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Among the various fluorescent probes currently used for biomedical and biochemical studies, significant attention is paid to cyanine
dyes possessing advantageous properties upon their complexation with biomolecules, particularly nucleic acids. Given the wide range
of cyanine applications in DNA studies, a better understanding of their binding mode and intermolecular interactions governing the
dye-DNA complexation would facilitate the synthesis of new molecular probes of the cyanine family with optimized properties and
would lead to the development of new cyanine-based strategies for nucleic acid detection and characterization. In the present study,
the molecular docking technique has been employed to evaluate the mode of interaction between one representative of monomethines
(AK12-17), three trimethines (AK3-1, AK3-3, AK3-5), three pentamethines (AK5-1, AKS-3, AK5-9) and one heptamethine (AK7-6)
cyanine dyes and B-DNA dodecamer d(CGCGAATTCGCG)2 (PDB ID: 1BNA). The molecular docking studies indicate that: i) all
cyanines under study (except AK5-9 and AK7-6) form the most stable complexes with the minor groove of double-stranded DNA;; ii)
the cyanines AK5-9 and AK7-6 interact with the major groove of DNA due to their more extended structure and less hydrophilicity in
comparison with the other examined dyes; iii) cyanine dye binding is governed by the hydrophobic and van der Waals interactions
presumably with the nucleotide residues C9A, G10A (except AK3-1, AK3-5), A17B (except AK3-5, AK5-3) and A18B in the minor
groove and the major groove residues C16B, A17B, A18B, C3A, G4A, ASA, A6A (AKS5-9 and AK7-6); iv) all dyes under study
(except AK3-1, AK3-5 and AKS5-39) possess an affinity for adenine and cytosine residues, whereas AK3-1, AK3-5 and AK5-3 also
interact with thymine residues of the double-stranded DNA.

Keywords: Cyanine dyes;, DNA; dye-DNA interactions, molecular docking

PACS: 87.14.C++c, 87.16.Dg

During the last decades cyanine dyes have become increasingly utilized across a wide range of research areas, such
as laser technologies, optoelectronics, photoelectrochemistry, bioanalysis, pharmacology, medicine, etc. [1-5]. Likewise,
these probes appeared to be particularly useful as molecular probes for biomedical studies [6-30]. More specifically,
cyanine dyes were effectively used 1) in cell labeling, including life-cell imaging [6,7], labeling neural circuits for the
visualization of the structure and function of the brain [8,19], and stem cell tracking in neurodegenerative medicine
[10, 117; ii) detection of oxidative stress and reactive oxygen species [12-14], iii) for synthesis of the fluorescently labeled
antibodies [15]; iv) in cancer research for tumor imaging in the fluorescence-guided surgery [16, 17] and in photodynamic
therapy [18, 19]; v) for pathogen detection [20]; vi) in gene expression studies to measure the levels of specific mRNAs
or miRNAs [20,21]; vii) in high-throughput screening assays to evaluate the effectiveness and toxicity of potential drug
candidates [21], viii) for the detection of biomolecules and their interactions [22-25], to name only a few. However, one
of the greatest potentials of cyanine dyes lies in their application in DNA research [26-32]. The advantageous
photophysical properties of cyanines, such as long-lasting photostability, high brightness, low cytotoxicity, and the sharp
increase in emission upon their association with nucleic acids, gave impetus for their use in DNA bioanalytical
assays [27,28], sizing, and purification of DNA fragments [29], DNA damage detection [30]; DNA sequencing [31], etc.
Given the wide range of cyanine applications in DNA studies, a better understanding of their binding mode and
intermolecular interactions governing the dye-DNA complexation would facilitate the synthesis of new molecular probes
of the cyanine family with optimized properties and would lead to the development of new cyanine-based strategies for
nucleic acid detection and characterization.

In recent decades computational methods have been recommended as particularly useful for providing insights into
interactions between potential ligands and their macromolecular targets, thereby significantly decreasing traditional
resource requirements encountered in experimental testing [32]. Molecular docking and molecular dynamics simulation
have been successfully applied to investigate the potential mode of binding of fluorescent dyes to DNA [33,34]. Despite
significant progress in understanding the main structural requirements for the ideal fluorescent marker in DNA research,
the mechanisms of the dye interactions with the targeted biomolecules need to be clarified. To fill this gap, the aim of the
present study was to investigate the interactions between cyanine dyes and DNA using the molecular docking technique.
More specifically, the potential binding sites of one representative of monomethines (AK12-17), three trimethines
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(AK3-1, AK3-3, AK3-5), three pentamethines (AKS-1, AKS5-3, AKS5-9) and one heptamethine dye (AK7-6) were
characterized with the main purpose to determine the interactions governing the dye-DNA complexation and the structural
requirements of cyanines responsible for their association. The structures of the dyes used in the study are presented
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Figure 1. Structural formulas of the dyes under study (monomethines AK12-17, trimethines AK3-1, AK3-3,
AK3-5, pentamethines AK5-1, AKS5-3, AK5-9 and heptamethine AK7-6)

MATERIALS AND METHODS

Molecular docking studies
To define the most energetically favorable binding sites for the examined dyes on the DNA, the molecular docking
studies were performed using the AutoDock (version 4.2) incorporated in the PyRx software (version 0.8) [35]. For the
prediction of the docking poses the AutoDock tool utilizes an empirical scoring function based on the binding free energy
of the complex [35]. This approach enables the automated docking of flexible ligands to a rigid macromolecular receptor.
The crystal structure of the B-DNA dodecamer d(CGCGAATTCGCG)2 (PDB ID: 1BNA) was downloaded from the
protein data bank (http://www.rcsb.org./pdb) and was used for the docking studies. The dye structures were built in
MarvinSketch (version 18.10.0) and optimized in Avogadro (version 1.1.0) [36,37]. The docking studies were performed
in two steps. Initially, the “blind docking” modeling was used to determine the most energetically favorable binding sites
for the cyanine dyes on the DNA molecule. The grid size was set as 60 A, 72 A, and 119 A along X, Y, and Z axes,
respectively. The grid spacing was 0.375 A. Next, the lowest binding energy conformer was selected from 10 different
conformations for each docking simulation, and was applied for further analysis using the “targeted docking”. The grid

size was set as 37 A, 48 A, and 50 A along X, Y, and Z axes, respectively.

RESULTS AND DISCUSSION

The investigation of molecular bases of various diseases requires a deep understanding of the underlying biochemical
and biophysical processes. To this end, it is crucial to characterize and visualize biological processes and biomolecular
functions at the tissular, cellular, and macromolecular levels. In this regard, a number of bioassays and diagnostic methods
(including PCR analysis, flow cytometry, fluorescence spectroscopy, microscopy, etc.) utilize organic dyes as molecular
probes. Understanding the interactions between small organic chromophores and macromolecules has become essential for
designing the advanced molecular probes capable of operating within living cells and in vivo. Consequently, there is a
constantly growing interest in the acquisition and successful application of novel selective biomolecular sensors. Among a
variety of fluorescent probes currently used for biomedical and biochemical studies, significant attention is devoted to
cyanine dyes possessing advantageous properties upon their complexation with biomolecules, particularly nucleic acids,
since DNA serves as the main target for drugs in the treatment of many pathologies. The representatives of the monomethine
[38], trimethine [39], pentamethine [40], and heptamethine [41] families were experimentally tested and recommended as
effective molecular probes for DNA detection and characterization. However, the mechanism of their interaction with DNA
needs to be clarified. Therefore, we selected the most effective DNA probes with different lengths of polymethine bridges
in their structure to uncover the main determinants governing the strong complexation of these dyes with DNA. More
specifically, the molecular docking technique was used to investigate the interactions and the structural factors responsible
for the DNA complexation of one representative of monomethines (AK12-17), three trimethines (AK3-1, AK3-3, AK3-5),
three pentamethines (AKS5-1, AKS-3, AK5-9) and one heptamethine dye (AK7-6).
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Initially, the “blind docking” calculation was performed using the maximally accessible dimensional grid in the
Autodock software, allowing it to cover the full length of DNA and explore all possible binding sites. Schematic
representations of the energetically most favorable dye complexes with double-stranded DNA are given in Figure 2.

AK12-17 AK3-1 AK3-3 AK3-5

Figure 2. Schematic representation of the most energetically favorable dye-DNA complexes

Accumulating evidence suggests that cyanine dyes could interact with DNA through three primary binding modes:
1) intercalation between adjacent base pairs, ii) groove binding, and electrostatic interaction of positively charged dye
molecules with the phosphate backbone. The specific molecular mechanism by which cyanine dyes form complexes with
nucleic acids relies heavily on the structural and physicochemical properties of the fluorophore (its planarity,
conformational flexibility, etc.) as well as on the nucleic acid sequence and the dye-to-phosphate ratio. The molecular
docking results indicate that both the minor and major DNA grooves may represent the sites for the dye binding. However,
the minor groove is a more energetically favorable location for all cyanines under study except AKS5-9 and AK7-6, for
which the major grove binding was identified. It seems that significantly extended structure and less hydrophilicity of
AKS5-9 and AK7-6 make unfavorable their binding to the minor groove of the DNA [42]. The free energy binding score
for the most energetically favorable docking poses of the selected compounds was found to rise in the order AK3-1 (-9,73
kcal/mol) — AKS5-1 (-9,69 kcal/mol) — AK3-5 (-9,53 kcal/mol) — AKS-3 (-8,79 kcal/mol) — AKI12-17
(-7,0 kcal/mol) — AK7-6 (-5,91 kcal/mol) — AK3-3 (-5,03 kcal/mol) — AKS5-9 (-4,4 kcal/mol).

At the next step, the lowest binding energy conformers from the “blind docking” for each dye were selected and further
used for the targeted docking with the grid spacing 0.375 A and the grid size 37 A, 48 A, and 50 A along X, Y, and Z axes,
respectively. Presented in Figure 3 and Table 1 are the results of the analysis of the most energetically favorable dye-DNA
complexes obtained after the “targeted docking” in AutoDock after their characterization in the Discovery Studio. These data
indicate that the dye association with DNA is predominantly driven by the hydrophobic interactions (Pi-Pi T-Shaped, Pi-alkyl)
and van der Waals interactions for all dyes under study. More specifically, the dye binding to the minor groove was governed
by the hydrophobic contacts and the van der Waals interactions preferably with the nucleotide residues C9A, G10A (except
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AK3-1, AK3-5), A17B (except AK3-5, AKS5-3) and A18B. The main nucleotide residues involved in the association of cyanine
dyes AK5-9 and AK7-6 with DNA major groove were C16B, A17B, A18B, C3A, G4A, ASA and A6A. Likewise, the impact
of the hydrophobic and van der Waals contacts was found to differ significantly between various dyes. Particularly, the docking
results indicate that trimethine cyanine dyes form more van der Waals interactions in comparison with the monomethines and
pentamethines. The lowest affinity of AK5-9 for the DNA major groove can be explained by the lower contribution (compared
to those that observed for the cyanines associating with the minor groove) of van der Waals interactions. Indeed, the comparison
of the intermolecular contacts formed between AKS5-9 or AK3-1 and double-stranded DNA (the probe that has the highest
affinity for DNA) indicates the higher value of van der Waals interactions with DNA for the latter one.
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The obtained docking results indicate that the dye-DNA complexes are additionally stabilized by the hydrogen bonds
(light green color in Figure 3). More specifically, the hydrogen bonds were formed predominantly with adenine (all dyes
under study except AK3-5) and guanine (AK12-17) residues. Notably, all examined dyes (except AK3-1, AK3-5 and
AKS5-3) possess affinity to adenine and cytosine residues, whereas AK3-1, AK3-5 and AK5-3 also interact with thymine
residues of the double-stranded DNA.

Table 1. The parameters of the dye-DNA complexation obtained by the “targeted docking” in AutoDock

Dye Interactions and DNA residues.
AK12-17 Carbon hydrogen bond (DA, B:18, DA, B:17, DG, A:12), Pi-Alkyl (DC, A:11, DA,
B:18), conventional hydrogen bond (DG, A:10, DG, B:16), van der Waals (DT, B:19;
DC, A9; DC, B15)
AK3-1 Conventional hydrogen bond (DA, B:18), Pi-Sulfur (D7, 4:8), van der Waals (DT,
B19; DT, A7, DC, A9; DA, B17)
AK3-3 Pi-Alkyl (DA, B:18, DG, A:4, DC, A:3, DC, A:5, DC, A:6), Pi-Pi T-shaped (DA,

B:18, DA, B:17), Pi-Donor Hydrogen Bond (DA, B:18, DG, A:4), conventional
hydrogen bond (DA, A:6), van der Waals (DG, B16; DT, B20; DC, B21; DT, B19;
DG, A2).




339

Molecular Docking Study of the Interactions Between Cyanine Dyes... EEJP. 2 (2023)
Dye Interactions and DNA residues.
AK3-5 Pi-Alkyl (DA, B:18, DT, B:20, DA, B:17, DA, A:5, DG, A:4), Pi-Pi T-shaped (DG,

A:4)), Pi-Sulfur (DG, A:4), van der Waals (DG, A2; DC, B21; DA, B18; DT, B19;
DA, A6; DT, A7, DG, B16).

AKS5-1 Pi-Donor Hydrogen Bond (DG, A:4, DA, A:6, DT, A:7), Pi-Alkyl (DG, A:4, DG,
A:6), Pi-Pi T-shaped (DA, A:4, DA, A:6, DC, A:3), van der Waals (DC, B21; DT,
B19; DA, B18; DG, A2)

AKS5-3 Pi-Anion (DG, A:10, DT, B:19), Pi-Pi Stacked (DT, B:19), Pi- Alkyl (DC, A:9, DA,
B:17, DA, B:18), Pi- Sulfur (DT, A:7), van der Waals (DT, B20; DT, A8; DA, A6),
Conventional hydrogen bond (DA, B:18)

AKS5-9 Conventional hydrogen bond (DA, B:17, DG, A:4), Pi- Donor Hydrogen bond (DG,
A:4, DA, A:6), Pi- Alkyl (DG, A:4, DA, A:5), Pi-Pi T-shaped (DA, A:5, DA, A:6, DC,
A:3), Pi-sulfur (DT, B:20), van der Waals (DT, B:19; DA, B18; DT, A7)

AK7-6 Pi- Alkyl (DA, B:17, DA, B:18), Pi-Pi T-shaped (DG, B:16), Pi-Sulfur (DA, B:17,
DT, B:19, DT, B: 20), van der Waals (DT, A7; DG, A4)

CONCLUSIONS

To summarize, in the present study molecular docking technique was used to investigate the interactions between
one representative of monomethines (AK12-17), three trimethines (AK3-1, AK3-3, AK3-5), three pentamethines (AKS5-1,
AKS5-3, AK5-9) and one heptamethine (AK7-6) cyanine dyes and double-stranded DNA. It was found that all cyanines
under study interact with DNA preferably via non-covalent groove binding mode with the lowest binding free energy
ranging from —9.73 kcal/mol to -4,4 kcal/mol, depending on the dye structure. The obtained results indicate that the
association of the dyes with double-stranded DNA is predominantly driven by the hydrophobic and van der Waals
interactions. These findings are expected to be useful for further application of cyanine dyes in DNA studies and designing
the advanced molecular probes.

Acknowledgments
This work was supported by the project “Development of novel means of medical diagnostics by biomedical
nanotechnologies and modern ultrasonic and fluorescence methods”.

ORCID IDs

Olga Zhytniakivska, https://orcid.org/0000-0002-2068-5823; ®Uliana Tarabara, https://orcid.org/0000-0002-7677-0779
Pylyp Kuznietsov, https://orcid.org/0000-0001-8477-1395; @Kateryna Vus, https://orcid.org/0000-0003-4738-4016
Valeriya Trusova, https://orcid.org/0000-0002-7087-071X; ©Galyna Gorbenko, https://orcid.org/0000-0002-0954-5053

REFERENCES
[1] C. Shi, J.B. Wu, and D. Pan. J. Biomed. Opt. 21(5), 05901 (2022). https://doi.org/10.1117/1.JB0O.21.5.050901
[2] O. Cavuslar, and H. Unal, RSC Advances, 5, 22380 (2015). https://doi.org/10.1039/C5RA00236B
[3] M. Bokan, G. Gellerman, and L. Patsenker. Dyes Pigm. 171, 107703 (2019). https://doi.org/10.1016/j.dyepig.2019.107703.
[4] M. Guo, P. Diao, Y.-J. Ren, F. Meng, H. Tian, and S.-M. Cai, Sol. Energy Mater. Sol. Cells, 88, 33 (2005).
https://doi.org/10.1016/j.solmat.2004.10.003.
[5] C.Mu, F. Wu, R. Wang, Z. Huang, et al., Sens Actuators B. Chemical. 338, 29842, (2021). https://doi.org/10.1016/j.snb.2021.129842
[6] C.Schwechheimer, F. Ronicke, U. Schepers, H.-A. Wagenknecht, Chem Sci. 9, 6557 (2018). https://doi.org/10.1039/C8SC01574K
[71 C.Sun, W. Du, B. Wang, B. Dong, and B. Wang, BMC Chemistry, 14, 21 (2020). https://doi.org/10.1186/s13065-020-00677-3
[8] M.G. Honig, and R.I. Hume, Trends Neurosci. 12, 333 (1989). https://doi.org/10.1016/0166-2236(89)90040-4
[9] K.A.Mesce, K.A. Klukas, T.C. Brelje, Cell Tissue Res., 271, 381 (1993). https://doi.org/10.1007/BF02913721
[10] Z. Wang, X. Yue, Y. Wang, C. Qian, et al., Adv. Healthc. Mater. 3, 1326 (2014). https://doi.org/10.1002/adhm.201400088
[11] C. Zhang, X. Tan, T. Liu, D. Liu, L. Zhang, et al, Cell Transplantation, 20, 741 (2011).
https://doi.org/10.3727/096368910X536536
[12] D. Oushiki, H. Kojima, T. Terai, M. Arita, et al., J. Am. Chem. Soc. 132 (8), 2795 (2010). https://doi.org/10.1021/ja910090v
] K. Yin, F. Yu, W. Zhang, L. Chen, Biosens. Bioelectron. 74, 156 (2015). https://doi.org/10.1016/j.bi0s.2015.06.039
] X.Lin, Y. Hu, D. Yang, B. Chen, Dyes Pigm., 174, 107956 (2020). https://doi.org/10.1016/j.dyepig.2019.107956
[15] P. Zou, S. Xu, S. P. Povoski, A. Wang, et al., Mol. Pharmaceutics, 6 (2), 428 (2009). https://doi.org/10.1021/mp9000052
] A. Haque, M.S.H. Faizi, J.A. Rather, and M.S. Khan, Bioorg. Med. Chem. 25(7), 2017 (2017).
https://doi.org/10.1016/1.bmc.2917.02.061
[17] Y. Wu, and F. Zhang, View, 1(4), 20200068 (2020). https://doi.org/10.1002/VIW.20200068
[18] J. Atchison, S. Kamila, H. Nesbitt, K.A. Logan, D.N. Nicholas, et al., Chem. Commun. 53, 2009 (2017).
https://doi.org/10.1039/C6CC09624G
[19] X. Yang, J. Bai, and Y. Qian, Spectrochim Acta A, 228, 117702 (2020). https://doi.org/10.1016/j.saa.2019.117702
[20] J. Duy, R.L. Smith, S.D. Collins, and L.B. Connell. AJPR, 92, 398 (2015). https://doi.org/10.1007/s12230-015-9450-z
[21] N. Kimura, T. Tamura, and M. Murakami, Biotechniques, 38, 797 (2005). https://doi.org/10.2144/05385MT02
[22] O. Zhytniakivska, A. Kurutos, U. Tarabara, K. Vus, V. Trusova, G. Gorbenko, N. Gadjev, and T. Deligeorgiev, J. Mol. Liq. 11,
113287 (2020), https://doi.org/10.1016/j.molliq.2020.113287



340
EEJP. 2 (2023) Olga Zhytniakivska, Uliana Tarabara, et al.

] K. Vus, M. Girych, V. Trusova, et al. J. Mol. Liq. 276, 541 (2019). https://doi.org/10.1016/j.molliq.2018.11.149
] M. Levitus, and S. Ranjit, Quarterly Reviews of Biophysics, 44(1), 123-151. (2011). https://doi.org/10.1017/S0033583510000247
] K. Vus, U, Tarabara, Z. Balklava, D. Nerukh, et al., J. Mol. Liq. 302, 112569 (2020), https://doi.org/10.1016/j.molliq.2020.112569
[26] O. Zhytniakivska, M. Girych, V. Trusova, et al., Dyes Pigm., 180, 108446 (2020). https://doi.org/10.1016/j.dyepig.2020.108446
] M. Bengtsson, H.J. Karlsson G. Westman, and M. Kubita, Nucleic Acids Res, 31, e45 (2003). https://doi.org/10.1093/nar/gng045
1 A. Kurutos, O. Ryzhova, V. Trusova, U. Tarabara, et al. Dyes Pigm. 130, 122 (2016). https://doi.org/10.1016/j.dyepig.2016.03.021
[29] X. Yan, W. Grace, T. Yoshida, R. Habbersett, N. Velappan, et al., Anal. Chem. 71(24), 5470 (1999). https://doi.org/10.1021/ac990780y
[30] B. Armitage, Top. Curr. Chem. 253, 55 (2005). https://link.springer.com/chapter/10.1007/b100442
[31] T. Biver, A. Boggioni, F. Secco, E. Turriani, S. Venturini, and S. Yarmoluk, Arch Biochem Biophys., 465, 90 (2007).
https://doi.org/10.1016/j.abb.2007.04.034
[32] T. Maximova, R. Moffatt, B. Ma, R. Nussinov, and A. Shenu, PLOS Comp. Biol. 12(4), 1004619 (2016).
https://doi.org/10.1371/journal.pcbi. 1004619
1 Y. Guo, Q. Yue, and B. Gao, Int. J. Biol. Macromol. 49, 55 (2011). https://doi.org/10.1016/j.ijbiomac.2011.03.009
] A. Mukherjee, B. Singh, J. Lumin. 190, 319 (2017). https://doi.org/10.1016/j.jlumin.2017.05.068
[35] S. Dallakyan, A.J. Olson, Methods Mol. Biol. 1263, 243-250 (2015). https://doi.org/10.1007/978-1-4939-2269-7 19
] P. Csizmadia, in: Proceedings of ECSOC-3, the third international electronic conference on synthetic organic chemistry, (1999),
pp- 367-369. https://doi.org/10.3390/ECSOC-3-01775
[37] M.D. Hanwell, D.E. Curtis, D.C. Lonie, T. Vandermeersch, E. Zurek, and G.R. Hutchison, J. Cheminform. 4, 17 (2012).
https://doi.org/10.1186/1758-2946-4-17
[38] A.Kurutos, O. Ryzhova, V. Trusova, U. Tarabara, et al., Dyes Pigments. 130, 122 (2016). https://doi.org/10.1016/j.dyepig.2016.03.021
[39] A. Kurutos, I. Crnolatac, I. Orehovec, 1. Gadjev, I. Piantanida, and T. Deligeorgiev, J. Lumin. 174, 70 (2016).
https://doi.org/10.1016/j.jlumin.2016.01.035
[40] A. Kurutos, O. Ryzhova, V. Trusova, G. Gorbenko, et al., J. Fluoresc. 26, 177 (2016). https://doi.org/10.1007/s10895-015-1700-4
[41] A. Kurutos, O. Ryzhova, U. Tarabara, V. Trusova, G. Gorbenko, et al., J. Photochem. Photobiol. A, 328, 87 (2016).
https://doi.org/10.1016/j.jphotochem.2016.05.019
[42] K. Vus, M. Girych, V. Trusova, et al. J. Mol. Liq. 276, 541 (2019). https://doi.org/10.1016/j.molliq.2018.11.149

JOCJIKEHHS B3AEMO/If MIK ITAHTHOBUMHY BAPBHUKAMM TA THK
METOAOM MOJIEKYJISIPHOI'O JOKIHI'Y
O. Kuruskiscoka?, Y. Tapa6apa?, I1. Kyszueuos®, K. Byc?, B. Tpycosa?, I'. FopGenxo?
“Kagedpa meduunoi gizuxu ma 6iomeduyHuUx HaHOMeXHOA02il, XapkiecbKkull Hayionanvhull yHisepcumem imeni B.H. Kapaszina,
M. Ceob600u 4, Xapxis, 61022, Vkpaina
bKageopa ¢izuxu s0pa ma sucoxux enepeiti imeni O.1. Axiczepa, Xapxiscokuii nayionanshuii ynieepcumem imeni B.H. Kapazina,
M. Ceéoboou 4, Xapxis, 61022, Vkpaina

Cepen pi3HOMaHITHUX (IYOPECIEHTHUX 30H/IB, SKi B IJaHUH Yac BUKOPUCTOBYIOTHCS I O10MEANYHUX 1 O10XIMIYHHUX AOCIiIKCHb,
3Ha4YHy yBary NPHBEPTAIOTh LIaHIHOBI OApBHHUKH, IO XapaKTEPH3YIOThCA CYTTEBUMH ITI€pEBAaraMd IMPH KOMIUIEKCOYTBOPEHHI 3
OioMoJIeKyIaMH, 30KpeMa HyKJISTHOBUMH KHCIOTaMH. BpaxoByioun IIMPOKHUIA CIIEKTp 3aCTOCYBaHb IiaHiHIB npu gociimkenni JJHK,
Kpalle po3yMiHHS CIIOCO0iB IX 3B’3yBaHHS Ta MIXKMOJIEKYJSIPHUX B3a€MOIii, 1[0 PeTyIIIOI0Th YTBOPEHHS KoMIutekcy 6apBauk-/HK,
CIIPHSLIO O CHHTE3y HOBHMX MOJICKYJIIPHHUX 30H/iB CIMEHCTBA LiaHIHIB 3 ONTUMi30BaHMMH BIIACTUBOCTSIMH Ta IIPU3BEIIO O JI0 PO3POOKH
HOBHX CTpaTerii Ha OCHOBI LiaHiHIB JUId BUSBJICHHS Ta XapaKTepu3alil HyKJIeTHOBUX KHCJIOT. Y JaHiil poOoTi 3a JOIOMOroo
MOJICKYJIIPHOTO JIOKIHTY OYyJIn JOCIIKEH] MeXaHi3M1 B3a€MOIiT OJHOTO MpescTaBHiKa MoHOMeTHHIB (AK12-17), TphoX TpUMETHHIB
(AK3-1, AK3-3, AK3-5), Tppox nentamerunis (AKS-1, AKS-3, AK5-9) ra oguoro renramerinoBoro (AK7-6) nianiHOBUX 6apBHHKIB
3 noaekamepom B-DNA d(CGCGAATTCGCG)2 (PDB ID: 1BNA). Pe3ynbratu MOJIEKYISpHOTO TOKIHTY BKa3ylOTh Ha Te, 1I0: 1) yci
JocmipKyBaHi miaHiHu (3a BHHATKOM AKS5-9 i AK7-6) yTBOprOIOTH HaifOimbmn cTabigbHI KOMIUIEKCH 13 Majol OOPO3EHKOIO
nsosaniorosoi JIHK; ii) miaminm AKS5-9 i AK7-6 B3aemonirors 3 Benmmnkoro 6oposenkoro JIHK BHacmigok ix OuThII po3mupeHol
CTPYKTYPH 1 MEHIIOI I'ipodiIbHOCTI y MOPIBHSIHHI 3 IHITMMHU OapBHUKAMY; iii) 3B’I3yBaHHS IiaHIHIB PETYIIOETHCS TIAPOPOOHIME Ta
BaH-7Iep-BaanscoBuMu B3aeMonisamu i3 Hykineotuaaumu 3anumkamu C9A, G10A (3a Bursitkom AK3-1, AK3-5), A17B (3a BUHATKOM
AK3-5, AK5-3) ta A18B y mamiii 6oposenmi JJHK Ta 3amumkamu Benmukoi 6oposerku C16B, A17B, A18B, C3A, G4A, ASA, AGA
(AKS5-9 ta AK7-6); iv) yci nocnimxyBani 6apBauku (3a BuHsATKOM AK3-1, AK3-5 Ta AK5-39 MaroTh CHOpIAHEHICTH 10 3aJIMIIKIB
aJieHiny Ta uuTo3unHy, tomi sik AK3-1, AK3-5 ta AKS5-3 Takox B3a€MOJIIOTS i3 3aMIIKaMU THMiHY JBosaniiorosoi JJHK.

KurouoBi cioBa: yianinosi oapsenuxu; JHK; 63aemodii 6apenuk-/[HK; monexyrapnuii 0oxkine





