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Abstract: 

According to research, thiosalicylic acid has anti-inflammatory, antioxidant, and
analgesic effects. Additionally, some of its derivatives have shown significant
antimicrobial and antitumor activity. In vitro studies have also shown that S-alkyl
derivatives of thiosalicylic acid exhibit moderate and dose-dependent cytotoxic
effects on human colon and lung carcinoma cells. In this research, we utilized
various spectroscopic methods and molecular docking simulation to examine the
binding interaction between human serum albumin (HSA) and potential
biologically active isopropyl derivatives of thiosalicylic acid (ligand, L). To analyze
the quenching mechanism, the association constants and number of binding sites
were utilized based on the obtained results. The tested L and HSA had a static
fluorescence quenching mechanism, while their binding processes were
spontaneous. Additionally, UV-Vis absorption spectroscopy revealed that the
binding of the tested L induced slight conformational changes in HSA.

Keywords: Human serum albumin; Thiosalicylic acid; Spectroscopic measurements;
Docking simulations
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Introduction

Thiosalicylic acid (TSAH2) is a fascinating heterodifunctional ligand. Combining both hard and soft donor
atoms, it offers a wide array of bonding opportunities with various metal centers. Thiosalicylic acid and its
derivatives find applications in several areas, including:

 Metal determination 1, 2,
 Modification of graphite paste electrodes 3,
 Use as photoinitiators for free radical polymerization 4,
 Incorporation into cosmetic products 5,
 Utilization in the treatment of inflammatory, allergic, and respiratory diseases 6,
 Potential as inhibitors of Ras-driven tumor growth 7

References:
1. A. Kumar Chhakkar, L. Rai Kakkar, Fresenius J, Anal. Chem. 347 (1993) 483-485.
2. G.R.E.C. Gregory, P.G. Jeffery, Analyst 92 (1967) 293-299.
3. M.J. Gismera, J.R. Procopio, M. Teresa-Sevilla, L. Hernández, Electroanalysis 15 (2003) 126-132.
4. M. Aydin, N. Arsu, Y. Yagci, Macromol. Rapid Commun. 24 (2003) 718-723.
5. D. Shander, G. Ahluwalia, D. Grosso, US Patent 5411991 (1992).
6. H. Jacobelli, US Patent 20050267095 (2005).
7. J. Halaschek-Wiener, Y. Kloog, V. Wacheck, B. Jansen, J. Invest. Dermat. 120 (2003) 1-7.

Figure 1. Crystal structure of thiosalicylic acid
visualized in Pymol
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Introduction
The antitumor effects of acetylsalicylic acid have been documented, with some of its efficacy attributed to the
induction of apoptosis through the regulation of the PTEN (phosphatase and tensin homolog)/AKT (serine/threonine
kinase Akt)/NF-κB (nuclear factor kappa-light-chain-enhancer of activated B cells)/survivin signaling pathway 8.
Additionally, extensive research has explored the capacity of thiosalicylic acid derivatives to form complexes with
various metal ions, exhibiting diverse geometries 9,10. Recently, it was shown that
S-isopropyl derivative of thiosalicylic acid and copper(II) complex with this ligand moderately reduce the viability of
murine lung cancer cells 11.

In accordance with previously established cytotoxic effect of isopropyl derivative of thiosalicylic acid (L), the
interaction of investigated compound and HSA would be of great importance in the search for potential new strategy
for targeted drug delivery to tumor tissues. The objective of present study is to examine the binding interaction
between human serum albumin (HSA) and L using various spectroscopic methods and molecular docking
simulations.

References:
8. M. Jin, C. Li, Q. Zhang, S. Xing, X. Kan, J. Wang, Oncol. Lett. 15 (2018) 8454-8460.
9. S.B. Moosun, L.H. Blair, S.J. Coles, S.J. Laulloo, M.G. Bhowon, Z. Anorg. Allg. Chem. 641 (2015) 890-895.
10. K. Nomiya, Y. Kondoh, K. Onoue, N.C. Kasuga, H. Nagano, M. Oda, T. Sudoh, S. Sakuma, J. Inorg. Biochem. 58 (1995) 255-267.
11. J. Dimitrijević, A. N. Arsenijević, M. Z. Milovanović , N. N. Arsenijević, J. Z. Milovanović, A. S. Stanković, A. M. Bukonjić, D. Lj. Tomović, Z. R. Ratković, I. Potočňák,

E. Samoľová, G. P. Radić, J. Inorg. Biochem. 208 (2020) 111078.

Figure 2. Chemical structure of investigated ligand
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Results and discussion The UV-Vis absorption spectra of HSA were initially recorded
in the absence of ligand L and subsequently upon their
addition, as depicted in Figure 2. As the concentration of the
ligand gradually increased, the UV absorption of HSA
exhibited a corresponding rise, while retaining its original
peak shape and position, as illustrated in Figure 2. Dynamic
quenching exclusively impacts the excited states of
fluorophores, causing no alterations in the absorption
spectra, whereas static quenching leads to modifications in
the absorption spectrum of the protein 12. The acquired
spectra provide evidence of the formation of a complex
between albumin and the ligand L. Moreover, the presence
of these ligand L had an impact on the polarity and
hydrophobicity of the microenvironment surrounding
tryptophan (Trp) and tyrosine (Tyr) residues 13. These
findings indicate that the interaction between the ligand (L)
and HSA followed a static quenching process, as deduced
from the emission spectra.

References:
12. Q. Wang, C. Huang, M. Jiang, Y. Zhu, J. Wang, J. Chen, J. Shi, Spectrochim. Acta A

Mol. Biomol. Spectrosc. 156 (2016) 155-163.
13. S.D. Stojanović, J.M. Nićiforović, S.M. Živanović, J.V. Odović, R.M. Jelić, Monatsh.

Chem. 151 (2020) 999-1007.

Figure 3. UV-Vis absorption spectra of HSA in the absence
and presence of increasing amounts of ligand L. (T = 298 K,
pH = 7.4). [HSA] = 1.6 µM; [ligand] = 0 -16 µM.
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Results and discussion

The constant KSV can be calculated
through linear regression by plotting F0/F
against [Q], where Kq (Kq = KSV / τ0)
represents the rate constant. The values
of KSV are obtained from the slopes of the
fitted lines, and Kq is determined for the
interaction of ligand (L) with HSA.

Figure 4. Emission spectra of HSA in the presence of various
concentrations of ligand (L) (T = 296 K, pH = 7.4). [HSA] = 1.6 µM;
[ligand] = 0 - 16 µM. x represents a 16 µM ligand only. The inset: plot
of F0/F vs. [ligand].
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Results and discussion

The fluorescence intensity of HSA decreased with the increase of ligand (L) concentration when Δλ = 15 nm and
Δλ = 60 nm. The fluorescence quenching was more intense at Δλ = 60 nm, confirming that L binding to HSA
occurs near the tryptophan residue.

Figure 5. The effect of L on the synchronous fluorescence emission spectra of HSA (left: Δλ=15 nm and right: Δλ=60
nm) (T = 298 K, pH = 7.4). [HSA] = 1.6 µM, [L1] = 0-1.6 x 10-5 M.

HSA-L HSA-L
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Results and discussion

Table 1

Stern-Volmer quenching constants (KSV), quenching rate constants (Kq), binding constants

(Ka), and number of binding sites (n) for the interaction of ligand (L) with HSA.

Ligand KSV (M-1) Kq (M-1 s-1) R2a Ka (M-1) n R2a

L 4.18 x 104 4.18 × 1012 0.9820 6.89 x 104 1.05 0.9946

aR is the correlation coefficient

As indicated in Table 1, the calculated value of n is approximately 1 for the examined ligand (L), suggesting the
presence of a single binding site in HSA for this ligand. Based on the Ka values, it can be inferred that ligand L
forms stable complex with HSA, with the Ka value of 6.89 x 104 M-1. These findings demonstrate that the
binding constants (Ka) for the HSA-ligand system are significantly greater than 104, indicating a strong binding
affinity between ligand (L) and HSA 14. Additionally, it can be concluded that the investigated ligands can be
efficiently transported and stored in the body when bound to HSA 15.

References:

14. G. Zhang, N. Li, Y. Zhang, J. Pan, D. Gong, Spectrochim. Acta A Mol. Biomol. Spectrosc. 255 (2021) 119662.
15. S.D. Stojanović, S.M. Janković, Z.D. Matović, I.Ž. Jakovljević, R.M. Jelić, Monatsh. Chem. 146 (2015) 399-409.
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Results and discussion
Molecular docking protocol:

 Energy optimization: Chem3D Ultra 7.0 16

 Preparation of L: AutoDockTools 1.5.6 17

 The crystal structure of the HSA (PDB ID: 1HA2) 18

 Preparation of target molecule: Discovery Studio Visualizer 19

 Semi-flexible docking procedure: AutoDock Vina 20

16. R.E. Buntrock, J. Chem. Inf. Comput. Sci. 42 (2002) 1505-1506.
17. G.M. Morris, R. Huey, W. Lindstrom, M.F. Sanner, R.K. Belew, D.S. Goodsell, J.O. Arthur, J. Comput. Chem. 30 (2009) 2785-2791.
18. I. Petitpas, A. A. Bhattacharya, S. Twine, M. East, S. Curry, J. Biol. Chem. 276.25 (2001) 22804-22809.
19. BIOVIA, Discovery Studio Visualizer, 17.2.0.16349, San Diego: Dassault Systèmes (2016).
20. O. Trott, A.J. Olson, J. Comput. Chem. 31 (2010) 455-461.

Figure 7. Preparation of target molecule

Figure 6. Energy optimization of L
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Results and discussion

Figure 8. A) Schematic representation of L bound to the HSA. B) Molecular docking of L into the HSA. Conventional hydrogen
bond is presented as green dashed line, while hydrophobic interactions are shown as magenta dashed lines.

A B

Carbonyl oxygen atom of derivative L (hydrogen bond acceptor) forms a single hydrogen bond with imidazole ring
of His242 (hydrogen bond donor), whereas aromatic ring and isopropyl side chain of L establish multiple
hydrophobic interactions.
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Conclusions

 To investigate the quenching mechanism, we employed the association
constants and determined the number of binding sites.

 The interaction between the tested ligand (L) and HSA exhibited a static
fluorescence quenching mechanism, characterized by spontaneous
binding processes.

 UV-Vis absorption spectroscopy indicated that the binding of the tested
ligands induced minor conformational changes in HSA.

 Carboxyl group of L is involved in the formation of a hydrogen bond with
imidazole ring of His242, while aromatic ring and isopropyl side chain of L
interact with carbon atoms of amino acid residues, establishing multiple
hydrophobic contacts.
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