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The interaction of Hoechst 33258 (H33258) and methylene blue (MB) 
compounds with bovine serum albumin (BSA) has been studied using the method 
of thermal denaturation. The obtained data showed that both ligands form 
complexes with BSA, moreover, MB binds to BSA stronger than H33258. 
Furthermore, H33258 destabilizes, while MB stabilizes the native structure of 
protein, leading to the decrease and increase of the denaturation temperature of 
BSA respectively.  
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Introduction. Serum albumins are known blood plasma components, 
released in liver and dissolves in water. It is known that serum albumins are the 
most abundant proteins in the circulatory system, the principle function of which is 
the transport of fatty acids as well as numerous endogenous and exogenous 
compounds [1–5]. The study of binding mechanisms of various drugs to serum 
albumins has an important value in many aspects of clinical medicine, 
biotechnology, pharmacology etc. [6, 7]. The bovine serum albumin (BSA) is a 
polypeptide chain, consisted of 583 amino-acids and contains two tryptophan 
residues [8]. The studies of BSA interaction with ligands, especially DNA-specific 
ligands, including methylene blue (MB), Hoechst 33258 (H33258), are of great 
interest, since they reach to nucleic acids, being transported via HSA. 

MB is a coplanar polycyclic aromatic basic dye that belongs to the thiazine 
class (Fig. 1,a). It is important as a biological stain and diagnostic agent for many 
diseases, such as carcinoma [1, 9]. 

H33258 is known as a specific DNA-binding ligand that possesses high 
affinity to DNA, moderate cytotoxicity and good permeability through cellular 
membranes (fig. 1b) [10, 11]. These properties make H33258 a perspective 
material to design new drug preparations. 
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Fig. 1. The chemical structure of MB (a) and H33258 (b)․ 

The present study is aimed at studying of BSA interaction with MB and 
H33258. 

Materials and Methods. Bovine serum albumin 1% solution (“Sigma”, 
USA), methylene blue, Hoechst 33258 (“Sigma”, USA), physiological solution were 
used in experiments. Concentrations of MB and H33258 were determined spectro-
photometrically, using the following coefficients of extinction: ε664=76000 M–1cm–1 
and ε343=42000 M–1cm–1 respectively. Preparations were used without further 
purification. Protein denaturation was carried out on UV-VIS Unicam-SP-8-100 
spectrophotometer (England). Preparations were heated in quartz cuvettes with 
hermetically closing Teflon caps, 1 cm optic pathway length, 3 mL volume. At 
melting the heating was realized with 0.50C/min rate via Temperature Programme 
Controller SPX 876 equipment. At sufficiently temperature increasing a 
conformational transition of protein (denaturation) occurs and for melting curve 
construction denaturation degree (1–ϑ) is used which is determined by the 
following equation: 
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where At is protein absorption at given temperature, Anat. – native protein 
absorption, Adenat. – denatured protein absorption. The concentration ratio 
ligand/albumin was equal to 1/5. 

Results and Discussion. Earlier we have studied the denaturation of HSA in 
non-irradiated and irradiated forms, when the irradiation was carried out by 
millimeter range electromagnetic waves [12]. The thermal-denaturation curves of 
solutions of BSA, complexes BSA-H33258 and BSA-MB have been obtained. The 
denaturation curves are presented in Fig. 2. It was shown from the Fig. 2 that 
compared to BSA denaturation curve, the denaturation curve of the complexes 
BSA–H33258 is shifted to the lower temperature region, while for the complexes 
BSA–MB the curve is shifted to the higher temperature regions. It is also obvious 
from Fig. 2 that MB binds to BSA stronger, than H33258, and stabilizes the native 
structure of the protein, although H33258 destabilizes that structure. From the 
denaturation curves the values of denaturation temperatures (Tm) were determined 
and presented in Table. 

a b 
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Fig. 2. Denaturation curves of BSA-H33258 (1) and the complexes of BSA (2) and BSA–MB (3). 

From the denaturation experiments one can conclude that there occurs a 
complex-formation between BSA and mentioned ligands, i.e., there takes place a 
binding, not collision. As it is obvious from the data presented in Table, the highest 
temperature is obtained in the case of MB interaction with BSA, in contrast to 
H33258 that causes the decreasing of denaturation temperature of the protein. 

Values of denaturation temperatures of BSA, BSA–H33258 and BSA–MB complexes 

Denaturation temperature BSA BSA–H33258 BSA–MB 

Tm, 0C 78.5±0.2  76.6±0.1 82.3±0.2 

 
Conclusion. Thus, based on the obtained data one can conclude that BSA 

interacts with MB and H33258 and forms complexes with them, that is, influences 
the values of Tm of BSA–ligand complexes. Therefore, the denaturation curve of 
BSA with MB is shifted to higher temperature regions, whereas in case of H33258 
there is a shifting of the denaturation curve of the complexes to the lower 
temperature regions, compared to that of the pure BSA. Thus, influence of MB 
stabilizes the native structure of BSA, meanwhile the H33258 destabilizes it. It is 
due to the fact that the extended molecule of H33258, most apparently, is localized 
in hydrophobic hole of heart-shaped molecule of BSA incompletely and changes 
the hydrophilic-hydrophobic medium in micro range of protein, as compared to 
MB, having more compact structure and localizing in hydrophobic hole of heart-
shaped molecule of protein [12]. 

Received  20.07.2020 
Reviewed  18.08.2020 
Accepted  31.08.2020 



 P. O. VAREDEVANYAN,  M. S. MIKAELYAN,  N. H. PETROSYAN 207 
 

R E F E R E N C E S  

1. Hu Y., Li W., et al. Fluorometric Investigation of the Interaction between Methylene Blue and 
Human Serum Albumin. J. Pharm. Biomed. Anal. 39 (2005), 740–745. 
https://doi.org/10.1016/j.jpba.2005.04.009 

2. Zhu X., Hu Y., Gong A. Investigation on the Interaction of Tetrachloride Fluorescein–Bovine 
Serum Albumin–Beta-Cyclodextrin and the Determination of Protein by Flow Injection Analysis. 
Anal. Chim. Acta 592 (2007), 24–29. 
https://doi.org/10.1016/j.aca.2007.03.053 

3. Akbay N., Tok T.T., et al. Investigation of Binding Properties of Two Ethidium Derivatives with 
Serum Albumins: Spectral And Computational Approach. J. Biomol. Struct. & Dyn. 36 (2018), 
3114–3121. 
https://doi.org/10.1080/07391102.2017.1380536 

4. Li Y., Zhang Y., et al. Binding Investigation on the Interaction between Methylene Blue 
(MB)/TiO2 Nanocomposites and Bovine Serum Albumin by Resonance Light-scattering (RLS) 
Technique and Fluorescence Spectroscopy. J. Photochem. Photobiol. B, Biol. 128 (2013), 12–19. 
https://doi.org/10.1016/j.jphotobiol.2013.07.027 

5. He L.-L., Wang Y.-X., et al. Enhancement of the Binding Affinity of Methylene Blue to Site I in 
Human Serum Albumin by Cupric and Ferric Ions. Luminescence 30 (2015), 1380–1388. 
https://doi.org/10.1002/bio.2910 

6. Ariga G.G., Naik P.N., et al. Quenching of Fluorescence by Meclizine, a Probe Study for 
Structural and Conformational Changes in Human Serum Albumin. J. Biomol. Struct. & Dyn. 35 
(2017), 3161–3175. 
https://doi.org/10.1080/07391102.2016.1245159 

7. He X.M., Carter D.C. Atomic Structure and Chemistry of Human Serum Albumin. Nature 358 
(1992), 209–215. 
https://doi.org/10.1038/358209a0 

8. Zhou H., Shi X., et al. Interaction of Prussian Blue Nanoparticles with Bovine Serum Albumin: a 
Multi-Spectroscopic Approach. J. Biomol. Struct. and Dyn. 36 (2018), 254–261. 
https://doi.org/10.1080/07391102.2016.1274273 

9. Barennes H., Valea I., et al. Early Glucose and Methylene Blue are Effective Against Unripe 
Ackee Apple (Blighia sapida) Poisoning in Mice. Food Chem. Toxicol. 42 (2004), 809–815. 
https://doi.org/10.1016/j.fct.2004.01.003 

10. Basu A., Kumar G.S. Thermodynamic Investigation of Hoechst 33258-poly(A).poly(U) Binding 
Through Calorimetric Studies. J. Chem. Thermodyn. 126 (2018), 91–96. 
https://doi.org/10.1016/j.jct.2018.06.024 

11. Vardevanyan P.O., Parsadanyan M.A., et al. Spectroscopic Study of Interaction of Various GC-
content DNA with Hoechst 33258 Depending on Na+ Concentration. J. Biomol. Struct. & Dyn. 
(2020). 
https://doi.org/10.1080/07391102.2020.1730244 

12. Shahinyan M.A., Antonyan A.P., et al. Study of Influence of Millimeter Range Electromagnetic 
Waves on Water-saline Solutions of Albumin. Biophys. Rev. Lett. 10 (2015), 201–207. 
https://doi.org/10.1142/S1793048015500101 

Պ. Հ. ՎԱՐԴԵՎԱՆՅԱՆ,  Մ. Ս. ՄԻՔԱԵԼՅԱՆ,  Ն. Հ. ՊԵՏՐՈՍՅԱՆ 

ՑՈՒԼԻ ՇԻՃՈՒԿԱՅԻՆ ԱԼԲՈՒՄԻՆԻ ԴԵՆԱՏՈՒՐԱՑԻԱՆ 
HOECHST 33258-Ի ԵՎ ՄԵԹԻԼԵՆԱՅԻՆ ԿԱՊՈՒՅՏԻ ԱՌԿԱՅՈՒԹՅԱՄԲ 

Ջերմային դենատուրացիայի մեթոդով ուսումնասիրվել է Hoechst 
33258-ի (H33258) և մեթիլենային կապույտի (ՄԿ)-ի փոխազդեցությունը 
ցուլի շիճուկային ալբումինի հետ (ՑՇԱ): Ստացված տվյալները ցույց են 

https://doi.org/10.1016/j.jpba.2005.04.009
https://doi.org/10.1016/j.aca.2007.03.053
https://doi.org/10.1080/07391102.2017.1380536
https://doi.org/10.1016/j.jphotobiol.2013.07.027
https://doi.org/10.1002/bio.2910
https://doi.org/10.1080/07391102.2016.1245159
https://doi.org/10.1038/358209a0
https://doi.org/10.1080/07391102.2016.1274273
https://doi.org/10.1016/j.jct.2018.06.024
https://doi.org/10.1080/07391102.2020.1730244
https://doi.org/10.1142/S1793048015500101


208 BOVINE SERUM ALBUMIN DENATURATION IN PRESENCE OF H33258 AND MB 
 
տալիս, որ երկու լիգանդներն էլ ՑՇԱ-ի հետ կոմպլեքսներ են առաջացնում, 
ավելին ՄԿ-ն ՑՇԱ-ի հետ ավելի ուժեղ է կապվում, քան H33258-ը: Սակայն 
H33258-ը ապակայունացնում, իսկ ՄԿ-ն կայունացնում է սպիտակուցի 
նատիվ կառուցվածքը՝ հանգեցնելով ՑՇԱ-ի դենատուրացիայի աստիճանի 
նվազմանը և բարձրացմանը համապատասխանաբար:  

П. О. ВАРДЕВАНЯН, М. С. МИКАЕЛЯН, Н. Р. ПЕТРОСЯН 

ДЕНАТУРАЦИЯ БЫЧЬЕГО СЫВОРОТОЧНОГО АЛЬБУМИНА В 
ПРИСУТСТВИИ HOECHST 33258 И МЕТИЛЕНОВОГО СИНЕГО  

Исследовано взаимодействие Hoechst 33258 (H33258) и метиленового 
синего (МС) с бычьим сывороточным альбумином (БСА) с использованием 
метода терической денатурации. Полученные данные показывают, что оба 
лиганда формируют комплексы с БСА, более того, МС связывается с БСА 
сильнее, чем Н33258. Однако Н33258 дестабилизирует, в то время как МС 
стабилизирует нативную структуру белка, что приводит к уменьшению и 
увеличению температуры денатурации БСА соответственно. 


