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MHorue MopdhoreHeTUYECKHE MPOIIECCHl B XO/Ie OHTOTeHe3a ONPEeISTIOTCSI UBMEHEHUSMU B CTPYKTYpe U
GYHKIUSIX KIETOK 3MOprMOHOB. Hanboblilyio MIacCTUYHOCTh KJIETOYHOM OpraHM3alliM IMpUIaloT Oe3MeM-
GpaHHBIC OpPTraHeJIbl VT OMOMOJIEKY/ISIPHBIE KOHICHCATHI, KOTOPhIe MOTYT (DOPMUPOBATHCS B SIPE WIIH LIUTO-
IUIa3Me 110 MeXaHu3My pasaesieHus1 (a3 Ha rpaHuIIe XKUIKOCTb-XKuaKocTh (liquid-liquid phase separation). ['m6-
KOCTb OMOTeHe3a OMOMOJIEKYJIIPHBIX KOHIEHCATOB U BBICOKAst TMHAMMKA X KOMITOHEHTOB ITO3BOJISTIOT OBICTPO
MEHSITh KJIETOUHYIO OPTaHU3alIMIO, YTO BJIeYET 32 COOOI M3MEHEHMSI B CyIh0e KJIETOK, U, KaK CIeACTBUE, B XOIe
sMbGpuoreHesa. B 063ope Ha TpuMepe OHOTO M3 TUTTOB 6e3MeMOpaHHBIX CTPYKTYP — ITOJIOBBIX TPaHYJI, 00CYK-
JTAeTCsI CBSA3b IJTACTUYHOCTH KJIETOYHOM OpraHU3alMM ¢ peaiu3aliveil mpoieccoB paHHEero SMOpUOreHe3a.

Karoueswie croea: GUOMOJIEKYIISIpDHBIE KOHAEHCATHI, IOJOBLIE TPAHYJIbI, aPXUTEKTYPHBIE HEKOIUPYIOLINE

PHK, sm06puorenes
DOI: 10.31857/S0475145021020075

BBEIAEHHWE

OpraHesuibl B KJIETKE MOXHO MOAPA3AeIUTh Ha Te,
KOTOpbIE OKPY:KeHbl MeMOpaHaMu, U Te, Y KOTOPBIX
MeMOpaHa OTCYTCTBYeT. XOTs cpeau 0e3mMeMOpaHHBIX
OpraHeJijl €CTb OTHOCUTEJIbHO CTaOWIbHbIE 0Opa3oBa-
HUSI C BBICOKO YITOPSITIOUEHHOI opraHu3anueit (MUK-
pOTPYOOUKH, ILIEHTPHUOIN, PUOOCOMBI), OOJIBIITMHCTBO
TaKUX OpraHesul MpeACcTaBisieT COO0M BBICOKO JTa0MTb-
HBIE acCOLMaThl Pa3IMYHBIX MaKpPOMOJEKY (TIpexae
Bcero, PHK 1 6enkoB). Takue cTpyKTyphI MOTYT JIOKa-
JIN30BaThCs KakK B sape (SApbIIKKU, TeJbla Kaxans,
TeJiblla TUCTOHOBOTO JIOKyca U T.A.), TaK U B IIUTO-
miasMme (cTpecc-rpaHyiabl, P-rpanynsl u T.0.). Bcee
9TU CTPYKTYPBI MPEACTABIISIIOT COOOI pe3yabTaT KOH-
JIEHCAallMU crenuduIecKoro Habopa MOJIEKYJ B JIO-
KaJIbHOI, He orpaHUYeHHONW MeMOpaHaMM 0O0JacTu
kJeTku. g o6o3HaueHus TaKuX CTPYKTYp YI0OHO
KCIIO0JIb30BaTh YHUCTO OMNHUCATENbHBIM TEPMUH 0Oe3-
MembpanHbie opeaneanst (boromo6os, 2019). Ho B mo-
cJIeMHWE TOAbl 4Yallle UCIOJb3YIOTCSI TEPMUHbBI KOH-
dencamut (Shin, Brangwynne, 2017) umu 6uomonexynsap-
Hble KoHdencambwt (Sabari et al., 2020), orpaxkaroiye
KJTI0YeBOI MpUHIIUM (hOPMUPOBAHUS STUX CTPYKTYP.

83

Ipotrecch 3MOproreHe3a COmpoOBOXIAIOTCST Hop-
MUPOBaHNEM CHEeIM(PUISCKIX OGMOMOJICKYIIIPHBIX
KoHaeHcaTtoB. Hanbonee M3BeCTHBIM TIpUMEPOM KJT€ -
TOYHOM T GepeHIUPOBKHN TAKOTO THUIIA SIBISICTCS
dopMHUpoBaHE TOJOBBIX TPaHyJ, IIPUCYTCTBUE KO-
TOPBIX OIIpeNeIsieT OCOOEHHOCTU TOCeaytomeit
CyIbOBI KJIIETOK, B KOTOPBIC 3TU TPaHyJIbI ITOMAIaioT
(Voronina et al., 2011). buomoJexysipHble KOHIEH-
caTbl (QOPMUPYIOTCS B PE3YJIbTATE TTPOIIECCOB CaMO-
OpraHM3alM, YTO ITO3BOJISIET JIETKO M3MEHSTb WX
OpraHu3amnrio, THUOKO pearnpys Ha ITOTPeOHOCTH
KJIETKU M YCJIOBUSI OKpyXKatoieit cpeabl (Misteli,
2001). [To-BuAMMOMY, UMEHHO 3Ta T'MOKOCTb U Jesa-
eT OMOMOJIEKYJISIpHBIE KOHACHCAThl YIOOHBIM WH-
CTPYMEHTOM JUIST PETYJISIIIUM CTPEMUTEIbHBIX U3Me-
HEHMIT B X0Ie SMOpHOreHesa.

MEXAHHNW3MBbI BUOTEHE3A
BMOMOJIEKVIIAPHBIX KOHIEHCATOB

BuomonexynsipHbie KOHIEHCAThI HEe OKPYXEHBI
MeMOpaHaMu, UTO JIeJIaeT BO3MOXHBIM MOCTOSTHHBIMN
0OMeH 06pa3yIoInX NX MaKpOMOJIEKYJI ¢ OKpYXKalo-
MM TIPOCTPAHCTBOM KJETKM (C HYKJIEOIUIa3MOoi



84 TUXOMHUPOBA, IITEBAJIb

® | @
o o~ &
® O dopMupoBaHue o
® — / @ )
o o — \e g0 !
® Pazbopka N — 7

BuoMonekynsipHbie

° KOHJIEHCAThI
® 9

® ¢

00,

(X))

(X
° O6MeH
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Puc. 1. ®opmupoBaHue 6e3MeMOpaHHBIX opraHesii. OCHOBHBIM (DM3UYECKUM MPOIIECCOM, TPUBOISIINM K (POPMUPOBAHUIO
GMOMOJIEKYISIPHBIX KOHIEHCATOB, SIBJISICTCS pa3nesieHre (a3 Ha TpaHuIIe JKUIKOCThb-XKUIKOCTE. B pesyibrare Takoro pasuesie-
HUSI, IIPOUCXOIISIIETO 32 CYET CIabblX, HO MHOTOYMCIICHHBIX B3aUMONEHCTBUI MEXIy GMOIOTUIECKUMH MaKpOMOJIEKYIaMy
(PHK u Genku), mocTUraeTcsi BhICOKasi KOHIIEHTpAIUsT HEOOXOMMMBIX KOMIIOHEHTOB B COCTaBE CTPYKTYP, HE OKPY>KEHHBIX
MeMOpaHamu. [Tpy 5TOM CTPYKTYPBI COXPaHSIIOT BEICOKYIO IMHAMUKY, YTO BBIPAXKAETCS KakK B CTIOCOOHOCTH CTPYKTYP OBICTPO
cobupaThCs U pa3oupaThest, TAK U B TIOCTOSTHHOM OOMEHE MOJIEKYJT MEXKITy CTPYKTYPOU M OKPYKAIOIITUM ITPOCTPAHCTBOM (HYK-

JieoruiaaMa uin I.II/IT03OJ'IB) .

WM LIUTO30J1eM). Takue CTpyKTYpbl 00pa3yroTcs I10-
CPEACTBOM IIpoliecca, M3BECTHOIO KaK pasieieHue
¢da3 Ha rpaHUlle XUIKOCTh-XUIKOCTh (liquid-liquid
phase separation) (Banani et al., 2017; Sabari et al.,
2020; Shin, Brangwynne, 2017). YtoOnl pa3neiecHue
¢da3 mpoucxoauiio B KjaeTKax, KOHIIEHTpallud MakK-
POMOJIEKYJI, KOTOPbIE COCTaBJISIIOT OMOMOJIEKYJISIP-
HBIe KOHAEHCATHI, JOJDKHBI IIPEBBIIIATh X KOHIICH-
TpallM HACBHIIICHUS UM “TIpelea pacTBOPMMOCTH
B IUTOIIa3Me i Hykiaeoruiadme (Courchaine et al.,
2016). Hrxe 3TOro ypoBHSI MOJIEKYJIBI PACTBOPSIIOTCS
B OKpY>KalollleM KJIETOYHOM pacTBope 1 (hpopMHUpOBa-
HUE CTPYKTYp He TpoucxonuT. Eciu KoHIeHTpaiust
HAChIILIEHUST TIpEBBIIIEHA, TOMOJHUTENIbHbIE TTOJU-
MepHbIE 1IeNM KOHAEHCUPYIOTCSI B CBOEOOpa3HbIC
>KMIIKUE Karulv, 4TO BEIET K YBEJIMYEHUIO pa3Mepa op-
ra"e/ur. [Ipu 3ToM, MakKpOMOJIEKYJIbl BHYTPU U BHE
OopraHeJul ITOCTOSSTHHO OOMEHMBAIOTCS M HAXOISTCS B
paBHOBecuu (puc. 1).

BuoMonexkynsipHble KOHIEHCAThl MOTYT 00pa3o-
BBIBaTb TOMOTE€HHBIE 10 BHYTPEHHE CTPYKType 00-
pa3oBaHUSI, HO 4YacTO OHM MPEACTaBISIOT COOOIi
CITOKHBIE MO apXUTEKTYpe TeTePOreHHBIE CTPYKTYPHI,
MMEIONINEe HECKOJBKO 000COOJIeHHBIX YacTei, oopa-
30BaHHBIX HECMEIIUBAIOLIUMUCS MeXay coboil da-
3amu (Shin, Brangwynne, 2017). B wactHocTH, TIpen-
CTaBJICHBI JAHHBIE B TTOJIb3Y TOTO, YTO OCJIKU SIAPHILI -
Ka CIIoCOOHBI (pOpMUPOBATh 000COOJIeHHBIE (Pa3Hhl,
YTO JIEXXUT B OCHOBe (OPMUPOBAHUSI CIOKHOM
cTpyKTyphI siapsbiiika (Feric et al., 2016).

BromonexkynsipHble KOHIEHCATHI MOTYT THOKO pe-
arupoBaTh Ha KoJiebaHUs TeMIteparypsl, pH 1 ocMo-

JIIPHOCTH, TTIO3TOMY HEKOTOpbIE M3 T'paHyJ o0pasy-
10Tcs1 B ycinoBusix crpecca (Palangi et al., 2017). Ha-
IpuMep, M3MEHEHUE TOHUYHOCTU OKpYyXKalollei
KJIETKU CPeAbl MOXET IPUBOIUTH K U3MEHEHHUIO 00b-
eMa KJIETKHU, T.€. BIMSITh Ha KOHIEHTPALIUIO MaKpoO-
MozeKkyd. Tak, mepeBoa KJIeTOK B TMIIOTOHUYECKUE
YCJIOBUSI TIPMBOAUT K pa30opKe siaphliiek (Zatsepina
et al., 1997a), a mocnenytoiiuii BO3BpaT B U30TOHUYE-
CKME YCJI0BUS TIPUBOIUT K (POPMUPOBAHUIO U3 KOM-
TMOHEHTOB Pa300pPaHHBIX SAPBIIIEK MHOTOYKUCIEHHBIX
TeJIell, KOTOphie ObLIM Ha3BaHBI MHTEP(Ma3HbIMU ITPO-
saapbilikaMu (Zatsepina et al., 1997b). AHaOTUYHBIM
00pa3oM, IepeBO B TUIIEPTOHNYECKIE YCIOBUS MH-
ayuupyer (OpMUPOBAHUE OMOMOJEKYJISIDHBIX KOH-
neHcaroB B umrtomasMme (Bounedjah et al., 2012;
Aulas et al., 2017; Jalihal et al., 2020). ITo-Bunumomy,
CXOOHBIE MEXaHU3MBbl PEaAM3YIOTCSI U B ITOJOBBIX
kieTkKax. Tak, npu 3agepxkke oByiassuuu y Caenorhab-
ditis elegans B ooumTax (GOPMUPYIOTCS KpYyMHBIE
PHII-rpanyinsl, koTopsie cogepxxat PHK-cBs13biBaro-
e 6enxku u MatepuHckrue MPHK, moaseprarorivecs
TpaHCISIIUOHHOM peripeccuu (Jud et al., 2008). ®op-
mupoBaHue cxomHbeix PHII-rpanym MoxXxeT OBITh MH-
JIYLIMPOBAHO U B HOPMaJIbHBIX OOLIATAX MO 1eACTBU-
€M TEeIUIOBOro II0Ka, OCMOTUYECKOIO CTpecca WU
aHokcuu (Schisa et al., 2001; Jud et al., 2008; Noble
et al., 2008; Patterson et al., 2011), 4To O4eHb CXOTHO
C MHOYKIMEH CTpecc-rpaHyl B KJIETKaX MJICKOIIMTA-
toux (Corbet, Parker, 2019), a Takke cTpecc-rpaHy
n P-tenen y mpoxckeit (Buchan et al., 2011; Shah
et al., 2013).

OHTOT'EHE3 Ne 2
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dopmupoBaHune 6e3MeMOPaHHBIX CTPYKTYD 3aBU-
CUT B HAOOJIBIIICH CTETIEHU OT IBYX TUIIOB B3aUMO-
JNeCTBUT MeXay OMOJOrMYeCKMMU MaKpOMOJIEKY-
JTamMu. bonblryio poib B GOpMUPOBAHUN KOHIEHCA-
TOB UTPAIOT MYJIbLTUBAJICHTHBIE GEJTOK-0eI0K U/ WiIn
oenok-PHK B3aumoneiictBus (Li et al., 2012; Banani
et al., 2016). Takke 6GMOMONEKYJIIPHBIE KOHIEHCATHI
coaepxKar OOJBIIOE KOJUYECTBO OEJIKOB, B COCTaBe
KOTOPBIX MPUCYTCTBYIOT YYACTKU C HU3KOM CJIIOXKHO-
ctrio (low sequence complexity domains), B KOTOPBIX
coJiepKaTcst MHOTOUMCICHHBIC TOBTOPBI KaK OTACb-
HBIX aMUHOKMCJIOT, TaK 1 aMUHOKMUCJIOTHBIX MOTH-
BOB. DTU GEJIKU OTHOCST K TPYIITE BHYTPEHHE HEYITO-
psamodeHHBIX OenkoB (intrinsically disordered pro-
teins), KOTOpble colepxKaT TMPOTSKeHHbIE YYaCTKH,
HE UMEIOIIME YETKO BBIPAXKEHHON KOH(MOpMaIUu
(Tompa, 2012). HeynopsimoueHHbI€ Y4aCTKM MOTYT
c/1abo B3aMMOJCICTBOBATDL APYT C IPYrOM, U TaKUe
cllabble MYJIbTUBAJIEHTHBIE B3aUMOMNEMCTBUST SIBJISI-
IOTCSI OMHOM M3 IBVXKYIIUX CUJI pasaeieHus da3 (Ka-
to et al., 2012; Lin et al., 2015; Molliex et al., 2015;
Nott et al., 2015).

B dopMupoBaHUM MHOTMX OMOMOJIEKYJSIPHBIX
KOHJ/IEHCAaTOB BEIYLIYI0 pOJib HUrpaloT MOJIEKYJIbI
PHK (Mao et al., 2011; Shevtsov, Dundr, 2011; Kato
et al., 2012), a Beixog Monekyn PHK u3 cTpykrypshl
MOXET BecTu K ee pa3dopke (Carron et al., 2012;
Musinova et al., 2016). Moaekynsl PHK noctarouno
BEJIMKU, YTO TMO3BOJSIET UM BBICTYIaThb CyOCTpaToM
IUIST MyJbTUBaJeHTHBIX B3aumoneiicteuii (Falken-
berg et al., 2017). LleHTpoM HyKJIealluu OMOMOJIEKY-
JIIPHBIX KOHJEHCATOB MOTYT BBICTYNaTh KOIUPYIO-
mue PHK, kak 3To mporcxoout B ciiydae Tesel TUCTO-
HOBOTO JIOKYCa, (pOpMHUPOBAHUE KOTOPBIX 3aBUCUT OT
tpanckpunuyny MPHK kopoBbix ructoHoB (Shevtsov,
Dundr, 2011). BuoreHe3 HEKOTOPBIX OMOMOJIEKYISIP-
HbIX KOH/IEHCATOB 3aBUCUT OT ITPUCYTCTBUSI CIIeIIab-
HbIX Hekonupywolmx PHK, Kotopeie urpamoT CTpyK-
TypHyito poiab. Takue PHK wmHorma HaspIBaloT apxu-
TekTypHbIMM (architectural RNA, arcRNA) (Chujo
etal., 2016).

ITOJIOBBLIE 'PAHYIJIbI

ITonoBbie rpaHyabl MPEACTABISIOT COOOM LIMTO-
IUla3MaTuyeckue OUOMOJIEKYIsIpHbIE KOHIEHCATHI,
HeoOxomuMeblie TSI TnddOepeHINPOBKN KJIECTOK T10-
JIOBOI JIMHUU. DTU OpraHesuibl ObLIM OOHAPYKEHbI B
LIMTOIJIa3M€e MHOTUX XKMBOTHBIX, U XOT$l COCTaB TO-
JIOBBIX TPaHyJ BapbUpyeT B 3aBUCUMOCTH OT BUJA,
oenxku Vasa, Tudor u Argonaut oOHapy>XUBaIOTCS B
cocraBe rpaHyn ot C. elegans nmo denoBeka (Gao,
Arkov, 2013).

V pasHBIX OPTraHWU3MOB MOJIOBBIE TPAHYJIBI MOTYT
HOCUTb pa3Hble Ha3BaHMsI, HO BO BCEX CIy4YasiX OHU
conepxar matepuHckue MPHK, HeobGxomumeble mist
crienupUKalU TIOJIOBBIX KJIETOK, W OIIPEHSIISTIOT
Bpems TpaHcassuuu MPHK, 4ToObl cmocobcTBOBaTH
YCTAaHOBJICHUIO JIMHUU IIOJOBBIX KJIETOK Yy PaHHUX
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sM6puoHoB (Marnik, Updike, 2019; Trcek, Leh-
mann, 2019; Lasko, 2020).

ITOJIOBBIE 'PAHVIJIbI
Y Drosophila melanogaster

O6pa3oBaHe MOJIOBBIX KJIETOK Y HACEKOMBIX JIe-
TEPMUHUPYETCsI PACITOJIOXKEHHOM Ha 3aTHEM IT0JIIoce
siipa MOJIOBOM Ij1a3Moit (puc. 2). Yke paHHUE dJIeK-
TPOHHO-MHMKPOCKOITMYECKHEe paboThl MaxoBaiiaa mo-
Ka3aJid, YTO TOJIOBas TuUIa3Ma COMEPKUT MHOTOYMC-
JICHHBIE TPaHyJIbl, KOTOPbIC Y HACEKOMBIX HA3bIBAIOT
MoJIoBbIMU TpaHyiamu (Mahowald, 1962). ®dopmupo-
BaHWE TpaHyJ U crienududeckoe HaKOTUICHWE B HUX
MaKpOMOJIEKYJI UMeeT pelliaioliee 3HauYeHue 111 hop-
MMPOBAHMS TTOJIOBBIX KJIETOK y npo3oduibl. Hampu-
Mep, SMOPUOHEI, B KOTOPBIX He (POPMUPYIOTCS TpaHy-
JIbI W1 (DOPMUPYIOTCS MaJIEeHbKHE TpaHyJIbl, HEe o0pa-
3YIOT TTOJIOBBIX KJIeTOK (Arkov et al., 2006).

®dopMupoBaHue TOJIOBLIX IpaHyn y Drosophila
melanogaster 3aBucut ot MPHK osk, koropass Hakar-
JIMBAETCS B 3agHEN 001aCTU OOLIMTOB M PAHHWX SMOpPH-
oHoB (Lehmann, Niisslein-Volhard, 1986; Ephrussi,
Lehmann, 1992). Pa3BuBatoiuiicsi ooyt Apo30huiibl
OKPYXXEH TUTAIONIMMU KJIETKAMM, KOTOPbIE CBSI3aHbI
ME3KIy OO0 1 ¢ 00LIMTOM KaHayiaMu. DyHKIIMs TiTa-
IOIIMX KJIETOK COCTOMT B TOM, YTOOBbI CMHTE3MpPOBAThH
MPHK, Oenxkm m gpyrue marepmaiibl, HEOOXOIUMBIC
JIJISI paHHETO Pa3BUTUSI, U JCTIOHMPOBATh UX B PacTy-
meMm oouute. MPHK osk cuaTe3upyeTcst murarommmu
KJIETKaMU, a 3aTeM MOCTYIaeT B OOLUT. TpaHCTIOPT B
OOLIUT TPAHCKPHUITOB 05k U HeKOTOpbIx Apyrux MPHK
3aBUCUT OT KOPTUKAIbHBIX MUKPOTPYOOUEK U aKTHUB-
HOCTU AMHEeWHOB U KuHe3mHoB (Glotzer et al., 1997,
Bullock, Ish-Horowicz, 2001; Sinsimer et al., 2013), a
HaKOIUIEHUEe TPAaHCKPUIITOB 0sk 3aBUCUT OT F-akTu-
Ha (Sinsimer et al., 2013).

OnmHako, €C/I TPAHCIIOPT 3aBUCUT OT 3JIEMEHTOB
LATOCKEeNeTa, (pOpMUpPOBAaHUE TpPaHyJ 3aBUCUT OT
B3aMMOJECHCTBUSI TPAHCKPUNITOB 0Sk APYT C NPYTrOM.
HHTtepecHO, 4TO B 3TU B3aMMOACUCTBUS BOBJICYCHEI
KOMIIOHEHTHI KOMILJIEKCa CpallliBaHUsI 3K30HOB (€X-
on-exon junction complex), 6i1arogapst 4emy B TTOJIO-
BBIX T'paHyJIaX HAKaIIMBAaIOTCS TOJBKO CILIAiiCUpO-
BaHHble TpaHckpunitel (Hachet, Ephrussi, 2004).
Kpome Toro, ¢ osk cBI3bIBaIOTCSI (DaKTOPhI, PETYIU-
pyoliue TpaHcasauuio, Harnpumep, PHK-cBs3biBaro-
muii 0enok Bruno, KOTOpPEI pernpeccupyeT TpaHC-
Jsuuio B xode TpaHcroprta (Castagnetti et al., 2000;
Chekulaeva et al., 2006; Kim et al., 2015) u omHOBpe-
MEHHO CITOCOOCTBYET OJIMTOMEPU3AIINN TPAHCKPUII-
toB MPHK (Chekulaeva et al., 2006).

Ha 3agnem nomroce oonnta MPHK osk Tpancim-
pyeTcs B IBe U30(DOPMBI OeJIKa: IIIMHHYIO U30(popMy,
HaspiBaeMyto Long Oskar, 1 KOpOTKy0 n3odopmy,
HaseiBaeMyro Short Oskar. B dopmMupoBanum 1momno-
BBIX TPaHyJ KIIFOYEBYIO POJIb UTPAeT KOPOTKAsT U30-
dopma 6enka Oskar (Markussen et al., 1995). Oskar
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Puc. 2. OpraHuzauusi oJIOBBIX I'PaHyJ B paHHeM pa3BuTuu D. melanogaster. B TOIbKO 4TO OTUIONOTBOPEHHOM STiflle TPaHYJIbI
paBHOMEPHO pacmpeesieHbl Mo MOoJ0BO# ra3Me, yepe3 1.5—3 4 Ha 3aHeM KOHIIe SMOpHUOHa (hOPMUPYIOTCS MOJISIPHBIC TTOY-
KU, KOTOPbIE TTOTOM CTAHOBSITCSI MOJISIPHBIMU KJIETKaMU. B MOJISIpHBIX TOUKAaX MOJIOBbIE IPAHYJIbl pACIOJIaratoTcsl OKOJIO SIAep,
BO BpeMsi 00pa30BaHMsI TTOJISIPHBIX KJIETOK AOTMOJHUTEIbHO (POPMUPYIOTCS siIepHBIE MOJIOBBIE TPAHYJIbI.

B3aUMOJIEHICTBYET C ellle¢ OJHMM O€JIKOM IT0JOBBIX
IpaHysT — Vasa, 4TO SIBJISICTCS, TTO-BUIUMOMY, KITIO-
YeBBIM COOBITHEM B (hOPMHUPOBAHUM TIOJIOBBIX I'pa-
Hyn (Breitwieser et al., 1996). [TokazaHo, 4TO KOPOT-
Kast n3ogopma denka Oskar cmocodHa (hopMUpoOBaThH
IPAaHyJIbl B OTCYTCTBME APYTUX KOMIIOHEHTOB MOJIO-
BBIX TPaHYJ B KYJIbTUBUPYEMbIX KJIETKaX IPO30(PUIIbI U
kietkax 4denoBeka (Kistler et al., 2018). DTta crmoco6-
HOCTB 3aBHCUT OT IPUCYTCTBHS B OeJIKe BHyTpeHHE He-
yropsitoyeHHbIX ydacTkoB (Krishnakumar et al., 2018).

BaxxHyto poiab B GOpMUPOBAHUU TTOJIOBBIX TPAHYJI
Takke urpaet 6eigok Tudor (Thomson, Lasko, 2004;
Arkov et al., 2006), koTopslii conepxut 11 nomeHoB Tu-
dor, CITOCOOHBIX CBSI3BIBATH CUMMETPUYHO TUMETUIN-
poBaHHBIEe aprMHUHBL. Tudor cBs3bIBaeT O0eJIK1, B CO-
CcTaBe KOTOPBIX €CTh METWJIMPOBAHHBIE APTUHUHBI,
Hanpumep, 6e1ok Aubergine (Kirino et al., 2010b; Liu
et al., 2010), koTopslit cBs3biBaeT piRNA. MeTunu-
pOBaHbIe apTUHUHBI €CTh TAKXKE B COCTaBe Oeika Vasa
(Kirino et al., 2010a).

V:xe B paHHUX 3J1€KTPOHHO-MUKPOCKOIMUYECKUX
paboTax ObBLIO TTOKa3aHO, YTO ITOJOBBIC TPAHYJIBI Y
D. melanogaster UMeIOT HEOAHOPOAHYIO CTPYKTYpY,
BO BpeMsl OOT€He3a OHU COCTOSIT U3 I'PaHyJl pa3me-
pom 150—200 HM 1 comepxkat Ooyiee MEJIKUI rpaHy-
JIIPHBIA WU (QUOPUIIISIPHBIN KOMITIOHEHT, a TaKXKe
4acTo MMEIOT NojocTh B LieHTpe (Mahowald, 1962).
ITokazano, uto 6enku Aubergine n Tudor popmupy-
10T B TIOJIOBBIX I'PaHyJiaX YaCTUYHO TepeKpPbIBAIOIIM -
ecs ¢asbl, a rocyie GOpMUPOBAHUS TTOJOBBIX KIETOK
B TpaHyax 0eJlok Aubergine pacriojgaraeTcss BOKpyT
kiacrtepa 6enka Tudor (Vo et al., 2019). T.e. monoBbie
rpanyinl D. melanogaster MOTYT peACTaBISITh COOOIA
reTEPOreHHble KOHJEHCAThl C COCYIIECTBYIOIIMMU
IByMs (hbazaMu.

DyHKIMS TIOJIOBBIX TPaHyJI OCYIIECTBIISIETCS 3a
CYET HaKAIJTMBAIOIIUXCS B X COCTaBEe MHAKTHUBUPO-
BaHHBIX TpaHCKpUIITOB pa3nunyHbix MPHK. B moso-
BBIX TpaHyJIax crieluGUIecKn HaKaIlJIuBaeTCs TpH-
6usutenabHo 200 TunoB Mojiekyn MPHK (Frise et al.,
2010). Hekoropsie u3 atux MPHK komupyiot 6enku,

KOTOpbIE UTPAIOT BaXKHYIO POJIb B ITPOlLIeccax pa3BU-
tus. Tak, 6e1ok Nanos yyacTByeT B popMUPOBaHUU
rnepeaHe-3aJHero rpaaueHTa, KOTOpblii HEOOX0AUM
IS 3aKJIaKU TepeaHe-3aaHeit ocu amopuoHa (Ga-
vis, Lehmann, 1992). Hakoruienue MPHK cBsizano
¢ auddy3ueil MoJIEKYJI U MOCAEAYIOLIUM UX 3asKO-
puBaHueM (entrapment) BHyTpu rpany. (Forrest, Ga-
vis, 2003). MaTepecHo, uto pasnuaHbie MPHK o6pa-
3yIOT TaK Ha3blBa€Mble TOMOTUIIMYECKUE KJIaCTephl,
T.e. ckorieHusi moyiekyal MPHK ogHoro tumna (Trcek
et al., 2015). ITo-BuaMMOMY, CHa4yaia B TpaHyJIbl BKJTIO-
yaroTcs eaMHUIHBIe MoJieKysibl MPHK, KoTtopkble 3atem
PEKPYTUPYIOT JOTIOTHUTEIbHbIE TPAHCKPUITHI TEX XK€
IeHOB, UTO BeJeT K (POPMUPOBAHUIO KJIACTEPOB MOJIe-
kyn1 MPHK (Niepielko et al., 2018). MexaHusmbl ¢op-
MUPOBaHUSI TOMOTUITMYECKMX KJIACTEPOB MaJoIo-
HATHbI. C OMHOUW CTOPOHBI, HEKOTOPbIE NaHHbIE
TOBOPSIT O TOM, UTO (POPMUPOBAHUE TAKUX KIACTEPOB
3aBUCUT OT MPUCYTCTBUSI OCOOBIX MOCEI0BATEIbHO-
creil B 3' HEKOAUPYIOIIMX PEerMoHax TPaHCKPUIITOB
(Eagle et al., 2018), npyrue naHHbIE CBUAETEIBCTBYIOT
B M0JIb3Y TOTO, YTO (POPMUPOBAHUE KJIACTEPOB HE 3aBU-
cuT OoT npucyrcTBus B mosiekyinax MPHK kaknx-mm6o
crelMaIbHbIX MTOCIe0BaTEIbHOCTEM, a MPeaCTaBIIsSIET
coboii 00ocobsieHre OobOoralleHHbIX pPa3IuYHbIMU
MPHK a3 BHyTpu 3apombineBbix rpanyin (Trcek
et al., 2020).

Takke HEOOXOAUMO OTMETUTh, UTO B SYMOPUOHE
MoOryT (hOpMHPOBAThLCS ABa TUIIA ITOJIOBBIX I'PaHYJIL:
LUTOIUIa3MaTUYECKUE TPaHyJIbl, TAKXKE Ha3bIBaeMbIe
“TIONSIPHBIMY TPaHyJIaMU”’, KOTOPBIC CBSI3BIBAIOTCS C
MoJiekyaamMu MatepuHckoil MPHK u crmocob6c¢TByIOT
00pa30BaHUIO IIEPBUYHBIX ITOJIOBBIX KJIETOK, M BHYT-
pusiiepHbIe TOJOBLIC TPaHYJbl, KOTOpPBIE CIIOCO0-
CTBYIOT MUTOTUYECKOMY AEJICHUIO IEPBUYHBIX TT0JIO-
BbIX KJteToK (Kistler et al., 2018) (puc. 2). @opmMupo-
BaHME OOOMX TUIIOB IpaHyd 3aBUCUT OT KOPOTKOM
n3odopmel 6enka Oskar.
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Puc. 3. ®opmuposanvie P-rpanyny C. elegans. P-rpaHyJibl pacrioyiaraloTcst Ha TOBEPXHOCTH siiep B KJIETKaX-TIPEIIIeCTBEHHM -
KaX OOLINTOB, KO BPEMEHH CO3PEBAHMS OOLIMTOB P-TpaHyIIbl OTHESIOTCS OT SIIEP M PACIIPENEIISTIOTCS 0 LIATOIUIa3Me. Y OIHO-
KJIETOYHOTO SMOpHoOHa P-rpaHyJibl pacrojiaralorcsi B 3aHei 4acTu, Takasi HepaBHOMEpHasl JIOKaJIM3alusl COXPaHSIETCS B I1O-
clefyIoNe AeJeHUs KIEeTOK. Mexmy 2 ¥ 8 KJIeTOYHOM CTaauu, Ha MOMEHT 00pa3oBaHust mpuMepHo 100 KJIETOK, TpaHyIbl
OITSITh HAYMHAIO JIOKAJM30BAThCSI HA MIOBEPXHOCTHU SIIEP M HA 3TOM cTamnu (hOpMUPYETCS TPU TUITA TPAaHYJIbl — P-TpaHyIibl,

Z-rpaHnyJibl 1 Mutator foci.

P-I'PAHVIJIbI Caenorhabditis elegans

IMonoBwie rpanyiabl C. elegans Ha3bIBalOT P-rpaHy-
JIaMHM, TaK KaK 3TU TpaHyJ/Ibl HAaKaruIMBaloTCs B 0J1aCTO-
Mepax, U3 KOTOPBIX (hOPMUPYIOTCS MOJOBbIE KIETKU
(P-nunust). P-rpaHysibl pUCYTCTBYIOT B IUHUM TTOJIO-
BBIX KJIETOK Ha IIPOTSDKEHMU BCETO IUKJIA KM3HU
yepBs (puc. 3). OHU pacnoJjiararoTrcsl Ha TTOBEPXHO-
CTU siAep MPEeAIIeCTBEHHUKOB OOILIMTOB, KOTOpPHIE
GopMUPYIOT CUHIIUTUI, HO IOCJIE HEJUTIOJISIpU3aun
MOCTEIIEHHO paclpenesIioTcs 1o muToruiazme. Ilo-
cJie oTI0A0TBOpeHUsT P-TpaHylibl cocpeioTaunBaIoT-
Cs Ha 3aIHeM KOHIIE KJIETKM, aCCUMETPHMYHOE pac-
npenejseHue P-rpaHys moBTOpsieTCs B T€YEHUU I10-
CIICAYIOIINX YeThIpeX KIETOUHBIX JACJICHUM, UTO B
WTOTEe MPUBOOUT K opMupoBaHmio P-6Gi1acTtomepa,
KJIETKW, OTBETCTBEHHOI 32 pa3BUTHUE TTOJOBOM JUHUU
(Seydoux, 2018). Mexny 2 1 8 KJIETOYHOM CTaguu Ipa-
HYJIBI OIISITh HAYMHAIOT JIOKAJIN30BaThCsI Ha IOBEPX-
HOCTH Sifiep, IPUUEeM MMEIOTCS TaHHbIEe, YTO Ha 3TOM
craguu (hopMUpyeTcsl TPU TUTIA TPaHyJl — P-TpaHybl,
Z-rpanynsl 1 Mutator foci (Wan et al., 2018).

ITocite OTIONOTBOPEHUS B 3UTOTE P-TpaHyIis ne-
MOHCTPUPYIOT TWHAMWYHOE ITOBEAEHUE, OHU I10-
CTOSIHHO ITepPEMEIIAIOTCSI C TOKOM LIMTOIMJIa3MBbl
(Hird et al., 1996). [IpryeM, TOTOKM TpaHyJ OT Me-
peaHero KOHILAa K 3aJHEMY M 00paTHO ypaBHOBEIIE-
HBI: 710 XOY ABVXKEHUS OT 3a[IHET0 KOHIIA K TIepeaHe-
My P-rpaHyJibl mocrerneHHo pa3orparoTcst, 1 HA000pOT
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0 Mepe OBIDKeHMSI MaTepuaiia P-TpaHyin K 3agHeMy
KOHLLy KoHAeHcupyroTes (Brangwynne et al., 2009).

P-rpanyJibl TeTeporeHHbI 10 JIOKAIU3aluu U, Be-
POSITHO, GYHKIIUSM. DTO TeTEPOreHHOCTh CBSI3aHa C
MPUCYTCTBHEM O€JIKOB C BHYTPEHHE HEYTNOPSI0UYEeH-
HBIMM IOMEHaMU Pa3HbIX TUIIOB, KOTOPbIE OTBEYAIOT
3a 0COOEHHOCTU (HOPMUPOBAHUS U (DYHKIIMOHUPO-
Banus P-rpanyn. Tak, 6enku GLH-1, GLH-2, GLH-4,
RDE-12 u DDX-19 conepxar FG-1moBTOpHI, KOTO-
pble cxomHbl ¢ FG-moBTOpaMM HYKJIEOIIOPUHOB
(Sheth et al., 2010). B cunuuTuu, cdhopMUpOBaHHOM
MOJIOBBIMU KJIETKaMU, P-rpaHyJsibl CBSI3aHbI C SIPOM,
HEIMOCPEACTBEHHO KOHTaKTUPYS TMPU BTOM C siep-
HbeiMu nopamu (Pitt et al., 2000). FG-Hyk1eonmopruHbI
0o0pa3yloT 0apbep B LICHTPaAJbHOM KaHajie siIepHOM
MOpHI, Yepe3 KOTopblii mponukaiot 6enku 1 PHK B
XoJie siAepHoro aKkcnopTta U ummnopra (Hayama et al.,
2017; Zilman, 2018). P-rpaHyJibl KOHTPOJUPYIOT IIPO-
HUKHOBEHHE B IIMTOIUIA3MYy MOJIOBBIX KJIETOK TpaH-
CKPUIITOB HEKOTOPBIX F'€HOB, KOTOPbI€ BOBJIEYEHBI B
npoiecchl GYHKIMOHUPOBAHUSI COMAaTUUECKUX Kile-
TOK, T.€. BBICTYIIAIOT B KauyeCTBe peryasiropa TpaH-
KpuritoMa ToyioBbIX KiaeTok (Knutson et al., 2017).
Kpome Toro, y C. elegans HyKJIeOOpUHBI HEOOXOI1-
MBI 17151 obecTieueHus1 accoumanuu P-rpanyn c sinep-
HeiMu nopamu (Updike, Strome, 2009), a romoJjior
HyKjeonmopruHa mno3BOHOYHBIX Nup98 (CeNup98)
JIOKaJIM3yeTcsl TaKXe U B MepuHyKIeapHbIX P-rpany-
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JIaX CUHIWTUS JTUHUU MOJOBBIX KJIETOK, B KOTOPBIX
CeNup98 cBsizaH ¢ TPAaHCKPUIIIIMOHHO PEeNpPecCcCrupo-
BaHHoit MPHK nos-2 (Voronina, Seydoux, 2010). ITo-
BUIMMOMY, 3KcrioptupyeMasd MPHK nonanaet u3 mo-
pBI cpa3y B P-TpaHynbl, KOTOphIe HAKAIUTMBAIOT 00JTh-
e konudectBa MPHK B ellie HEaKTUBHBIX MOJIOBBIX
KJIETKaX, W IIPEAITOJI0XUTEIIHEHO PEIIPECCUPYIOT TPAaHC-
Jsimio atTux PHK (Sheth et al., 2010).

HexkoTtoprie 6enku P-rpanyn cogepkat 6oJiee MIn
MeHee TPOTSKEHHBbIE Y4acTKU, OOOralleHHbIE TT0-
TBOpaMu apTMHUHOB U IMIHOB (RG- mmu RGG-
MOTUBHBI). ApruHUHBI B cocTaBe Kak RG tak 1 RGG
noBTopoB MeTwimpytorcst (Thandapani et al., 2013),
TakKe TSI HUX XapakTepHa Hecrniemduueckas PHK-
cBs3bIBarolast aktuBHOCTh (Chong et al., 2018). Takue
nmoBTOpHI ecTh B Oenkax PGL-1 u PGL-3, a Takke B
oenke LAF-1. JIog stix 6eJKOB MMOKa3aHa CIIOCO0-
HOCTh (popMHpOBaTh KOHACHcaTHI in vitro (Elbaum-
Garfinkle et al., 2015; Saha et al., 2016). PGL-1 u
PGL-3 crtoco6HBI (hopMUpOBaThL KOHIEHCATHI OJ1a-
rogapsi IpUCYTCTBUIO IMMEPU3ALIMOHHOTO JOMEHa, a
RG-noBTOpbl HeoOxoAUMBEI AJ1s1 ¢cBsI3bIiBaHUsI PHK u
npusiiedeHus1 apyrux oeakos (Hanazawa et al., 2011).
IMTo-BumuMomy, ygacTku 6enkoB, cogepxamine RG-
u RGG-MOTUBBI, 4aCTO BOBJI€YEHBI B (DOPMUPOBa-
HUE pa3INYHBbIX OMOMOJIEKYJISIPHBIX KOHIEHCATOB.
Taxk, HemaBHO OBLIIO MTOKa3aHO, 4YTO (POPMHUPOBAHUE
OJTHOTO 13 JTOMEHOB SIAPHIIIKA — TUIOTHOTO (hrudpuI-
JIIPHOTO KOMITOHEHTA, 3aBUCUT OT B3aMOICIICTBUI
MexXnay coboii oborameHHBIX RGG-MotnBamm N-
TepMUHAJIBHBIX y4dacTKoB (ubpuiapuHa (FBL)
(Yao et al., 2019).

Hakonen, 6enkn MEG-1, MEG-2, MEG-3 u
MEG-4 comepxaT IUIMHHBIE HEYITOPsiAOoUYeHHBIE N-
KOHIIEBbIE YUYaCTKU, oboraiieHHble cepruHaMu (Wang
et al., 2014). MEG-3 cnoco6eH oO0pa30BhIBaTh KOH-
neHcarsl in vitro (Lee et al., 2020), u, mo-BuauMomy,
GoOpMUPYET OTHOCUTEIBHO CTaOMJIbLHYIO 4YacTh P-
rpaHyJi, ¢ KOTOpOi B3aMMOMACKMCTBYIOT Oojice MMHA-
MUYHbIE KOMNOHEHTHI (Putnam et al., 2019). biaro-
Japsi HATMYUIO HEYOPSIIOUEHHBIX OSJTIKOBBIX TOMe-
HOB, 0enok MEG-3 konnencupyer MPHK (Lee et al.,
2020). P-rpanynbsl am0puoHa yaepxxuaroT MPHK,
He CBSI3aHHbBIE C pubOCOMaMu A0 MOMEHTA UX Jerpa-
Jalli1 WIA TPAHC/ISIIUU B GJ1acToOMepe II0JIOBOIA JIN-
Huu P4.

3akiragka repenHe-3agHeil ocu B 3urote C. ele-
gans onpeaesseTcs TokaMy B IUTOILIa3Me, UHAYLIU-
PYEMBIMH CIIEPMATO30UAOM MPU OIJIOAOTBOPEHUU
(Kimura, Kimura, 2020). P-rpanynbsl dopMupyroTcs
TOJIbKO B 3agHEM YaCTU OJHOKJIETOYHOI'O 3MOpHUOHA
onaromaps rpagueHty Oenka MEX-5 (Brangwynne
etal., 2009). ITo-BunuMoMy, 3TOT T'paIUEHT PEeryjiu-
pyeT (da3oBbIil TTEpeXo/, BeayIINii K (pOpMUPOBAHUIO
P-rpanyn, uyepes perynupoBaHME ITyJia JOCTYITHBIX
PHK. B cucreme in vitro ioka3zaHo, 4To I00aBJICHHE
PHK x ounimenHbeiM PGL-3 1 MEG-3 cHIXaeT KOH-
LIEHTpaLMIO OejIKa, HeOOXOOUMYIO ST MHIYKIUK (da-

30BoroO nepexona (Saha et al., 2016; Smith et al., 2016).
MEX-5 cBasbeiBaetcs ¢ moyekyinamu PHK Ha nepen-
HEM KOHIIE 3UTOThI, TAKMM O0Opa3oM yMEHbIIasl Iyl
monekyn PHK, koTopslit uctionb3yercs o popmu-
poBaHus P-rpanyn. Ha 3amHeM KOHIIE KJIETKH OTCYT-
crBue MEX-5 no3Bosisier MEG-3 u PGL-3 cBs3bI-
BaTh PHK, uTo obneruaer ¢dopmupoBanue P-rpa-
Hyn (puc. 3).

BMOMOJIEKVIIAPHBIE KOHIEHCATDI,
YYACTBYIOIIMWE B 3AIHUTE KJIETOK
ITOJIOBOUM JIMHUN OT CTPECCA

KiteTku moioBoii IMHUM ITOTEHIIAAILHO OecCMepT-
HBI, TIO3TOMY 3allliTa 3TUX KJIETOK OT CTpecca MMeeT
oco0Ooe 3HaueHue. B oolmnuTax HakaruiMBaloTCsl 3HAYU -
TeabHbIe KonndecTBa MaTepuHckux MPHK, MHorue us
KOTOPBIX OCTAalOTCSI HETPAHCIMPYEeMBIMUA B TEUEHHUE
nmutenbHoro BpeMeHu. IloBpexneHue atux MPHK
MOXET IIPEICTaBISATh OCOOYIO OIMACHOCTD JUISI HOCC-
JYIOIIETO pa3BUTHUs 3apopnbiira. OIHUM W3 pacIpo-
CTpaHEHHBIX BApMAHTOB OTBETA HA KJIETOYHBIN CTpecc
C LIEJIBIO 3aIUTHI TaMET, SIBJISIETCSI COOpKA IpaHyl, CO-
crostux 13 6eakoB 1 PHK (Schisa, 2019). Muoyu-
pOBaHHEBIE CTPECCOM IpaHyJIbl ObLIM OIMCAHBI Y TI03BO-
HOYHBIX M OECITO3BOHOYHEBIX, OOHAKO WX (YHKIIMSI
OCTaeTCs B 3HAYUTEIBHOI CTeTIeHN HEN3BECTHOIA.

Cpenu rpaHyJ, KOTOpble 00pa3yloTcsi B cOMaTH-
YEeCKMX KJETKax B YCJIOBUSIX CTpecca, BBIACISIOT
CcTpecc-TpaHyJIbl U Tejblia TpolieccuHra (P-tenblia)
(Kedersha et al., 2005). OmHOIT M3 KIIOYEBBIX peaK-
LI Ha CTpecc SIBASIETCS MHTMOMpPOBaHUE TPAaHCISI-
LIMU U POPMUPOBAHUE CTPECC-TPaHyJ, COMEePKAIIUX
koHcepBatuBHble PHK -cBs3piBatonime 6enku TIA-1
u TIAR. Ctpecc-rpaHyJibl coaepXaT HETpaHCIUpye-
mbie MPHK (Khong et al., 2017), u mpuHSITO CUUTATD,
4yTO (hDOPMUPOBAHUE CTPECC-TPAHYJI TTO3BOJISIET OBICT-
PO BOCCTaHOBUTb TPAHCHSIIMIO TOCJE 3aBeplIEHUs
crpecca (Buchan, Parker, 2009). P-tenbla, no-Buau-
MOMY, MpPEIACTaBISIOT CO0OW caliThl nerpaganuu
MPHK (Decker, Parker, 2012), HO OHM TakXKe CIIO-
COOHBI HaKaIlJIMBaThb B ceOe TpaHCASIIIMOHHO Heak-
tuBHy10 MPHK (Hubstenberger et al., 2017), 3amuiast
ee OT JerpajaliMy ¢ BO3MOXHOCTbIO OBICTPO aKTUBU-
poBaTh TpaHCISLMIO. P-Teblia U cTpecc-rpaHyJibl XO-
TSI ¥ OTJIMYAIOTCS IO COCTAaBY U CBOMCTBaM, HO UMEIOT
oTneNbHbIe 0011Me KoMIoHeHTHI (Ivanov et al., 2019).

Heckonbko KoMoHeHTOB P-Tesnell yyacTByloT B
snokanu3aiun MPHK osk u TpaHcasiumoHHON pe-
npeccuu (Fan et al., 2011). benok Cup TpaHcsIL-
onHo pernipeccupyer MPHK osk y D. melanogaster n
UTPaeT BaXKHYIO POJIb B TTOJAEPKaHUU €€ CTaOUJIbHO-
ctu. B orcyrctBuu Cup KOMITIOHEHTHI KOMILIEKCa
Oskar He JTOKaJIM3YIOTCSI B pa3BUBAIOIIEMCSI OOIIMTE
(Broyer et al., 2017). Jlokammzauusa MPHK osk Ha 3am-
HEM TMOJIIOCE OOLIUTa APO30(PUJibl OCOOEHHO BaxKHa
JUUTSI SMOPUOHAJIBHOTO Pa3BUTHS, MOCKOJIBKY OHA UT-
paeT BaXKHYIO poJib 1J1s1 hOpMUPOBaAHUS Oyayleit mo-
JIOBOM JINHUM.
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Puc. 4. Perynsitus dopmupoBanust P-rpanyny C. elegans nmyrem KoHKypeHTHOTrO cBsi3biBaHusi ¢ PHK 6enkoB P-rpanyi u 6e-
ka MEXS. Paznenenue ¢a3 B nepenHeil yactu smopuoHa C. elegans mogaBisieTcs 3a cUeT MprucyTcTBUs TaM 6eika MEXS, B3a-
nmozneiictBytomiero ¢ moyiekysamu PHK. B 3agneit vactu am6puona 6esiok MEG cBsassiBaetcst ¢ PHK B pesynbrare yero, mmo-
BUIMMOMY, ITPOMCXOAUT cOopKa P-rpanyi 3a cuer pasaenenust daz. benku PGL dopMupyoT kuakyto dhasy BOKpyr KOTOpoit
KoHaeHcupytores 6eakn MEG, nmeroinme 6oJjee ITNIOTHYIO CTPYKTYPY, HOXOXYIO Ha TeJlb.

benokx DAZL sBnsiercss BaXXKHBIM PETYJISITOPOM
pa3BuTHUs MoJ0BBIX KiIeTok (Rosario et al., 2019), on
BOBJICUYEH B akTuBaLuio TpaHcasuuud MPHK mpu co-
3peBaHUU OOLIMTOB U paHHEM 3MOPUOHAIBHOM pa3-
Butuu (Chenetal., 2011). B orcyrctBuu 6enka DAZL
MBIIIN CTEPUIBHEL U He (hDOPMUPYIOT II0JIOBBIC KIIETKU
(Lin, Page, 2005). B moi0BbIX KJI€TKaX CaMIIOB MbIIIIEi
DAZL nHeobOxomum mist ¢GOpMUPOBAHUSI CTpecc-rpa-
HyJI, BIMSIIOIINX HAa BDKMBAHUE TIOJIOBBIX KJIETOK IIPU
teruioBoM ctpecce (Kim et al., 2012).

benoxk crpecc-rpanyn TIAR-1 nzyyancsa B oouu-
tax C. elegans Mpy pa3INUHbBIX CTPECCOBBIX YCIOBUSIX
U, TTIO-BUAMMOMY, 3allMIIAET 3apOAbIIIEeBYIO JIMHUIO
OT HeOJIarONMpPUSTHOTO JEUCTBUS TEIJIOBOTO 1IoKa. Y
yepBeil ¢ MyTtauusiMu B 6enke TIAR-1 Obuto 3HA4U-
TeJIbHOe CHInkeHUe ¢epriiibHocT (Huelgas-Morales
et al., 2016). Y smopuonoB C. elegans OKUCIUTETbHBIIA
cTpecc, ToIoJaHNe U COJIEBOI CTpecC BBI3BIBAIOT Tepe-
MellleHe YOUKBUTHHA, IpoTteacoM u Oenka TIAR-2 B
OTIIeIbHbIe 00JIaCTH, Ha3bIBaeMble SIIEPHBIMU T'paHy-
JlaMM, BbI3BaHHBIMU cTpeccoM (stress induced nuclear
granules, SING) (Sampuda et al., 2017). Y aMOpuoHOB,
conepxammx SING mpekpamiaercs geieHue KJIIETOK.

HMuTepecHo, HO (hopMupoBaHUE TeNEll, ComepKa-
mux MPHK MozkeT mpoucxoanTs HEe TOJIBKO KaK pe-
3yJIbTAT peaKLMM KJIECTKHU Ha CTPECC, HO U B HOPMAaJlb-
HbIX ycioBusix. HemaBHO ObLIM 0OHapy>KeHBI HOBEIC
PUOOHYKJICONIPOTEMHOBBIE TPaHYJIbl B I1IMTOILIA3MeE
ooluToB Xenopus laevis, KOTOpbie OBLIM Ha3BaHbI
L-tenmpuamu (Neil et al., 2020). L-Ttenbpna comepxar
MPHK, xoroprle HakarummBalioTcs B IIUTOILIa3Me
OOLIMTOB B Xo11e co3peBaHusl. [Iporeom L-Tenen 6oee
YyeM Ha JIB€ TPETH COCTOUT 13 OEIKOB, KOTOPHIES SIBJIsI-
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IOTCSI KOMITOHEHTaM1 paHee OMMCAHHBIX IIMTOILIA3-
MaTUYECKHUX TpaHy/d, B TOM UYMCIE CTpecC-TpaHyJbl,
P-Tenew, monoBbIX TpaHyJl, HO OCTajibHAas YacTh OeJi-
KOB SIBJISIETCSI YHUKAJIbHOM IJIsT 3TUX opraHesu. [lo-
BuauMoMy, MoJiekysibsl MPHK B L-Tenbliax BbIMoJ-
HSIIOT CTPYKTYPHYIO (apXUTEKTypHYI0) ¢yHKIMIO. B
oonurax yrmakoska MarepnHckux MPHK B cTtadbumirb-
Hble TpaHyJjbl, TakKMe Kak L-Teiablia, MOXET ObITh
BakHBIM MEXaHU3MOM JIJ1s1 MOAABJICHUSI TPAHCISILIUN
B TeYeHHME IJMTENbHBLIX TepuonoB BpemeHu (Neil
et al., 2020). Takke BaxKHO OTMETUTh, UTO (hOPMUPO-
BaHME OIMCAHHBIX BHIIIE OpraHeUI, CoIepXKallux
MPHK, moxeT sBisiThCs KpaiiHeil (popmoit 000cobe-
HUSI MOJIEKYJ B LIuTOorU1a3Me. HakorieHue oTaenbHbIX
MPHK MoxXeT mpoucxoauTh U OTAEIbHO OT KaKUX-JIM-
00 opraHeyUl, IpUYeM OBTOT MPOLIECC COMPSKEH C
TpaHcasuueit (Samacoits et al., 2020).

SAKITIOYEHHME

B aTOM 0030pe MBI coCcpeaoTOYMIMCh Ha Hanbo-
Jiee M3yYeHHOM Cjlyyae peryJisiliuu 3MOpUoTeHesa ¢
MOMOIIBIO 0€3MEMOpPAHHBIX CTPYKTYP (TTOJIOBBIX Tpa-
HyJ1), OHAKO MPUBEAEHHbBIN MaTepuall He UCUePIIbl-
BaeT CJIy4aM peTyJISIIMKU SMOproreHe3a u nuddepeH-
LIMPOBOK OMOMOJIEKYJISIPHBIX KOHJAeHcaToB. Tak, Ha-
MpUMEp, siIEpHbIE TeJiblia BOBJIEUEHbI B MpoOliecc
repexoja OT MAaTEPUHCKOIO K 3UTOTUYECKOMY THITY
9KCIPECCUU T€HOB (MaTepUHCKO-3UTOTUUECKUI TTe-
pexon) (Arias Escayola, Neugebauer, 2018). Ckopee
BCEro, Mbl HAXOIUMCSI B CAMOM Hayajle U3y4eHus po-
JIU OMOMOJIEKYJISIPHBIX KOHIEHCATOB B PEryJsSLUU
poleccoB aMOpuoreHe3a u nudpdepeHurpoBku. C
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YeM Ke CBsI3aHa CTOJb BakKHasl pOJib UMEHHO 3TOTO
THUTTIA OpraHesn’?

Kak yxe ymoMmHaIOCh BHIIIE, (pOpMHPOBaHUE
OMOMOJIEKYISIPHBIX KOHISHCATOB IIPOUCXOINT IIyTEM
camoopranuszanuu. Eile B paHHuX paboTtax mo usy-
YEeHUIO MEXaHM3MOB CaMOOpPraHMU3allii ObLIIO OTME-
YeHO, YTO TaKOW CIoco0 II03BOJSET TOOMBATHCS
OOJIBIIION TUOKOCTU B CTPYKTYpE M cOCTaBe (a 3HAYUT
U (GYHKIMM) OpraHes, IMO3BOJIsIeT TMOKO pearupo-
BaTh Ha U3MEHEHUSI B COCTaBe KJIETKU U BOKPYT Hee
(Misteli, 2001). DTo 0COOGEHHOCTD SIPKO TIPOSIBISIET-
csl, HAIIpUMeEp, B UBMEHEHUSIX CTPYKTYpbl P-Tpanyi B
Xolle raMeToreHe3a U paHHero pasputus C. elegans
(puc. 3). OgHaKoO He MeHee BaXKHBIM SIBIISIETCS U TO,
4TO (pOpMHUPOBaHUE KPYITHEIX KOHIEHCATOB ITO3BOJISI-
€T PeryJMpoBaTh Lie/Ibie KOMIUIEKCHI MaKpPOMOJICKYII.
[Ipraem, 3TH KOMILIEKCHI MOTYT OBITh JIETKO II€peMe-
IIEHBI B OIpeAeICHHbIE YaCTU KJIETKH, YTO OCOOEHHO
BaXXHO IJTsI IIPOIIECCOB paHHETO A3MOpHOreHe3a, Korma
MIPOMCXOIUT MPOCTpaHCTBeHHas1 IuddepeHIIMPOBKA
3apogpliiia. Takke odpaliaeT BHUMaHUE, 9TO BEICOKasI
TUTAaCTUYHOCTH OMOMOJIEKYJIIPHBIX KOHAEHCATOB MPU-
BOJIUT K BO3MOXKHOCTH (DOPMUPOBATh Ha €IMHOMI OC-
HOBE OYeHb pa3Hble CTPYKTYphl. ITojloBbIe TrpaHyJIbI
UMEIOT MHOTO OOIIETo ¢ 00pa3yoIIUMUCS TIPU CTpeC-
ce crpecc-rpaHyiamMu U P-tenbuamu. O0e TpyHIibl
cTpykTyp HakamusaloT MPHK, ogHako aTo mipecie-
IyeT NMPUHIMUIIMAJIBLHO pa3Hble Her — agalTaius
KJIETKU K CTPeCcCy 1 00eCIIedeHUsI paHHET0 SMOpPHO-
reHe3a. T.e. Ha OTHOIT OCHOBE MOTYT (DOPMUPOBATHCS
pa3HbIC TUIHI CTPYKTYP, KOTOPBIE MOTYT BBIIIOJIHSITh
¢dyHKIMM crieundrIecKrue IS OIpeaeIeHHBIX 3Ta-
OB Pa3BUTHSI.

TaknM o6pa3oM, m3ydeHHE MEXaHU3MOB OMOTe-
He3a OMOMOJIEKY/ISIPHBIX KOHIEHCATOB YK€ ceifdac
MO3BOJISIET HA HOBOM YPOBHE B3TJISIHYTh Ha POJIb KJIe-
TOYHBIX MEXaHU3MOB B PETYJISILIUY OHTOT€HETUYECKUX
npoueccoB. HeBeposiTHass rmOKOCTh, oOecrieuynBae-
Masi OCHOBHBIM MEXaHU3MOM (hOPMUPOBAHUSI — pa3-
JejieHreM (a3 Ha rpaHULIE XXKUIKOCTb-KUIKOCTb — UT'-
paeT BaxXHYIO poJib B obecrieueHre rMOKOCTU Mpoliec-
COB 3MOpUoOreHesa.
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