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OBIIIAA XAPAKTEPUCTHUKA PABOTHI

AxTyanpHOCTE paboThl. MccienoBaHne MMOBEPXHOCTHBIX W BHYTPHKIJIETOUHBIX JIMTAH/-
PelenTOPHBIX B3aMMOACHCTBHUIA IPEACTAaBISAET cOOOH OJHO W3 OCHOBHBIX HAIIPAaBIICHHH
Pa3BUTHS COBPEMEHHOII IMMYHOJIOTHH, KJIETOUHOW M MOJIEKYJIIPHOI OMOJIOTHH, a TaKxkKe
NPe/ICTaBISIET MHTEPEC It OMO(U3UKH B 1IETIOM.

B Hacrosimiee BpeMsi nM3ydeHHE 3alUTHONW peakIUM OpraHu3Ma Ha HHQEKIHUN
(bakTepuanbHble, BUPYCHBIE, TPHOKOBHIE WJIM ITIapa3WTapHbIE) CTAHOBHUTCS BcE Oolee
aKTyanbHBIM. JI100ass MakpoMoOJeKysa, dyXkaas OpraHH3My, MOXET BBI3BaTh 3ALIUTHYIO
peaknuio - IMMYHHBIH OTBET. B3anMoeiicTBrIE THITA IUTaHA-PELENTOP UTPAET KITFOUEBYIO
pOJIb B UMMYHUTETE, SIBJISISICH OCHOBOM paclo3HaBaHUs “CBOM-UYKOH~ Ha MOJEKYJISIPHOM
U KIETOYHOM YpoBHE. Takoil TUN B3aUMOIEHCTBUS BaXK€H I Pa3IMUYHBIX
Ouonorudyeckux mpoueccoB. Hampumep, mepemada CHUTHAIOB OT OKpPY’KAaroOLIEH Cpezbl
KIETKH B €€ BHYTPEHHIOIO 4YacTb MPOHUCXOMUT MYyTEM JIMTaHA-PEIETIOTPHOTO
B3aUMO/ICHCTBUSI OEJIKOB C CUTHAJIbHBIMU MOJIEKYJIaMH.

B mnocnegHue roapl ¢ pa3pabOTKOW HOBBIX OKCIEPUMEHTAIBHBIX METOJ0B
NOSIBJISIETCS. BCe OOJIbIIE DKCIIEPUMEHTAJBHBIX pPA0O0T, MOCBSILEHHBIX HCCIEIO0BAHUIO
KMHETHKHU B3aMMOJAEUCTBUM TUMA JIUra”i-pernentop. [ng uccienoBaHuii MOBEPXHOCTHBIX
JIUTaHA-PELeNTOPHBIX B3aUMOACHCTBUM MPOTOYHAS [IUTOMETPUS BBITOJHO OTJIMYAETCS OT
JpyTUX METOJOB, TaK KakK IO3BOJISIET HCCIEeNOBaTh KUHETHKY CBS3bIBaHUS JIMIaHJa C
penenTopoM Ha IIOBEPXHOCTH OIWHOYHBIX KIETOK. JlIsg WcclaenoBaHWH JHTaHId-
PELIEeNTOPHOTO B3aWMOJECHCTBHS BHYTPH JKHBBIX KJIETOK IIMPOKO IPHMEHSETCS METO.
BOCCTaHOBIIEHUS (uIyopecueHnnu Tmociie (oTooOeCBEUMBAHNS C HCIIOIH30BAHHEM
TEXHOJIOTUH KOH(OKATBHON CKaHUPYIOIEH MUKpocKonruu. OTHAKO, IS KOJIMYECTBEHHBIX
KMHETHYECKUX HCCIEJOBAaHUN OEIKOBBIX B3aHMMOJCHCTBHH THNA JHMIAHA-PELENTOp B
CHJIbHO HEOIHOPOJHBIX cpefax (HampuMep, B sIIpax KJIETOK) 3TH METOJBI O HACTOSIIETO
BpPEMEHH He ObUIN Pa3BUTHL

AKTyanpHOCTh JaHHOM paboTBl OIpenensercs MeToJaMH U O0BEeKTaMHU
HCCIIEIOBAHMS.

C OIHOH CTOpOHBI, CYyIIECTBYET IpoOJeMa HWHTEPHpPETAMH KUHETHYECKHX
HU3MEpEHNUH, IPOBOJUMBIX B peaJbHOM BPEMEHH Ha IPOTOYHOM LIUTOMETPE, TaK KaK MpH
9TOM pa3HbIE KIETKH MOITYJISIIAN U3MEPSIIOTCS B pa3HOE BPeMs M TOJIBKO OJHOKpaTHO. s
pemeHnst mpoOJieMbl MHTEPIPETANH JaHHBIX KHHETHYECKUX M3MEPEHHH Ha MPOTOYHOM
mutoMeTpe B 2000 romy ObLT pa3paboTaH METOA BpPEMEHHOH JBOIIONHA (DYHKITHIA
pacnpesneneHuid Al MOASINPOBAHUS KHHETHKU JINTAH/I-PEIIENITOPHOTO B3aMMOJICHCTBHA,
OIIHaKO, He ObUT MOBEAEH A0 MPAKTHYECKOTO NMPHMEHEHHs B Ciydae HHU3KOW M CpemHein
BeIMYUHBI apPUHHOCTH THTaHAa K perentopy. B naHHO# paboTe mpeanoKeHo pa3BUTHE
TaKOrO MeToJa JUIs Cily4yas HU3KOW W cpenHeil ad(UHHOCTH JMraHAa K peLenTopy.
PaccmoTpeHne KMHETHUECKUX MAHHBIX JUIA JIMTAaHI — PEIENTOPHOrO B3aMMOACHUCTBHS,
MOJYYEHHBIX C MTOMOIIBIO IPOTOYHOTO IIUTOMETPA, C TOUKU 3PEHUS BPEMEHHOH 3BOIIOIUN
pacripeiesieHust KJIETOK 110 HHTEHCUBHOCTH (TyOpECIEHINH TaET BO3MOXKHOCTD TIOJTyYHUTh
MoJpoOHyI0 HMHGOPMAIHMI0O O paclpeAeIeHNH KJIETOYHOH IMOMyJSIIMK 10  YHCITY
MIOBEPXHOCTHBIX PpEIENTOPOB, a TakkKe O KOHCTAHTaX CKOPOCTH AacCOlUaluU M
JVICCOLIMAIMA Ha €IWHUYHOM perentope. OOBEKTOM HCCIEIOBaHMS B JAHHOM CIydae
SBISIETCSl  crenuduyeckue oOpaTUMble JIMTAHI-PENENTOPHBIE peaknud. BakHOCThH



UccieoBaHui 000CHOBaHa (DyHIaMEHTAILHON POJIBIO aHHBIX MPOLIECCOB B HOPMAIbHOMN
KHU3HEAEATEILHOCTH OMOJIOTHYECKOTO OPTaHu3Ma.

C Jpyroil CTOPOHBI, CYIIECTBYeT MpPOOJIEeMa KOPPEKTHOTO OMpPEICICHHS
KOJIMYECTBEHHBIX ~mapaMeTpoB (kodp¢umumeHT auddy3nn, KOHCTAHTHI CKOPOCTH
acconpMandyd ¥ JWUCCOIMAINM) JWHAMHKH MOJIEKYJI B Cpeie ¢ HEOXHOPOIHBIM
pacIipezielleHieM CBS3BIBAIOIINX IIEHTPOB (HAmpUMep, SApPO XHUBOW KIETKH) METOIOM
BOoCcCTaHOBIIeHHS (uryopecueHmu mocie ¢oroobeciBeunBanus (Fluorescence recovery
after photobleaching - FRAP). O0bexTOM UCCIIeIOBaHMS SBJISIOTCS OSITKH, BOBJICYCHHBIE B
MIPOLECCHl  TPAHCKPHUINIMK W TPaHCIHALMM, (OpMHpPOBaHME M IOAICPIKaHHE
KOHACHCUPOBAHHOI'O0 XpOMaTWHa M CTaOMJIbHOCTH T€HOMa, a TaKXXE€ YYaCTBYIOLIWE B
penaparuu AByxuenoyeuHsx pa3posiBos JJHK.

[lenblo MaHHOW AWMCCEPTAIMOHHOW PaOOTHI SIBISETCS HCCIIENOBaHHE MTOBEPXHOCTHBIX U
BHYTPUKJIETOYHBIX JIMTaH/A-PELENTOPHBIX B3aUMOJCHCTBHH C TIOMOIIBIO TMPOTOYHOMN
LUTOMETPUH U JIa3epHOI CKaHMPYIOIIEH MHKPOCKONMH Ha HEHTpodmiIax deloBeKka W B
¢pubpodacTax MBIHMHBIX YMOPHOHOB, COOTBETCTBEHHO. JIJIsI MOCTIXKEHHS 3TOH Lienu
ObLTH C(HOPMYITHPOBAHBI CIIEAYIOIINE 33AaUH:

1. YcoBepumieHCTBOBaTh METOAWKY HWCCICIOBAHHS CBS3BIBAHMSA PAcTBOPEHHBIX
JUTaHJO0B ¢ HU3K0a((UHHBIMI MOBEPXHOCTHBIMH PELIENITOPAMH KIIETKH, UCTIONIB3YS
MaTeMaTH4eCKyl0 MOJENb, YIUTHIBAIOLIYI0 T€TEPOreHHOCTh KJIETOYHOH MOMyJISIAN
10 KOJIMYECTBY PELETITOPOB.

2. C WHCIONb30BaHMEM  YCOBEPLICHCTBOBAHHOM  METOAMKHM  OXapaKTepHU30BaTh
HEUTPOQHIIBI YeTOBeKa M0 KOJMYECTBY MOBEPXHOCTHHIX penentopoB FcyRIIIb u mo
CKOPOCTSIM TPSIMOI M 00paTHOM peakIuii «JIMTaHA-KIETOYHBIH PElenTop).

3. C ucnonbp30BaHUEM METO/a CKaHUPYIOIIEH MPOTOYHOM LIUTOMETPUHU HCCIEeN0BaTh
CBETOPACCEHBAIOIINE CBOWCTBA HEUTPOMMIOB 4YelOBEKa, a HMEHHO: H3MEPHTh
3aBUCHMOCTH JH(hepeHnnanIbsHOTO CeUeHHs PACCEsSHUS OT yIla PACCesHHUS.

4. PaszpabotaTh METOA aHaIM3a KHHETHKA BOCCTAHOBJIECHUS (IIyOPECIEHINH IIOCTE
(oToobecBEUNBaHNS UTS CHIIBHO HEOAHOPOIHBIX CPEJ] ¢ OLCHKOM KOJIMIeCTBEHHBIX
apaMeTpoB JUHAMHKHU O€JIKOB B SAPAX KUBBIX KJIETOK.

5. HccnenoBatp mud¢y3uro reTepoXpoMaTHHOBBIX HETUCTOHOBBIX OEJIKOB ceMeicTBa
HP1 B smpax ¢uOpoOIacToB MBIIMHBIX SMOPHOHOB M KHHETHKY PEaKIHH HX
B3aUMOJICHCTBUS C TPH-METUIIUPOBAHHBIM THCTOHOBBIM OenrkoM H3.

HayuyHas HOBU3HA pabOTBHI OMpeAessieTCs CICAYIONMMH Haubojiee 3HAYUMBIMHU

pe3ynpTaTaMu:

VYcoBepIiIeHCTBOBaHA METOJMKA WCCIIEAOBaHUS CBSA3BIBAHUS HHU3KOAQ(PHUHHBIX
PacTBOPEHHBIX JIMTAHJOB C IOBEPXHOCTHBIMU pELENTOpaMH KIIETKH, YYUTHIBAIOIIAs
TeTEPOTeHHOCTh KJIETOYHOW MOMYJISIIMU MO KOJWYECTBY PELENTOPOB, YTO IIO3BOJISIET
OLICHWBATh 3HAYCHUS KOHCTAHT CKOPOCTH MPsIMOM M 0OpaTHOM peakumil JWraHu-
PEUENTOpHOTO B3aMMOJEHUCTBHS, a TaKKe OMNPEACNATh a0CONIOTHOE pacHpeseeHue
PeUenTopoB B KJIETOYHOH ITOITYJISIIIAH.

[IpoBeneHa pacmmpeHHas XapakTepu3allii HERTPOPHUIIOB YeIOBEKa IO CBOMCTBAM
MMOBEpXHOCTHRIX perentopoB FcyRIIIb meromoMm mpoTowHoil mmTodiyopoMeTprn ¢
OIIpe/IeJICHUEM KOHCTaHTBl CKOPOCTH PEaKLUUH (JTUTaHJ-KIETOYHBIA  peLenTtopy,
KOHCTaHTBl CKOPOCTH OOpaTHOW peakluuy, pachpeAeieHHs KIETOK IO KOJIUYECTBY
pELEnTopOB.




BrepBrie pa3BUT METOX ONpEACiCHUS KOHCTAaHTHI 3(dekTuBHON auddy3uu
MOJIEKYJI JIMTaHJOB B Cpele C HEOJHOPOJHBIM paclpeieieHUEM CaHTOB CBSI3BIBAHUS
(peuenitopoB)  0e3  HAaXOXIEHHWsS  TOJTHOTO  PEIICHUS  HMCXOAHOM  CHCTEMBI
mudpepeHInaIbHBIX peaKIHOHHO-IH ()P Y3NOHHBIX YpaBHEHUH.

[IpakTiyeckas IEHHOCTh pabOTHI CBfA3aHA C PAa3BUTHEM IOTCHIMANa METOnA
MPOTOYHON IUTOMETPUHM JJIsI WCCIECNOBAaHHMSA OOpaTUMBIX  JIMTaHI-PELENTOPHBIX
B3aUMOJAEHCTBUII Ha MOBEPXHOCTH OHMOJIOTHYECKHX KIETOK M METOJla BOCCTaHOBIICHUS
¢ryopecueHmu mocie GoTooOecBEUMBAHMS AT UCCIEIOBAHNS CHIIBHO HEOIHOPOIHBIX
cpea. B uactHOCTH, pa3paboTaHHBIE METOABI MO3BOJSIOT IPOBOIUTH OOJEe MOIHYIO
XapaKkTepu3aluilo OWOJOTUYECKHX KIETOK IO TOBEPXHOCTHBIM M BHYTPHUKIETOYHBIM
peuenTopaM, a UIMEHHO: OINPEAEISATh KOHCTAaHTYy CKOPOCTH PEaKIMH <«JIMTaH/-KJIeTOYHbINA
peuentop», KOHCTaHTY CKOPOCTH OOpaTHOW peakuuu, KodpduuueHT 3¢dexTHBHON
muddys3un, a TakKe pacrpeeseHrue KIETOK M0 KOJWYECTBY PELENTOPOB. DTO SBISETCS
JIMarHOCTHYECKH BayKHBIM:

- U1l IMMYHOJIOTMYECKOTO aHaJi3a KJIIETOK;

- B MCCJIEZIOBAaHUY BHYTPUKIIETOYHBIX ITPOIIECCOB;

- TIpH pa3pabOTKe HOBBIX JIEKAPCTBEHHBIX IIPETIAPATOB.

Ha 3ammTy BRIHOCSTCS CIEAYIOMINE MTOIOKEHHSL:

1. YcoBepiieHCTBOBaHHAsE METOIKA NCCIIEIOBAHNS CBSI3bIBAHUS PACTBOPEHHBIX JINTAH/IOB
¢ Hu3KoapOUHHBIMH  TIOBEPXHOCTHBIMH  PELENTOpaMH  KIETKH, YYHUTBHIBAIOIIAs
TETEPOTEHHOCTh KJICTOYHOH TOMyJSIMUM 10 KOJHMYECTBY PELENTOPOB, II03BOJIIET
OLICHMBaTh 3HAYCHUS] KOHCTAHT CKOPOCTH MpsIMOM M 0OpaTHOM peakuuii JuraHu-
PELEeNTOpHOTO B3aMMOJCUCTBHS, a TaKKe OMNpEAeNATh a0CONIIOTHOE paclpesieieHne
PELEenTOopOB B KJIETOYHOH ITOITYJISILIAH.

2. 3HaueHHs] KOHCTAHT CKOPOCTH acCOLMAlWU W JAWUCCOIMAIMU OAMHOYHOW JIMTaH/-
penentoproit mapsr «1D3 IgM — FcyRIlby paBmbl k,=(7.5£1.0)x10"¢ cm’/c u k-
=(2.120.8)x107 1/c, cootBetcTBeHHO. CpeIHee KOTMUECTBO HOBEPXHOCTHEIX PELENTOPOB
FcyRIIIb Ha HeiTpoduIax denoBeka BapbUPYETCs OT MAMEHTa K narmenTy ot 0.5x10° 10
3x10°.

3. KoncranTa 3¢dexktuBHON qudQy3un MOJEKYT JUTAaHIOB B cpele ¢ HEOTHOPOIHBIM
pacripesielleHHeM CaWTOB CBS3BIBaHUS (PEIEeNTOpOB) MOXKET OBITh oOlpenerneHa 6e3
HaXOJK/I€HHUS IIOJIHOTO PEIICHUS] MCXOTHOHN cucTeMbl TuddepeHInanbHbIX pPeaKMOHHO-
I Qy3HOHHBIX ypaBHEHHH.

4. Cpenuue 3HaueHHss KOHCTaHT d¢ddextuBHol muddy3un Oenxa HPlo B sapax
¢ubpodacToB MBIIMHBIX dMOproHOB Suv39hl/2+/+ u Suv39hl/2-/- pasusr (5.7 £ 0.8)
x10® cM¥c u (49 + 0.4) x10® cm*/c, coorBercTBeHHO. Ilocae 0OGPaGOTKH KIETOK
TPUXOCTATHHOM A, BBI3BIBAIOIINM alETHJIMPOBAHWE THCTOHOB Ha BCEM IPOTSDKEHUU
renomHolt JIHK, cpennee 3HaueHne koHCTaHTHI dddexTnBHON muddysun denxa HPlo B
sirpax puOpoOIacTOB MBIIMHBIX SMOproHOB Suv39h1/2+/+ u Suv39hl/2-/- paBro (3.9 +
0.6)-10" cm*/c u (3.4 + 0.3):10™ cM?/c, cOOTBETCTBEHHO.

AnpobGanusi _pabotel. OCHOBHBIE PE3YNIBTATHl IHCCEPTALMH MPEACTABICHBl B 5
myOnuKkanusax pedepupyeMsIx SKypHAIOB, BKIIOYEHHBIX B IPWJIATacMbIi IEPEUCHb.
ConepxaHue IHUCCEPTALMM JOKJIAABIBAIIOCH HA MEXIYHAPOAHBIX KOH(EPEHIMSX: II0
ouosiornueckuM U dKonorndeckuM Haykam (Erumer, Xyprama, 13 — 16 mapta 2008 r.),
“Ucnons3oBanne 'MO B HayuHbIX uccnenoBanusax’’ (Yexus, bpuo, 8 — 9 ampens 2010 r.)
Ha XXV KoHrpecce MeXAyHapoaHOro oOmiecTBa pazBuths nutomerpuu, ISAC (CILA,
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Cuatn, 8-12 mas 2010 r.), “Onureneruxa” (Yexus, bpro, 22 — 25 Hos6ps 2010 r.),
“JluHaMuKa cucTeM BHyTpHKiIeTouHo# cBs3u” (IlIBelinapus, Durensdepr, 15 — 19 wmas,
2011 r.), a Tak)Ke Ha HAYYHBIX CEMHHapax B IHCTUTYyTe XUMHYECKOI KNHETUKH U TOPEHUS
CO PAH, Nnucturyre 6modusnkn Yenickoil akagemMun Hayk M MIHCTHTYyTe KIMHUYECKOH
nmmyHosorun CO PAMH.

[y6mukannu. OcCHOBHOE COIEpKaHNE U3JI0KEHO B 5-M CTAaThSIX B PELEH3HPYEMbIX
KypHaJlaX, a TAKXKE B TE3MUCAX MEXIYHAPOAHBIX KOH(epeHuil.

Jlvaneiit BKIan. Bee mpuBenéHHBIe B paboTe pe3yabTaThl MOMYYEHBI THO0 caMUM
aBTOPOM, JIOO TP €r0 HETIOCPEICTBEHHOM yJacTHH.

CrpykTypa JHiccepTalMoOHHON paboThl. JluccepTanyss COCTOMT W3 BBEICHUS,
YeThIPEX IJIaB, 3aKITI0UEHHS, BHIBOJIOB U CIMCKA UTHUPYEMON JIUTEPaTyphl, BKIIOYAIOIIETO
201 naumenoBanue. [uccepraius usnoxena Ha 114 crpanunax, BKiIroudaeT 7 Tadmmi, 32
PUCYHKA U OTHO IIPUJIOKEHUE.

COJEPXXAHME PABOTbBI

Bo BBeneHun 00OCHOBaHa aKTyalbHOCTb TEMbI AMCCEPTALIOHHOW paboTEHI,
ONpeZieTIeHbl 1eNb M 3afadd  paboThl, Cc(OPMyNIHPOBaHB OCHOBHBIE IIOJIOXKCHHS,
BBIHOCHMBIE Ha 3aIINTY, U IaHO KPAaTKOE OIMCAHUE JUCCEPTALINH TI0 TIIaBaM.

IepBas rnaBa sBisieTcss 0030pOM HAaydHOH JIMTEpaTyphl, MOCBSIIECHHON
HCCIIEIOBAaHUIO KWHETHUKH TTOBEPXHOCTHBIX WM BHYTPHKJIETOYHBIX JIMTaHI-PELETITOPHBIX
B3aUMOJEUCTBHH.

B pasnmene 1.1 kpaTKo omucaHBl THIBI KJICTOYHBIX PELENTOPOB, KOTOPBIE MOXKHO
pa3zienuTh Ha JBa OCHOBHBIX Kilacca - MeMOpaHHbIEe (ITOBEPXHOCTHBIE) PELENTOPhl U
BHYTPHUKJIETOUYHBIE PELIEITOPBI.

B pasznene 1.2 npexncraBineHo KpaTkoe onucanne MOp(hoIoTui HeUTpOo(UIIOB U MX
OCHOBHBIX (DYHKIHH.

Paznen 1.3  mocBsmEéH  HUCHONB3YIOUMMCA B HacTosllee  BpeMs
9KCIIEPUMEHTAIBHBIM METOZaM WCCIIEJOBAaHNS B3aWMOAEHCTBUS JIMTHA/A-PELENTOp Ha
MIOBEPXHOCTH JKUBBIX KIETOK C AaKIEHTOM Ha METOMBI, MO3BOJIIOIINE IPOBOINTH
KMHETHYECKHE MCCIICIOBaHNUS.

HaubGonee pacnpocTpaHEHHBIMH SKCHEPHMEHTAIBHBIMA METOAWKAMH SIBIISIOTCS
panTuoOMMMYyHOAHAIN3, UIMMYHO(DEPMEHTHBIN aHaNMn3, UMMYHO(IYyOpPECLECHTHBIN aHan3,
MMMYHOArTIIOTHHALMS, TOBEPXHOCTHBIM IUIA3MOHHBIH PpE30HAHC, TEXHHKA IIOJHOTO
BHYTPEHHET0 OTpaX€HHs, MPOTOYHAS IMTOMETpHs. [IpoTOYHAs LUTOMETPHsI BBITOHO
OTJIMYAETCs OT JPYTMX METOMOB, TaK KaK MO3BOJISAET UCCIECI0BATh KHHETHUKY CBS3BIBAHUS
JIUraHja C pelenTopoM Ha TIOBEPXHOCTH OIUHOYHBIX KieTok. C mnpuMeHeHHueM
MIPOTOYHBIX IIUTOMETPOB BO3HHUKAET 3a/lada IMOBBIMICHNS! MH(POPMAaTHBHOCTH W3MEPEHUS
OJMHOYHBIX KJIETOK 32 KOPOTKOE BpeMsI €e HaXOXKAEHHsI B 30He peructpanun. Kpome toro,
CyIIeCTByeT mpoOiieMa WHTEpIpeTaluuyd KUHETHYECKUX W3MEPEeHHH, NPOBOJUMBIX B
peaJbHOM BPEMEHHM HA TPOTOYHOM IIMTOMETpE, TaK Kak INPH 3TOM pas3HbIE KICTKH
TIOITYJISIIUH U3MEPSIOTCS B Pa3HOE BPEMSI M TOJIBKO OJHOKpaTHO. Jiis perreHus mpoOiemMbl
HWHTEpIpEeTaluy JAHHBIX KUHETHYECKHX HM3MEPEHUH Ha MpPOTOYHOM wnuromerpe B 2000
rogy ObUT pa3paboTaH METOJ BPEMEHHON JBONIONMHA (YHKIHMHA pacrpeneleHud s
MOJIEITUPOBAHNS KHUHETHKH JIMTAaHA-PEIENTOPHOIO B3aMMOJCHCTBHSA, OFHAKO, HE OBLI
JOBEIEH /0 NPAKTHYECKOTO INPHMEHEHHS B Cllydyae HU3KOW M CpEeJHEH BelIWYHMHbBI




appuHHOCTH JMraHAa K perenTtopy. B nmaHHOW quccepTalluMl NPEUIOKEHO pa3BUTHE
TaKOTO METOAA JUIS CITydast 00paTHMOTO JIMTaH]| — PEHENTOPHOTO B3aNMOAEHCTBHSL.

B paznene 1.4 mokazaHo, 4TO NMPU MOAEIHPOBAHUH TPOLECCOB MPOHUCXOISAIINX B
SIpe JKUBOM KIETKH HEOOXOOMMO YYHTHIBaTh HEOAHOPOAHOCTH W MOOMIIBHOCTB
CTPYKTYpHI sinpa. Takoe NOHMMaHWE SAEPHOW AWHAMUKH BO3HHUKIO B pPE3yJbTaTe
Pa3BUTHS HOBBIX {71 ViVO MUKPOCKOIIMYECKNX METOJIOB C HCIIOJIb30BAaHHEM HEHHBA3HBHOTO
MeueHHs 6eTKOB (DITyOpECIEHTHBIMU MapKepaMu, TAKUMH KaK 3€JICHBIN (IIyopecieHTHBII
o6emok (GFP). DT MeTompl OTKpPBUTH COBEPIIEHHO HOBBIE CHOCOOBI HCCIIEIOBAHUS
mokanu3anuu 6enxoB B sape. Kpome Toro, ncnonp3oBanue GFP mo3Bommino mucciemnoBarh
JAHAMHUYCCKUEC TIPOLECCHI, BKJIOYasd JIMTaHA-PEUCIITOPHLIC BSaHMO}IeﬁCTBHH BHYTpU
kieTok. Hanbonee mmpoko uCmonbp3yeMbIM METOJIOM B HacTosIIee BpeMs siBisieTcsi FRAP
(BoccTaHoBIIEHHE (DIYOPECICHITUH MTOCe (HOTOOOSCIIBEUHMBAHN).

B pasgene 1.5 mpencrtaBieHO KpaTKoe ONUCaHHWE CTPYKTYpbl XpOMaTHHa -
komruiekca JIHK u cBsi3aHHBIX ¢ Hell OenkoB. XpOMaTHH HaXOJUTCS BHYTPH SIpa KIETOK
9YKapHoT M BXOIHUT B COCTaB HyKJeOHJa y MpOKapHoT. VIMEHHO B cocTaBe XpOMaTHHA
MIPOMCXOMNT HA4YaJIBHBIA 3Tall peaju3alid TeHeTHYeCcKOoW WH(POpPMAIH, a TaKKe
pemmmkarst 1 penapanus JJHK. Ctpykrypa reHOMa M 3KCIIpecCHs TeHOB 3aBHCAT OT
(YHKIIMOHAJTHHOW aKTHBHOCTH MHOXECTBAa OEJKOB, ACCONMMPOBAHHBIX C XPOMATHHOM.
MexaHn3MBbl B3aUMOIECHCTBUS 3THX OEIKOB ¢ XPOMAaTHHOM B MHTaKTHBIX KIIETKaX J0 CHX
IOp OCTAIOTCS HE PacKphITHIMU. [1oaX07, OCHOBaHHBIN Ha OOBEAMHEHUHN KOH(DOKAITHHON
MHUKPOCKOIIHH, METOAA BOCCTAHOBIICHHS (QIIyOpecleHINnH mocie (oTooOeCBeUnBaHHS H
KUHETUYCCKOTO MOJACIIUPOBAHUA, IIO3BOJIACT KOJMYECTBEHHO ONPEACIATL OCHOBHBIC
onodusnueckue napamerpsl (kodhdunnent nuddysun, KOHCTAaHTY CKOPOCTH) AWHAMUKHU
XPOMaTHH-CBS3aHHBIX OEJIKOB B JKMBBIX KIETKaX. OJTO B CBOIO O4Yepelb HOMOXKET
MIPOaHAIM3UPOBATh MEXAHMW3MBl B3aMMOJECHWCTBHS TaKnX OEJNKOB C XPOMaTHHOM B
€CTECTBEHHBIX YCIIOBHUSIX 0o0Jiee AeTalbHO.

Pazmen 1.6 mocBsImEH ommcaHUIO CTPYKTYpHI Oenka rerepoxpomatuHa HP1 u ero
(yHKIMOHAMBHBIX ~ ocoOeHHOCTeH. Heterochromatin  protein 1 (HP1) sBngercs
“nepxateyieM”’ TreTepOXpoOMaTHHa — TPAHKPUILMOHHO MOJYAIIe, KOHACHCUPOBAHHON
JHK, xotopas OOBIYHO acCOUMHPYET C IEHTPOMEPHBIMH objacTsMu. Paznmmuaior Tpu
modopmer HP1: o, B, y. Unens cemetrictBa HP1 xapakTepu3yrorcs HamudueM ABYX
KOHCEpBAaTHBHBIX JOMEHOB: N-KOHIEBOW XpomomomeH u C-KOHIIEBOW TEHEBOM
XpOMOJIOMEH, pa3[eNeHHBIX JMHKepOM IMepeMeHHON miauHbl. Kiaccudeckas Monenb
¢ynkproHanpHONW akTuBHOCTH HP1 — cBsizpiBaHMe ¢ MOAM(UIIMPOBAHHBIMH THCTOHAMH
MOCPEICTBOM XPOMOJIOMEHAa M B3aMMOJCHCTBHE C JPYTMMH O€NKaMU MOCPEACTBOM
TEHEBOI'0 IOMEHa.

Hdonroe BpeMsi TeTepOXpOMaTHH paccMaTpHBalICs KaK WHEPTHBIH, BBICOKO
KOHJICHCUPOBAaHHBIH M HENOCTYNHBIH IS TPaHCKPHUIILMOHHBIX (AKTOPOB JIOMEH, B
koTopoMm Oenok HP1 wrpaer ponp "wies" u sBusercs WMMOOWIBHBIM. OmHAKO
9KCIIEPUMEHTHI, IPOBEIEHHBIE Ha XKMBBIX KJIETKaxX ¢ momolnkio Merona FRAP mokazanm,
yro HP1 He crabmnbHO NMpHBSA3aH K NEPUIICHTPUYECKOMY T'€TepOXPOMATHHY, SIBIISIETCS
MOOWIBHBIM U (HOpMHUpPYET CTaOWIBHBIA, aKTHBHO OOHOBJISEMBIH KOMIIApTMEHT. Takmm
oOpa3oMm, amHamudeckue cBoiictBa HP1, BO3MOXHO, MMEIOT pelaroliee 3HAUYCHHE B
CO3JJaHUH MTOCTOSTHHO OOHOBIISIEMO#1, HO B LIEJIOM CTaOWIILHOM, apXUTEKTYpBl XPOMATHHA.

B paszmene 1.7 mnpencraBieHbl SKCIEPUMEHTAIbHBIE METOABl HCCIETOBAHUS
B3aMMOJEHCTBYS JIUTaH-PELENTOP BPHYTPHU JKHUBBIX KIIETOK, a TAKXKE 0XapaKTEPU30BAHBI
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pa3iuyHbBle MaTeMaTHYeCKHe MOJICIH, ONHMCHIBAIONINE MOOMIBHOCTh MOJIEKYJ BHYTpHU
OHMOJIOTHMYECKUX KIIETOK.

MOHO BBIJENUTH TPHU TPYIIBI COBPEMEHHBIX ITOJIXO/IOB, KOTOPHIE HCIIOIB3YIOT
JUTSL ICCIIEAOBAHMUS TUHAMHKH (DITyOPECIIEHTHO MEYEHBIX MOJIEKYJ BHYTPH JKHBBIX KIIETOK.
[lepBass rpymma ocHOBaHAa Ha JIOKaNbHOM (hoToOoOecIBeunBaHNH (()OTOAKTHBALINH)
¢diyopecneHIIMM ¥ JaJbHEHIIEM HAOIIONCHUM IPOCTPAHCTBEHHOTO paclpeeieHuUs
CUTHaJIa BO BpeMeHHU. Takoi MOJAXO0X JIeXHUT B ocHOBE MeTooB: FRAP (BoccraHOBIeHHE
(yopecuenmu mociue GpoToodecBeUNBaHNs), HENPEPHIBHOTO (oToobeciBeunBans (CP -
continuous  photobleaching)  wmm  motepm  QayopecrHeHmIMEM B IIpoIecce
¢doroobecuBeunBanusi (FLIP - Fluorescence Loss in Photobleaching) u ¢oroakruBanmu
(PA - Photoactivation). DTu MeTOIBI MO3BOJSIOT HHTEPIIPETUPOBATh TUHAMUYCCKUC
U3MEPEHUS] MAaKPOMOJIEKYJI C TOUKH 3PEHUSI XUMUYECKOW KHHETHKH.

Bropas  rpymma = Wcmosb3yeT — MHTEHCHMBHOCTH  (UIYKTyallMM — CHUTHaJa
(IiryopecueHIIMM MOJIEKYJI, MPeObIBAONIMX M TMOKWAAIMNX (OKAJIbHBIH 00BEM (11t
KOH(OKAIFHOTO MHKpOCKoma). Bo ¢iyopeclieHTHOI KOpPPEIAIUOHHON CIIEKTPOCKOIINI
(FCS - Fluorescence correlation spectroscopy) Takwe (IyKTyanud OIEHHBAIOTCS C
TIOMOIIBI0 aBTOKOPPEISIIMOHHOTO aHalmW3a. TpeTbsi rpynma OCHOBaHA HAa W3MEPEHHH
TPaHCIIOKAINA WHIUBHIYAIBHBIX YAacTHII CO BpPEMEHEM. Takhe METOABI IPEJCTaBISIOT
cobolt mpsiMoii crioco6 u3MepeHus Auh(y3nOHHOTO MEepEeMEIIeHUsT U B3anMOJIECHCTBUS ¢
caliTaMy CBS3BIBAaHMS MHTEpPECyIOImEeH Moiekynsl. OIHAKO, OHM 3a49acTyl0 OIPaHHUYEHbBI
OTHOCHUTEIIFHO KOpPOTKMM TIeprofoM HabmomeHns (< 1 cek.), 3a KOTOpBIA CHTHAl
(diyopecuieHIIMM  MOXeET ObITh 3a)UKCUPOBAH W JIMIIb HEOOJBIIOE KOJHYECTBO
TPaeKTOPUH 3aIKCaHO JUI AaTbHEHIIero aHau3a.

B Hacrosimee BpeMs METOA  BOCCTAHOBJICHHs — (DIyopecleHIMH — Iocie
¢oroobecuBeunBanusi (FRAP) sBusercs IIMPOKO HCHONB3YEeMBIM TIOAXOAOM IS
WCCIIeIOBaHMS TUHAMHKH MaKpPOMOJIEKYJ B JKMBBIX KJIETKaX. DTOT METOJ HCIOJIb3YeTCs
JUII  W3Y4YeHWs] MHOTHX AacCIeKTOB KJIETOYHOM OWONOTHH, BKIIOYas CKOPOCTH
MOJIEKYJISIpHOH Au(Yy3HUN U IBIKCHNS MOJIEKYJ, CTPYKTypy XpOMaTnuHa, TPaHCKPHIILHIO,
mobmnsHOCTs MPHK, mepenauy curHanoB, IMHAMHKY LUTOCKEJETa, ITy3bIPHKOBBII
TPAaHCIOPT, KJIETOYHYIO aiare3mro M MuTo3. Tummuneii FRAP »skcnepumeHT — 3TO
obecriBeunBaHue (PIyopecIMpPYIONINX MOJIEKYy B HEOOJBIIOW 0OJACTH HCCIEAYeMOro
o0pasia npu KpaTKOBPEMEHHOM OOJIydYeHNH MHTCHCHUBHBIM JIa3€pHBIM H3IydeHHEM (T.e.
HeoOpaTuMoe  (oTooOeciBeUMBaHKE) ©  HAOJIOJACHHE TMPOIEcca BOCCTAHOBJICHUS
(iryopecueHIK JaHHOM 001acTH 3a c4éT AuHy3ur He0OSCIBEYCHHBIX MOJICKYIL.

KonudecTBeHHBIN aHaANW3 3KCIIEpUMEHTaNbHBIX JaHHbIX 0 FRAP, kak mpasuio,
OCHOBAaH Ha  aNnmpOKCHMalWM  JKCIIEPUMEHTAJbHOM  KPUBOH  BOCCTaHOBJICHUS
(iryopeceHIINM KOHKPETHOH MaTeMaTHueckoil Mozensto. Takoi moaxon TpeOyeT 3HaHUs
MaTEeMaTH4ecKOro PEelIeHUs] UCXOAHBIX M dhepeHInaNbHbIX YpaBHEHUH (C HECKOIBKUMHU
MIEPEMEHHBIMH, B YaCTHBIX IPOW3BOJHBIX) B KaKIOM KOHKPETHOM CIydae C Y4eTOM
HauyaJIbHBIX M TpaHuuHbIX ycnoBud FRAP. Opnako, cymecTByeT (yHIaMeHTaIbHAs
npoOieMa TPUMEHEHUs] TAKOTO IIOAXO/Aa Ui HEOJHOPOAHBIX cpel (Hampumep, saep
KIIETOK), T/A€ TONY4YUTh COOTBETCTBYIOIEE MAaTEMAaTHUECKOE pEIICHHE IPAKTUIECKH
HEBO3MOJKHO B CHUIy HEM3BECTHOTO HEOIHOPOIHOTO MPOCTPAHCTBEHHOTO PACIpEeNICHUS
CaliTOB CBSI3bIBaHMSI.

ANBTEepHAaTUBHBIA TMOJXOJ], Pa3BUBAaeMblii B JaHHOH paboTe, OCHOBaH Ha HOBOM
Mmerone 00paboTku Buaeo-FRAP wu3MmepeHuii, pa3peméHHBIX [0 TPOCTPAHCTBEHHBIM
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KOOpJMHATaM U 110 BpeMeHH (TI0JIy4aeMbIX ¢ KOH(OKaJIBHOTO JIa3ePHOTO CKaHHPYIOIIEro
Mukpockomna). [Tpu aToM MeTos He TpeOyeT 3HaHHSI COOTBETCTBYIOIIETO MAaTEMAaTHIECKOTO
pelIeHns] UCXOAHBIX MU PepeHIIMATbHBIX YPaBHEHUI, HE 3aBUCUT OT T€OMETpHH 00nacTu
BBDKHTaHUS, PO BBDKUTAIOIIETO JIyda JIa3epa U MPOCTPAHCTBEHHOTO PacTIpeeIeHUs
CaliTOB CBSI3BIBAHUSI.

Bo BTOpoO#i riaBe KpaTKO ONHCAHBI SKCIEPHMEHTAIBHBIE YCTAaHOBKH, KOTOpBIE
ObUTH WCHOJB30BAaHBI B JaHHOW pabote: ckaHUpyromuil nporounsd nuromerp (CIILI),
KOTOPBIN TTO3BOJISIET U3MEPATh HHIUKATPUCY - 3aBHCUMOCTb HHTCHCUBHOCTH PACCESIHHOTO
CBeTa OT yria paccesHus; npoTounblii nutomMerp FACS Calibur 1 xoH(pOKaIBHBIN
Ja3epHO-cKaHupyromuii mukpockorn Leica TCS SP5.

TexHoyorusi CcKaHUpPYIOIIEH MPOTOYHOM UWUTOMETPUU COBMECTHO C METOAaMu
pelieHns OOpaTHOM 3alauyd CBETOPAcCesHHsS MO3BOJIIET MOJydaTh WH(OpMALHUIO O
MOPQOJIOTUH KIETKH W3 MHAMKATPUCHI CBETOpaccesiHus. TakuM oOpa3oM, U3MEpPEeHHEe U
00paboTka HHIMKATPUC CBETOpAcCesHHs OT KIETOK IO03BOJISIET HE  TOJIBKO
muddepeHpoBaTh KIETKH KPOBHM, HO M XapakTepPH30BaTh 3TH KIETKH, & WMEHHO
OTIPEIETISITh X pazMep, popMy U CTPYKTYpy. B KadecTBe sKCIIeprMEHTaIbHON YCTaHOBKH
Ui ompeneneHus  audQepeHnHaANTEHOrO CeueHMsl  paccesiHus  HelTpodwmia  ObII
ucnons3oba CIIII.

B KkauecTBe OKCNIIEPUMEHTAIbHOM YCTAaHOBKM [UII HCCIECJOBAaHMS JIMTaH-
PELENTOPHOTO  B3aUMOJACHCTBUSI Ha TOBEPXHOCTH OHOJOTMYECKHX KIETOK ObUI
HCTIOTB30BAaH MPOTOYHBIN IUTOMETp cTaHmapTHoi koH¢uryparmu FACSCalibur, Becton
Dickinson, USA.

B kadecTBe OSKCIIEpUMEHTAJIbHON YCTAHOBKH IUI MCCIIEOBAHUS JIMTaHI-
pPELENTOPHOTO B3aUMOJEHCTBUSI BHYTPH SI€DP JKHUBBIX KIETOK OBUI HCHOJB30BaH
KOH(OKAIBHBIN Ja3epHO — CckaHupyrommii Mmukpockorn Leica TCS SPS. M3menenwus,
MIPOUCXOJAIIME B KJIETKAX M MX CTPYKTypax BO BPEMEHH, MOKHO HCCIENOBaThb U Ha
OOBIYHBIX MHKPOCKOIAx, CHaOXEHHBIX BuaeocucTeMol. Ho nasepHbI ckaHHpYOMNI
koH(pokansHbIH MuKpockon (JICKM) mo3BomseT momy4daTe CEepuHM W300paKeHHH C
BBICOKMM IIPOCTPAHCTBEHHBIM pa3pemenneM. Kpome Toro, Graronapst HaIHIHIO JIa3€pOB U
CHCTEMBI CKAaHHPOBAaHHS MOYKHO OCYIIECTBIISITH HE TOJBKO PETHCTPAIMIO0 BPEMEHHBIX
W3MECHEHHH, HO M OCYUIECTBISATH BO3JCHCTBHE HA KICTOYHBIE CTPYKTYPBI JIa3€PHBIM
m3nydeHneM. Brimenepeuncinennpie  ocobeHHocTH JICKM mo3BONSIOT € JETKOCTBIO
peanuzoBsiBaTh FRAP n3mepenus.

Takxe B JaHHOU IJIaBe MPEACTABICHBI METOJUKH KMHETHYECKHX SKCIEPUMEHTOB
M0 HCCIIEOBAHUIO JIMTaH-PELENTOPHBIX B3aUMOACUCTBUM M METOAMKA IO BBIIEICHUIO
HEUTpOoQHIIOB U3 eprdepHIecKoil KPOBH.

B tperbeii rmaBe B paszmene 3.1 mpeacraBieHa pa3paboTaHHAsS paHee MOJICTH
CBSI3BIBAHMSI PACTBOPEHHBIX JIMTAHJIOB C KJIETKOW, YYHTBHIBAIOIAs TeTEPOreHHOCTh
KJIETOYHOH MOIyJSINMU 10 KOJIMYECTBY PELENTOPOB M OMMCHIBAIOIIAS IIPOIIECC Yepe3
COCTOSIHMSI KJICTKH. OJTa MOJENb MO3BOJISIET OMKMCaTh KHUHETHKY HE TOJBKO CPEeTHHX
BEJIMYMH, HO W caMOW (YHKIIMH PacIpeleNiCHHs] MO0 KOJIMYECTBY PELENTOPOB, KOTOpas
MOXeET OBITh M3MEpEeHa HENOCPEACTBEHHO B XOJE€ JKCIIepUMEHTa. B maHHOW pabote
BIIEpBBIE ObITa NMPHMEHEHa Takas MaTeMaTHYecKas MOJENb Uil 00paOOTKM KHHETHUKU
JIMTaHJ, — PELENTOPHOTO CBSI3bIBAHUSI B Cilyyae HU3KOa(Q(UHHBIX pELENTOPOB, LIS
KOTOpBIX HAMYUE PEaKMH AMCCOIHMAIMM HE MOXET OBbITh NpOUTHOpHpOBaHo. s
MaTeMaTH4ecKoil 00pabOTKN KMHETHKHA 00PaTHMOTO JINTaH/I — PELIENTOPHOTO CBSI3bIBAHUS
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OBUTH UCIIOJIB30BaHbI CICAYIOIINE YPAaBHEHHS:
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I'me y(f) - cpemHee YHCIO 3aHATHIX PELENTOPOB Ha kietke; LR - oObeMHas

KOHIIEHTPALKsA JIMTAH/-PENENTOPHBIX KOMILUIEKCOB B CPENE; k,, k. - KHHETUIECKHE

KOHCTAHTHI BSaHMOIIefICTBPIH Juranga ¢ €IMHUYHBIM PEUETITOPOM; LO -KOHIICHTpanus

AHTHUTCII, RO -IIOJIHOC YHCJIO pEUCHTOPOB B CANHULIC 00BEMa (CBO60,I[HBI€ u 3aH$ITBIe); C—

KOHIIEHTPALUs KJIETOK; K — KOHCTaHTa PaBHOBECHS PEaKIIHH.

B pasnmene “pesynpTarhl”’ AaHHOW TINaBBl MPOAEMOHCTPUPOBAHO IPUMEHEHUE
MaTeMaTH4ecKON MOJIENH B CiTydae 0OpaTHMOTO JIMTaH ] — PELENTOPHOTO B3aNMOACHCTBHUS
JUIL  ONHWCAHUS  OKCICPUMEHTAIBHBIX  JAHHBIX,  IIOJy4YaeMbIX  BO  BpeMs
IUTO(QIYOPUMETPHUUECKUX H3MepeHHd. [ HarisiIHOCTH  pe3yibTaThl HENWHEHHOH
perpeccuu MpHWBENCHB HA TPHMEpPE OTHOTO W3 marueHToB Ha Puc. 1. M3 obpabotkm
JAHHBIX TI0 BCEM MalMEeHTaM (OJHOBPEMEHHO AJS YETBHIPEX MALMEHTOB MPH TPEX Pa3HBIX
KOHLEHTPALMSIX aHTUTEN) OBUIM OINpEeIeleHbl KOHCTaHTa CKOPOCTH acCONMAalud |
ad¢uHHOCTh (0OpaTHAasT KOHCTAaHTAa pPAaBHOBECHs), CPEIHEE YHCIO pPEICNTOPOB Ha
HelTpoduite s kaxaoro nanuenra (Tadnuna 1).

Kak noxaszano B Tabnuie 1 cpenHee KOIHYECTBO MOBEPXHOCTHBIX PELENITOPOB Ha
HelTpoduIax BapeUpyeTCs OT manuenTa K mamuenty (ot 0.5 x 10° 1o 3 x 10°), Takke kax
W acUMMETpHs pacrpeneneHuil mo yucny perentopoB (ot 0.5(x0.2) mo 0.3(=0.1)). B To
BpeMsi Kak Kod((HUIMEHT Bapuanuu (T.e. OTHOIIEHHWE CTaHIApTHOTO OTKJIOHEHHUS K
CpeIHEeMy 3HA4YCHHIO) MEHSeTCS B JIOBOJNBHO y3koM muamazoHe (ot 0.20(%0.1) no
0.27(20.1)). OT0 TUPUBOANT K MBICAM O TOM, YTO NOTEHIMAIBHO aCHMMETpPHUS
pacripenielieHust MOXeT OBITh Ooiiee YyBCTBHTENBHBIM AMATHOCTHYECKUM IApaMETPOM,
HeXenH KodpuureHT Bapranni. Bo3aMoXHO, 9TO B CKOPOM OYAyIIEeM 3TH ITapaMmeTphl
OymyT 100aBIICHBI B CIIMCOK CTAHIAPTHBIX TUATHOCTHYECKHUX NTapaMETPOB.
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Xouercs OTMCTHUTH, YTO B HpOTO‘IHOﬁ HUTOMETPHUN KIIETKU pa3acIsaroT I10
HWHTCHCUBHOCTU MPAMOIo n OOKOBOTO CBE€TOpAaCCCUBAHHNA, a4 TAKKE 110 (bnyopecueHuI/H/I
CHCHI/I(l)I/IquKI/IX MapKépOB Ha UX MOBEPXHOCTH. I[J'IH 3(1)(1JGKTI/IBHOI‘O pa3aeyieHusa KJICTOK
o CBETOPACCECAHUIO HeO6X0,I[I/IMO HCIIOJB30BATh AJICKBATHYKO ONTHYCCKYHO MOACIb
KOHKPCTHOﬁ KJICTKH, B YaCTHOCTH JIA yqéTa €€ a0COJIFOTHOTO CEUECHHS CBCTOpACCEAHU.
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Qa o r
S = 400
C o
£ =300
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2 I
2 200
=
= I
100

[AV[A, ]I
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o DKCIepuMeHT
| —— Teopust

Puc. 1. Kunetnka cpenneit hiayopecueHinu HeHTpo(uiioB 0JHOTO U3 MAIlHSHTOB.

Tabmuma 1. Pe3ynpTaTs! TEOpeTHYECKON 00PaOOTKH SKCIIEPUMEHTAIBHBIX TaHHBIX

KoncranTa K
CKOPOCTH OHCTaHTa
CpefHee uncio psAMOii CKOpocTH
[larMenT | peLenTopoB Ha OTH. Ko3¢d. peaxuum obpatHoii
Ne KJICTKE JHUCIICPCUST | aCHMMETPHH ks, 10'16, peaKHHT
5
n, 10 CM3 k_,10-3, 2
C
C
1 2.4+0.3 0.20+0.1 0.3+0.1
2 0.53%0.05 0.26+0.1 -0.010£0.003
7.5£1.0 2.1+£0.8
3 3.3+0.6 0.29+40.1 -0.5+£0.2
4 2.5+0.3 0.27+0.1 0.020+0.06
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[TosTOMY B paMKax IaHHOW JHCCEPTALMOHHOH paboThl OBLIO M3MEPEHO CedeHHe
paccestHUsT HEHTpOodHIa, YTO MO3BOJWIO MPUCTYIUTh K CO3AAHHUIO ONTHYECKOM MOenn
kneTku. IlpemnoskeHa onrtuueckas MoJelnb HeWTpodmia, MCHOIb30BaHHAs U pacyéra
abcomroTHOTO M PEepeHINANTEHOTO CEYEHHS PACCESTHIS METOIOM IUCKPETHBIX AHUIOIEH.

Ha Puc. 2 npencraBiens! abCONIOTHBIE CEYEHHS PAacCEesTHUS MOJAENN HeHTpodmia
(cmeBa) W SKCHEPHMEHTAIFHO W3MEPEHHBIX KIETOK (ChpaBa). ODKCIEPHMEHTAIBHO H
TEOPETHUYECKH TOTydeHHbIE a0COIIOTHBIE CEUEeHHs HEUTpo(duia 1eMOHCTPUPYIOT XOpOoIIee
COTJIache, YTO TO3BOJAET CHAENaTh BBIBOJ 00 aJeKBATHOCTH, MNPEATIOKEHHOM HaMHU
ONITHYECKOI MosenH HeuTpodua.
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Puc. 2 [luddepenunansHoe ceueHne paccessHUsl ONTHYECKOH MOJIENN HEHTPODHIOB IUIst
pa3IuYHBIX HAOOpPOB MmapaMeTpoB (cieBa). JuddepeHnmansHoe ceueHre pacCestHAs IS
XapaKTEPHBIX HEUTPOPIIIOB YETHIPEX PA3ITUUHBIX MMAITUCHTOB (CIPaBa).

Takum 00pa3oMm, pe3ysbTaTbl, MPUBEICHHBIC B HACTOSINCH TIJaBe, IO3BOJIIOT
YCTAaHOBUTH TPAHULBI BO3MOXKHOCTH B XapakTepu3alud HEHTpoQuIoB ¢ IOMOIIBIO
POTOYHOH HuTOMeTpuH. Ciemyromue XapaKTepUCTHKN MOMYISLIUH HEHTPODHIOB MOTYT
OBITh M3MEpPEHBI: CpefHee 3HaueHHe pa3Mepa HEHTPOQUIIOB, CTENEeHb BapHalUH
HEUTPO(UIOB 1O pa3mepy, CpeaHee KOINYECTBO PELIENTOPOB HAa MeMOpaHe HEHTPO(HIIOB,
KOHCTaHTBHl TPSAMONH M 00paTHOW peakiui B3aUMOJCHCTBUS JIMTAHI-PELENTOp IS
MOy JIAIHH HEHTPODUIIOB.

YerBépTas rnaBa IIOCBSIIEHa pa3padOTKe METoJa JIa3epHOM CKaHUPYOLIEH
MHUKPOCKOIIMM  JUISl HCCIEIOBaHWS KHHETHKH OOpaTUMOro JIMTaHI-PEelenTOPHOTro
B3aUMOJEHCTBUSL B Cpele C HEOJHOPOIHBIM paclpeieieHHeM CaWTOB CBS3BIBAaHUA. A
uMeHHo, Obu1 paspabotan FRAP wmeron mis HeomHopomHeix cpen. s 3toro Mbl

12



UCIIONIb30BaIM  OOWIETIPUHATHIH  BUA AU (depeHInaTbHbIX YPaBHEHUIH JBYMEpPHOMH
G dy3un 11 TUraHA-perenTOPHOTO THIIA CBSI3BIBAHMS:

2 2
oF = Da IZ+D8 Ij—k+AF+ka
ot Ox oy
oA =—k AF +k B )
ot
B =k AF —k B
ot

I7ie X ¥ Y IPOCTPAHCTBEHHBIE TIEPEMEHHBIE; f BpeMsi, F' KOHIIEHTPAIs CBOOOIHOTO
(mecBsa3aHHOTO) Oenka; 4 KOHIEHTpAIHs CBOOOJHBIX CaliTOB CBA3BIBAHUS (peuenTopsl); B
KOHIICHTPALUsl CBSA3aHHOTO Oenka (KOMIIEKCOB JHTaHI - pELenTop); k; KOHCTaHTa
CKOPOCTH acCOIHUAINH, k. KOHCTAaHTa CKOPOCTH TUCCOIMAIIHH.

IToguepkHnem, 4To, B OTAMYMe OT oOOmeENpuHATHIX Mojeneir FRAP,
MPOCTPAHCTBEHHOE pACIpEICICHIHEe MECT CBS3BIBAaHUS B HAIICH MOJEIH CUYHTACTCS
HEOJHOPOIHBIM, TO €CTh KOHICHTpaIms A sBisercs (YHKIUEH NpOCTPAaHCTBEHHBIX
MIePEMEHHBIX, KaK ¥ BCe APYTHE KOHIICHTPAIIUH B ypaBHEHHH (2).

B nmamnHO#t pabore ypaBHeHHe (3) OBUIO WCHONB30BAHO M OOpabOTKH
AKCIICPUMECHTANBHEIX BHICO-FRAP mMaHHBIX, W3MEPEHHBIX C MOMOINBIO JIA3EPHOTO
CKaHUPYIOIEro KOH(OKATBHOTO MHKpockoma. KommdecTBo kaapoB, p, B 00paboTke
JaHHBIX BapbMPOBAJIOCH JJI OLIEHKH MOTPEIMHOCTH Dy (Kak CcTaHAapTHas OIIMOKa

CPEIHETO).
-1

D, =| [S®dt| (G(p)-G(0)) 3)

OkcnepuMeHTanbHble GyHKIUU S(f) U G(f) MOKHO BBIYHCIUTH HEMOCPEICTBEHHO
U3 SKCIEPUMEHTAIBHBIX BUAe0-FRAP naHHBIX, HO HEBO3MOXKHO TOJNYYUTh 3TH (PYHKIUU
TEOPETUUECKH, €CIIU IIPOCTPAHCTBEHHOE PACIpe/ieleHne CaliTOB CBA3bIBAHUS HEU3BECTHO.
Takum 00pa3oM, craHgapTHas cxeMa 0O0pabOTKH SKCHEPHUMEHTAIBHBIX AaHHBIX METOJ0M
HEJIMHEHHOM Perpeccuy ¢ MCIOJIb30BaHUE aHAJIOTUYHON TEOPETHYECKOW 3aBHCHUMOCTH C
LIEJIBIO MTOy4YeHHs HCKOMOTO Kod(duunenTta 3QppekTuBHON auddy3nuu B TaHHOM CIIydae
HenpuMeHnMa. OJHAaKo, MPU IIPOM3BOJIEHOM IIPOCTPAHCTBEHHOM PpACIPEETICHUH MECT
CBA3BIBAHMSA, MOKHO MOTYy4YHTh K03 puunent adppextnsroi nuddysun Dz

—L e
(AT &
4
k, A(x,y) @
K(x,y)====—=

MyTEM CPaBHUTENBHOTO aHAJIM3a SKCHEepUMEHTANBHBIX (QyHKuMA S(f) m G(f) yuurtsiBas

TEOPETHYECKOE COOTHOWIEHnEe Mexny HuMH (ypaBHeHHE (5)). OcHOBHas TPYIOHOCTh

COCTOMT B HAJIMYMH [ITyMa B SKCIICPHMEHTAJIBHBIX TAHHBIX, TAK KaK 9TO CHIKAET TOYHOCTb

pacuéra TpOW3BOIHON SKcnepuMeHTanbHOH (QyHKImMK G(f) o BpeMeHH. Bmecto TorO,
13



YTOOBI BBIUMCIIATH IPOU3BOIHYI0, MBI MpejiaracM IPOBECTH HHTETPHUPOBaHUE (UTO
sIBIIsIeTCsl OoJiee CTAOMJIBHBIM IO OTHOIICHUIO K NIyMy) ypaBHeHHs (5) mo BpemeHH (c
TIepEMEHHBIM BEPXHUM MPEJIENOM, p), YTO MIPUBENO K yPaBHEHUIO (3) 171 Dyt

0 D
5,00 =250 ©)

Taxxe B paMKax JaHHOH TJIaBBI IIPUBEICHA MPOBEPKa pa3pabOTaHHOTO METOa Ha
MpOoCThIX (0e3 CalWTOB CBSA3BIBAHWS) U CIOXKHBIX (HEOMHOPOAHBIX MO PaCHpeleTICHHUIO
CaliTOB CBSI3BIBAHUS) Cpeax.

A »  Suv3%h
HP1a HP1p HP1y
1B sul i g @ e | -
L +TsA 415l aTsAl  arsal [+TsAl 4TsA
2
o Il
% l 1 L ]
3 SRR ER
& i 2 10 1
8 sii 03 || sy
=3 1 10 L] H 1
a
(0]
0
Tun HP1
* LMNA
B HP1a HP1p HP1y
10 + 4 —_ ++ - + 4+ —

+TSA +TSA +TSA +TS5A +TSA +TSA

£
o™
g
s _
£ 5] | 1 }l
S AR | 1:%)
8 {1 1{53}1
5
E_ .}915 3 ° s
0 T
0
Tun HP1

Puc. 3. PesyneraTel npumenenns FRAP merona mins uccnenoBanus quHaMuku 6enkos HP1
(a,B,y) B sapax skuBBIX KieToK. CpenHue 3Ha4eHHsS (TOYKH) M CTAaHIAPTHHIE OIINOKH
cpenuero (“ycsr”) koadpdunmenta dpdextuBHON AudPy3un, U3MEPEHHOTO TS Pa3ITHIHBIX
mogopm 6enka HP1 B xiretkax tuma Suv39h (A) u Lmna (B). 'ne ++ aukuii THO KIeTok
(oMOproHaNBpHBIE MBIIMHBIE GHOPOOIACTHI); — HOKAyTHBIE KIIeTKH 1m0 Suv39hl/2 (A) mm
mo Lmna (b). Yncna nox cpegHUMH 3HAYSHHSMH O3HAYAIOT KOJIMYECTBO 00pabOTaHHBIX
kiIeTok. tTSA — KIeTku, H3MEepEHHbIC Yepe3 2 yaca IMociie 100aBICHUs TPUXOCTATHHA A.
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Jnst npuMepa mokaszaHbl pe3yJibTaThl IpuMeHeHus paspadorannoro FRAP metona
JULs uccneoBanust quHamuku 6enkoB HP1 (o,f,y) B siapax xuBbix kietok (Puc. 3, A u B).
beima mpoBenena Tpancexnms Oenxamu  HP1-GFP  (HPla, HPIB, wu HPly)
SMOPHUOHAIBHBIX MBIHMHBIX (GuopodnactoB (MEFs) oT HOkayTHBIX Mbled THIA
Suv39h1/2” wm Lmna” wm coOOTBeTCTBYIOIMX Mblmreii mukoro Tuma (wt). Cremyer
OTMETHUTb, YTO B OTJIMUUE OT cTaHAapTHBIX FRAP metonoB, Obuta obecuBedeHa OoJbIas
obiacTh (mpUMepHO TOJOBUHA) siapa Kietku (Puc. 4), Tak Kak ImpeIo>KeHHBI B TaHHOU
pabore metox FRAP npumennm B pamkax nuddy3HoHHO-TOMHHHUPYIOIIEH MOJIENHN, KOTAa

Puc. 4 FRAP ananmu3 XxpoMaTHH - cBsi3aHHBIX OenkoB. Kaapsl pactipenenenus HP1 - GFP
b6enka B MEF knerkax Obutn momydeHbl 10 (oToOOECIBEUMBAHUS M BOBPEMS
BOCCTAHOBJICHUSI (ITyOpECLEHIINH TTOCIEe BBDKUTAHMS MTPUMEPHO TOJIOBHHBI pa KIETKH.
Kaznps! cHATHI B yKa3aHHOE BpeMs (#) 1ociie OKOHYaHUS BBDKUTaHUSI.

BpeMs acconnanuu GFP-meduenHoro Oenka ropa3szo MeHbIe BpeMEHH HEOOXOUMOTO IS
muddy3un O6enka B 00ECIBEUCHHYIO 00JIACTb.

OcHOBHOE MpenMyIIecTBO npemioxkeHHoro FRAP meroma 3akimodaercs B TOM,
YTO OH IMO3BOJISIET KOJNMYECTBEHHO OIMMCHIBATh OJHOBPEMEHHO M JU(QYy3HI0 U JUraHm -
perienTtopHOE B3aWMOJIEHiCTBHE MOJEKYn (ompemensaTh Kod(pumueHT >PPEeKTHBHON
muddy3un) B cpene ¢ HEOTHOPOIHBIM paclipelleIecHHeM CalTOB CBSI3BIBaHUSA, HE TPeOys
IIPH 3TOM AHAIUTHYECKOTO PEUICHHS PEeaKIHOHHO-TH(PQPY3NOHHBIX an(epeHInaTbHbIX
ypaBHeHHHA. VICHOJIp30BaHHE OTHOCHUTEIBHO OOJBINON 00sacTH (POTOOOECIBEUHBAHMS
MI03BOJISIET PACIIMPHUTH TPAHHLBI TpUMeHeHus 3 eKTHBHO-IN(BPY3MOHHOTO MOAX0a Ha
HCCIICJ0OBAaHUEC MCJICHHBIX JIMT'aH/] — PECUCIITOPHBIX BSaHMOHeﬁCTBHﬁ, KOTOPBIC HC MOTYT
OBITH KOJMYECTBEHHO OMKCaHbI B AU((HY3MOHHOM IIpejiernie ¢ MoMonpio o0brdHbIX FRAP
MeTon0B ((oroobecnBeunBanre Mayoil obnacTu mucciexyemMoro oobekra). Takoit Meron
SIBIISIETCS.  OCOOGHHO  TIOJIE3HBIM ~ HMHCTPYMEHTOM TP HCCIICIOBAHHUH  BBICOKO
HEOIHOPOIHBIX Cpel, HalmpuMep, SAPO JKMBOW KIETKH, Ui KOTOPBIX HEBO3MOXKHO
MONYYUTh AHAJUTHYCCKOE PELICHHE PEaKIHOHHO-IH(PY3HOHHBIX Au(depeHIranbHbIX
YpaBHEHUI B CHIIy HEU3BECTHOCTH MaTeMaTHYecKod (YHKIMH TNPOCTPAaHCTBEHHOTO
pacnpezeneHus: HEOTHOPOJHOCTEH.

Merton, mpennoKeHHBI B JaHHOW paboTe, HE 3aBHCHUT OT TeOMETpHUu 00JacTu
(doroobecBeunBaHus, OT MPOGUIIA JTyda Jla3epa, OT MPOCTPAHCTBEHHOTO pacIpeIeICHUs
MECT CBSI3bIBAHMS, @ TAaKXKE OT IIOJIOKEHUS OO0BEKTa HCCIIEJOBaHUS B HaOIIIOIaeMOM
¢peiime. TToaTOMy, Tako# MOAXO MOKET OBITH JIETKO aganTHPOBAH JIJIS HUCCICIOBAHHMSA,
HalpuMep, OKOJIO COTHHM KIIETOK 3a 4ac NpH ucrois3oBaHnd FRAP merona B pexume
OHAa KJIeTKa Ha QpeiiM. OTO MO3BOJIUT HAOMpaTh HAAEKHYIO CTATHCTHYECKYIO
9KCIIEPUMEHTANILHYIO BEIOOPKY 32 OTHOCHUTEIHHO HEOOJBIION TPOMEKYTOK BPEMEHH.
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PE3VJIBTATHI U BBIBO/IbI:

1. MccnenoBaHa KMHETHKA CBA3BIBAHUS PACTBOPEHHBIX JUTaHIOB C HU3KOA((GHHHBIMH
MOBEPXHOCTHBIMH ~ PELIENTOPaMHU HeWTpodunos YeJIoBeKa. C MIOMOIIIBIO
YCOBEPILECHCTBOBAHHOW METOJMKH pEIleHHsT OOpaTHOW 3a/audl OMOKUHETHKH OLEHEHBI
3HaYEHHs KOHCTAHT CKOPOCTEH MPsSMOM M 00paTHOW peakiuii B3aMMOAEHCTBUS JIMTaH/a C
peuentopom FcyRIIIb, koTopble anst 0MHOYHO# JHMTaHA-penenTopHoi napsl «1D3 IgM —
FcyRIIIby passt k=(7.5£1.0)x10" cm?/cex n k=(2.120.8)x10 1/cex, COOTBETCTBEHHO.
2. OmpeneneHo abconoTHOe pactpeneneHue perentopoB FcyRIIIb B kieTowHOi
TIOITYJISIINY HEUTpoHIIoB yenoBeka. [lokasaHo, 4To UX cpeHee KOINIEeCTBO BAPbUPYETCS
y HalHUEeHTOB OT 0.5x10° 1o 3x 10° ma KJIETKY.

3. BiepBole m3MepeHa 3aBHCHUMOCTh AN (HEPEHIINAIBHOTO CEUCHHS PACCESHUS OT yria
paccestHASL [UIT HEHTpoduiaoB dYenmoBeka. g OOBSCHEHHWS IaHHBIX AKCIIEPUMEHTOB
MpeasoxKeHa ceprueckas ONTHIECKasi MOJEIb HEUTPOo(HIa, yINTHIBAIOIAs BIUSHNAC Ha
MIPOIIECC CBETOPACCESIHNS CETMEHTUPOBAHHOCTH SIIPA M 36PHUCTOCTH IIUTOIIA3MBI.

4. KoncranTa >¢dexruBHON naupdy3ur MOJEKyd JUTAaHIOB B Cpelde C HEOTHOPOIHBIM
pacmpesielieHHeM CalTOB CBS3bIBaHUA (PELENTOPOB) MOXKET OBITH OIpenesicHa 0e3
HaXOXJICHUS TIOJTHOTO PELICHUs] UCXOMHOM cucTeMbl quddepeHInanbHbIX peaKiMOHHO-
1 Qy3HOHHBIX ypaBHEHHH.

5. Cpennee 3HaueHne KOHCTaHTHI d¢ddextuBHO muddy3un Oenka HPlo B smpax
¢ubpodacToB MBIIMHBIX 3MOproHOB Suv3%h1/2+/+ u Suv39hl/2-/- pauo (5.7 + 0.8)
x10® eM¥c m (4.9 + 0.4) x10® cmP/c, coorBerctBenHO. Ilocme 0GPAGOTKH KIETOK
TPUXOCTATHHOM A, BBI3BIBAIONIINM AaleTHINPOBAaHWE THCTOHOB Ha BCEM IPOTSDKCHUH
reaomHoit JIHK, cpeanee 3HadueHne KOHCTAaHTHI Y dexTuBHON nuddy3un Oenka HPla B
snpax GpubpodracToB MBIMHUHBIX 3MOproHOB Suv39hl/2+/+ u Suv39h1/2-/- paBHo (3.9 +
0.6):10™ cm?/c u (3.4 £ 0.3):10® cm?/c, cOOTBETCTBEHHO.
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TPaHyJSIPHBIX KJIETOK KpoBH: HelTpomisl. Bectauk HI'Y, Cepust: ®dusuka. Tom 2 (4), c.
83-87, 2007.
2. D.Yu. Orlova, M.A. Yurkin, A.G. Hoekstra, and V.P. Maltsev. Light scattering by
neutrophils: model, simulation and experiment. Journal of Biomedical Optics. Vol. 13(5),
054057, pp.1-7, 2008.
3. E. Bartova, A. Harni¢arova Horakova, R. Uhlifova, I. Raska, G. Galiova, D. Orlova, S.
Kozubek. Structure and epigenetics of nucleoli in comparison with non-nucleolar
compartments. Journal of Histochemistry & Cytochemistry. Vol. 58(5), pp. 391 — 403,
2010.
4. D. Yu. Orlova, E. Bartova, V. P. Maltsev, S. Kozubek, and A. V. Chernyshev. A
nonfitting method using a spatial sine window transform for inhomogeneous effective-
diffusion measurements by FRAP. Biophysical Journal. Vol. 100(2), pp. 507 — 516, 2011.
5. D. Yu. Orlova, V. L. Borisov, V. S. Kozhevnikov ,V. P. Maltsev and A. V. Chernyshev,
Distribution function approach to study the kinetics of IgM antibodies binding to FcyRIIIb
(CD16b) receptors on neutrophils by Flow Cytometry. Journal of Theoretical Biology.
Vol. 290, pp. 1-6, 2011.
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