence spectra. The fluorometric 
measurements were recorded by gradual addition of 0-1 μM 
Zn(HMAT)2 to 2 mL, 2 µM BSA with PBS at pH 7.5. 

 

 

Results and Discussion 

Spectroscopic Studies 
The 1H NMR spectrum of Zn(HMAT)2 was recorded in 

DMSO-d6 (Figure 1). A multiple signal for aromatic protons 
were observed around 6.93-6.84 ppm (22). A singlet was 
appeared at 7.24, 3.78 and 2.35 ppm was attributed to 
proton signal of the –NH2, CH3 (methoxy group) and -CH3 
(azomethine group), respectively (22-25).  

The FT-IR spectrum of Zn(HMAT)2 (Figure 2) displayed 
stretching frequency bands for the υ(C=N) at 1540 cm−1 

(26). The bands attributed to υ(Zn-N) vibration was found 

at 585 cm−1 (27). υ(N-H) stretching frequencies of the NH2 
was observed at 3486 cm−1 (28). υ(C–S) vibration at 783 
cm−1 was proved the coordination of the NH–C=S group 
[22]. The band at 1215 cm−1 was appeared due to the υ(N-
C-S) vibration (29). 

 
Figure 1. 1H NMR spectrum of Zn(HMAT)2. 

 

 
Figure 2. FT-IR spectrum of Zn(HMAT)2. 

 

 
Figure 3. UV-Vis spectra of HMAT and Zn(HMAT)2. 

 
UV-Vis spectra of HMAT and Zn(HMAT)2 (in DMF) was 

presented in Figure 3. In the UV-Vis spectrum of HMAT, 
the band at 305 nm belongs to azomethine π→π* 
transitions, whereas the absorption at 355 nm 
corresponds to thioamide n→π* transitions (19). After the 
complexation, the first band associated with the carbonyl 
and azomethine group was observed at 296 nm due to 
π→π* transitions (30). The intraligand n→π* transition 
was assigned to band at 346 nm (31). Transformation of 
the C=S bond to the C-S form due to complexation caused 
the shift of the bands (32). By comparing the frequency of 
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HMAT and the corresponding the Zn complex, the 
electronic transitions of π→π* are shifted to a lower value 
due to the formation of the complex and coordination of 
the ligand to the metal (18). 

 

Powder XRD Analysis 
The powder X-ray diffraction pattern of Zn(HMAT)2 

(Figure 4) was monitored over the range 5-80 (2θ). The 
diffraction peak at 2Ɵ=24.06 may have been caused by the 
bond of Zn-S (33,34). Observing the sharp crystalline 
peaks arise the crystalline behavior of the samples (35). 

 

 
Figure 4. X-ray diffraction (XRD) spectrum of 

Zn(HMAT)2. 
 

DNA Binding Studies 
UV absorption spectra of DNA  
UV-visible absorption spectra of complex (20 µM) with 

increasing ratios of CT-DNA (2−5.5 µM; Tris-HCl 5 
mM/NaCl 50 mM, pH: 7.2) were measured to observe the 
binding interaction (Figure 5A). After increasing the 
amount of CT-DNA to the complex, the spectrum showed 
a hypochromism of about 8%, 21% at 275, 344 nm and 
showed a hypochromism of about 13% with a blue shift of 
4 nm at 296 nm. According to the results obtained, the 
binding to CT-DNA was confirmed from the absorption 
changes of the complex. The amount of binding 
interaction between Zn(HMAT)2 and CT-DNA was 
described using the binding constant Kb, which is 
calculated from the Eq. (1). 

 
[DNA]

(𝜀𝑎−𝜀𝑓)
=

[DNA]

(𝜀𝑏−𝜀𝑓)
+

1

𝐾𝑏(𝜀𝑏−𝜀𝑓)
     (1) 

 
Where [DNA] is the concentration of CT-DNA, εf, εa, 

and εb correspond to the extinction coefficient for the free 
complex, Aobsd/[complex] and the extinction coefficient 
for the complex in the fully bound form, respectively. Kb 
was found by calculating the ratio of slope/intercept in the 
linear plot of [DNA]/(εa−εf) vs [DNA] (Figure 5B). The 
binding constant (Kb) value for the interaction of the 
complex with CT-DNA was found as 3.65×107 M−1. The UV-

Vis spectroscopy method provides important data about 
interaction type on absorbance changes and shift in 
wavelength in the interaction of small molecules with 
DNA. Hypochromism with or without a red or blue shift is 
typically the product of a compound binding to DNA 
through intercalation. The observed hypochromism with 
blue shift verified the complex's interaction (36-38). 
 

 

 
Figure 5. A) Absorption spectrum of the complex with 

increasing CT-DNA. B) Plot of [DNA]/(εa−εf) versus 
[DNA] for the titration of the complex with CT-DNA. 

 

Ethidium bromide (EB) displacement 
EB is a dye which binds to DNA through intercalation. 

EB exhibits increased fluorescence intensity after addition 
of DNA because of the strong intercalation between DNA. 
EB binding to the DNA by intercalation is cause 
competition with EB and affect the combination between 
EB and DNA, giving rise to a decrease in fluorescence intensity 
(39,40). The study was carried out by titration of the complex 
varying from 1 to 4 μM into 10 μM CT-DNA and 10 μM EB 
solution. After addition of each aliquot, 540 nm was used as 
excitation wavelength for the CT-DNA-EB with Zn(HMAT)2 (in 
the range of 550 nm and 780 nm for emission spectra). The 
fluorescence spectra of the CT-DNA –EB and CT-DNA–EB with 
Zn(HMAT)2 (Figure 6a) show the decreasing fluorescence 
intensity of CT-DNA-EB in each addition with increasing 
amounts of complex. This result indicated that complex was 
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able to replace EB in the CT-DNA helix. Thus, this result proves 
that Zn(HMAT)2 binds to CT-DNA via intercalative binding 
mode. The quenching efficiency for Zn(HMAT)2 was evaluated 
by the Stern–Volmer constant KSV, 

 
𝐹𝑜 𝐹 = 1 + 𝐾𝑆𝑉⁄ [𝑄]       (2) 
 

where F/F0, KSV, [Q] are the fluorescence intensities in the 
presence/absence of the complex, the linear Stern−Volmer 
quenching constant and concentration of the complex, 
respectively. The KSV value calculated from the ratio of 
slope/intercept in the linear plot of [Q] vs F0/F and is found to 
be 8.2×107 M−1 (Figure 6b).  

 

 

 
Figure 6. A) Fluorescence quenching curves with 

increasing complex to DNA/EB. Conditions: [CT-
DNA] = 10 μM, [EB] = 10 μM, [complex] = 1−4 μM. 
B) Stern−Volmer plot of fluorescence titrations of 
the complex with CT-DNA. 

 

BSA binding studies 
Fluorescence quenching of BSA. 
Fluorescence of the BSA is due to the fluorophore 

groups in its structure such as phenylalanine, tyrosine and 
tryptophan. When any compound interacts with BSA, 
fluorescence intensity quenches (37,41). 

Tryptophan fluorescence quenching study was used to 
indicate BSA-binding. In this experiment, varied mole ratio 
of Zn(HMAT)2 solutions to 2 µM BSA in PBS buffer solution 
were prepared (pH:7.5). The fluorescence spectra were 
monitored with emission at 341 nm whereas excitation 
wavelength is 280 nm. The additions of different 
concentration of Zn(HMAT)2 (0–1 µM) solutions to BSA 
were decrease its fluorescence intensity and a blue shift 
(341-337 nm) was noticed. The resulting emission 
behaviour is shown in Figure 7A. The emission spectra 
demonstrated a definite interaction between BSA and 
Zn(HMAT)2. The extent of fluorescence quenching of BSA 
with the gradual addition of the complex was interpreted 
by using the Stern–Volmer equation (3). 

 
𝐹0

𝐹
= 1 + 𝐾𝑞𝜏0[𝑄] = 1 + 𝐾𝑆𝑉[𝑄]          (3) 

 

Where F/F0, Kq, [Q] and 0 the fluorescence intensities 
in the presence/absence of the complex, the bimolecular 
quenching rate constant, the concentration of the 
complex and the average lifetime (10−8 s) of protein 
without complex, respectively. KSV is the Stern–Volmer 

quenching constant and is equal to Kq0. The linear Stern-
Volmer plot in Figure 7b indicated that equation (3) is 
useable for the present system and the numerical values 
of KSV and Kq were equal to 1.8×106 M−1 and 1.8×1014 M−1 
s−1, respectively. The calculated Kq value is larger than the 
limiting diffusion constant Kdif (2.0 × 1010 M-1 s1) of the 
biomolecules (42) which indicated that fuorescence 
quenching is caused by interaction of BSA with Zn(HMAT)2 
depending on static quenching mechanism. (43). 

Constant Kb and the number of binding site n were 
calculated by using following Scatchard equation (4). 

 
log[(𝐹0 −𝐹)/𝐹] = 𝑙𝑜𝑔 𝐾𝑏 + 𝑛𝑙𝑜𝑔[𝑄]         (4) 
 

Where F/F0, Kb and n are the fluorescence intensity in 
the presence/absence of the complex, the binding 
constant of complex with BSA and the number of binding 
sites. The Kb and n were calculated from the ratio of 
slope/intercept in the linear plot of log[(F0-F)/F] vs log[Q] 
and was found to be 2×107 M−1 and n = 0.998 (Figure 7C). 
Existence of only one binding site on BSA for complex can 
be provided with the value for the binding site n which is 
close to 1. The values of Kq and Kb clearly evidence a strong 
interaction between BSA and Zn(HMAT)2. When the 
related publications are examined, the large Kb and Kq 
values indicate that the strength of the interaction 
increases (44,45). 

In Table 1, comparison of our work with other studies 
can be seen by observing the higher values Kb and Kq of 
Zn(HMAT)2 indicating a stronger interaction. 
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Table 1. Comparison with other Zn complexes for Binding constant (Kb) and quenching constant (Kq) values of DNA and BSA 

          DNA                    BSA  

Complex         Kb (M-1)   Kb (M-1)   Kq(M-1) Ref. 

Zn(HL)2 
2.85 × 104 
1×105 
6.79 × 104 
2.98 ± 0.06 × 106 
1.58 × 105 
5.98×103 
2.7 × 103 
1.2 × 104  
1.2 × 104 

4.5 × 104 2.4 × 1013 (46) 
Zn(LDiOMeSN)2 2.03× 105 1.67× 1013 (47) 
TppyZnN3 5.37 × 104 1.19 × 105 (48) 
M(HL)2](NO3)2 (M:Zn) ~4.68 × 105 6.31×1013 (49) 
ZnPc-4 no data 1.99 × 1013 (50) 
Zn(H2L)](NO3)2 3.69×104 9.69×1010 (51) 
Zn2(L4)(CH3COO) 2.4×106 ~ 1013 (52) 
Zn(II) complex 3.5× 104 2.8×1012 (53) 
2,4-diiodo-6-((2-phenylaminoethylimino)methyl) phenol 
Zn Complex 

2.14 × 104 1.66 × 105 (54) 

Zn(HMAT)2       3.65×107 2×107 1.8×1014 This work 

 

 

 
Figure 7. (A) Fluorescence quenching of BSA (1 µM; λex = 280; 

λem = 341 nm) in the presence/absence of various 
concentrations of the complex (0–1 µM); (B) 
Stern−Volmer plot of the fluorescence titrations of the 
complex with BSA; (C) Scatchard plot of the fluorescence 
titrations of the complex with BSA. 

UV absorption spectra of BSA. 
The BSA solution exhibited a strong band around 278 

nm for having the moieties such as phenylalanine, 
tyrosine and tryptophan. The absorption spectrum of the 
BSA solution and BSA- Zn(HMAT)2 were given in Figure 8. 
The absorbance of BSA (10 μM) increased with 5 nm red 
shift with the addition of Zn(HMAT)2 (4 μM), which 
indicated static quenching (36,55,56). 

 

 
Figure 8. Absorption spectra of BSA (10 μM) and BSA 

with complex (4 μM). 
 

 

Conclusion 
 

In this study, synthesis and characterization by using 
spectroscopic methods (FT-IR, 1H NMR, elemental analysis 
and UV–Vis spectroscopies) for zinc complex of 2-hydroxy-
5-methoxyacetophenone thiosemicarbazone was 
reported. XRD spectrum of the complex also provided 
support for the analysis of the structure. BSA and DNA 
interactions abilities of the Zn(HMAT)2 were analyzed by 
fluorescence and UV–Vis spectroscopy. The results 
showed that Zn(HMAT)2 binds strongly with CT-DNA via 
intercalative mode with high binding constant. The results 
illustrated from absorption titrations as (Kb) 3.65×107 M−1 
and ethidium bromide competitive studies as KSV (for CT-
DNA): 8.2×107 M−1 were obtained. Protein binding 
efficiency showed that Zn(HMAT)2 interact with BSA by 
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acting as transporters of the complex (Kq: 1.8×1014 M−1 s−1 
and Kb: 2×107 M−1). The reactivity towards BSA exhibited a 
static emission quenching by the complex. These findings 
may be useful in determining the mechanism of some Zn 
complexes' interactions with serum albumin and DNA. 
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