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Momusayus u yenv: B pesynbTare BpeAHBIX BO3ICHCTBUIL, a TaKkKe B XOJE CTAPEHUS
MPOMCXOJUT HApYyIICHHE FOMEOCTa3a, B TOM YHCIIE M3MEHSETCs SKCIPECCHS TeHOB U
BCJIEACTBHE JTOT0 BHYTPHUKJIETOYHAs PETYJSIUUs OHMOXUMHYECKHX MPOLIECCOB.
Kontponupyemoe TouedyHoe HapyIIEHHE I'OMEOCTa3a MOXKET I03BOJITH MOApOOHEe
W3yYUTh TPOLIECCHI, MPOHUCXOMAALINE B MPOIECCe CTAPCHUS M Pa3BUTHSA MATOJOTHM.
Kunasa rimkorencunTtasel GSK3 (Glycogen Synthase Kinase 3) mpencrasmsier co6oi
BBICOKOKOHCEPBATHUBHBIA (DEPMEHT, SBISIOLIMNACS KIIOYEBBIM 3BCHOM MHOKECTBA
MeTabonuuecknx myTted. Omnucana BaxkHas ponb GSK3 B pa3BUTUM pa3sIMUYHBIX
MATOJIOTUYECKUX  COCTOSHUM, TakuX Kak Ooyie3Hb  Aublreiimepa, aua0er,
BOCTIAINTEIIbHBIE 3a00JIEBaHMSI U HEKOTOpPbIE BUIbI paka. Llenpro naHHoi paboTel Oblta
OIICHKa BIUSIHUS CBEPXIKCIPECCHH HOPMAaJbHOM M m3MeHEeHHBIX ¢opm GSK3 Ha
BebkuBaHKue D. melanogaster u coxpanenne romeocrasa pa3IMYHbIX TKAHEH, TAKUX KaK
JKUPOBOE TENO U CIIFOHHBIC JKEIIE3bL.

Memoowvr u aneopummour: Y D. melanogaster nporennkunazy GSK3 komupyer ren
shaggy (sgg). Ceepxokcmpeccusi GSK3 mocturamach myTeM TKaHeCTCHHU(PUUIESCKON
HHIYKIMA TPAHCTECHOB, KOAMPYIOIIUX HOpMaibHyio u3opopmy GSK3B (sggB) u
n3opopmy GSK3B ¢ aMHHOKHCIOTHBIMH 3aMEHAMH, MPUBOISAIINMH K HapyIICHUIO
BHYTPHKJICTOUHO# peryssiimu aktuBHocTH GSK3 (SggB_S9A), cHIDKEHUIO aKTUBHOCTH
GSK3 (sggB_Y214F) u mnosBnenuto HeaktuBHoit GSK3 (sggB_A81T) [1]. Hdus
WHIYKIMA TPAHCTEHOB HCIONB30BamM OuHapHyio cucremy GAL4-UAS [2].
CBepXIKCIPECCUIO TPAHCTEHOB WHIYIIMPOBAIM B )KUPOBOM TeJIe U CIFOHHBIX XKeJe3ax
nuauHOK. KonraecTBo TpaHCKpuNTa SJJ OIIEHUBAIN C TIOMOIIIBIO KonudecTBeHHOU TP
B peaibHOM BpemeHu. KommaectBo Oenka GSK3 onpenernsiiy ¢ TOMOIIBIO0 BECTEPH-0JIOT
aHanu3a. OObEM M KOJIMYECTBO CEKPETOPHBIX KIIETOK CIIOHHBIX >Kelie3, IUIOMIAa/Ib
MOMIEPEYHOTO CEYCHHUSI JKUPOBBIX KIETOK OMNPEACISIIA C MOMOIIBI0 KOH(pOKaILHON
MUKpockomnuu. KomudecTBo o0miero Oeiika B JKUPOBOM TeJie OIIEHHUBAIM METOJIOM
Bpendopna. YpoBeHb I'NTUKOTeHa B >KUPOBOM Teje onpenensuid ¢ nomomsio [TNK-
peaxiuu.

Peszynomamur: B pesynbrare HHAYKIUH KaXJOTO M3 UCIOJIB30BAHHBIX TPAHCTEHOB B
JKUPOBOM TeJIe JIMYMHOK HaOJII0JaNoch yBEJIMYEHHE KOJUYECTBAa TpaHCKpUNTa SQJ.
Opnnako ysenmuueHne konmudectBa Oenka GSK3 HaOmromanock TONBKO B ciiydae
ceepxakcnpeccun SggB_SI9A. CHmkeHMe YpOBHS TIIMKOTEHA B )KHPOBOM Telle, KOTOpOoe
oTpakaet yBenunueHue akTuBHOCTH GSK3, ObI10 BBISIBIEHO TAKKE TOJIBKO B PE3yJIbTaTe
cBepxakcnpeccun SggB_S9A, a B cimyuae ceepxakcnpeccuu SggB_Y214F nabnronanocs
yBenu4YeHne ypoBHs riaukoreHa. KoxmduecTBo oOmiero Oenka B KUPOBOM Teje, 00beM
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CIIIOHHBIX JKeJe3 NpU OTCYTCTBHM M3MEHEHHS KOJIMYECTBA CEKPETOPHBIX KIIETOK
CHIDKAJIMCh BO Bcex ciyyasx. [limomane momepeyHoOro ceueHHs >KHUPOBBIX KIETOK
CHIDKAJIACh TOJBKO B CIIydae JOMOTHHUTENbHOU dKkcnpeccun SQYB u sggB_S9A. Bonee
TOTO, B pe3yJbTaTe CBEpXIKCIpeccuu Kak SggB, Tak u sggB_S9A B kupoBOM Tele U
CIIIOHHBIX JKeJe3aX MaKCHUMajbHas MPOAOJKUTENBHOCTh XHU3HH OblJla OrpaHHYeHa
KykosnouHo#t cramuedi p5(ii). Ilpu ceepxakcmpeccun SggB_Y214F u sggB_AS81T
Pa3BHUTHE MPOTEKAIO HOPMAIIBHO, @ MIPOIOJDKUTEIFHOCTD KM3HU B3POCIIBIX 0c00eH, Kak
OBLIO TIOKa3aHOo paHee [3], U3MEHIACH.

Obcyacoenue u 6vigoowl: OrcyTcTBUE yBenudeHust konmdectBa Oenka GSK3 mpu
BO3POCIIEM B pe3yiIbTaTe MHIYKIUH TPAHCTEHOB KOJINYECTBE TPAHCKPHIITA reHa SJJ B
JKUPOBOM Telle MOXET OBITh CBS3aHO C TIOCTTPAHCKPHUIIMOHHON peryisuue
SKCIPECCHU TPAHCTEHOB KJIETOUYHBIMU (akTopamu. Obpamaer Ha ceOs BHUMaHUE TOT
¢axT, uto cBepxakcnpeccus SggB_S9A, ecnu 1 perynupyercs HOCTTPaHCKPHUIITUOHHO,
TO B MEHBIICH CTENEHH, YeM OCTaIbHBIE TpaHCTeHbl. [loka3aHo, 4TO B KIETKax
SMUTETNAIBHON OITyX0JIM MOJIOYHOMH Xelle3bl 3aMEeHa CepHHA Ha alaHuH B 9 MOJIOKEHUN
(S9A) GSK3 mpuBOAWT K HApYyHICHHUIO MPOTEACOMHOW Jerpamaiuu 3Toro oenka [4].
MoOXHO MNpEeanoOKUTh, YTO M B HAIUX OMNbITaX MO KpaHEW Mepe OJHUM U3
MEXaHU3MOB TOCTPAaHCKPUIIIMOHHOW perymsauun kommdectBa GSK3  sBnsiercs
MpOTeacoMHasl ierpajaius, KoTopas He 3aTparuBaeT 0esiok ¢ 3ameHoi SOA. M3BecTHo,
yt0 3aMeHa S9A HapymaeT perynsauio aktTuBHOCTH GSK3 apyrumMu npoTenHKHHA3aMu
kietkn. DochopunupoBanne ceprHa 9 nemaer BO3MOXHBIM B3ammojeiicteue N-
KoH1eBoro yyactka GSK3 ¢ caiiToM ee cBSA3bIBaHHS C TPAaMUPOBAaHHBIMH CEPHHOBBIMH
ocratkamu OelKoB-MHUIIEHeH. B pe3ynbTare calT CBS3BIBAHHUA M, CIIEJOBATEIHHO,
aktuBHOCTh GSK3 B OTHOIIEHNN MUTIIEHEH, TPEOYIOMNX MPaitMIPOBaHHSI, MOTYT OBITh
OnokupoBaHbl. 3aMeHa CepuHa Ha alaHWH NPUBOIUT K ToMmy, uto GSK3 coxpanser
MOCTOSIHHYIO aKTUBHOCTh B OTHOIICHHHM TAaKWX MHUIICHEH, K KOTOPBHIM OTHOCHTCS U
TJIMKOTeHCHHTa3a. TOT (akT, 9TO CHIKEHNE YPOBHS TJIMKOTEHA B )KHPOBOM Telie ObLIO
BBISIBJICHO TOJILKO TNPH CBepxdkcmpeccuu sggB S9A, Ho He apyrux (opM, MOXKHO
00BSCHUTH Kak yBenuueHneM konmndectBa GSK3, koTopoe HaOM0AaI0Ch TOIBKO B 3TOM
cilyyae, TaKk M KOHCTHTYTHBHOM aKTHUBHOCTBIO 3TOH (OpMBI Oenka. YBenudeHue
KOJIMYECTBA TJIMKOTEHAa B pe3yibrare cBepxdkcrpeccuu SQgB_Y214F ykaswiBaeT Ha
CHIDKEHHE CyMMapHOW BHyTpHKIeTouHoW aktuBHocTH GSK3 B oTHOmIeHUH
TJIMKOT€HCHUHTA3bl B 3TOM ciiydae. M3BecTHO, 4TO (ocopmimpoBaHHe THPO3WHA B
nonoxkeHuu 214 yeenmunBaet aktuBHOCTE GSK3 [5], cnemoBarensHo, 3amena Y214F
CHIDKAeT aKTUBHOCTh Oenka, KOJMpyeMoro TpaHcreHoM. CHW)KEHHE CYMMapHOM
axktuBHOCTH GSK3 B KiIeTKe MOATBEPKIAET PaHee BBICKa3aHHOE MPEAIIONI0KEHNE O TOM,
yto TpaHcreH SQUB_Y214F moxeT mposBISATH OTHENbHBIE CBOMCTBA KOHCTPYKIIHH C
JOMHHAHTHBIM HeraTuBHBIM 3¢ ¢dexTom [1]. OmHako mnpuYMHA TOTrO, MOYEMY
cBepxakcipeccus sggB_A81T, addekT koTopoii ToXe, NPEANOI0KUTEIBHO, SIBIIIECTCS
JOMHHAHTHO HEraTHBHBIM [ 1], He OKa3ana mot00HOro BIMSHUS HA YPOBEHb TIIMKOT€Ha,
0CTaeTCst He SICHOM.

UzBecTtHO, uTO mpotenHknHaza GSK3 docdopunmpyer 1 TeM caMblM WHAKTHBUPYET
dbaxrop nHMIMAIMN TpaHCIsHU elF6 [6], uTo MOXKET 0OBSICHATH CHIKEHUE KOJTMUSCTBA
obmrero Oenka B )xupoBoM Tene. DocopunmpoBanue elF6 He TpeOyeT npalitMupoBaHUs
[6], mosToMy 3(h(peKT akTHBAIIUHU IKCIIPECCHU BCEX TPAHCTCHOB OKA3aJICs OJIMHAKOBBIM.
YMeHblleHrne pazMepa KIETOK )KUPOBOTO Tella, a TAKXKe 00beMa CITFOHHBIX JKeJe3 MOKHO
OOBSCHUTH BIMSHHEM CBepX3Kcrupeccun SQUJ Ha aktuBHocTh TOR mytu [7],
YYacTBYIOIIETO B KOHTPOJIE pOCTa KJIETOK. [IpUYMHBI pPa3lM4HOrO  BIIMSHHSA
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CBEPXIKCIIPECCHH Pa3HBIX TPAHCTCHOB Ha BEDKMBAHHME HA KYKOJOYHOW CTaJWU HESICHBI
u TpeOyroT aanbHeliero u3ydeHus. OAHAKO TMPEXKAE BCEro HEOOXOIUMO IOHSTH,
MOYeMy COBOKYITHOCTB 3 (peKTOB CBEpXIKCIIpeccu SJJ HaOIr0gaeTcst MPH OTCYTCTBUHI
JNETEKTUPYEMOTO yBeluueHusi konmdectBa Oenka GSK3. BosMoxHO, IS 3TOTO
JIOCTaTO4YHO OuYeHb Hebosbmoro u3oOeiTka GSK3, KoTOpBIi HE ynaercss BBIIBUTH
METOJO0M BEeCTepH-0JI0T aHAIN3a.

Dunancuposanue: PaboTa BBITIOIHEHA IPU GUHAHCOBOH MOAEPIKKE TOCYIapPCTBEHHOTO
Oromkera HanpoHamsHOTo HeciieioBaTeabeKoro neHTpa «KypuaToBCkuii HHCTUTYTY.
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Motivation and Aim: Exposure to harmful stimuli as well as aging can disrupt homeostasis,
leading to changes in gene expression and subsequent intracellular regulation of biochem-
ical processes. Controlled disruption of homeostasis could provide a more detailed under-
standing of the processes occurring during aging and the development of pathologies. Gly-
cogen synthase kinase (GSK3) is a highly conserved enzyme that plays a key role in nu-
merous metabolic pathways. GSK3 has been implicated in the development of various
pathological conditions such as Alzheimer's disease, diabetes, inflammatory diseases, and
certain types of cancer. The aim of this study was to assess the impact of overexpression
of normal and altered forms of GSK3 on the survival of D. melanogaster and the mainte-
nance of homeostasis in different tissues such as the fat body and salivary glands.
Methods and Algorithms: In D. melanogaster, the protein kinase GSK3 is encoded by the
gene shaggy (sgg). Overexpression of GSK3 was achieved through tissue-specific induc-
tion of transgenes encoding the normal isoform of GSK3B (sggB) and isoform GSK3B
with amino acid substitutions leading to disruption of intracellular regulation of GSK3
activity (sggB_S9A), reduction in GSK3 activity (sggB_Y?214F) and generation of inac-
tive GSK3 (sggB_A81T) [1]. Transgenes were induced using the binary GAL4-UAS sys-
tem [2]. Overexpression of transgenes was induced in the fat body and salivary glands of
larvae. The amount of sgg transcript was evaluated using quantitative real-time PCR. The
level of GSK3 protein was determined using Western blot analysis. The volume and num-
ber of secretory cells in the salivary glands, cross-sectional area of fat cells were deter-
mined using confocal microscopy. Total protein content in the fat body was assessed using
the Bradford method. The level of glycogen in the fat body was determined using the PAS
(Periodic Acid-Schiff) reaction.

Results: Induction of each of the transgenes used in the fat body of larvae resulted in an
increase in the amount of sgg transcript. However, an increase in the level of GSK3 protein
was observed only in the case of overexpression of sggB_S9A. A decrease in the level of
glycogen in the fat body, reflecting an increase in GSK3 activity, was also detected only
as a result of overexpression of sggB_S9A, while overexpression of sggB_Y214F led to
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an increase in the level of glycogen. The total protein content in the fat body, and the
volume of the salivary glands, in the absence of changes in the number of secretory cells,
decreased in all cases. The cross-sectional area of fat cells was reduced only in the case of
additional expression of sggB and sggB_S9A. Furthermore, as a result of overexpression
of both sggB and sggB_S9A in the fat body and salivary glands, the maximum lifespan
was limited to the p5(ii) pupal stage. With overexpression of sggB_Y214F and
sggB_AB81T, development proceeded normally, but the lifespan of adult individuals, as
previously shown [3], was altered.

Discussion and Conclusions: The lack of an increase in the level of GSK3 protein with the
increased amount of sgg gene transcript induction in the fat body may be related to post-
transcriptional regulation of transgene expression by cellular factors. It is noteworthy that
the overexpression of sggB_S9A, if post-transcriptionally regulated, appears to be to a
lesser extent than the other transgenes. It has been demonstrated that in breast epithelial
tumor cells, the substitution of serine with alanine at position 9 (S9A) in GSK3 disrupts
proteasomal degradation of this protein [4]. It can be hypothesized that, in our experiments,
at least one of the mechanisms of post-transcriptional regulation of GSK3 levels could
involve proteasomal degradation, which does not affect the protein with the S9A substitu-
tion. It is known that the SOA substitution disrupts the regulation of GSK3 activity by other
protein kinases within the cell. Phosphorylation of serine 9 enables the N-terminal region
of GSK3 to interact with the site of primed serine residues of target proteins. As a result,
the binding site and hence the activity of GSK3 towards primed targets may be blocked.
The substitution of serine with alanine leads to GSK3 maintaining a constant activity to-
wards such targets, including glycogen synthase. The fact that a decrease in the level of
glycogen in the fat body was observed only with the overexpression of sggB_S9A, but not
with other forms, can be explained by both the increase in the amount of GSK3, which
was only observed in this case, and the constitutive activity of this form of the protein.
Increase in glycogen levels resulting from overexpression of sggB_Y214F indicates a de-
crease in the overall intracellular activity of GSK3 towards glycogen synthase in this case.
It is known that phosphorylation of tyrosine at position 214 enhances GSK3 activity [5],
therefore, the substitution Y214F reduces the activity of the protein encoded by the
transgene. The decrease in the total activity of GSK3 in the cell confirms the previously
stated assumption that the sggB_Y214F transgene may exhibit individual properties of the
construct with a dominant negative effect [1]. However, the reason why overexpression of
sggB_AB81T, the effect of which is also presumably dominant negative [1], did not have a
similar effect on glycogen levels remains unclear.

It is known that the protein kinase GSK3 phosphorylates and thereby inactivates the trans-
lation initiation factor elF6 [6], which may explain the decrease in the total protein content
in the fat body. Phosphorylation of elF6 does not require priming [6], hence the effect of
activation of the expression of all transgenes was identical. The reduction in the size of fat
body cells and salivary gland volume can be explained by the influence of sgg overexpres-
sion on the activity of the TOR pathway [7], which is involved in cell growth control. The
reasons for the different effects of overexpression of different transgenes on survival at the
pupal stage are unclear and require further investigation. However, it is essential to under-
stand first and foremost why the combination of effects of sgg overexpression is observed
in the absence of detectable increase in GSK3 protein levels. It is possible that this could
be due to a very slight excess of GSK3, which cannot be detected by Western blot analysis.
Funding: The work was carried out within the state assignment of NRC “Kurchatov In-
stitute”.
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