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The impact of terahertz radiation on living systems
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Motivation and Aim: Nowadays terahertz (THz) frequency range is widely used,
especially in the fields of security inspection and medical diagnostics. THz radiation is
a non-ionizing radiation with a quantum energy of ~ 0.01 eV, corresponding to the
vibrational energies of hydrogen bonds that form the supramolecular structures. It was
shown that THz radiation transfers biopolymers to gaseous phase as single nanoparticles,
retaining their primary structure. Since it is not extensively presented in the natural
habitats, the emergence of such an intense source of this radiation requires the study of
the the possible effects of THz radiation on living organisms.

Methods and Algorithms: The Novosibirsk free electron laser generates THz radiation in
a range of wavelengths from 50 to 240 microns with the peak of 1 MW powers.
Proteomic and transcriptomic analysis were performed on various model organisms
including human embryonic stem cells and E. coli strains with previously developed
genosensors pGInA-GFP, pMatA-TurboGFP, pSafA-TurboGFP, and pChbB-
TurboYFP.

Results: Various results on proteomic and transcriptomic responses to THz radiation
were obtained. Using MALDI-TOF mass spectrometry it was shown, that radiation near
2.2 THz induce the nondestructive ablation of lysozyme. Bioinformatic analysis
indicated that both bacterial and human cells develop a complex response including
changes in gene expression and protein production. About 2 % of E. coli proteome is
affected by THz radiation varying gene expression level of tdcABCDEFGR, matA—F,
jjQ, dicABCF, FtsZ, minCDE, sfinACDHF, y7hbEFGH, and gfcA genes, including the
induction amyloid biosynthesis through csg operon genes. Moreover, THz radiation was
shown to cause abnormal morphology of bacterial cells. The study of 2.3 THz irradiation
effect on human embryonic stem cells showed no DNA damage, formation of YH2AX
foci, structural chromosomal aberrations, no chagnes in mitotic index nor morphology,
although transcriptional study showed that approximately 1 % of genes expression level
was increased, including 15 functional gene classes mostly related to mitochondria.
Conclusion: Application of various electromagnetic radiation spectrum range equipment
is one of the most critical anthropogenic impact on the environment factors, with also
being a source of environmental pollution. The results of the work allow us to state that
non-ionizing THz radiation cannot cause mutational events in biological systems, but it
affects the metabolic activity and expression of both individual genes and gene cascades.
We are currently continuing experiments with thermotolerant bacteria in the hope of
understanding the difference in the response of their genome to THz radiation.
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