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ABSTRACT

The increase in the number of reactive oxygen species under the influence of external negative factors,
including ionizing and non-ionizing radiation, is the basis for the development of oxidative stress in
cells, which implies the activation of multi-level defense mechanisms. However, the mechanisms of
mutual regulation between the components of the defense system have not been fully elucidated to date.
The study aims to study the patterns of quantitative changes in proline, which has numerous protective
functions, after irradiation of yeast cells with X-rays and millimeter electromagnetic waves and post-
irradiation recovery. Under the influence of radiation, profound biochemical changes develop in yeast
cells associated with the activation of stress-adaptive responses, in particular, an increase in the level of
proline, and changes in the activity of enzymes involved in proline biosynthesis and oxidation. It has
been shown that under the influence of X-rays, the amount of free proline in C. guilliermondii NP-4
yeast increases by 75% compared to non-irradiated cells, and by 40% in the case of millimeter waves.
At the same time, proline biosynthesis is also stimulated, and proline oxidation processes are also
activated in post-irradiated restored cells. It can be concluded that proline acts as an effective stress-
adaptive molecule, the nature of its accumulation and metabolic changes is significantly determined by
the type of radiation, showing more intense reactions under the influence of ionizing radiation. Under
irradiation conditions, proline metabolism has a dual significance: protection and energy. Cells not only
accumulate proline as an antioxidant and osmoprotective compound but also oxidize it to obtain energy.
The data obtained may serve as a basis for the development of new anti-stress therapies or
radioprotective drugs.

Keywords: proline, proline biosynthesis enzymes, X-rays, millimeter electromagnetic waves

References:

1. TIbafiez, B.; Melero, A.; Montoro, A.; San Onofre, N.; Soriano, J.M. Molecular Insights into Radiation Effects and
Protective Mechanisms: A Focus on Cellular Damage and Radioprotectors. Curr. Issues Mol. Biol. 2024, 46, 12718—
12732. DOI:10.3390/cimb46110755

2. Liu, L.; Huan B.; Lu Y.; Zhao Y.; Tang X.; Shi Y. Interactions between electromagnetic radiation and biological
systems. iScience 2024, 27, 109201. DOI:10.1016/j.is¢i.2024.109201

3. Takagi, H.; Taguchi, J.; Kaino, T. Proline accumulation protects S. cerevisiae cells in the stationary phase from

ethanol stress by reducing reactive oxygen species levels. Yeast 2016, 33, 355-363. DOI:10.1002/yea.3154

“Corresponding Author:

Hasmik Karapetyan, Department of Biochemistry, Microbiology, and Biotechnology, Faculty of
Biology, Yerevan State University, 1 Alex Manoogian str., Yerevan, 0025, Armenia.
Email: hkarapetyan@ysu.am

83


https://www.cell.com/iscience/issue?pii=S2589-0042(24)X0003-6
https://www.researchgate.net/scientific-contributions/Hiroshi-Takagi-2061003125?_sg%5B0%5D=BGuGTdlB9knIXpABGO2t34FvLoLPQcP6Cl4aW0cEWfJeO1HNqRRIJnWgOZg4AbDJICRHMzU.VFOzANVlqMCiHyYACGskZqS8FlwbREnH-O2NNCTHP8_DPGKetYWeYztcPKDsO_dPrr74KkVszfxjPADeEM9xhA&_sg%5B1%5D=jqMw9gQnXO9D5arT6Y2iYIhKgS3Gi7gZJeM8EpFwqFTt2wpsdUoypKPL0BAUskzamoODQms.kD0UbUNUr07d6hvTldkX4gqbEiA9f-EbspK-cNxylsOx_nIrAFQMluBg3BoneD0KzsNWYn32oHtcQoZT-FAgug&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/Junpei-Taguchi-2097233649?_sg%5B0%5D=BGuGTdlB9knIXpABGO2t34FvLoLPQcP6Cl4aW0cEWfJeO1HNqRRIJnWgOZg4AbDJICRHMzU.VFOzANVlqMCiHyYACGskZqS8FlwbREnH-O2NNCTHP8_DPGKetYWeYztcPKDsO_dPrr74KkVszfxjPADeEM9xhA&_sg%5B1%5D=jqMw9gQnXO9D5arT6Y2iYIhKgS3Gi7gZJeM8EpFwqFTt2wpsdUoypKPL0BAUskzamoODQms.kD0UbUNUr07d6hvTldkX4gqbEiA9f-EbspK-cNxylsOx_nIrAFQMluBg3BoneD0KzsNWYn32oHtcQoZT-FAgug&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
mailto:hkarapetyan@ysu.am



