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Abstract

The use of individual and complex enzyme preparations, including proteolytic
action, is one of the most important parts of industrial technologies, molecular
biological research, medical diagnostics and therapy. Microorganisms attract particular
attention as sources of enzymes, since they differ in great diversity, simple cultivation
and susceptibility to genetic modification as compared to sources of plant and animal
origin. Enzymes isolated from thermophilic bacteria are characterized by a suitable set
of technological properties, such as thermal stability, resistance to chemical agents and
to extreme pH values. For example, Bacillus proteases have high efficiency and wide
substrate specificity and are successfully used in detergent industry, pharmaceutical,
food and feed industry. In this work a study of the profile of proteases secreted by
thermophilic bacteria strains was carried out, as well as a search for genes responsible
for the synthesis of extracellular proteolytic enzymes. It was stated that thermophilic
strain 8, strain 33 and strain 35, previously identified as bacteria of the genus Bacillus,
secrete a broad range of proteases in range of 15 to 63 kDa, among which were found
enzymes that are capable to hydrolyze gelatin, casein and hemoglobin with different
efficiency. During the inhibitory analysis, serine proteases in range of 33.5-57.0 kDa
and a metalloprotease of 28.2 kDa were identified in the studied strains. Using real-
time PCR, genetic screening of thermophilic strain 8, strain 33 and strain 35 for the
presence of genes encoding extracellular proteolytic enzymes was carried out, as a
result of which the genes responsible for production of bacillopeptidase F (bpr),
subtilisin E (aprE), glutamyl-specific endopeptidase (mpr), and neutral zinc-dependent
protease (nprB), which are widespread in bacteria Bacillus subtilis and related species,
were found.

For citation: Mariia V. Romanova, Alexander Ye. Kuznetsov, Andrey V. Beloded.
Molecular biological and biochemical characteristics of extracellular proteases of

Copyright © Butlerov Heritage Ltd. & Butlerov Scientific Foundation



thermophilic bacterial strains. Butlerov Communications C. 2021. Vol.2. No.4. 1d.11.
DOI: 10.37952/ROI-jbc-C/21-2-4-11

References
[1] F. Hollmann, R. Fernandez-Lafuente. Grand Challenges in Biocatalysis. Frontiers in
Catalysis. 2021. Vol.1. N0.633893. P.1-3. DOI: 10.3389/fctls.2021.633893
[2] M.O. Benmrad, S. Mechri, N.Z. Jaouadi, M.B. Elhoul, H. Rekik, S. Sayadi, S. Bejar, N.
Kechaou, B. Jaouadi. Purification and biochemical characterization of a novel
thermostable protease from the oyster mushroom Pleurotus sajor-caju strain CTM10057
with industrial interest. BMC Biotechnology. 2019. Vol.19. No.43. P.1-18. DOI:
10.1186/s12896-019-0536-4
[3] Ju.A. Dmitrieva, N.V. Khabibulina, A.A. Krasnoshtanova. Investigation of enzymatic
hydrolysis of pea and wheat starch-containing substrates. Butlerov Communications. 2017.
Vol.50. No.5. P.28-36. DOI: 10.37952/ROI-jbc-01/17-50-5-28 (Russian)
[4] R. Singh, A. Mittal, M. Kumar, P.K. Mehta. Microbial proteases in commercial
applications. Journal of Pharmaceutical, Chemical and Biological Sciences. 2016.
Vol.4. No.3. P.365-374.
[5] N. Gurung, S. Ray, S. Bose, V. Rai. A Broader View: Microbial Enzymes and Their
Relevance in Industries, Medicine, and Beyond. BioMed Research International. 2013.
Vol.2013. N0.329121. P.1-18. DOI: 10.1155/2013/329121
[6] R. Singh, M. Kumar, A. Mittal, P.K. Mehta. Microbial enzymes: industrial progress in
21st century. 3 Biotech. 2016. VVol.6. No.174. P.1-15. DOI: 10.1007/s13205-016-0485-8
[7]1 M.B. Rao, A.M. Tanksale, M.S. Ghatge, V.V. Deshpande. Molecular and
biotechnological aspects of microbial proteases. Microbiology and Molecular Biology
Reviews. 1998. Vol.62. No.3. P.597-635. DOI:10.1128/MMBR.62.3.597-635.1998
[8] E.E. Dosadina, M.A. Kulmetieva, O.E. Dubovikova, A.Yu. Evdokimenko, E.E.
Savelyeva, A.A. Belov. Synthesis and study of the proteinase complex properties
immobilized on polysaccharide carriers for medical use. Butlerov Communications.
2016. Vol.46. No.6. P.1-10. DOI: 10.37952/R0OI-jbc-01/16-46-6-1 (Russian)
[9] G. Banerjee, A.K. Ray. Impact of microbial proteases on biotechnological industries.
Biotechnology and Genetic Engineering Reviews. 2017. VVol.33. No.2. P.119-143. DOI:
10.1080/02648725.2017.1408256
[10] P. Gurumallesh, K. Alagu, B. Ramakrishnan, S. Muthusamy. A systematic
reconsideration on proteases. International Journal of Biological Macromolecules.
2019. Vol.128. P.254-267. DOI: 10.1016/j.ijbiomac.2019.01.081

[11] P. Solanki, C. Putatunda, A. Kumar, R. Bhatia, A. Walia. Microbial proteases:
ubiquitous enzymes with innumerable uses. 3 Biotech. 2021. Vol.11. No.428. P.1-25.
DOI:10.1007/s13205-021-02928-z

[12] M. Soltani, K. Ghosh, S.H. Hoseinifar, V. Kumar, A.J. Lymbery, S. Roy, E. Ringg.
Genus Bacillus, promising probiotics in aquaculture: Aquatic animal origin, bio-active
components, bioremediation and efficacy in fish and shellfish. Reviews in Fisheries
Science & Aquaculture. 2019. Vol.27. No.3. P.331-379. DOI:
10.1080/23308249.2019.1597010
[13] F. Matpan Bekler, O. Acer, K. Giiven. Production and purification of novel
thermostable alkaline protease from Anoxybacillus sp. KP1. Cellular and Molecular
Biology. 2015. Vol.61. No.4. P.113-120. DOI: 10.14715/cmb/2015.61.4.18

[14] S. Caulier, C. Nannan, A. Gillis, F. Licciardi, C. Bragard, J. Mahillon. Overview of the
Antimicrobial Compounds Produced by Members of the Bacillus subtilis Group.
Frontiers in Microbiology. 2019. VVol.10. No.302. P.1-19. DOI:
10.3389/fmicb.2019.00302

[15] E.V. Petukhova, A.Yu. Krynitskaya. Extracellular agents of bacillary culture. Butlerov

Communications. 2009. Vol.15. No.2. P.49-52. ROI-jbc-01/09-15-2-49 (Russian)



[16] D.N. Georgieva, S. Stoeva, W. Voelter, N. Genov, C. Betzel. Differences in the
specificities of the highly alkalophilic proteinases Savinase and Esperase imposed by
changes in the rigidity and geometry of the substrate binding sites. Archives of
Biochemistry and Biophysics. 2001. Vol.387. No.2. P.197-201. DOI:
10.1006/abhi.2000.2249

[17] V.G. Tacias-Pascacio, R. Morellon-Sterling, E.H. Siar, O. Tavano, A. Berenguer-
Murcia, R. Fernandez-Lafuente. Use of Alcalase in the production of bioactive
peptides: A review. International Journal of Biological Macromolecules. 2020.
V0l.165. No.Pt B. P.2143-2196. DOI: 10.1016/j.ijbiomac.2020.10.060

[18] S.V. Kitaevskaya, O.A. Reshetnik. The use of enzyme preparations in the technology

of bakery products based on frozen semi-finished products. Herald of Technological
University. 2013. Vol.16. No.24. P.91-94. (Russian)

[19] I. Danilova, M. Sharipova. The Practical Potential of Bacilli and Their Enzymes for
Industrial Production. Frontiers in Microbiology. 2020. Vol.11. No.1782. P.1-7. DOI:
10.3389/fmich.2020.01782

[20] H.M. Sundus, A. Nawaz. Industrial applications and production sources of serine
alkaline proteases: a review. Journal of Bacteriology & Mycology: Open Access. 2016.
Vol.3. No.1. P.191-194. DOI: 10.15406/jbmoa.2016.03.00051

[21] M.V. Romanova, A.V. Beloded. Physiological and biochemical characteristics of the
thermophilic strain-producer of extracellular proteases Bacillus velezensis. Advances
in Chemistry and Chemical Technology. 2020. VVol.34. No.11. P.80-82. (Russian)

[22] U.K. Laemmli. Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature. 1970. Vol.227. N0.5259. P.680-685. DOI:
10.1038/227680a0

[23] M.V. Romanova, A.V. Beloded, A.E. Kuznetsov. Synthesis of extracellular proteases
by thermophilic bacterial strains: optimization of the composition of the medium and
characteristics of the proteolytic complex. The Chemical Industry Today. 2019. No.6.
P.24-29. (Russian)

[24] X. Liu, H. Wang, B. Wang, L. Pan. Efficient production of extracellular pullulanase in
Bacillus subtilis ATCC6051 using the host strain construction and promoter
optimization expression system. Microbial Cell Factories. 2018. Vol.17. N0.163. P.1-
12. DOI: 10.1186/s12934-018-1011-y

[25] Mariia V. Romanova, Alexander Ye. Kuznetsov, Andrey V. Beloded. Molecular
biological and biochemical characteristics of extracellular proteases of thermophilic
bacterial strains. Butlerov Communications. 2021. Vol.68. No.12. P.103-111. DOI:
10.37952/ROI-jbc-01/21-68-12-103 (Russian)



