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Momusayus u yenv: MetabonoMuKa — KOHIETIHS B OM0aHATTUTUIECKON XUMUH, LIETbIO
KOTOPO#1 ABJIsIeTCSl KOTMUECTBEHHAs OlleHKa Habopa MaybIX MOJIEKYI (¢ MOJEKYISPHOR
Maccoii meree 1.5 k/la), mpucyTCTBYIOMNX B OMOIIOTHYECKON CHCTEME B JIFOOOM H3 ee
(U3NOTOTHYECKUX COCTOSIHUH. TapreTHpOBaHHBIM CKPHHUHT METa0OIHUTOB METOAOM
BBICOKOO()(EKTHUBHOM JKMUAKOCTHOM Xpomarorpaduu € Macc-CIeKTPOMETPUICCKOM
nmerexiueit  (BOXKX-MC/MC) wMoXeT CIyXuTh YAOOHBIM U YYyBCTBUTEIHHBIM
WHCTPYMEHTOM [UISl BBISBICHWS pPaHHUX W3MEHEHHH B JKUBBIX CHCTEMax Ha
MOJICKYJIIpHOM ypoBHe. PaHee Hamu ObuT pa3pabOTaH MOAXO0J K METabOJIOMHOMY
ckpuauHTYy MeTogoM BOXX-MC/MC ¢ ucnonb3oBaHHEM MOHOJIHMTHOH KOJIOHKH Ha
ocHOBe 1-BmHWMI-1,2,4-TpHa3zona, KOTOPBIA TO3BOJNIMI  JETEKTHPOBAaTH  Ooliee
400 meTaboIMTOB 3a OJuH aHawm3 [1].

TepareprioBoe u3iIydeHHe (TeparepuoBble BOJIHBI, CYOMIIJIMMETPOBOE H3IyYEHHE,
T-nmyun, T-omnael, TI'm) HaXOmUTCI MEXIy MHUKPOBOIHOBOM W WH(ppakpacHOH
00nacTsIMH 3NEKTPOMArHUTHOTO CIIEKTPa, AWAINla30H KOTOPOTO OIMPENEISITCS OT YaCTOT
100 ITu mo 10 TI'm [2]. UsydeHme mNOTEHIMAIBHOTO BO3AcHCTBUS T-BOMH Ha
OHMOJIOTHYECKUE CUCTEMBI BOCTPEOOBAHO JIJIS aKTYaIN3aIUY TIPOTOKOJIOB 0€30MTaCHOCTH
TI'n 1 pa3paboTKH OONBIIOTO YUCHIA €T0 MPAKTUIECKUX NMPUiIoXKeHud. bronormueckue
s¢dextl TII-M3My4eHUS CIIOKHBI B ONPEACICHHHM, a METaOOJIOMHBIH ITOJIXO/T
MPUMEHUM B YCTAaHOBJICHMHM TOHKHX OMOXHMHYECKUX M3MECHEHUH, WHIYIUPOBAHHBIX
ANIEKTPOMATHUTHBIM H3ITyYEHUEM.

Ilenpto  paboTel  sBIsIach  pa3paboTka MOAXOJa K  MPOOOIMOATOTOBKE U
TapreTHPOBaHHOMY METabOJIOMHOMY CKPHHUHTY KJIETOK JIJIsl TOUCKA OMOXMMUYECKUX
W3MEHEHUH B KJIeTKax B OTBET Ha TT L-u3nyuyeHue.

Memoowt u areopummsl: B JaHHOM HcCiieI0BaHUA OBLTO TTPOBEACHO 00TyUeHNE KIETOK
muann SK-MEL-28 (Momens memanoMel 4enoBeka) Ha HoBocmOupckom azepe Ha
cBoOoanbIX 3nekTpoHax (HJICD) [3] ¢ mapamerpamu: 2.3 TT'1, niuaa Boiabl 130 MKM
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B TeueHue 10 u 45 munyt. Knerounsle oOpasupl anammsupoBamn BOXX-MC/MC B
pexxumax ruapouIbHON 1 00paeHHo-(pa30Boi XpoMaTorpagum.

Peszynomamei. Beuto mMoOKazaHO, 9TO B OMOJIOTHUYECKHX 00pasmax, MOdydeHHbIX u3 10
THICAY KJICTOK, MOKHO OOHApY)KUTh P MOJSIPHBIX META0OIUTOB U JIMIHUAOB, OIHAKO
HanOoJbllIee KOJMUYECTBO OOHApY)KEHHBIX METaOOJMTOB JOCTUTACTCS TMPH aHAIN3e
00pa3noB oT 500 THICSY KJIETOK U BEIIIIE.

[lomxon X aHamm3y KIETOYHBIX O0pa3moB OBUT MPHUMEHEH s MeTa0OJIOMHOTO
CKpHHUHTa KIeToK, oOmydeHHblx TI'm wa HJICD «M3yuyenue Bo3zmelictBusa TI'n
W3JTy4eHUsI Ha )KUBBIE CUCTEMBD». MeTaOO0IOMHBIN aHaTN3 O3B0 OIYYUTh JaHHBIC
o comepxxannn 407 MeTabomMTOB, M3 KOTOPHIX 40 3HAYMMO OTIMYAIHNCH MEXIY
rpynnamu  oOimydeHHbIX TI'm KieTok W KOHTponbHOH rpymmnoid. Habmomanmch
W3MEHEHUS B COACP)KaHUKM METa0OIMUTOB, BKIIOUYAs IMyTH METa0OIM3Ma MYyPHHOBBIX U
NUPUMHUIMHOBBIX A30TUCTBIX OCHOBaHMHM. HamOosee 3HauMTENBHBIE W3MEHEHUS
OTME4YEHBI B IyPUHOBOM META00JIN3ME, I'/le HAOII0AaJI0Ch CUCTEMaTHYECKOE CHIDKEHHE
conepkanus MeTabonToB, Takux kKak ATD, AJI® u AM®, B To BpeMs Kak COIep:KaHue
MPOAYKTOB JIerpafaliid HYKJIEOTHIOB, TAaKWX KaK KCaHTUH W THUIOKCAaHTHH,
YBEJIUUNUBAIOCHh. 3HAUMTENbHBIC HM3MEHEHHS TAaKKE BBIABICHBI B MUPUMHINHOBOM
MeTabonu3me, rae Kak npu 10-MUHYTHOM, Tak ¥ mpu 45-MUHYTHOM OOJIyYeHHH
OTMEYEHO MOBHINICHHE KOHEYHBIX METa0OJIMTOB, TAKUX KaK YPUAWH M ypamnui. ITO
NIEPBOE HCCIENOBAHKE, I'1€ MPUMEHSIETCS] METa0O0JIOMHBIM CKPUHUHT B OMOJIOTHYECKUX
obpasmax, obmyueHHeix TIm, koTopoe memoHcTpupyeT TII-MHIYIEpOBaHHBIE
MeTa0oJIMUYecKre M3MEHEHUsS! B KJIETKax uesioBeka. [lodydeHHble pe3ylbTaThl MOTYT
CBU/IETEJILCTBOBATh O HAPYLICHUN (QYHKIUH SHEPTeTHUECKUX CUCTEM KIIETOK.

Bui6oowi: Pe3ynmbTaTel paboThl MOKA3BIBAIOT, YTO OONy4YeHHE KIETOK MemaHombl T
NPUBOIUT K KOMIUIEKCHBIM HW3MEHEHUSIM B HMX MeTadonudeckoM npodmie. OTu
W3MEHEHUS!  BKJIIOYAIOT  CHIDKCHHE  COJIEPXKAHUS  KIIOYEBBIX ~ METa0OJIMTOB
SHEPreTHYECKOro oOMeHa, Takux kak AT®, u yBennyeHne npoIyKToB X AETPaJaLiH.
OTMedeHo, YTo pa3padOTaHHBIM HAMH MOJXO0JI TIO3BOJISIET MOJTyYaTh Hanbosee MOJHYI0
KapTHHY MeTaboJIoMHOT0 Mpoduiist npu aHanuze oT 500 ThICAY KIETOK B 00pasIe, 4yTo
MOJKET OBITh HCIOJIB30BAHO MPU U3YyUEHUH 3K30T€HHBIX 3()()EKTOB HA PEAKHUX KIETKaX.
Hcxons w3 HamMX pe3yiabTaToB, MeTa0oJOMHKa sBIsieTcd  A(PQPEeKTHUBHBIM
WHCTPYMEHTOM JUIsl M3y4YeHHs] MEXaHH3MOB JICHCTBHS TepareploBOro HM3JIyuyeHHUs Ha
KJIETOYHOM YPOBHE, a pe3yJIbTaThl META00JIOMHOTO CKPUHHHIA MOTYT OBITH MOJIE3HBI B
NOHUMaHUU Ouonorndeckux 3(p(EeKTOB TepareploBOro H3JIyYeHHS M Ppa3paboTke
CTpaTeruii 6e30MacHOCTH €ro MPUMEHEHHSI B Pa3IUYHBIX 00IaCTsIX.

Qunancuposanue. Pabota BBINIOJIHEHa Ha yHHUKaTbHOW ycTaHoBke HoBocmOmpckmii
na3ep Ha cBOOOAHBIX tekTpoHax Ha 6aze LIKII «Cubupckuii ieHTp CHHXPOTPOHHOTO U
TepareprioBOro uajiydeHus» npu momiepxke rpanta PHO (TIpoekr No. 19-72-202).
HccnenoBanne KIeTOK MOIEpKaHO CpeicTBaMu rocyaapcTBeHHoro 3afgaaus bY 2020-
0039-1. Aranu3 meromgom BOXX-MC/MC noanep:kaH cpeicTBaMU TOCYAapCTBEHHOTO
samagusg No. FSUS-2020-0035. UsroroBieHre MOHOMUATHBIX KOJOHOK mit HPLC
noanepxkano cpeacreamu npoekra No. FWUR-2024-0032.

2124 BGRS/SB-2024



The use of targeted metabolomic cell screening by LC-MS/MS
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Motivation and Aim: Metabolomics is a branch of bioanalytical chemistry that aims to
quantify small molecules (with a molecular weight less than 1.5 kDa) in biological
systems in various physiological states. High-performance liquid chromatography with
mass spectrometry detection (LC-MS/MS) is a powerful tool for targeted screening of
metabolites, allowing for the detection of early changes at the molecular level in living
systems. Previously, we developed a method for metabolomic screening using LC-
MS/MS with a monolithic column made from 1-vinyl-1,2,4-triazole [1]. This approach
allowed us to detect more than 400 different metabolites in a single analysis. Terahertz
radiation, also known as terahertz waves, submillimeter radiation, T-rays or THz, is
located between the microwave and infrared regions of the electromagnetic spectrum.
This range is determined by frequencies between 100 GHz and 10 THz [2]. The study
of potential effects of this radiation on biological systems is important for updating safety
protocols and developing practical applications. However, it is difficult to determine the
biological effects of terahertz radiation due to its subtle nature. The metabolomic
approach can be used to identify biochemical changes caused by electromagnetic
radiation. The goal of this work was to develop a method for sample preparation and
targeted metabolomics screening of cells in order to identify biochemical changes in
response to terahertz radiation.

Methods and Algorithms: In this study, the cells of the SK-MEL-28 line (human
melanoma model) were irradiated using the Novosibirsk Free Electron Laser (NovoFEL)
[3] with parameters: 2.3 THz, wavelength 130 pm for 10 and 45 minutes. Cell samples
were analyzed by LC-MS/MS in hydrophilic and reverse-phase chromatography modes.
Results: It has been shown that a number of polar metabolites and lipids can be detected
in biological samples obtained from 10,000 cells or more. However, the largest number
of metabolites detected is achieved when analyzing samples from 500,000 or more cells.
The approach to the analysis of cell samples was used for the metabolomic screening of
cells exposed to THz radiation in the NovoFEL study “Investigating the effects of THz
radiation on living systems”. Metabolomic analysis allowed us to obtain data on the
content of 407 metabolites, 40 of which differed significantly between the groups of
THz-irradiated cells and the control group. Changes in the content of metabolites were
observed, including in the metabolic pathways of purine and pyrimidine nitrogenous
bases. The most significant changes occurred in purine metabolism, where a systematic
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decrease in the content of ATP, ADP, and AMP was noted, while the levels of nucleotide
degradation products, such as xanthine and hypoxanthine, increased. Significant changes
were also found in pyrimidine metabolism. Both 10- and 45-minute irradiations showed
an increase in the levels of end metabolites, such as uridine and uracil. This is the first
study to use metabolomics screening in biological samples exposed to THz radiation,
which demonstrates THz-induced metabolic changes in human cells. The results
obtained suggest that the energy systems of these cells may be disrupted.

Conclusion: The results show that the irradiation of melanoma cells with THC leads to
complex changes in their metabolic profile. These changes include a decrease in the
levels of key metabolites involved in energy metabolism, such as ATP, and an increase
in the levels of their degradation products. It is noted that our developed approach allows
us to obtain a more complete picture of the metabolomic profile by analyzing 500,000
cells in a sample. This can be used to study the effects of exogenous factors on rare cells.
Based on our findings, metabolomics is an effective tool for investigating the
mechanisms of terahertz radiation action at the cellular level. The results of metabolomic
screening can provide valuable insights into the biological effects of this radiation and
help develop safety strategies for its use in various fields.

Funding: The experimental part of the study was carried out with the support of the
Russian Science Foundation (Project No. 19-72-202) at the unique Novosibirsk Free
Electron Laser installation using equipment from the Siberian Center for Synchrotron
and Terahertz Radiation. The funds of the state task number BC 2020-0039-1 were
involved in the work. LC-MS/MS analysis has been conducted with the support of a state
project No. FSUS-2020-0035. The preparation of monolithic columns for HPLC has
been conducted with the support of a state project No. FWUR-2024-0032.
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