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Momusayus u yenv: Pazputne mo0oro opranuzMa 00yCIOBICHO CKOOPANHUPOBAHHON
MIPOCTPAHCTBEHHO-BPEMEHHOM  3KCIpeccHeil TeHOB, B  pe3yiabTaTe KOTOPOH
(hopMUpyeTCsl TEHETUYECKU TpeAonpeaeneHnbiii penotun [1, 2]. OmxHako BCe 3Tarbl
peanu3anuy reHeTHYecKoil nHpopMannu (TPaHCKPHUIILMS, TPAHCIIALUS, TOCTTPaHC -
[UOHHBIE MOJU(UKALNU, TPAHCIOPT MOJEKYN) MOJIBEPKEHBI CTOXaCTHYECKHM
¢nykryaumsam. Takwe ciyuaiiHble KojieOaHMs, BO3HUKAIOUIME NpPU pealH3aluu
TEHETHUYECKON MPOrpaMMbl, Ha3bIBAIOTCA TEHETUIECKUM (PKCIPECCHOHHBIM) LIYMOM H
MOTYT OBITh Ba)KHBIM HCTOYHMKOM BapHaluii Ha MOPQOJIOrHMYEecKOM YPOBHE, UTO
MPOSIBIISIETCS B Bapualuax QEHOTUIIOB (TaK Ha3bIBAEMBIH [IYM Pa3BUTHS).
OKCIIPECCHOHHBIH IIyM UIPaeT Ba’KHYIO pOJib BO MHOTHX OHMOJOrMYECKHMX Ipoleccax:
HampuMep, OH IOBBIIIAET YyBCTBUTEIBHOCTH AMOPUOHANBHBIX CTBOJIOBBIX KIIETOK
MBI K curHanam auddepeHuupoBku/aeanddpepeHupoBku [3], ¢ HUM CBS3BIBAIOT
YCTOMYMBOCTh KJIETOK K XuMmuoTepanuu [4]. Takum oOpazom, HM3ydeHHE BIUSHHS
SKCHPECCHOHHOIO IyMa Ha PEAIN3ALMI0 HACJEACTBEHHBIX NPH3HAKOB M CIIOCOOOB
MaHMITYJIMPOBAHUS €r0 BapuaOeNbHOCTHIO SIBISIETCS aKTYaJIbHOU 3a/1a4ei.

Llenpto maHHOM pabOTHl OBIIO OIEHKA BIMAHHSA SKCIPECCHOHHOTO IIyMa Ha IIyM
pasButHs Ha Monenu Drosophila melanogaster. JIjist 3Toro Mbl HCCIIEIOBAIN BIMSHHE
pasHbix KoHUeHTpaumiik MCM Ha B3KCHOpPEcCHI0O HEKOTOPhIX TI'€HOB OOreHesa,
TUIOJIOBUTOCTH M TIPOIOJDKUTEIBHOCTD sku3Hu D. melanogaster.

Memoowt u ancopummur: B pabote ucnons3zosanu bAJ] metuncynbdonunmerad (MCM,
JIMCO;) — HETOKCHYHOE BELIECTBO, KOTOPOE YACTO MNPUMEHSETCS Ul CHSTHS
BOCTIAJIUTENILHBIX TIPOLIECCOB B CycTaBax W cBsizkax. MCM siBisieTcsi MeTaboInTOM
JMCO, BAusIONMM Ha 3KCIIPECCHIO TEHOB M Ha Temmeparypy miasineaus JJHK [5, 6].
B pa6ore ncnonp3oBanu MCM B konnentpauusx B kopme 0, 0.01, 0.1 u 1 mr/mn.
DKCIIPECCHI0 T€HOB OLICHMBAJIM NpH nomouy kosmuectBeHHoro [P B peanpHOM
BpemeHn (dkcmpeccusi Ha ypoBHe PHK). KommvectBo Oenka oleHuBanm 110
WHTEHCUBHOCTHU CBEeYEeHUs XUMepHOro Oenka pABP2-GFP B simpax nuTaroommx KJIeToK 1
oouuroB D. melanogaster, miist 3Toro MCHoNB30BaIK JIMHUIO MyX ¢ OCJIKOBOI JIOBYIII-
KOW — MCKYCCTBEHHBIM 3K30HOM, kojupytouimM EGFP, BctpoenHsiM B ren pAbp2.
[HomyuuBImmiics XMMEpPHBIA OEJIOK AKCIPECCHPYETCS MO HATUBHBIM MPOMOTOPOM H
MO3BOJIET BU3YAJIM3UPOBATh OCIIKOBBII MIPOAYKT F'eHa B peajlbHOM BPEMEHH.
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B kauectBe ()EHOTHMNHMYECKUX TPHU3HAKOB OLEHHWBAJIH IJIOZOBUTOCTh CaMOK,
BBDKMBAEMOCTh MyX OT 3MOpHMOHA J0 CTaJAWU MMAaro W MpPONOJDKUTENBHOCTH KH3HU
B3POCIBIX MYyX.

[ Bcex 3KCIIEpUMEHTOB IIPOBEIEHO HE MEHEE ABYX OMOJIOTMYECKHUX IIOBTOPOB.
Pezynomamer: 115 onenku skcnpeccuu renoB Ha yposHe MPHK Bwigensnu PHK u3
50 SMYHUKOB MYX, cojepKamuxcs Ha kopMe 6e3 MCM, Ha KopMe ¢ KOHIICHTPaIusIMu
MCM 0.01, 0.1 u 1 mr/mi. [Tpu momoru qPCR ncciieioBaiy S3KCIPECCHI0 IBYX Pa3HbBIX
TPYII T€HOB: MOBCEMECTHO JKCIpeccHupyromuecs rensl (Myc, sepl, hyd, stat-92) u
trkaHecneuuduunsie rensl (PKa, Cup, hop, pABP2), HopMupOBaHHBIX Ha YKCIPECCHIO
reHa rpl32. I moBceMeCTHO SKCHPECCHPYIOLIMECS, W SIMYHUK-CICHHU(PUIHBIC TCHBI
JIEMOHCTPHUPOBATIM Pa3HOHAIPABIEHHOE HM3MEHEHHE YPOBHS 3KCIIPECCHM B Pa3HBIX
OMOJIOTHYECKUX MOBTOPaX (MIPOBEACHO ABa OMOIOTHUYECKHIX ITOBTOPA), HE 3aBUCSIEE OT
10361 MCM.

i OLIEHKH 3KCIIpecCHM I'eHOB Ha ypOBHE O€JKa OLCHHMBAIN YPOBEHb CBETUMOCTH
XMMEPHOT0 OeJIKa NPy MOMOIIY JTMHUU MYX ¢ OSJIKOBOH JIOBYIIKOW. M3Mepsimu pa3HUIy
B HMHTEHCHUBHOCTH CBEYEHMS SJIep COCETHUX MHUTAIOMIMX KIETOK WJIM OOLIUTOB Ha
OIHOMOMEHTHO c(oTorpadupoBaHHOM IIpenapare, 4YTO IO3BOJIJIO HAaM CHH3HTh
TEXHUYECKHe MpoOIeMbl HOPMUPOBKH. JlJsl aHaiIM3a BBIOMpANU TOJBKO sIpa KIIETOK
3apOJIBIIIICBOM JIMHUU U3 OBapHOi 6—7-H cTajuu, MOTOMY 4YTO K 3TOH CTaJud OHHU
3aKaHYMBAIOT SHAOLMKI U UMEIOT OMHAKOBYIO IUIOMIHOCTb. J{0303aBUCUMOI pa3HULIBI
B MHTCHCHBHOCTH CBEUEHHSI XUMEPHOTO O€eNKa B AApax KIETOK 3apObIILIEBON JINHUN HE
BBISIBJICHO.

i OLEHKH IUIONOBUTOCTH CaMOK COJEpP)Kadd B MHAMBHIYAIbHBIX NPOOHpKax Ha
KOpMe ¢ pa3HbIMU KoHUeHTpauusMu MCM 1 exeIHeBHO MOACYUTHIBAIM KOJIUYECTBO
SIMLL, OTJIOKEHHBIX KaXIOW CaMKOW. JIOCTOBEPHBIX pa3inyuil B IUNIOAOBUTOCTH CaMOK,
coJiepKaluxcst Ha pa3HbIX KoHneHTpanusix MCM B kopme, He 0OHapYKEHO.
BbpkuBaeMOCTh [0 CTaguM HMMaro AaHalW3WpOBANM, IIOJCYUTHIBAS KOJIUYECTBO
SMOPHOHOB B MPOOHPKE, 3aTEM — KOIMIECTBO KYKOJIOK M BEUTYIIUBIINXCS UMAro B 3TOU
XKe MmpoOupke. BeDKMBaeMOCTh MOJACUYHUTHIBATHA KaK % SMOPHOHOB, Pa3BUBIIUXCS IO
CTaJIuM B3pOCIbIX MyX. [IpomomKuTeIbHOCTD KU3HNA H3MEPSUTH, coaepika 1o 10 camion
WM CaMOK B ITPOOMPKAax C pa3IuuHbIMU KOHIEHTpauusiMu MCM B kopMme.

Myx mepeKkuapIBaiy Ha CBeXHid kKopM 1 pa3 B 4 nHs, a 1 pa3 B 2 qHS QUKCHpOBAIN
KOJINYECTBO MOTMOIIMX MyX, BBICTpauBas KpuBble a0kuTua. [IpoBemeHo nBa
Oononormueckux moBTopa, o 100—120 myx mis kax ot koneHTpanud MCM B kax oM
noBTope. B nuanasone kourenrparuii MCM B kopme 0.01-1 mMr/mi 10303aBUCHMOTO
BIIUSIHYSI HAa BBKUBAEMOCTD M MPOJIOJKUTEIHHOCTh KU3HU HE BBIBJICHO.

Buvisoowi: Mb1 nokazanmu, yto MCM, kak u ero npemmectBeHHuKk [IMCO, cHmxkaer
temneparypy iasienus JJHK. B cBsa3u ¢ a3Tum Mb1 oxxuaany, uro godbasienne MCM B
KOPM IPUBEIET K MOBBIIIEHUIO 3KCIIPECCHOHHOTO IIyMa M, BO3MOXHO, K YBEJINYEHHIO
nryma pasputusi. OHaKO Halle UCCIIeI0BaHUE HE BBISIBUIIO J10303aBUCHUMOIO BIIMSHUS
MCM Ha 3kcnpeccuto reHoB kak Ha ypoBHe MPHK, tak u Ha ypoBHe Oenka. bosee Toro,
XOTS MBI M (UKCHPOBAIM pa3HOHANpAaBIICHHbIC KoJeOaHMsI 3KCIPECCHH TEHOB,
JIOCTOBEPHBIX pa3iHyKii Ha ypoBHE (eHOTHIIA (IUIOJOBUTOCTh CAMOK, BBDKHBAEMOCTD
SMOPHOHOB 10 CTaguM HMAaro, NPOAOJDKUTEIBHOCTh >KM3HH B3pPOCIBIX MyX) HE
BBISIBJICHO.

Qunancuposanue: ViccienoBanue nojaaep:kano o0romkeTHsIM npoektoMm FWNR-2022-
0015.
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Motivation and Aim: The development of any organism is driven by the coordinated
spatiotemporal expression of genes. The result is a genetically predetermined phenotype
is formed [1, 2]. However, stochastic fluctuations occur at all stages of the realisation of
genetic information (transcription, translation, post-translational modifications,
transport of molecules). These random fluctuations are referred to as genetic
(expression) noise, and can be an important source of variation at the morphological
level, which manifests itself in variations in phenotypes (the so-called developmental
noise).

Expression noise plays an important role in many biological processes: for example, it
increases the sensitivity of mouse embryonic stem cells to differentiation/
dedifferentiation signals [3] and is associated with cell resistance to chemotherapy [4].
Therefore the study of the influence of expression noise on the realisation of heritable
traits and the development of the ways to manipulate its variability is an urgent current
task.

The aim of this work was to assess the influence of expression noise on developmental
noise in the Drosophila melanogaster model. To do this, we studied the effect of
different concentrations of MSM on the gene expression (oogenesis genes), the fertility
and the lifespan of D. melanogaster.

Methods and Algorithms: We used the dietary supplement methylsulfonylmethane
(MSM, DMSO0), which is a non-toxic substance and is commonly used in the treatment
of rheumatoid diseases to alleviate inflammatory processes in joints and ligaments.
MSM (DMSO0:) is a metabolite of DMSO that affects gene expression and DNA melting
temperature [5, 6]. In our study, we used dietary MSM at concentrations of 0 mg/ml,
0.01 mg/ml, 0.1 mg/ml, and 1 mg/ml.

Gene expression was assessed by quantitative real-time PCR (RNA level expression).
The amount of protein was assessed by the fluorescence intensity of the chimeric protein
pABP2-GFP in the nuclei of D. melanogaster nurse cells and oocytes; using a fly strain
with a protein trap — an artificial exon encoding EGFP, inserted into the second intron
of the pAbp2 gene. The resulting chimeric protein is expressed under the native
promoter, allowing real-time visualization of the gene product.

As phenotypic traits, we assessed female fertility, fly survival from the embryo to the
imago stage, and the lifespan of adult flies.

At least 2 biological replicates were performed for each experiment.

Results: In order to assess gene expression at the mRNA level, RNA was isolated from
50 ovaries of flies from the following groups: maintained on the diet without MSM, on
the diet with MSM at concentrations of 0.01, 0.1 and 1 mg/ml. Using qPCR, we studied
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the expression of two different groups of genes: ubiquitously expressed genes (myc,
sepl, hyd, stat-92) and tissue-specific genes (pKa, Cup, hop, pABP2), normalized to the
expression of the rpl32 gene. Both ubiquitously expressed and ovary-specific genes
showed multidirectional changes in expression levels in different biological replicates
(2 biological replicates were performed), independent of MSM dose.

To assess gene expression at the protein level, the fluorescence intensity level of the
chimeric protein was assessed using a protein trap fly line. We measured the difference
in the fluorescence intensity of the nuclei from neighboring nurse cell or oocyte nuclei
on a simultaneously photographed preparation, which allowed us to reduce the technical
problems of normalization. Only germ cell nuclei from stage 67 ovarioles were selected
for analysis, as they have completed the endocycle at this stage and have the same ploidy.
No dose-dependent difference in the fluorescence intensity of the chimeric protein in the
nuclei of germline cells was observed.

To assess fecundity, females were kept in individual tubes with different concentrations
of MSM in the diet and the number of eggs laid by each female was counted daily. No
significant differences were found in the fertility of females kept on different
concentrations of MSM in the diet.

Survival to the adult stage was analysed by counting the number of embryos in a test
tube, then the number of pupae and hatched adults in the same test tube. Survival was
calculated as the percentage of embryos that developed into adult flies. Longevity was
measured by keeping 10 males or females in test tubes containing different
concentrations of MSM in the diet.

Flies were transferred to fresh food every 4 days and the number of dead flies was
recorded every 2 days to construct survival curves. Two biological replicates were
performed, with 100-120 flies for each MSM concentration in each replicate. There was
no dose-dependent effect on survival and longevity over the range of MSM
concentrations in the diet from 0.01-1 mg/ml.

Conclusion: We have shown that MSM, like its precursor DMSO, reduces DNA melting
temperature. In this context, we expected that the addition of MSM to the diet would
lead to an increase in expression noise and possibly an increase in developmental noise.
However, our study did not show a dose-dependent effect of MSM on gene expression
at both mRNA and protein levels. Furthermore, although we observed multidirectional
fluctuations in gene expression, no significant differences were found at the phenotypic
level (fecundity of females, survival of embryos to the adult stage, lifespan of adult flies).
Funding: The study was supported by the budget project FWNR-2022-0015.
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