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COMPUTER SIMULATION OF COMPLEXATION
OF BOVINE SERUM ALBUMIN WITH THIOHROME DYE

Introduction. Most groups of drugs contain cyclic m-conjugated fragments in
their structure, which provide them with the ability to enter into various types of
interactions. That is why the study of complexation of proteins with sensors with -
conjugated fragments, which are sensitive to the characteristics of the environment and are
characterized by good spectral properties. Such enzymes can be markers of a particular type
of interaction, and as a result, they can be functional elements that provide a particular
binding of a medicinal agent.

Methods. The parameters of complex formation of thiochrome dye with a protein
molecule were studied using the methods of molecular dynamics and quantum chemistry.

Results. The natural dye thiochrome was chosen as a sensor in the research process.
It has a branched aromatic m-conjugated structure, absorption and luminescence in the
range of active protein elements, and accordingly, can be a marker of a particular type of
interaction and indicate the possibility of being used to create application drugs.

Conclusions. Possible binding sites of the components were determined and
changes in the electronic structure that can manifest in the optical spectra are predicted.

Keywords: bovine serum albumin, tryptophan, thiochrome, conformations,
electronic structure.

Introduction
Biomolecular nanomaterials based on proteins are intensively studied due to their
properties of forming ordered self-organized nanostructures, binding and
recognizing the specific molecules and therefore could be used as functional
materials for bionanotechnologies, the creation of application drugs, ecological
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biocatalytic boards, tissue engineering (Capezza, & Mezzenga, 2024; Pino et.al.,
2024). A key fundamental question is how the functional agents are distributed in
proteins pores and channels and what is the interaction. Most groups of drugs in their
structure contain cyclic T-conjugated fragments, which often provide them with the
ability to enter into various types of interactions. Therefore, the study of complex
formation with proteins of sensors with m-conjugated fragments is interesting and
important. In this work, the natural dye thiochrome, which has a branched aromatic
n-conjugated structure, absorption and luminescence in the range of active elements
of the protein, can be a marker of one or another type of interaction. In turn, bovine
serum albumin is a well-studied protein that forms films with a crystalline structure,
can be an effective prototype for creating the indicated doping matrices. The purpose
of the work is to study the peculiarities of the formation of complexes based on
bovine serum albumin with thiochrome and the electronic structure to establish the
mechanisms of their interaction.

Methods

Molecular dynamics simulations for the biomolecules BSA and thiochrome dye
were performed in NAMD programme package, molecular docking in Autodock 4.0.
PyMOL and DoGSiteScorer were used for molecular visualization. Quantum
chemichal calculations for the dye and spectral active aminoacid complexes were
performed in Gaussian 09, (TD SCF, DFT 6-31G).

Results

In our experimental study of the the electronic structure of films based on BSA and
thiochrome, we have identified a probable binding site of thiochrome within the
protein and have assumed formation of a complex involving parallel n-n* stacking
between tryptophan and thiochrome (Gaponov et al., 2024a; 2024b). The absorption
maxima of composite BSA protein films with thiochrome shift relative to the maxima
typical for films of individual components. Subsequent analysis of the vibrational
structure of the film showed minor shifts in the amide I (2 cm™) and amide II (8 cm™)
bands towards lower frequencies upon the addition of thiochrome to BSA.

We have performed molecular docking simulations to complement the
experimental data, providing possible conformations of the ligand within the protein.
Let consider the affinity of different conformations of the thiochrome ligand to the
BSA protein target using molecular docking. This will help to understand the
mechanisms of their interaction and indicate the most likely conformations for
quantum chemical research. As a result of the simulations, eight variants of ligand
placement were predicted. We identified one conformation in subdomain IB, near
tryptophan 134 and another one is in subdomain IIIB (Fig. 1).

Table 1. provides the data of 8 conformational states for the BSA-thiochrome system:
the binding energy, charachteristics of non-covalent interactions: namely hydrophobic
interactions and hydrogen bonds of amino acid residues with the thiochrome dye.

Molecular dynamics simulations (NAMD) over 3 ns revealed that thiochrome's
position significantly affects complex stability in subdomain IB, near the tryptophan
residue 134 (Fig. 2). In contrast, thiochrome's position in subdomain IIIB was less
stable due to its placement in a more hydrophobic pocket.
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Subdomain I8

Fig. 1. Visualization of the three ligand binding sites in the BSA protein
(coloured with yellow, green and purple) predicted

by the DoGSiteScorer algorithm and visualization

of the location of thiochrome conformations in PyMol in these subdomains

Table 1

Binding energy E», hydrophobic interactions and hydrogen bonds
of amino acid residues with the thiochrome dye for BSA-thiochrome system
obtained by molecular docking

]
= E Eb, Hydrophobic interactions
§ £ | kcal/mol Hydrogen bonds with amino acid residues:
i
1 -1.27 Phe-506 Phe-506, Lys-524, Leu-528, Val-546,
Phe-550, Leu-574, Val-575, Thr-578
2 -7.18 Val-575 Phe-506, Phe-508, Ala-527, Leu-528,
Leu-754, Val-575, Thr-578
3 -6.92 Tyr-400 Tyr-400, Lys-524, Leu-528, Val-546
4 -6.54 Pro-113, Leu-115, Tyr-137, | Lys-114, lle-141, Tyr-160, lle-181,
Arg-144 Met-184, Arg-185
5 -6.14 Lys-132, Tyr-160 Asp-129, Lys-132, Lys-136
6 -6.11 Lys-350, Leu-480 Ala-212, Asp-323, Leu-326, Leu-
346, Lys-350, Leu-480,
7 -6.09 Pro-298, Leu-301, Leu-304, | 1le-297, Leu-301, Leu-304, Arg-336
Arg-336
8 -6.02 Phe-133, Tyr-160 Tyr-137, Glu-140, lle-181, Arg-185
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Fig. 2. One of the simulations of changes in the location of thiochrome
in the complex with BSA during molecular dynamics

Since the absorption of the BSA protein is mainly caused by tryptophan, let
analyze electron transitions with this amino acid. The main electronic transition for
thiochrome, tryptophan and the complex is determined by the HOMO-LUMO
transition (Gaponov et al., 2024a). Quantum chemical modeling (TD SCF, DFT 6-
31G) of the interaction between tryptophan and thiochrome indicated a correlation
between the absorption maximum shift and the intermolecular distance. For m-n*
stacking at a distance of 3.5 A, a red shift of 9 nm was observed, which decreased to
1 nm at a distance of 4.5 A and disappeared at greater distances.

04 300 30 330 30 30 30 W0 370
A, nm
Fig. 3. Calculated spectra of tryptophan-thiochrome complex
(on the left side of the fig.3) at different distances d between the components:
1 —thiochrome, 2 —d=9nm, 3 -d=4,5nm, 4 — d= 3,5 nm,
method of calculation TD SCF (DFT, 6-31G)
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The obtained data are in good agreement with our experimental spectra (Gaponov
et al., 2024a; 2024b), therefore we can conclude that thiochrome is located near
tryptophan, according to molecular dynamics simulations, and affects the optical
spectra of the protein. These findings, together with experimental data and results
from molecular docking and dynamics, suggest that the most probable location of
thiochrome is the pocket in BSA subdomain IB.

Discussion and conclusions

Molecular docking results show on two thiochrome binding sites in the protein.
The position of the thiochrome in the protein significantly affects the stability of the
complex: the higher stability is observed for position, where the thiochrome is
located in less hydrophobic region of the protein. Quantum-chemical modeling of
the tryptophan-thiochrome complex confirmes their interaction. The studies are
important for the use of thiochrome in biosensing of proteins.

Authors' contribution: Anastasia Ryzhkova — calculations, analysis, revision and editing; Andriy
Momot, Anton Gaponov — data validation, writing, editing; Olena Pavlenko, Oksana Dmytrenko —
conceptualization, methodology, revision and editing.
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1KuiBcbKuUil HajioHa/ILHUH yHiBepcuTeT iMeHi Tapaca llleByenka, KuiB, Ykpaina

KOMIT'IOTEPHE MOJIEJTIOBAHHA KOMIIVIEKCOYTBOPEHHA
BUYA4Y0I'0 CHPOBATKOBOI'O AJIbBYMIHY 3 BAPBHUKOM TIOXPOMOM

BcTyn. Binswicmb epyn sikapcbkux npenapamie y ceoiii cmpykmypi micmamb
YuKAiYHi TT-cnpsidiceHi ghpazmenmu, sKi 3a6e3neqyoms ix Modxcaugicms ecmynamu 8 pi3Hi
munu 83aemodiil. Came momy 00ca1i0HCEHHSA KOMN/AeKcoymeopeHHs 6iiKie 3 ceHcopamu
3 m-cnpsdiceHUMu pazmenmamu, AKi yymauei 0o oco6ausocmell HABKOAUWHBLO20
0moYeHHs1 I 80.100il0Mb 2APHUMU CNEKMPAALHUMU 6/14CMU80CMAMU, MOXCYMbs Gymu
MapkKepamu mozo Yu iHWo020 6udy 63demodii i, AK Hacaidok, GyHKYioHa1bHUMU
esilemMeHmamu, wjo 3a6e3neyyoms me Yu iHule 38 '513y6aHHA AIKAPCbK020 azeHma.

MeToau.Y yiii po6omi docaidxceHHs1 nposoduiucs 3a 00NOMo2010 JeKi1bKox munie
KOoMN'lomepHUX M00e/1108aHb, 30KpemMa makux, ik MoJ/1eKyasipHuil 00KiHe, MoaeKyAsApHa
JduHamika ma KeaHMoea Ximis.

Pe3syabTaTu. Ak ceHcopy npoyeci docaidrceHHs 6y/10 06paHO npupodHuii 6ap8HUK
mioxpoMm, W0 MAae po32aayHceHy apoMamu4Hy T-CnpsdceHy 6ydoey, No2AUHAHHA ma
JlloMiHecyeHyilo 8 diana3oHi akmueHux esemMeHmie 6inka, 8idnosidHo, mozce Gymu
MapkepomM moz20 4u iHWo20 eudy 63aemodii i ceiduumu npo Modcaugicms Gymu
BUKOPUCMAHUM 0151 CME0PeHHS anaikayiiiHux JiKie.

BucHoBKU. OmpumaHi daHi 8idkpueaioms UWLIsIX 0151 NOAAALUWUX A0CAI0IHCEHb
MeXaHi3mie 83aemMo0ii m-cnpsAsHCeHUX MoaeKyA 3 6i1KamMlL

KnwuyoBi caoBa: 6uyauull cupoeamkogull anb6ymiH, mpunmogpaH, mioxpom,
KoHhopmayii, eieKmpoHHa cmpykmypa.

Astopu A. PuxkoBa, A. T'anonos, O. ITaBnenko, O. JIMuTpeHko Ta A. MOMOT 3asBJISIFOTB IIPO BiICYTHICTb KOHQITIKTY
inTepeciB. CrioHCOpH He Opaji y4acTi B po3poONIeHH1 JOCIIUKEHHS; y 300pi, aHaIi31 4u IHTepIpeTallii TaHuX; y HaluCaHHi
PYKOIHUCY; B PillIeHHI PO MyOJIiKALIif0 Pe3y/IbTaTiB.
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