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MHorue OuoornyecKue uccieoBaHus TpeOyloT aHaIN3a YIbTPACTPYKTYPHBIX U3Me-
HEHUI Ha ypOBHE KJIETOUYHBIX OpraHeul M MoJIeKyJl. Pa3petatomas criocoGHOCTh co-
BPEMEHHBIX KOH(MOKaIbHBIX MUKPOCKOIIOB OrpaHUYeHa NTU(PaKIMOHHBIN MPeneaoM
(200—300 HM), B CBSI3M C Y€M U3y4daTb C MOMOLIBIO CTAaHAAPTHON (hryopecueHTHO
MUKPOCKOTIUY CTOJIb MaJIble OOBEKTHI HEBO3MOXHO. MeTOIBI MUKPOCKOITNH CBEPXBhI-
COKOT'O pa3pelleHus] TPeOYIOT JOPOrOCTOSIIIET0 00OPYIOBAHUS U SIBJISIIOTCS] TEXHUYE-
CKU TPYIHBIMU B UCIIOJIb30BAHUH, YTO B CBOIO OYEpEb OTPAHNYMBAET UX TOBCEMECT-
Hoe mpuMeHeHue. OIHAaKO B TOCTEeNHee BpeMs IMOSIBIJIUCH METOIbI, TTO3BOJISIONINE
YBEJIMYUTH Pa3pellieHre MUKPOCKOIMH He 32 CYET YCOBEPIICHCTBOBAHUS CUCTEMBI pe-
TUCTPAllMU U300paXeHusl, a OCPeaCTBOM (DU3UUYECKOTO MU30TPOITHOTO PacUIMpPEHUsI
GUOIOTUYECKOTO 0Opasliia C TOMOIIBIO YIIPABIISIEMOT0 XMMUYECKOTO Tipoliecca. biaro-
napsi 5TOMY METOY, MOJIyYMBLIEMY Ha3BaHUE SKCIIAHCUOHHAS WIKM pacllMpUTeIbHas
mukpockonust (ExM), ctajo BO3MOXHBIM TOJIy4yaTh TPEXMEPHbIE U300pakeHUsT 00-
paslioB C pa3pelieHNueM JOCTAaTOYHBIM IS U3YUEHUS OTIEIbHBIX OPTaHeIUT KJIETKU C
MCIOJIb30BaHMEM OOBIYHOIO KOH(OKAJIBHOIO MHMKpOCKOIa. B cTaThbe paccCMOTpPEHBI
METOIYEeCKre OCOGEHHOCTH TTpuMeHeHusT EXM Tpu u3ydyeHnu oGpas3iioB TKaHel To-
JIOBHOTO MO3Ta C MIPUBEICHNEM aJITOPUTMA, TTI0 KOTOPOMY MOKHO OCYIIECTBIISITh a/1ar-
TalMI0 CTAHAAPTHOTO MPOTOKOJA TMOJ LeJU M 3aJa4l KOHKPETHOTO HCCIIEeIOBAHUS.
Kpowme Toro, paccmarpuBaeTcst UCTOpUSI BOBHUKHOBEHUS IAHHOTO METO/IA, €T0 OCHOB-
Hble TIPUHLIUITEL U TIPUMEPHI UCTIONB30BaHUS B PA3IMUHBIX 00IACTAX OUOIIOTUM U Me-
NULIMHBI, a TAKXKE OTPaKeHbI Oyayllihe HamnpaBieHUs A COBEPLICHCTBOBAHUS NaH-
HOI TEXHOJIOTUH.

Knrouegwvie cnrosa: 3KCIIaHCUOHHAST MUKPOCKOIINA, MUKPOCKOITHMA CBEPXBLICOKOTO pa3-
pelICHuA, HOJ'[I/ISJ'ICKTPOIII/ITHLII‘/)I Iejib, UMMYHOTMCTOXUMMUSI, (bnyopecueHTHaﬂ MUKPO-
CKoIus
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HNCTOPHUA BOSHUKHOBEHWA 1 PASBUTHUE
METOJA 5KCITAHCMOHHOM MUKPOCKOIINHN

B 1970-x ronax ObLJI0 OTKPBITO M MCCJIEIOBAHO SIBJICHUE PACILIMPEHUS TTOJUIIEKTPO-
JIMTHBIX TeJield ¢ ToMolbio Boakl [1]. ek, mpencraBisitoniyii co60it CeTh U3 TOJIUINEK-
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TPOJIMTA, MOABEPTaeTCs TMAPOJIN3Y, MOHU3UPYETCS U IIPU IMOMEIIeHUHU B BOLy 0Opa3o-
BaBILMECS] MPOTUBOMOHBI CO3[aI0T OCMOTMYECKOE NaBJIeHUEe, MPUBOIAIIEE K yBEIUYe-
HUIO Tejiss B pa3Mepe 1o AeciatkoB pa3 [2]. IIpodeccop Boyden u ero koiuriern
OPeIIPUHSIIN ITOTBITKY 3aKII0YUTh OMOJIOTMYECKI 00pa3ell B rejib, II0CJIE YeTO PaCIIm-
PUTB €ro B BOJIe, MCIIOJIb3Ys JaHHYI0 0co0eHHOCTH [3]. [IpeanBapuTeabHO, IJIST JOCTHXKE-
HHSI aHU30TPOITHOCTY paCIIMpEeHMsI, 0Opa3ell IOABEPrajcs IIIpoin3y OeJIKOB C IIOMO-
b0 npoterHasbl K. s Bu3yanusanuy KJIeTOYHBIX CTPYKTYP ObLIM MCITOJIb30BaHbI aH-
TUTEeJIa, KOHBIOTMPOBaHHBIE ¢ conaepxamum daopodop AHK-omuronykieorumom.
JHK-011MroHyKi1eoTH 1 CIIMBAJICS C TeJieM Yepe3 MeTaKpUIOUJIOBYIO rpyriy (methacry-
loyl group), 6;aromapst yemy GIyopecleHTHAsI MeTKa COXpaHsijia CBOIO JIOKAIU3allnIo OT-
HOCHUTEJILHO TeJisd IIPU paciIupeHun. Takoe ¢pu3nIecKoe YBEINICHUE PACCTOSTHUS MEX-
Iy HaHOpa3MepHBIMHU CTPYKTYpaMM M MOJIEKYJIAaMU ITO3BOJISIET Pa3HECTU UX B IIPOCTPaH-
CTBE Ha OOJIBIIINE PACCTOSIHUS U, TAKUM 00pa3oM, MPEeOJ0JIETh AU(PPAKLIMOHHBIN ITpeaea
OOBIYHOI0 KOH(pOKaJIBbHOro MUKpOcKoIma. PazpaboraHHbBII MeTOA MOJYy4YWJ Ha3BaHUE
aKcraHcuoHHasi Mukpockonusi (Expansion Microscopy, ExM) [3]. ABTOpbl MeTOAUKH
WCCIICAOBaIN €¢ Ha IIPeaMeT IMOTPEITHOCTHY IIPU paCIIMPEHUH U IIPUIILIA K BEIBOAY, YTO
OHA 3HAYUTEJILHO MEHBIIE MOTCHIIMAIBLHOIO YBEJIIMYSHMsI pa3pellleHrs] MUKPOCKOIIIN,
IIOCTATAEMOTO IIPY TaHHOM ITOAXOmae. ABTOpaM yIaJdoCh PacIIMPUTh TMCTOJIOTHUIECKUIA
npernapar B 5 pa3 U JOCTUYb JIaTepajibHOro paspeiieHust B 70 HM ¢ TOMOIIbIO OOBIYHOTO
ONTUYECKOT0 MUKpOcKoIa. [Ijisi cpaBHEHUSI — B ONTUYECKON MUKPOCKOMNUU JlaTepasib-
Hoe paspelueHue ornpeaensiercs dhopmynoi d = 0.61A/NA, roe NA = nsino — unciosast
arnepTypa o0ObeKTUBA, # — KOG GULIMEHT MPETOMIICHUS CPEbl, O, — YTOJI MEXIy ONTHYe-
CKOI1 OChIO0 OOBEKTHBA U HanboJjiee OTKIIOHSIOIIMMCS JIyYOM, ITONagalonuM B 0ObEKTUB
(anepTypHBIii yron), A — JUIMHA CBETOBOM BOJIHBL. TakuM 06pa3oM, ¢ UCIOJIL30BAHUEM
MMMEPCHOHHOTIO Macjia 1 00beKTUBOB ¢ 0OJIbIIO0M artepTypoit (NA = 1.4) B 1aTepaabHOMN
TMJIOCKOCTH MOXKHO JTOCTHYb MaKCUMAaJILHOTO pa3pelieHus okKojao 200 HM Ipu UCIOJIb30-
BaHWM JJIMHBI BOJIHBI BO30YKIeHUs B quarnazoHe Mexay 400 u 650 HM, xapaKTepHO# ISt
KoHdokanbHOM Mukpockonuu [4]. [Ipu 3ToM pa3zmMepbl HaAMOJIEKYISIPHBIX CTPYKTYD
HeiipoHa, TAKMX KaK MUKPOTPYOOUYKH, puOOCOMBI, pelleTITOPHbIE OCIKH, SIIePHbBIC ITOPHI
He npeBblmapT 150 HM, a KIeToYHbIe MeMOpaHbl UMEIOT ToamuHy MeHee 10 aMm [5]. Ta-
KUM 00pa3oM, MCHOJb30BaHME 3KCIIAHCHMOHHON MHMKPOCKOIIMM OTKPBHIBA€T BO3MOXK-
HOCTb BU3YyaJIM3alluM 1 U3YYEHUST CTPYKTYPhI TAKUX MaJIbIX OOBEKTOB 0€3 HEOOXOIMMO-
CTH MCMOJIb30BaTh MUKPOCKOTIUIO CBEPXBBICOKOTO pa3pelieHusl.

Hanee uccienoBaTesIbcKasl TpyIIa oA pyKoBOACTBOM mpodeccopa Boyden monepHm-
3UpoBajia METOJ 3KCHAaHCUOHHOI MUKpocKomnuu ajs aerektupoBanus PHK, mocpen-
CTBOM CIIIMBKH MOJIEKYJT JTAHHOTO TUTIA C TeJIeM Yyepe3 HU3KOMOJIEKYJISIPHBIN JJUHKeD [6].
IMocne pacmupenus reast PHK Busyanusupyetcst ¢ moMolblo (hJyopecleHTHOM in Situ
ru6punm3anuu (FISH) ¢ TouHOCTRIO 10 0HHOI MOJIEKY/IEI KaK B KYJIBTUBUPYEMEIX KJIET-
Kax, TaK M B cpe3ax rojaoBHoro mosra. Meron noiyumi Ha3zBaHue ExFISH (Expansion
FISH, sxcrmancuonHas ¢JryopeciieHTHA in Situ TMOpUAN3aliis), ¥ OH ITO3BOJIMI U3y4aTh
cTpyKTypy U MectornonoxeHrne PHK ¢ BeicokuM paspeliieHreM, U 4YTO TakKKe BaXKHO, B
TOJICTBIX 0Opa3iax, KOTOpble paHee ObLIM HeAOCTYITHBI 115 TipoBeneHust FISH u Busya-
Ju3anury Ha 6ombinoii rimyorHe. [To3gHee B KOMOMHAIIUY C SKCITAHCUOHHOM MUKPOCKO-
nueii 6puta yenenrno npuMeHeHa JIHK in situ ru6pummzanust [7].

CHHTE3 KOHBIOTUPOBAHHBIX C OJIMTOHYKJICOTUAOM aHTUTEJ SIBJASETCSI JOPOTOCTOSI -
1Ieii poueaypoii, KOTOPYI HeOOXOAUMO BBITIOJHSTH JISI KaXKI0Tr0 HOBOTO MCCIIenye-
Moro 6enka. [ToaToMy CaeayIolM IIaroM B pa3BUTUU JaHHOTO METOIA CTajla ero MO-
nuduKaLus, MO3BOJLIOIIAs HAPSIMYIO CIIMBAaTh GEJIKOBbIE MOJEKYJBI C TejaeM. DTO
OTKPbLIO BO3MOXKXHOCTb JJIsI UCHOJIb30BaHUSI DKCIPECCUPYEMbIX B KJIeTKax (iyopec-
LICHTHBIX OEJIKOB M CTaHIAPTHOIO MMMYHOOKpAIIUBAHUSI C TOMOIIbIO BTOPUYHBIX
¢JIyopeclieHTHO-MeUEeHHBIX aHTUTEN I Busyaiausanuu cTpyktyp B ExM. [lns aToro
OBLTIO TIPEIJIOXKEHO UCTIOB30BaTh Mayibie MOJIeKyJTbl MA-NHS (N-ruapoKcucyKIIMHM -
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MUJIUJIOBBINA 3(Up MeTaKpuJoBOi KucyioThl) [7] u Akpuiionn-X (6-(akpujiona)aMu-
HO)rekcaHoBasi KMCJIOTa, CJIOXHBIN aup cykumuumuauna, AcX) [8]. Ilpu atom noa-
XO/ie KOJIMYECTBO CIIMBOK aHTUTEJIA C TeJIeM 0Ka3aJIoCh JOCTATOYHBIM JJIsI COXpaHEHUSI
dbayopecueHIMY yTeM yaepKaHUs yacTeil 6ejika B rejie mocjie mpoTeoan3a ¢ UCTOJIb-
30BaHMeEM TpoTernHa3bl K. MeTon mosiyuynsn Ha3BaHUe yAepKUBatolas 6eJ1Ku dKCIMaH-
cuoHHas Mukpockonus (Protein retention expansion microscopy, ProExpM). I1omo6-
HbIf KAaUECTBEHHbI CKauyOK MPUBEJI K ILIUPOKOMY PACTIPOCTPAHEHUIO TaHHOTO METOAa,
KOTOPBI MO3BOJISIET MOJYy4YaTh TpeXMEPHbIC M300paxkeHUs1 00pa3loB ¢ HaHOpa3Mep-
HO¥ TOYHOCTBIO.

Crenyoouum 3TarnoM B pa3BUTUUM TEXHOJOTUU CTAJ0 yBEIMYEHNE BO3MOXHOIO pac-
IIMpeHust obpaslia C IIeJbl0 TOCTUXKEHUSI 0oJjiee BBICOKOTO pa3pellleHus] OOBbEKTOB.
HteparuBHas skcnaHcuoHHasi Mukpockonus (iExM) nosBosiuia paciimpuTh oOpaselt
1o 20 pa3 1 4OCTUYb pa3pelIeHus 10 25 MKM Ha CTaHAapTHBIX (DJIyOPEeCIeHTHBIX MUK~
pockorax [10]. st aTOrO reiib mocjie pacuiupeHrs CHOBa MOMEIIAJICS B rejieBylO MaT-
pUIly M MOABEPTaJICs MOBTOPHOMY paclIMpeHui0. B JTaHHOM MeTOAMYEeCKOM IOAXO/e
ucnoab30Banuch KoHboruposanubsie ¢ JIHK aHTHuTEe1a KaK B OpUTMHAIBHOM ITPOTOKO-
ae [3]. C moMoIIbIo 3TOr0 METOAAa aBTOPhI BU3YAIM3UPOBAIM CUHAIITUYECKUE OCIKHN 1
NIEHIPUTHBIE IIIMIUKUA B TOJJOBHOM MO3re Mbllliv. B onTuMusauuu nporokosa, npose-
NIEHHOM APYroii ucciaeaoBaTe/bCKOM IPYIOii, 6j1arogaps yay4dlIeHUIo Tpolecca rejie-
00pa3oBaHUs U CIIMBKU OEJIKOB C MATPUKCOM Tefisl yAaI0Ch JOCTUYb IeCATUKPATHOTO
yBearueHus oopasua [9]. JlaHHbIi MOaX0a COBMECTUM [IJIsl UCTIOJIb30BaHMsI ¢ (hiyopec-
LIEHTHBIMU OEIKaMMU.

METOAbI NCCIEJOBAHUA

Bce akcrieprMeHTBI TPOBOAMINCH Ha 18 camIlax M caMKax MBbIIIeil TpaHCTeHHOM JTu-
Huu M Thyl-GFP, akcripeccupytomux diayopecueHTHBINH 6e1oK GFP B oTnenbHBIX Heli-
poHax. Kpome Toro, B paboTe ObLUIM NCITOIB30BaHbI 3 caMIla IMHUM Mbleit SXFAD-M, tak-
Xe aKcrpeccupylonux diayopecueHTHbIN 6e10K GFP B oTnenbHBIX HelipoHaxX U coaep-
XKalllMX TPOMHYI0O MyTallMIO B reHe, KonupyloiiiemM APP Geyok, u n1BOliHYI0 MyTaluio B
reHe, KOAMPYIOIIeM MpeceHWINH (0OHapy>X1BaeMble y YeJIOBeKa P HACJIEeICTBEHHBIX
dbopmax 6ose3nn Anblireiimepa). [maH sKcnepuMeHTaIbHBIX UCCIETOBAaHUI Ha XXUBOT-
HBIX OBbIJT PACCMOTPEH M YTBEP3KIeH KOMUCCHEH 1o 6uoatuke MHCTUTYTa GMOMETMITMH -
ckux cucrteM u ouortexHonoruit ®TAOY BO “Cankr-IlerepOyprckuii moaMTexXHuye-
ckuii yHuBepcuteT IleTtpa Benmkoro” m cooTBeTCTBYeT moJioxkeHUsIM “EBporeiickoit
KOHBEHIIUM O 3allUTe MO3BOHOUYHBIX KUBOTHBIX, MUCOJb3YEMBIX JJISI SKCIIEPUMEHTAIb-
HBIX U ApYTUX HaydHBIX Heneit” (CtpacOypr, 1986) n npuHImnmamM XeIbCUHKCKOM TeKia-
paumu BceMupHOIT MeMUIIMHCKOM acCOIMAIIMA O TYMaHHOM OGpallleHUu! ¢ JJabopaTop-
HBIMU XUBOTHEIMU (1996).

[ns npoBeneHust nepdy3un KUBOTHBIX aHECTE3UPOBAIU TTyTeM BHYTPUOPIOITUHHOTO
BBEIICHUSI CMECHU 30JieThiIa 1 KcuitazuHa (40 Mk 3oneTtuna, Zoletil Virbac, ®panuus +
+ 160 mxit 0.9%-Horo pactBopa NaCl u 30 Mxi1 kcwnasuHa + 170 Mk pactBopa NaCl).
HroroByro cMech BBomM B fo3¢ 150 MKJI XKMBOTHEIM BHYTPUOPIOIIMHHO, Jajiee, eCIIN
39TO GBUIO HEOOXOIMMO, BBOIWJIM JOMOJHUTEILHO 3TY CMECh IO XOJIKY KMBOTHOMY B
obobeme 20—30 MKi1.

H3zeomoenenue ponmanbHuix cpesos mosea

dukcauunio TKaHU TPOBOIUIN C IIOMOILBIO MHTPaKapAUaIbHOM Iepdy3un C UCITOIb-
30BaHMEM IEPUCTAIBTUYECKOTO Hacoca. s nepdy3uu B KauecTBE MPOMBIBOYHOTO Gy~
depa ucnonp3oBaiu (ocdaTHo-coneBoil Oydep, B KayecTBe (DUKCUPYIOIIETO pacTBopa —
4% -wplii pacTBOp MapadopManbiaeruna. Jlajgee akkKypaTHO U3BJIEKAIN MO3T 1 TOMEIaTn
ero B 4%-Hb1it pacTBOp MapadopMaibaeruia i najbHeiieit pukcaunu. Mosr pukcu-
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pOBaJIM HENEeJIo, fajiee U3rOTaBIMBaIN (DPOHTANIbHBIE CPE3bl MO3Ta Pa3IMYHON TOMIIM-
Hbl (50, 80 1 100 MKM) ¢ moMoIbio BubpalimoHHoro mukporoma Campden 5100M Z-plus
U oMe1anu ux B 1.5%-Hblii pacTBOp mapadopmabaeruia.

Dayopecyenmnoe meuerue 006eKmos

JeTekTrpoBaHuEe UCCIENYyEeMbIX OEJIKOB MOXET OBbITh BHITIOJIHEHO MyTEM CTaHIAPTHOM
npoueaypbl UMMYHOOKpAIIIMBAHUSI C MTOMOIIbIO UMMYHOTJIO0YJIMHOB, KOHbIOTMPOBaH-
HbIX ¢ pmopodopamu. st ProEXM MoryT ObITh UCTIOJIB30BaHbl HApaOOTaHHbBIE B KJIET-
Ke (hyopeciieHTHbIe OeJIKU, CUTHAJI KOTOPBIX MOXKET OBbITh YCUJICH C TOMOIIBI0O UMMYHO-
OKpalllMBaHUs C IEPBUYHBIMU aHTUTEJIAMU TIPOTUB JAHHOTO (DJIyOpEeCLIEHTHOTO Oeska,
rae Garoopodop BTOPUYHBIX aHTUTEJ 00J1aJaeT CXOXHUM C HUM CIIEKTPOM BO30YXIEeHUS
u ucnyckanus cseta. s nerekuuu JJHK nnun PHK ucnonb3yior dayopeciieHTHO-Me-
yeHHbIe 30HAbI (ryopectieHTHas in situ Tmopuausanus) [6, 7]. Ipoluenypa okpainBa-
HUSI TIPOBOJUTCS] B COOTBETCTBUU C TIPOTOKOJIAMU, MpeAjiaraeMbIMU TTIPOU3BOAUTEISIMU.

st ynajneHusi ocTaTKoB IapadopmMaibiaeruaa cpesbl rmocjie hukcaluy MmoMeliaim B

pactBop 100 MM NH,4CI B docdaTHO-coneBoM Oydepe, 1 3aTeM OCyLIECTBIISUIN IepMea-
ounuzauuilo (GUKCUPOBAHHOIM TKAaHU, BbIAepXKUBas ee B TeueHue 15 muH B 0.1%-HOM
(Bec/o0beM) pactBope Triton X-100 B dpocharHO-coneBoM Oydepe. danee cpe3bl OTMbBI-
BaJiu B pochaTHO-coieBoM Oydepe 3 paza mo 5 MUH, a 3aTeM ITOMEIAJIU B OJIOKUPYIO-
muit 6ydep (5%-Hblil pacTBOP OBIYBETO CHIBOPOTOYHOIO abOyMUHa B (hocdaTHO-coTe-
BoM Oydepe) Ha 6 4 mpu KOMHATHOI TeMmmepaType. Jlajiee cpe3bl TOBTOPHO OTMBIBAJIN B
docdarHo-coneBoM 6ydepe 3 paza mo 5 MUH U Jajiee MTHKyOMPOBAJIM B pacCTBOPE, COIEP-
XameM TepBuuHble Kpoanabn aHTu-GFP (Sigma, #G-1544) B pasBeneHuu 1/1000 Ha
HOYb Ha Ieiikep npu 4°C. 3aTeM yaajsiid pacTBOp C aHTUTEJIAaMM U MPOMBIBAIM B (hoC-
daTtHO-coneBoM Oydepe 4 paza nmo 30 MUH 111 yaaJeHUsT HECBSI3aHHBIX EPBUYHBIX aH-
tiTen. Jlanee MHKyOMpPOBaIM TKAHU C BTOPUYHBIMY aHTUTEIaMU (MMMYHOMDIIyOpECLIEHT-
Hble aHtuTena Life Technologies, Alexa Fluor 488, #A11008) B pazBenernuu 1/2000 B 6J10-
KupylolleM Oydepe Ha IIeiikepe Ha HU3KOM CKOPOCTU B TeUYeHME HOUM TP KOMHATHOM
teMmnepatype win nipu 4°C. Tlociie okpalllMBaHWS yOAISIIA PAacTBOP C aHTUTEIAMHM U
npoMEIBaIu B ¢pocdarHo-coneBoM Oydepe 4 paza mo 30 muH. [danee mpuMeHSIN IIPOTO-
KOJI JUTS1 9KCITAaHCUOHHOM MUKPOCKOTTUM.

Hpom(m(m 9KCNAHCUOHHOUL MUKPpOCKOnuu

Bce BapumaHTBI mpoTokosia EXM MMEIOT CXOXYIO JIOTUUECKYIO CXeMY, Pe3yJIbTaTOM
MPUMEHEHUST KOTOPOil SIBJISIETCS TOJyYeHUe U30TPOITHO PaCIIMPEHHBIX 00pas3loB TKa-
Hel UK KyJbTyphl KJIeTOK. [TpOTOKOJI 9KCTaHCMOHHON MUKPOCKOIMU COCTOUT U3 CEMU
aTanoB: GJyopecleHTHOe MeYeHe 00bEKTOB, 3aKperyieHre, MoJMMepru3aiusi, roMore-
HU3alMsI, paclIupeHKe, BU3yaanu3alivs U TpoBepKa pacIiIupeHHOro odbpasiia Ha HaJTnaue
UCcKaxkeHMi ripy pacmupenun [3]. Janee paccMOTpUM HOAPOOHO KaxKIbIil 3TaIll.

3akpemienue (aHKepOBKa). DTO TMPOIECC XMMUYECKO 00paboTku obpasiia s obec-
TMeYeHUs] KOPPEKTHOTO CIIMBAHUS MCITOJIb30BAHHBIX IJIST AETEKIIUU OOBEKTOB MCCIENO-
BaHMS, (QIIyOPECIEHTHBIX 30HI0B, (PI100podopoB M GEIKOB ¢ rejieM. DTOT 3TAll OUYeHb
BaXkeH, TaK KaK CIIOCOOCTBYeT (pr3nuecKoMy yaepKaHuio ¢roopodopoB B TOJIIE res,
COXpaHsisl PM 3TOM UX MCXOJHOE Tororpaduyeckoe pacronoxeHue. [lepBoHayaabHO
3TOT 3TAll PpeaIM30BbIBAIA C TIOMOIIBIO TEXHOJOTUU CBSI3bIBAaHUSI aHTUTEJ, KOHBIOTUPO-
BaHHBIX ¢ JIHK-omuronykineotTumamMu. AHTUTENA, CBSI3aHHBIE C KOMITJIEMEHTAapHBIMU
JAHK-onuronykieoTumaMu, Takxke COIEpXKaJld B CBOEM COCTaBe aKpWJIATHYIO TPYIIILY,
kotopas “cmmBaina” JJHK omuronykiieoTunsl ¢ reeBeIM MaTpukcoM [3]. B HacTosiee
BpeMsI 3Ta Ipolieaypa 3aMeHeHa Ha 0oJjiee YIOOHBII MeTOI MPsSIMOIi CITMBKY O€JIKOB MPU
nomoiu Manbix Mosekyal MA-NHS [8] uiu Acryloyl-X [10], KoTopble HaIIpSIMYIO CBSI-
3pIBalOTCS ¢ 6esiKkaMu yepe3 N-CYKIIMHUMUIWIMETaKpuiaaT U, TaKUM 00pa3oM, yepes 10-
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Parafilm

Gelling
solution

Slide glass

Sample

Puc. 1. CxemaTnueckoe H306pa)KeHI/IC KaMepBhl [T MMOJIMMEPU3ALIU TEJI C 06pa3u0M TKaHU.

Puc. 2. ®ororpacdusi NpeAMETHOTO CTeKJIa C PACIOIOXEHHBIM IO LIEHTPY CPE30M, MOATOTOBIEHHBIM [UISI Jajib-
Hellei moJmMepu3aluy B TepMocTaTte. (a) — Bu cOOKy, (b) — BUI CBEPXY.

TOJIHUTETbHYIO aKPWIATHYIO TPYTIITY 3aKPETUISIIOTCS B MaTpUlie Tejisd. B Hammmx mpoToko-
JIax MBI OCYIICCTBJISIZIA 3Tall 3aKpeTUIeHUs Tepell 3TalloM Tejieo0pa3oBaHusl, I 4eTO
OKpallleHHbIe cpe3bl moMelanu B pactBop 1 MM MA-NHS (Sigma, #730300-1G) B ¢doc-
datHOo-coneBoM Oydepe Ha 1 4 Tpu KOMHATHO# TeMrepaTtype.

IMoammepusammsa. Dtarl, Mpyv KOTOPOM B KaMepy, Tlie HAXOAUTCS MCCIenyeMblii oOpa-
3ell, 3aJIMBAIOT B pacTBOP T NomMepu3arnuu. Kak mpaBuTo, ISt JIyqIIero TPOHUKHO-
BEHMSI TeJisl B 00pa3ell TKaHW OH TTPeaBapUTEIbHO BBIIEPXKUBAETCS B paCTBOPE MJIST TTOJIH -
Mepu3aluy HeOOJIBIIOM TPOMEKYTOK BPEMEHM B YCIOBHUSIX, MPEIOTBPAIIAIONINX HaYaI0
nosMMepu3alu. 3aTeM o0paslibl IEPEHOCITCS U3 PaCTBOPA U 3aKPerUIsIoTcs B (puKcu-
poBaHHBIX hopMax st 3auBKU (puc. 1—3). lanee NpoucxoauT MoJMMepu3aliuu ressi, B
pe3yJibTaTe KOTOPOIi rejib ¢ 00pa3iioM TBep/eeT.

Heo6xonnmo, 4ToObl BCe CTOKOBBIE pACTBOPHI 11 TTIOJIMMEPU3aliMi U TOMOT€HU3aluKU
OBbLIH ITPUTOTOBJICHBI 3apaHee. COCcTaBbl CTOKOBBIX PACTBOPOB IJIST ITOJTMMEPHU3aIIN TP -
BeIeHbI HIDKe B Tabmumax: “Stock X” (ta6n. 1), “4HT”, “TEMED”, “APS” (ta6:x. 2). Co-
CTaB JIM3UpYyIoLIero oydepa 111 TOMOreHU3alluy IIpUBeAeH B TaOJI. 3.

7151 TpUTOTOBJIEHUS TTOJIMMEPU3YIOIIETO PACTBOPA CMEIIMBAEM CTOKOBBIE PACTBOPHI B

caenyomux nponopuusix 47 : 1 : 1 : 1. PacTBopeHHe CTOKOBBIX PaCTBOPOB MPOUCXOIUT B
clieayIolIei mocienoBaTe/IbHOCTU: CHavyajna K pactBopy Stock X no6apnsiem 4HT, 3atem
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Puc. 3. BapuaHT paGoThl ¢ 06pa3LiaMu resisi, MpeJoTBPALIAIOIINii Pa3pblB PACIIMPEHHOTO obpa3La.

TEMED, u B nocienHooo odepenb APS. Takum obpaszoM, mist 1 MJ rejieoGpas3yioniero

pactBOpa Opanu:

940 mxu1 Stock X (MOHOMEpPHBIiT pacTBOD),

20 mxu1 4HT (pacTBOp, MHTMOUPYIOLIUIA MOJIMMEPU3ALINIO),
20 mxa1 TEMED (pacTtBOp, YCKOPSIIOIINI MOJTMMEPU3aIIUIO),
20 mx1 APS (pacTBop, MHULIMMPYIOIIUIA TOJIUMEPU3ALIUIO).

Hanee B MOJy4eHHBIN pacTBOP MOMEIIATN CPE3bl MO3Ta U BBIIEP>KUBAIM HA XOJIOTHOM
6710ke B TeueHue 30 MuH. 15 3a7IMBKU cpe3a B Irejieo0pa3ylolirii pacTBOp KOHCTPYHUPO-
BaJIM KaMepy M3 MIPeAMETHOTO CTeKJIa 1 ABYX OrpaHuuuTeneil ¢ 60koB. B kauecTBe orpa-
HUYUTEJIEH NCIOIb30BaIM TIeHKY napadwim (Parafilm), 3akpernieHHy10 ¢ IByX CTOPOH

Ta6auna 1. KoHleHTpay KOMIOHEHTOB /151 IPUTOTOBJICHUS] CTOKOBOI'O MOHOMEPHOI'O pacTBOpa

KOHHCHTpaHI/ISI B CTOKOBOM

PacTBOp MOHOMEPOB pacTBOpe KonunuectBo

(*Stock X) (r/100 mut pacTBOpAa) (v}
TMonuakpunaTt HaTpus 38 (33 wt % u3-3a Gosee BBICOKOU IJIOTHOCTH) 2.25
(Sigma, #408220-100G)
AKpHIIamMu x50 0.5
(Sigma, #A9099-500G)
N, N'-MeTuneHOucakpuaIaMul 2 0.75
(VWR Life Science AMRESCO,
#Am-0172-0.05)
Xnopua HaTpust 29.2 (5 M) 4
DdocdaTHO-comeBoit Oydep, 10 1
10 XKpaTHBII
Bona 1o 100 M 0.9
OO0t 06beM 100 M 9.4
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Ta6auua 2. KoHlleHTpaluy KOMIIOHEHTOB IS IIPUTOTOBJIEHUSI CTOKOBBIX pacTBopoB TEMED,
APS, 4HT

Ha3zBanue pactBopa XuMHnueckoe BEUIECTBO KOHH;;%%%?E?%%S%? Boro
TEMED TeTpameTmaTUIIEHAMAMUH 10
(Helicon, #1L.-0847)
APS [TepokcomucynbhaT aMMOHUS 10
(Sigma, #A3678-25G)
4HT 4-Hydroxy-TEMPO 0.5
(Sigma, #176141-1G)

Taomuua 3. KoHlleHTpaly peareHTOB /ISl IPUTOTOBJICHUST JIM3UPYIOLIEero Oydepa st FOMOTeHU-
3alUU

Pearent KonuuectBo KomeuHast KoHUCHTpaLust

(100 M pacTBOpa)

Triton X-100 2.5Mn 0.50r

EDTA, disodium (JAnHaTpureBast COJIb 3TUIICH- 1 M 0.2 Mmn

IUaMUHTEeTpayKcycHou kucaotsl, 0.5 M, pH 8)

Tris C1 (1 M) BoxHbIii pacTBOp, pH 8 25 M 5 mn

Xnopua HATpUsT 23.38 T 4.67r

Bona Hosectu 1o 500 M1

IMporennasa K (800 E/mi) 1 : 100 pa3BeneHue 800 E (= 8 E/mn)

OO01uMit 00bEM 500 M

MpeaMETHOTO cTekia B Tpu ciiosi (puc. 1). CBepXy HaKpbIBadud MPEAMETHBIM CTEKJIOM,
TakXe OOEpHYTHIM B IUIEHKY, YTOOBI YIYYIIWUTh QNre3ui0 MEXIy IBYMS TPUXKATbIMU
crexiaamu (puc. 1).

Cpe3bl MOMEIIIM 10 LHEHTPY 3TOM KaMephl (puc. 2). 3aTeM 3ajIMBau Iejieoopas3yro-
LM pacTBOp M aKKypaTHO 3aKpbIBAJIM CBEPXY MPEAMETHBIM CTEKJIOM, MCKJIIOYasi CMe-
IIIEHUE cpe3a B CTOPOHBI (pUc. 2). 3aMuTbie B KaMepaxX cpe3bl aKKypaTHO TePeHOCUIN B
KOHTEHEep M MOoMeIlaad TepMocTaT Ipu TeMitepatype 37°C Ha 1.5 4, u mmocie mojanuMme-
pu3anuy cpe3bl 0CBOOOXIAIM M3 KaMep 1 MOMEIIaad B TN3Upylolnii oOydep Ha 4—8 4 B
3aBMCUMOCTH OT TOJILLIMHBI Cpe3a.

T'omorenn3auusa. lanee misi obecriedeHUsT KOPPEKTHOTO M3OTPOMHOIO pacIilvupeHUs:
mperapaTta MpoBOAUTCS ero ¢epMeHTaTMBHAsI WIM TEIUIOBasi eHaTypauus. DTOT Iiar
npeaoTBpaiaeT aehopMallMOHHbIE M3MEHEHMsT 00pa3iia BO BpeMs MOCJEAYIOIEro pac-
mmpeHus. OcyliecTBasieTCs MyTeM MHKYOaluu ¢ yyactueM depmMeHTa nporenHassl K, a
TakK:Ke C MTOMOIIBIO aBTOKJIABUPOBAaHUS B IM3UpYIolieM Oydepe, conepxaiiem 5% Triton
X-100 1 1% SDS, B Teuenue 1 4 npu temneparype 121°C [8]. TpebyeTcs moaocop yCaoBuit
TOMOTEHU3aIU [IJIs1 00ecTrieYeHs pPABHOMEPHOTO paclIupeHMst oOpaslia ¢ COXpaHEeHUEeM
MaKCUMaJIbHO BO3MOXHOU JyopeclieHIIMM OObeKTOB. i roMOreHu3aiuu Mbl UC-
noib3oBanu npotenHasy K B konuenrpamuu 800 E (8 E/mi).

Pacmmpenne. [Tocie romoreHu3alu rejib ¢ 00pa3ioM aKKypaTHO IMEPEHOCUTCS B €M-
KOCTHU OOJIbIIIETO pa3Mepa M IMOJBEPraeTcs I'MAPOJIMTUUECKOMY paclIupeHuo (puc. 4).
PacimmpeHue nocturaercs 3a cueT BBIMbIBAHUSI MIOHOB, YIEPXKMBAIOIIUX PaCIIMPEHNE Te-
Jis, U3 TeJieBOM MaTpulibl C MOMOULIBIO ABaXAbl AUCTUIUIMpoBaHHOK Boabl (ddH,O).
Krnaccuueckuii mporokon ExM BkitodaeT B ceOst Tpy MOBTOPA MOTPY>KEHUSI TeJIsl ¢ Tperna-
patom B ddH,O, 4TO B KOHEYHOM UTOre, MPUBOAUT K €ro 4-KpaTHOMY yBeIU4YeHUIO [3].
CoBpeMeHHBbIe MPOTOKOJIbI MO3BOJISIIOT PACIIMPSTh UCCIEeayeMblil oOpa3sel] boJiee yeM B
10 pa3 [11, 12].
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Puc. 4. CooTHolieHre pa3MepoB UCXOTHOTO oOpa3slia ¥ yBeJIMYEHHOTO 0Opasiia B rejie, MoJyYeHHOTo ¢ IOMO-
LLbIO @aHU30TPOIHOIO PACILIMPEHUSI MOJUIEKTPOIUTHOTO refisi. CiieBa — cpe3bl MO3ra 10 YBEIWYEHUs, CripaBa —
cpe3 Mo3ra nocJje yBeJqnueHus. JInHeiikoit 0603HaueH peasibHbIil pa3Mep 00pa3LioB.

MpbI TpOBOIWJIA paclIMpeHMe Tefist, 100aBIIsisl AMCTUILTUPOBaHHYO Boay no 20 MuH 3 pa-
3a. ClieyeT OTMETUTD, YTO C PACIIMPEHHBIMU CPe3aMU BBUILY X XPYITKOCTH CIIEAYeT 00-
palarbcst O4eHb aKKypaTHO. [IepeHOCHTh cpe3 Ha CTEKJIO MOXKHO C TTOMOIIbIO KUCTU 1
TMOKPOBHOTO CTEKJIa, KaK ITOKa3aHo Ha puc. 3.

Ciremyst OIMCaHHOMY BBIIIE ITPOTOKOJY, YAAJIOCHh YBEJWYUTh MCCICIyeMblii 00pasell
6osee ueM B 4.5 paza (puc. 4).

Buzyanmzamus. [Janee ocyniecTBisieTcs 3Tan BU3yaau3aluy paclIMpeHHOro odpasia ¢
TMOMOIIBIO JIIOOOTO JOCTYMHOTO KOH(POKATBLHOTO WM SMU(IyOpeclIeHTHOTO MUKPOCKO-
na [3, 11]. Ha aToM 3Tare o6pasiibl Tejisl ¢ 3aKII0UYEHHBIM B €r0 MaTpUILy MpernapaToM HUc-
cliemyeMoii TKaHU aKKypaTHO TIEPeHOCWIIM Ha CTeKJIa M aHATM3UPOBAIM Ha KOH(DOKAITBHOM
Mukpockorre ¢pupMsl Thorlabs. Kak yxke oTMedasioch BhIlIe, IpUMEHEHNE IIPOTOKOJIA IKC-
MNaHCUOHHOI MUKPOCKOITMY TTO3BOJIMJIO YBEJIMUUThL 00pasell 6oJiee ueM B 4 paza (puc. 4).

B HacTosiiiee BpeMsi OmMcaHbl yCMelTHble MPUMEPHI MCOJIb30BaHNUSI MUKPOCKOTUU
CBEPXBBICOKOTO pa3pelleHUsT ISl aHaJIu3a rejieid 1mocjie 3KCIMaHCUMOHHOM MUKPOCKOTTUU
(SIM, STED, STORM), 4TO MO3BOJISIET JOCTHYb ellle GoJibliero paspemieHust [13—16].
Tak kak mpenapar, 3aIMTbIi B refib, TTOCJIe paCIIMPEHUs] UMeeT OOJIbIINE pa3Mepbl, IS
BU3YyaJIM3allMi HEOOXOMVMMO Pa3lesINTh €ro Ha 0oJiee MEJKUE COCTaBIISIONINE, TaKxkKe
BO3MOKHO BBIOpATh 00JIACTh [JIsI BU3YJIM3allMU, TIPENCTABISIONIYI0O MHTEpeC B JTaHHOM
KOHKPETHOM 3KcrepruMeHTe. Bo BpeMsl MmosyyeHus1 u300paxkeHUii resib JOJKeH Haxo-
JIIUTHCS B BOTHOM PacTBOPE WJIM BJIAXHOM cpejie ISl TPeJOTBPAIIIEHUSI €T0 BBIChIXaHUS U
nocienywoero cxxumanusi. Hanbosnee ynoOHBIM CITOCOOOM SIBJISIETCS] BU3YaJIM3alIUsI Te-
JIs B BOJHOI cpelie C MOMOIIbIO0 BOTHOTO 00beKTHBA. 7151 3aKperieHus Tejisi BO3MOXHO
WCITOIb30BaTh KaMepy Ui TPUKU3HEHHO MUKPOCKOIUH, WJIM CKOHCTPYUPOBAaTh HO-
BYIO, Harpumep, 13 vamku I[lerpu. JIjist gydiiiero cuernjeHus rejisi ¢ TOBEpXHOCTHIO ee
MOXHO 00paboTaTh pacTBOPOM Iojiu-D-nu3nHa. Bo3aMoXHO BU3yaliM3upoBaTh rejib C
MCIIOJIb30BAHMEM MAaCJISTHBIX OOBEKTUBOB C BBICOKOM YMCJIOBOI arepTypoii, TpU 3TOM
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MPOJOXUTh MEXIY 00pa3lioM U OOBbEKTUBOM TOHKOE IOKPOBHOE CTeKJIO. TeM He MeHee,
W13-3a 3HAYUTEIBHOM TOIIIMHBI TeJisl HE BCeraa BO3MOXKHO MCITOJIb30BaTh JaHHEIN CIIOC00.

IIpoBepka pacmmpeHHOro 00pasna Ha HAJIMYME UCKAXKeHMid npu pacmupennn. [Tocie Bu-
3yaliu3allMi MOJYYEHHBIX 00pa3LioB HEOOXOAMMO MPOBECTU SK3aMEHALIMIO Ha HaJU4ue
MUCKaXKEHU HOpMaJIbHOI (DOPMBI U PACITOJIOKEHUST UCCIeTYEeMbIX OMOIOIrMYECKMX 00BEK-
TOB. JIJIs1 BBIMOJIHEHUSI JAHHOTO aHaJnW3a TMTOMUMO PYYHOIO WJIM IOJyaBTOMATHYECKOIO
COBMeEIIEHUST N300paxkeHnit o6pas3na g0 U Iocie pacilupeHUsT JOCTYITHEI IIPOrpaMMHEIE
MPOAYKTHI [JISI aBTOMAaTUUECKOI'O OIpeAecHUS BO3ZHUKAOIIUX B Xoae ExM mckaxkeHuit
[11]. IT'enu co 3HAYUTEIBHBIMYA UCKAXKECHUSIMHU OOBEKTOB HE MCITOIL3YIOTCS IJIsl aHa/IM3a.
B 3TOM ciyyae TpeGyeTcs JOMOJIHUTEIbHASI ONITUMMU3ALIUS IIPOLIECCOB aHKEPOBKU U TO-
MOTEHU3aLMU IS TTOJIyYeHUsI CTaOMIbHO BOCIIPOU3BOAMMOTO pe3yibraTa. Takxke Heo0-
XOIMMO OLIEHUTb CTENeHb JOCTUTHYTOrO YBEeJIMUYEeHUsI oOpaslia IyTeM aHajiu3a U3MEHe-
HUI B pa3Mepe/Bece Telisl Wiv, UCIIOJb3ys] MH(MOPMAIIUIO O pa3Mepe UCClIeyeMbIX 00b-
€KTOB 0 U ITocje pacimpenus [11].

ITockobKy B 3aaun UCCICAOBAHMS HE BXOAUJIO U3MEPEHUE Pa3MEPHBIX XapaKTEPUCTUK
U3y4yaeMbIX OOBEKTOB, Ha KOTOpBIE MOIVIO OKa3aTh BJIMSIHUE MCKaXEHUE B Pe3ysibTaTe
paclIMpeHus, Mbl OLIEHMBAJIM IIperapaT Ha BO3MOXKXHOE MCKaXeHune (PopMbl HelipoHa U
ero yacteil (ILMIUKHU, SIIPO) TOJIHKO BU3YaTbHO.

PE3VJIBTATHI UCCIIEAOBAHUA

MeToaukKy 3KCIaHCUOHHOM MUKPOCKOITUHY IMTPOBOAMIIN, UCTIOIb3Ysl 5 BADMAHTOB IPO-
TOKOJ1a. BaxkHbIM KpuTepreM oTOopa MOAXOASIIEro MPOTOKOJIA SIBJIsIaCh CIIOCOOHOCTD
MaKCUMAJIbHO COXPaHSITh CUTHAJ, MCITyCKaeMBblii HECKOJILKUMHU (rroopodopaMu, Hapsi-
Iy C pacLIMPEHUEM, JOCTATOUHBIM JJIs1 YIOBICTBOPUTEILHOM BU3YaIM3ALIMUA KJIIETOUHBIX
oprasHeJul. 3a OCHOBY OBLI B3ST IIPOTOKO 11 proExM [17], ipu 3TOM BapbUpOBaIM IIPO-
JOJKUTEIbHOCTh MHKYOMPOBAaHMSI B pACTBOPAX [IJIsl CIIMBKU C MOJUAJIEKTPOJUTHBIM Te-
JIEM U B JIM3UpYIOlIeM Oydepe, a TakKxKe U3MEHsUIM KOHLIEHTpal1io nporenHassl K B 1u-
3upytoleM 6ydepe B 3aBUCUMOCTH OT TOJIILIMHBI Cpe3a.

Takum 06pa3oMm, yaaaoch Mokas3aTh, YTO MPOAOJLKUTEIbHOCTh MHKYOMPOBAaHUS B pac-
TBOpE IJIs 3aKperieHus, comepxameM MA-NHS, He Bnusina Ha 3pPEeKTUBHOCTh CBeYe-
HUs dmoopodopoB. VcnibiTaHWe pa3InYHbIX BApUaHTOB MHKYOUMPOBAaHMSI C IIPOTEUHA-
30t K mist pepMeHTMPOBaHHON rOMOTreHU3aluu MoKa3alo, YTO COKpallleHUe BpeMEeHU
WHKYOUPOBAHUS IMTPUBOIUT K HEAOCTATOYHOMY paCIIMPEeHMIO Tperapara (puc. 6).

ITpu BapuanTe mpotokosia Ne 1 mpoaoKUTeIbHOCTh MHKYOUPOBAHUS B paCTBOPE ISt
3aKkperuieHus1, cogepxaieM MA-NHS, coctaBuia 12 4, a pepmeHTaTuBHasE o6paboTKa
npotenHasoii K 6bu1a cokpaiiieHa 10 2-x 4 B repmocrare npu 37°C (puc. 5). Mcnonb3o-
BaHME 3TOr0 MPOTOKOJIA MO3BOJIMJIO PACIIUPUTD Ipenapar MIpUMepHO B 2 pa3a, UTo SIBJISI-
€TCSI HEAOCTATOYHBIM IS OLEHKUA MOP(OJOrMY IIUIUKOB U JETEKTUPOBAHUS YiIb-
TPACTPYKTYPHBIX U3MEHEHUIL B KJIETKE.

ITpuMeHeHre BTOpOro BapuaHTa MPOTOKOJIA, IPU KOTOPOM IMPOIOIKUTEIbHOCTh MH-
KyOMpoBaHUS B pacTBOpe IS 3aKperuieHus1, coaepxkaiemM MA-NHS, cocraBuna 1 4, a
depmeHTaTUBHAsT 0O6paboTKa npoTernHas3oil K Oblta cokpalleHa 10 2-X 4 B TepMocTaTe
npu 37°C, npuBeia K aHAJIOTUMYHOMY pe3yJIbTaTy: IpernapaTr TakxkKe yaaloCh paciIUupUTh
MIpUMEPHO B 2 pasa.

BapuanT npoTtokosia Ne 3: npoaokKuTeIbHOCTh MHKYOMPOBaHUSI B pacTBOpE 1S 3a-
KperuieHusi, coaepxaiieM MA-NHS, cocraBuna 12 4, a depMeHTaTMBHAs 06paboTKa
npotenHa3oit K nmpoBoamiack B Te4eHUe 4-X 4aCOB MPU KOMHATHOM TemIiepartype (puc. 6).
CokpallleHre TIATEIbHOCTH (DepMEHTATUBHOM 00paGOTKU C LIEJIbI0 COXPAHEHMSI CUTHAJIA,
ucmnyckaeMoro GroopodopoM, MPUBEIO K HEIOCTaTOYHOMY PaCIIMPEHUIO Ipernapara.

AHAJIOTMYHBII pe3yIbTaT HEIOCTATOYHOIO PACIIMPEHUS ObLI MOJIYYeH MPU MPUMEHE-
HUM BapuaHTa MpoToKoyia Ne 4, mpu KOTOPOM MPOAOJIKUTETbHOCTh MHKYOMPOBaHUSI B
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H H
20 um 20 um

Puc. 5. KoHdoxanbHble N300paXeHUst HEHPOHOB U IEHIPUTOB, JJOKaIM30BaHHbIX B CAl o6sacTu runmnokammna
mbiieit tuauu M Thy1-GFP, no npumenenust skcnaHcuoHHO# Mukpockonuu (a) u nocne (b) u (c). (a, b) —
00beKTUB ¢ 20-KpaTHBIM yBeJdudeHueM, (¢) — ¢ 60-KpaTHbIM yBeanuyeHueM. [IMHa MaciuTaGHOro OTpe3Ka
20 MmkM. MMMyHOIETEKIINIO TPOBOAMIIN MEPBUYHBIMU KposmubuMu aHTUTe1aMu K GFP 6enky (Sigma, #G-1544) u

numMMyHodryopeciieHTHbIMU aHTUTeTamu Alexa Fluor 488 (Life Technologies, #A11008).

H \ H
20 pm 20 um

Puc. 6. KondokanbHbie n306pakeHus1 HEHPOHOB U IEHAPUTOB, JIOKAIM30BaHHBIX B CAl obacTu rurnmnokammna
mbiieit tuauu M Thy1-GFP, no mpumeHenust sakcnaHcuoHHO Mukpockonuu (a) u ocie (b) u (¢). (a, ¢) —
00beKTUB ¢ 20-KpaTHBIM yBeaudeHueM, (b) — ¢ 60-kpaTHbIM yBeandeHueM. [JauHa MaciTabHOro oTpe3ka
100 11 20 MxM. UMMYHOJETEKIIMIO TPOBOAWIN MEPBUYHBIMM KposinubMU aHTUTeaMu K GFP 6enky (Sigma,
#G-1544) n ummyHodyopecueHTHbIMU aHTUTeaaMu Alexa Fluor 488 (Life Technologies, #A11008).

pactBope I 3aKperuieHus1, cogepxaiteM MA-NHS, coctaBua 1 4, a pepmeHTaTUBHAS
oOpaboTka npoTtenHasoii K mpoBoauiack B TedeHUe 4-X 4 IIpyM KOMHATHOM TeMImepaType.

Takum obpa3zoM, B pe3yabTaTe Moad0opa yCAOBUM TSI ONITUMAaIbHOTO pacIIupeHust 00-
paslia ¢ CoOXpaHEHUEM YIOBJIETBOPUTEIBLHOTO YPOBHSI cBeueHus dtoopodopa ontu-
MaJibHasi TPOJIOKUTEIbHOCTh MHKYOMPOBaHUSI B pacTBOPE ISl 3aKpETUIeHUsI, CoiepKa-
meM MA-NHS, cocrasmna 1 4, a pepmeHTaTUBHAsI 00paboTKa nmporenHas3oit K — B Teue-
HUEe 5-TU 4 NMPU KOMHATHOM TeMmepaType. DTO MO3BOJUIO OCYIIECTBUTh pacIIMpeHUe
o0Opasiia 1 COXPaHUTh TOCTATOYHBIN YPOBEHb SKCTUHKIINK (hIroopodopa B TOJIIE Test
(puc. 7). C mOMOIIBIO 3TOr0 BapHaHTa yIAJIOCh JOOUTHCS YBEIMYEHUSI CTPYKTYPHI HEli-
pOHOB B 3.5—4 pa3a, 4TO MO3BOJIUJIO BU3YAJIM3UPOBATh MeJbYalillive AeTaiu ux Mopdho-
JIOTWY, BKJTIOYasl ICHAPUTHBIC UKW, U TIPU 3TOM COXPaHUTb MHTEHCUBHOCTD CBeYe-
HUA GaroopodopoB, KOTOPbIE Mbl MCIIOJIB30BAIM B MCCAe0BaHUM (puc. 7). DTo, B CBOIO
odepelb, MO3BOJIMIIO BU3YaTU3UpOBaTh OOBEKTHI, IKCIIpeccupyiomue daoopodop, 6e3
TOTIOJIHUTEJIbHOTO MHKYOMpoBaHUsI ¢ MMMyHorinooyiuHamu K GFP yxe mocie stana
pacimpeHusi. PacimmpeHHbIe TIperapathl, 3aIUThie B TeJeBbIii MAaTPUKC, KaK MPaBUIIO,
TMOMEIIEeHHBI B O0JIbIIMe eMKOCTH (0OBIYHO JaiKa [leTpu), 9To MHOTOKpaTHO yBeJIMYMBa-
€T PacxXojl aHTUTEJI, UCTIONb3YEMBbIX ISl JOTOJIHUTEIBHOTO YCUJIEHUS cUTHaJIa (hJIloopo-
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Puc. 7. Kondoxanbhbie nzoopaxkenust HeiipoHoB CAl obnactu runmokamiia mbieit tuanu M Thyl-GFP no (a)
u mocie (b, ¢) MpMMEeHEeHUsI MeTola SKCIMaHCUOHHON MUKPOCKOMNUHM IOJIy4eHbl Ha MuKpockore Thorlabs ¢
yBenuueHueMm 60%. JJnuHa maciitaGHoro orpe3ka 20 MkKM. IMMYHOOETEKIMIO MPOBOAMIN MEPBUYHBIMU
kposuubumu anturenamu Kk GFP Genky (Sigma, #G-1544) u uMmMmyHodIIyopecLieHTHBIMM aHTUTeIaMu Alexa
Fluor 488 (Life Technologies, #A11008).

dopa. KoHeuHasi CTOMMOCTb TaKOTo MCCIENOBaHUSI CUIbHO Bo3dpacTaeT. Kpome Toro,
00paboTKa aHTUTEJaMU PACIIMPEHHBIX OOpa3loB TOCTATOYHO TPyOOeMKa M 3aHUMAaeT
0OJIbIIIe BpEMEHMU.

[Mono6paHHbI TPOTOKO 0O6PAOOTKM TKAHE TTO3BOJIMII TaKXKe TTPOBECTH OKpallliBaHUE
Cpe30B, coaepKallluX SHIOTeHHBIN (roopodop, ¢ aHTUTeIaMU, KOHBIOTUPOBAaHHBIMU C
mroopodopomM, UMMM APYTOit CITEKTP BO3OYKACHWS W UCITyCKaHUs cBeTa. JIJis 3Toit
1eJT OBLIO TTPOBEEHO paclIMpeHre CPe30B MO3ra, KOTOPBIE OTTOJTHUTEIbHO OKPAITBaIN
nepBuYHbIMU aHTUTeNaMU K IP3R. bbuiu mogpo6paHbl KpoJudby HOJIUKIOHAIBHBIE UMMY-
Hor1o0yMHbI hupmbl Abcam (Kat. HoMmep: ab5804) 1 BropuuHbie Alexa Fluor® 594, koro-
pble MOIXOIVIIM TSI UCTTONIb30BaHUsI ¢ ExM. 17151 oKpallMBaHUsI UCTIOJIb30BAIN CPE3bl MO3-
ra Mpieil TuHn SXFAD-M, HelipoHBI KOTOPOTro 3KCIIPEeCCUPYIOT (PIyOpeCLieHTHEIN Oe-
1ok GFP. braromapst cCHIDKeHMIO IIPOIODKUTEIBHOCTY MHKYOMPOBaHMS ¢ TIpoTernHa3oi K,
YIATOCh COXPAHUTh YIOBJIETBOPUTENIbHBINM CUTHAN, UCTTycKaeMblil 6esikom GFP mocie pac-
LIUPEHMS CPE3OB, YTO MO3BOJIUIIO MOJYYUTh ABYXIIBETHYIO MUKpodoTorpachuio, moaydyeH-
HyIO ciisiHueM IBYX kaHanoB (Alexa Fluor® 594 u GFP) (puc. 8).

Takum 06pa3oM, MIPUMEHEHHBI agalITUPOBAHHBIN MPOTOKOJ SKCITAHCUMOHHON MUK-
POCKOMNUM MO3BOJIMJI OCYIIECTBUTh pacIIUPEeHUe MperapaToB 6e3 3HAYUTEIbHOI MOoTepu
YPOBHEI 3KCTUHKIIMU KaK 3HIOTeHHBIX (JII0opodOpoB, TaK M BBEASHHEIX Ha 3Talle M-
MYHOTHCTOXMMMYECKOI'O0 OKPAIIUBAHMSI, YTO Ta€T BO3MOXHOCTh ITPUMEHSITH 3TOT METO,
OpU U3YYEHUU KOJIOKAIU3ALUU Pa3IUYHBIX OEJKOBBIX KOMIUJIEKCOB M MOJIEKYJ C HC-
MOJIb30BAHUEM HECKOJIBKUX (DJIyOPECLIEHTHBIX METOK, B TOM YMCJIE U SHAOIC€HHO CUHTEe-
3UPYyEMBbIX, 63 JOMOJHUTEILHON UMMYHOIETEKLIMU (DIIyOPECLIEHTHBIMU aHTUTEIAMU.

OTmumreM OT CTaHAapPTHEIX IIPOTOKOJIOB SIBJISIETCS OoJice OepexkHast oopadboTka dep-
MEHTaMM Ha CTaauM PACHIMPEHMsT CPe30B, KOTOpas MO3BOJISIET CHU3UTh Pa3pylIUTeb-
HOe JieiicTBUe MPOTeMHAa3 Ha UMMYHOIJIOOYJIMHBI, UCITOJb3YeMble IS UMMYHOTMCTOXM -
MMYECKOM NeTeKLUU o0beKTOB. KpoMe Toro, takass oopaboTkKa IMO3BOJSIET COXPAaHSITh
CUTHAJI, UCITyCKAeMbIil SHIOTEHHO CHUHTE3UpyeMbIM (JIF0Opo(hopoM, YTO OCBOOOXKIAET
HCClenoBaTelist OT HEOOXOAMMOCTH TOMOJTHUTEILHOTO MOAKPAITUBAHUS CPE30B C 1IEeJIbIO
BU3yanuzauuu Mopdosioruu. ITogo6HBIM Xe 06pa3oM MPUMEHsIeMBIid IIPOTOKOJI MO0 -
IeT U I “TpoiiHOI” (IIyOpeCIeHIINM, TlIe B Ka4yeCTBEe OMHOTO U3 (IroopodopoB OymeT
HCIIOJIb30BAaThCS TOT, UTO YK€ DKCIPECCUPYeTCsl B KJIETKaX, a JBa OCTAIbHBIX (DJII0OPO-
¢dopa OynyT BBedeHBI Ha 3Tare OKpalllMBaHWS MpernapaToB. DTU IPUEMbl MO3BOJIST
mpexje BCero MUHUMU3UPOBAaTh PACXObl U COKPATUTD TPYIOEMKOCTb.
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Puc. 8. KoHdoxkabHbIe M300pakeHUs] HEIIPOHOB, JIOKAJTM30BaHHBIX B 00JIACTH 3alHEl TEMEHHOI KOPBI, KC-
npeccupyonmx 6enku [IP3R u GFP, nocie skcnaHCMOHHON MUKPOCKONUM (B Ka4eCTBE MEPBUYHBIX aHTUTENT —
KPOJINYbM MOJUKIOHAIbHBIE UMMYHOIJTIOOYIMHBI (Abcam, ab5804) u GFP Ha cpe3ax Mo3ra Mblleil JUHUU
5xFAD-M). (a) — mukpodotorpacdusi ¢ HeitpoHaMu, SKCIPECCUPYIOLIMMHU 3eJIeHBIN (HIIyOpecLeHTHBIH 0e10K
GFP, (b) — mukpodororpacdus ¢ HeiipoHaMH, OKpallleHHbIMU aHTUTeaaMu Ha [P3R, BropuynsiMu — Alexa
Fluor 594, (c) — aByxuBetHasi MuKpodoTorpacdusi, mojyyeHHas CIUsiHMeM ABYX KaHaioB (Alexa Fluor 594 u
GFP). Ha cpe3ax Mo3ra NnpejicTaBlieHbl HEIPOHBI, JIOKAJIM30BAHHbIC B aCCOLIMATUBHOM 30HE 3aHE TeMEHHOM KO-
pol, cioii 6b (PTLp), koopauHaThl OTHOCUTETbHO ToUKM Bregma: AP = —0.8 mm, ML = £2.00 MM u DV = —2.0 mMm.

VYBennuenue oobekTrBa X 10. MacmrabHblit oTpe3ok paseH 100 MKM.

OBCYXIEHUME PE3VJIBTATOB

IMosiBnenue metona ExM chenano BO3MOXHBIM U3ydeHUE HAHOPa3MEPHBIX CTPYKTYp U
KOMIUIEKCOB, TAKMX KaK OTAEJIbHbIE OPraHeIbl KJIETKH, UCITOJIb3Ysl OObIYHBIIT MUKPOCKOIT,
OrpaHUYCHHBIN TIpeaesioM mudpakmy. TakuMm oOpa3oM, MCCIedOBaHNE KOJIOKAIM3allul
PETYJIITOPHBIX MOJIEKYJI, a TAKKe XapaKTepa MeXKCUHANTUISCCKIX KOHTAKTOB MEXIY HEpB-
HBIMM KJIETKaMH CTaJIO HOCTYITHBIM I M3YYeHMsI Ha pacIIMpeHHBIX oopa3nax. Kpome To-
ro, ONTUYeCcKasi MPO3pavyHOCTh MOJIydaeMbIX 00pa3loB MO3BOIMIA OECIIPENSITCTBEHHO OT-
CJIEKMBATh B TOJIILE Mperapara TpeXMEePHYIO CTPYKTYPY HEHpoHa, a TaKKe peKOHCTPYHUPO-
BaTh IyTh OT Teja HEMpOHAa K CaMbIM Pa3BETBICHHBIM M AVICTAJIbHBIM YacTsIM KJIETKU
(aKCOHBI, IEHOPUTHI), YTO, KOHEYHO, JAJI0 BO3MOXHOCTh CYIIIECTBEHHO MOBBICUTH Kade-
CTBO aHaJIM3a. DKCIIAHCMOHHAsT MUKPOCKOITHSI MO3BOIJIA TaKKe, PACIIMPUB OMOJIOrmde-
CKUi1 oOpasell, caenaTh BO3MOXHBIM BBISIBJICHHE SIIMTOIIOB, KOTOPBIE MOIJIM OBITH CKPHITHI
B OEJIKOBBIX KOMIUIEKCaX, IMyTeM OTAeJeHMsI OEJIKOB APYT OT Apyra. 9Ta 0COOEHHOCTh CO-
31aJia IIUPOKUE TIePCIIEKTUBBI MPUMEHEHMSI 3TOr0 MeToA IS OMHOBPEMEHHOIO UMMYHO-
TUCTOXUMHUUYECKOI0 OKpalllBaHUsl OJ1M3KOPaCHOI0KEHHBIX 0eJKoB U MoJieKyJ1 PHK.

[TpoBoauMble UcclienoBaHus ¢ ucnojb3oBanreM Metoga ExFISH ¢ nenbsio kapTupo-
Banust MPHK 1 npyrux HyKJIEMHOBBIX KHUCJIOT B 00JIaCTH HEAPOHOB 1 IIPOBOISILINX ITy-
Tell TakXKe MPOAESMOHCTPUPOBAIN CBOIO aKTyaJIbHOCTh IIPHM aHAJIM3e¢ TOYHOM JIOKaIu3a-
U1 9KCIIPECCUPYIOIINXCS PETYISITOPHBIX MOJIEKYJI. DTOT METO, II03BOJIMJI C TOUHOCTBIO
10 HAHOMETpPa BU3YaIM3UPOBAaTh COBMECTHOE MECTOMOJIOXKEHUE U UIEHTUYHOCTh MOJie-
kyn MPHK u 6enkoB [6].

C nomo1pio npoTokosa proExM aBTropam uccienoBaHus yaaaoch IMPOBECTH KapTHUPO-
BaHME U TIPOAHATU3UPOBATh APXUTCKTOHUKY CUHATICOB B 00JIACTH TOJIOCATOrO Tejia MbIIIN
[18], a Takke B Mo3re npo3odusl [19] 1 peibok nanuo [20]. DTrM Ke MeTonoM ObUIH yCTa-
HOBJICHBI M3MEHEHUSI XapaKTePUCTUK aCTPOIUTOB, JOKAIM30BAHHEBIX BOJIM3U KPOBEHOC-
HBIX COCYIOB B 00pa3iiax TOJIOBHOIO MO3Ta NalreHToB ¢ armwiericueii [21]. ProExM taxke
OKaszaJics TI0JIE3HBIM TIPY BBITIOJHEHUM UCCIEAOBaHMS TUIaHapuii Schmidtea mediterranea,
KOTOPOE BBISIBUIO HOBBII TUIT INTMAIBHBIX KJIETOK Y 3TOr0 opraHusma [22].

Takum obOpa3om, 3KCMaHCUMOHHAsT MUKPOCKOITMSI OKa3ajlaCh OCOOEHHO MOJIe3Ha ISt
MUCCenoBaHuit B 00JlacTu Heiipoouonoruu. OaHako, Kak 1 B ciiydae C JIoOOil HOBOI Tex-
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HOJIOTHEH, TTONBITKU MCCeqoBaTeseil UCIOIb30BaTh ATOT METONL B CBOMX paboTax MOTYT
TpeboBaTh aIalITUPOBAHUSI CYIIIECTBYIOIIETO MPOTOKOA IJIsi KOHKPETHOI HayYHOU 001a-
cti. PaznmuuHbIMM MccenoBaTeIbCKUMU TPYIIaMU TTOCTOSTHHO BHOCSITCSI pa3HOOOpas-
Hble TEXHUYECKHE YCOBEPIIIEHCTBOBAHUSI, PACIIIMPSIOIINE BO3MOXHOCTU 3TOTO METO/IA.

OCHOBHBIM HEOCTATKOM METOJa SIBjsieTcs nerpafauus ¢GpaoopodopoB, UTO OrpaHu-
YMBaeT MOIYCTUMBINA IIpeAesl pacIlupeH’s] BBUAY HEOOXOIUMMOCTH COOJIOCTH OajaHC
MeXAy MOTEeHIIMAIBHBIM YJIYYIIEeHHeM pa3pelleHUs 1 KaueCTBOM IMoJIydaeMoro u3oopa-
KeHus1. OrpaHMYEeHUEeM METo/la TaKKe SIBJISIETCSl TPOCTPAHCTBEHHAs OLIMOKa, BO3HUKA-
olIas U3-3a HEPaBHOMEPHOCTU PACHIUPEHMS Tejlsi M yBEeJMYMBAIONIAsICS MPOIOPIIMO-
HaJIbHO KPaTHOCTHU pacliMpeHus: oopasia. Tak Kak oOpasel paciiMpsieTcsd U Mo ocu Z,
OAHUM U3 OTPAHUYEHUN METONUKU SIBJISIETCSI HEBO3MOXHOCTD TOJYYUTh U300pakeHue
MpY BBICOKUX CTEIEHSIX PACUIIMPEHUs U3-3a OTHOCUTEJIbHO KOPOTKOW paboueil NIMHbI
00BEKTHUBOB C OOJIBIION KPaTHOCTHIO YBEJIMYEHUST U BBICOKOM YMCI0BOi anepTypoii [23].

B nabopaTopum co3naresss Metona Boyden GBL10 MpemIoXXeHO CMEHUTD TeJIEBYIO MaTpH-
1y Ui 3aKiioueHus: oopasia B ExXM ¢ monmakpuiiaTHBIX Tesieid, 00agaronimx ceT4yaToi
CTPYKTYpPOI1, Ha Te€JI1, COCTOSIIIIE U3 MOHOMEPOB TeTpasipuieckoii ¢opmsl. JlaHHbBIE re-
JIn obJianaloT 6osiee OMHOPOIHOM CTPYKTYpPOii, OOJbIIE CLIOCOOHOCThIO K PaCIIMPEHUIO
CO 3HAYUTEJIbHO MEHbIIEH MPOCTpaHCTBEHHON o1rbOKoii. [TpenMylliecTBOM Takoro re-
JIEBOTO MaTpUKCa TaKKe SIBJISIETCS] COXpaHEeHUE (DIIyopeCLiCHIIMU IIIMPOKO UCTIOIb3yeMO-
ro goopodopa Alexa 647, KOTOPBI HE COBMECTUM C MOJIMAKPWIATHBIMU reisiMu [24].

Hpyroii ucciienoBaTeIbCKOM TPYMIIOi C LEIbIO YIYUIIUTh coXpaHeHue (roopodopos
OBbLIM pa3paboTaHbl TPUDYHKIIMOHAbHBIE aHKEPHI [25]. OHU He MoABepraloTCcs aerpaia-
LIMM BO BpeMsI MOJIMMEPHU3alIMU, TOMOT€HM3allMU WM AeHATypallMy U JIETKO OKpaluuBa-
FOTCSI OpraHWYEeCKMMHU KpacUTEsSIMU TMepes paciivpeHueM. [IpennaraeMblit aHKep CO-
CTOUT U3 TPeX YacTeil: KOHHEKTOpa ISl CBI3bIBAaHUSI aHKepa C aHTUTeJlaMu uiu Gep-
MeHTHBIMU MeTKaMu SNAP u CLIP, nuHKepa mIst CBS3BIBAHUSI C MATPUILEH Tellsd U
pemnopTEPHOTO y4yacTKa, CoAepXKalllero OMOTUH WM JUTOKCUTEHUWH Ui BU3yalu3allvu.
IMocne romoreHn3anuu rejib OKpammnbaeTcs (hayopecleHTHO-MEYEHHBIM CTPETITaBUIM -
HOM WJIX aHTUTEIaMU K JUTOKCUTEHUHY, OJarogapst 4eMy BU3yaau3upyeTcsi OObeKT UHTe-
peca. Pe3ynbTaThl aBTOPOB METOIWKM YKa3bIBAIOT, YTO TAKOM MOIXO TTO3BOJISIET TOOUTHCS
CYLLIECTBEHHO OOJIbLIEH SIPKOCTH (hJIyOpeCUEHLMU MO CpaBHEHMIO ¢ 00bIYHOM ExM.

C uCToNIb30BaHUEM CHCTEMbl OMOTHMH-CTPENTABUIAUH ObLIO MPENTOKEHO TOMUMO
0EeJIKOB U HYKJIEMHOBBIX KMCJIOT U3y4YaTh U IPYTUE MOJIEKYJIbl B 9KCITAHCMOHHOI MUKPO-
CKOMWU, HAIPUMED, JUMU/bI, TIMKaHbl U MaJjible MOJIEKYJibl, Ojlarogapsi yCTOHYUBOCTU
CTpernTaBUANHA K 06paboTKe (hepMeHTaMU U TToJauMepu3aiuu [26]. B naHHoit Moaudu-
Kauuu ExM s Bu3yaausauuu OMOMOJIEKYI UCITOJIb3YeTCs KIIMK-MeYeHUe, KOTOPOE OC-
HOBaHO Ha napax YHKIMOHAJIbHBIX TPYIII, OBICTPO U CIlelIU(DUIECKU B3aUMOACHCTBY-
IOLIMX IPYT C IPYrOM, HarpuMep, a3ua-aikKuH. bruomonekyna, MmeTaboInyecKku MedyeH-
Has aJKWUHOM, B3auMMONEHCTBYeT C OMOTHMH-a3WIOM, a 3aTeM C (GIyopecleHTHO-
MEYEHHBIM CTpPENTaBUAUHOM. Jlasiee MOAroTOBKa rejisl U BU3yaliu3alvs OCyILeCTBIISIETCS
COTJIacHO cTaHAapTHoit Metomuke. [lomo6bHast mogudukamm ExM oTKpbIBaeT HOBbIE
BO3MOXHOCTH JUISI €€ MCITOJIb30BaHUSI B UMAIIKMHTE OOJIOTMYECKUX OOBEKTOB.

B uerom, MOXHO 3aKJTIOUUTh, YTO METOIMKA SKCITAHCUOHHOW MUKPOCKOMNNU yIoOHa B
MPUMEHEHUHU JUISI pa3IMYHOTO Po/la HAyYHO-UCCIenoBaTebCcKuxX 3anayd. [IpumensemMblit
B Hallleii paboTe IMPOTOKOJI MToKa3ajl CBOIO TMOKOCTh M TPOCTOTY B MCITOJb30BaHUU. Pe-
aKTUBbI, UCTIOJIb3yEMbIE IJIs1 BBITIOJHEHUS] 3TOTO METONa, OOILIENOCTYHBI IS Jabopa-
TOPHOTO HCITOJIb30BaHUSI U HE TPeOYIOT CIELMaTbHOTO O0OPYIOBaHMUSI M OCHAIIEHUS.
B 3aBuCHMMoOCTM OT liesieit nccienoBaHus YCIOBUsI 0OpabOTKM TKaHeil MOXHO BapbUpPO-
BaTh, MPUMEHSIS TIPAKTUYECKU JIFOObIE (DIIyOpeClIeHTHbIE KPACUTEH.

ITomoOpaHHBIN B Halleit 1abopaTOPUM ITPOTOKOJI TTO3BOJIMI CHU3UTh Pa3pyLIMTEIbHOE
NieicTBHE MPOTEMHA3 HA UMMYHOIJIOOYJIMHBI, TIPUMEHSIEMbIE JIS1 UMMYHOTUCTOXUMUYE-
CKOI JeTeKIIUM OOBEKTOB, YTO B CBOIO OYepeIb OTMEHUJIO HEOOXOAUMOCTh HOITOJTHU-
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TEJILHOTO OKpAIlIMBaHUS TMperapara mocjie paclIiupeHusl ¢ LeIblo YCUIUTh HeJ0CTaTOu -
HBI YpOBEHb 9KCTUHIIMU, HAOJII0HaeMblii BCIEACTBUE Aerpagaliuu Gparoopodopos.

Taxkum 06pa3oM, Mbl MOXKEM 3aKJIIOUUTh, YTO STOT METO/I, SIBJISIETCSI JOCTYITHBIM U JIETKO
peain3yeMbIM B paMKax CTaHIAPTHOTo Habopa MHCTPYMEHTOB, KOTOPHIMU OOBIYHO YKOM-
IUIEKTOBaHA Hay4dHasl Jiabopartopusi. [JTaBHBIM JTOCTOMHCTBOM METONA SIBJISIETCSI TO, YTO
ExXM ynyudiaeT paspelieHre n300pakeH i, ToJlydaeMbIX ¢ UCITOJIb30BAHWEM CTaHIapTHO-
o0 MUKPOCKOIIa, ITyTeM (DU3MIECKOTo YBeTudeHust oopasia. [1pu mpumMeHeHnn anpooupo-
BaHHOTO B paboTe MPOTOKOJIA OBLIO JOCTUTHYTO 4-KpaTHOE YBeTMYeHHe HEHPOHOB MO3ra
MBIILIEl, TTO3BOJIMBIIIEE OTPA3UTh TOHKYIO CTPYKTYPY KJIETKU C BO3MOXKHOCTBIO BU3yalu3a-
LIMY NEHIPUTHBIX IIMITMKOB, KJIETOUYHBIX OpraHe/l. B OymyiieM Mbl IJIaHUPYeM C TTIOMO-
11IbI0 3TOTO0 METO/Ia UCCIeNOBaTh MOP(OIOrMYecKue U3MEHEHUsI B HEMpOHaX U OTPOCTKAX
Ha (hoHe HeliponereHepaTUBHOTIO Ipoliecca, a TaKKe MpU APYrux ¢hopMax rmaToJoruu.

HauboJsiee mepcreKTUBHBIM, Ha Halll B3IJISIA, HAMpaBJIEeHUEM B HACTOSIIIUI MOMEHT
siByisieTcs: KoMOuHaluss EXM ¢ U3BECTHBIMU TEXHOJIOTMSIMU MUKPOCKOIIUM CBEPXBBICO-
Koro paciupenus [ 13—15, 27—29], 4To Mo3BOAUT NOCTUYB e11le OOJIbIIIETO pa3pelieHns 1
BU3YaJIM3UPOBATh MebYaillliie NeTald KJIeTOYHBIX opraHesl. OmHaKO ITOKa METOIbI
(ryopectieHTHOIT MUKPOCKOITMU CBEPXBBICOKOTO pa3pelleHust BeCbMa CJIIOXHO U T0PO-
rocTosiIe peain3yrorcs. BoaMoxXHO, 4To najibHeiliee pa3Butue Metonuku ExM oGera-
€T B CKOPOM BpPEMEHU HUBEJIMPOBATH CYIIECTBYIOIIME HEIOCTAaTKU, UTO CAEIAET ee ellle
0oJsiee ynoOHOI 1151 UCTIOJIb30BaHUS B HEMPOOUOIOTNYECKOM DKCIIEPUMEHTE.

NCTOYHUKU ®OUHAHCUPOBAHUA

PaGota BeinonHeHa npu puHaHcoBoi nomaepkke PH® (rpant Ne 20-45-01004, besnpo3BaH-
Heiid M.B.). IMunnkas E.W. asasiercst mosydareneM cturienanu [1pesunenrta Poccuiickoit denepa-
i Ne CI1-3122.2021.4.

KOH®JIUKT MHTEPECOB

ABTOpH 3a4BJIAIOT, YTO HE UMEIOT KOH(l)I[I/IKTa HMHTEPECOB.

BKJIALL ABTOPOB

Wnest pabotsl 1 mianupoBanue skcnepumenTa (U.B.b., E.W.I1., K.3./1.), coop nanubix (K.3.1.,
E.N.I1., A.B.P.), o6pabotka nanubix (K.3.1., E.1.I1., A.B.P.), HanucaHue u perakTUpOBaHUE MaHy-
ckpunrta (K.3.1., EXA.I1., U.B.B.).

BIIATOOAPHOCTHU

ABTOpPBI BBIpaxkaloT O61arogapHOCTh KOJUIEKTUBY Jtaboparopuu JIMH 3a momnepkky akcrepu-
MEHTaJIbHOI paboThI M 0OCYXIeHUE pe3yIbTaToB U Bnagumupy 2KeMKOBY 3a TOMOIIIb U COBET C Ha-
JIaAKOM METOAUKY DKCIIaHCUOHHOI MUKpockornuu B JIMH.
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Applying of the Expansion Microscopy Method in Neurobiology
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Many biological studies require the analysis of ultrastructural changes at the cellular or-
ganelles and molecular interaction. Since the modern confocal microscope resolution is
limited by the diffraction limit (200—300 nm), it is impossible to study such small objects
using standard fluorescence microscopy. Ultra-high resolution microscopy methods re-
quire expensive equipment and are technically difficult in use, which in turn limits their
widespread practical application. However, recently appeared methods make it possible to
increase the resolution of microscopy not by improving the image registration system, but
by physically isotropic expansion of a biological sample using a controlled chemical pro-
cess. Thereby to this method, called expansion or expansive microscopy (EM), it became
possible to obtain three-dimensional images of samples with a resolution sufficient for
studying individual cell organelles using a conventional confocal microscope. This review
covers the history of this method, its basic principles and examples of use in various fields
of biology and medicine, as well as reflects future directions for improving this technology.
The article discusses the methodological features of the EM applying in the study of brain
tissue samples with an algorithm that can be used to adapt the standard protocol to the
goals and objectives of a particular study.

Keywords: expansion microscopy, super-resolution microscopy, polyelectrolyte gel, immu-
nohistochemistry, fluorescence microscopy
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