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MeTonamu KOH(pOKaTbHOH MUKPOCKOITMU U KOJIOKATU3allMOHHOTO aHaIM3a C UCIOJIb30BaHUEM KOaddu-
LMEeHTOB Koppesiiny [Tnpcona mokasaHo, 4To aTepudUIIMPOBaHHBIE TIPOM3BOAHBIE XJIOPUHA €¢ Y MX JIN-
nocoMaibHbIe (POPMBI JIOKATU3YIOTCS MPEUMYIIECTBEHHO B 9HAOIUIA3MATUYECKOM PETUKYIYME, KOMIJIEK-
ce I'oTbIKKM, MUTOXOHIPUSIX KIETKU M UMEIOT HU3KUI YPOBEHb JIOKAIM3AaIlUM B In30coMax. dapMakoo-
ruyeckrue hopMbl BBeAeHUST (HOTOCEHCHOUIU3ATOPOB CYIIECTBEHHO BIUSIIOT HAa YPOBEHb UM KUHETUKY
HaKOIJICHUST MX B KJIeTKaX, HO He OKa3bIBAlOT 3HAYUTEJIBHOTO BIUSIHUS Ha BHYTPUKIIETOYHYIO JIOKAIM3a-
LIMIO TIPOU3BOAHBIX XJIOPUHA €. Y CTaHOBJICHBI OTJIMYMS B aKTUBHOCTU U MEXaHU3MaX NeHCTBUS ISl TIPO-
WU3BOIHBIX XJIOPUHA €4 ¥ NX TUTTOCOMATIBHBIX )OPM TT0 CPABHEHUIO C XJIOPUHOM €4 TpY (POTOCEHCHONITN3N-
poBaHHOM Bo3zaeiicTBuM Ha KieTkru K562. ITpenmoaraeTcst, YTO pas3inyus B MeXaHU3MaX MOBPEXICHUS
KJIETOK B 3HAYUTEJbHO CTETIEHU OTIPENEIISTIOTCS 0COOEHHOCTSIMU JIOKATU3AINMU (hOTOCEHCUOMIN3aTOPOB.

Karouegvie caosa: npOLl3600Hbl€ XA0puHa éeg, AUNOCOMA/IbHblIE ¢0prl, GHYMpUKAemOYHAasa JAoKaausauus,
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dotongHAMUYECKOe BO3IEMCTBHE Ha KIETKU U
TKAHM B TIPUCYTCTBUU (POTOCEHCHMOMIN3ATOPOB
(®C) mpouCXOOUT C y4yacTUeM paauKaJbHBIX peak-
Uit U aKTUBHBIX (popM Kucyiopoaa. B ciayuae OC

MOp(PUPUHOBOTO psiia CUHTIETHBINA KUCIOPO/I (102)

SIBJISIETCS OCHOBHBIM ar€HTOM OKUCIUTENbHBIX peaK-
vt mpu HOTOCEHCUOMIM3NPOBAHHBIX ITpolieccax
[1,2]. BDddexTuBHOCTH (HOTOMOBPEXKAECHUS OHUOJIO-
TMYECKMX CUCTEM HEMOCPEACTBEHHO CBsI3aHa C JIOKa-
mmzanueit @C, TTOCKOIbKY BpeMsI KU3HU 102 HEBE-
ko (nopsiaka 0,03—0,04 MKC) 1 IJIMHA CBOOOTHOTO
npobera MOJIEKYJIbl 3a 3TO BpeMs HE IMpPEBbIIIAET
0,1 mxm [1,3]. TlepBUYHBIMU MUILIEHSIMU OKMCJIU-
teabHOro aeiictBust MC SBISIIOTCS Te KJIETOUHBIE

Cokpawenus: PC — poToceHCMOMIN3ATOPEIL, X1 €g — XJIOPUH

e6, IIXn eq — 3TepuduLUPOBaHHbIE NPOU3BOAHBIE XII €,
JAMD — numeTwnoBelii  3¢Gup xnaopuHa eg, TMOD —
TPUMETWIOBBIN 3dup XjIopuHa eg, JI® — nunocomanabHbIe
dbopmbl, IMDPX — numepucromndochatuaunxonun, ICT —
sMOpuoHanbHast chiBopoTka TeiaT, KKII — koadduumreHt
koppensiiuu [Tupcona, CMXRos — xiopMerun-X-po3amMuH.

CTPYKTYpPHbI, B KOTOPBIX OH HaKaIlJIMBAaeTCs, TO3TOMY
BHYTpUKJIeTOYHas nokamm3anuss PC mmeer cylie-
CTBEHHOE 3HAYCHME IIPU OIpeaeIeHNN MEXaHU3MOB
MOBPEXIEHUI KJIIETOK.

Haxkomnnenue u pacnpenenene ®C B pa3anuaHbIX
KJIETOYHBIX, TKAHEBBIX CHCTEMax B pellalolleil cTe-
MeHW OMNpPEeNeISIIOTCS UX (PU3UKO-XUMUYECKUMHU U
CTPYKTYPHBIMU XapakTepucTukamu. Haauuue katu-
OHHBIX WJIX aHUOHHBIX I'PYIIT, CUMMETPHSI PacIiojio-
KEHUST OOKOBBIX 3aMeCTHTeNIeli B MOp(GUPUHOBOK
MOJIEKYJIe CYIlIeCTBEHHbIM 00pa30M CKa3bIBalOTCSI Ha
B3anMonaeiictBun @C ¢ KICTOYHBIMM, TKAaHEBBIMU
CTPYKTYpaMU U OIIPEAEISIOT IIPOLIECCHl UX JOKAIM-
3allMM U HaKoIuieHus [4,5].

Panee ObLIO MOKa3aHO, YTO XJIOPUH €¢ (X1 €4) U
ero atepuduurpoBaHHbIe TpousBonHble (11X eg) —
JUMETHJIOBBI U TPUMETHIIOBBII 3UPEI XJIOPHUHA €4

(IMD u TMD cooTBEeTCTBEHHO) — MOTYT OBITH MC-
TOJIB30BaHBI JJIs1 Pa3IUYHBIX TIPUIOXEHUIN TEXHUKU
oTomMHAMIWYECKOM Tepanmuu, BKITIOYas JedYeHHE
OHKOJIOTMYECKUX 3a00JIeBaHUl, COCYTIUCTBIX I1aTO-
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Jioruit, n3oupaTeabHOE MOBPEXIEHUE KJIETOK C MO-
BBIIIIEHHBIM IIpOJIM(EPAaTUBHBIM CTaTycoM [5,6].
Hus3kast pacTBOpUMOCTD TAHHBIX COEAUHEHUIA B BOI-
HOIi cpelie 00ycJIaBIUBaeT HEOOXOAUMOCTb MTpUMe-
HEHUS IS UX BBEAEHUS CIlelMaIbHBIX HOCUTEJIEH.
HanopasMmepHble JUIUIHBbIE BE3UKYJbI SIBISIIOTCS
HauOoJiee MOMYJISIpHON (hapMaKOoJIOTU4YeCcKoi ¢hop-
MO J1JIs1 BBEIEHUS HETIOJSIPHBIX JIEKAPCTBEHHBIX CO-
enrHeHuit [7,8]. OOHAKO MCIIOJNb30BaHUE JIMIIOCO-
ManbHBIX opMm (JID) mus BeeneHust MC Tpebyer
MpPOBEIEHUSI NOTOJHUTENbHBIX MCCIEeIOBaHUM, Tak
KaK XapaKTepUCTHUKM Mperapara B 9TOM ciiydyae 3aBU-
CcAT HE TOJNBKO OT cBoiictB camoro MC, HO U OT
CTPYKTYPHBIX XapaKTepUCTUK HAHOPa3MEPHBIX JIM-
MUIHBIX BE3UKYJI.

B manHOI1 paGoTe ucclieMOBaHbI XapaKTEPUCTUKI
B3aMOACUCTBUS XJIOPUHOB C KJIETKAMU B KYJIBType U
M3Y4EHO BJIMSIHUSI Ha 3TU IPOILIECChl 0COOEHHOCTEeH|
XUMHUYECKOM CTPYKTYPHI U (pOPM BBEIEHUS CEHCUOM -
Jm3aTopa. Metonammn KOHPOKAITBEHOM (DIyopeceHT-
HOM MUKPOCKOIIMU 1 HUTOMETPHUU N3YUYCHBI JIOKAJIN-
3alisl UM HAKOIUIEHWE B KYJIBTypaJdbHBIX KJIeTKaX
K562 xsopuHa eg, ero srepuduLMpoBaHHbBIX IPOU3-

BOJIHBIX, BBEJIEHHBIX B CYCIIEH3UIO KJIETOK B OpraHu-
YecKuX pacTBoputesisax U B coctaBe JID. [IposeneH
aHaJu3 MEXaHW3MOB MOBpPEXIEHUs KJETOK, (oTo-
CEeHCUOWJIM3MPOBAHHBIX XJIODUHAMM U X JIMIIOCO-
MaJbHBIMU (pOpMaMU.

MATEPUAJIBI U METO/ bl

@oTOCEHCHONIM3ATOPBI M KX JIMIOCOMAJIbHBIE hop-
Mbl. CUHTE3 XJIOPUHOB ITPOBOAVIIH TT0 MOTUDUITUPO-
BaHHOI MeTonuke [9]. ITpu cuHTe3e atepuduLIpo-
BaHHBIX MPO3BOAHBIX X eg, MO u TMD, B kaue-

CTBE  MCXOOHBIX  CYOCTaHLIMIA  MCIOJb30BaIA
dbeodutuH mm Xi eg. Yucrory Xt €5 U €ro Ipouns-

BOIHBIX KOHTPOJMPOBAIM  XpOMaTOTpachMIeCcKU.
CtpykTypHBIe (OPMYJIBI HCCIETyeMbIX XJIOPWMHOB
TpeacTaBIeHBl Ha puc. 1.

JIummocoMbl, HarpyKeHHbIEe XJIOPUHAMU B OTNIpee-
JICHHOM COOTHOIICHUM JIMHU : TUTMEHT, TOTOBWIN
13 CUHTETUYECKOTO HACKIIIIEHHOTO JTUMUIA TUMUAPU -
cromwidpocharuamaxonuHa (JIMDPX), mpousBoacTBa
Sigma (CIIIA), Ha pyyHOM 3KcTpyaepe Avanti Mini-
Extruder (MeTon beHrema), ucronb3ys MoauKapoo-

HaTHble MeMOpaHHbIe (UIBTPHI «Nuclepore®»
(Whatman, Benuko6putanms) ¢ mopamu 100 HM.
DdoToceHCUOUIIN3ATOPHI BBOAWIIN B IMTTUAHBIE BE3U -
KyJIbl Ha CTaIVU TTOJIy9eHUSI TUTIMIHOM MIeHKU. BbI-
CYIIEHHYIO JIMTTUAHYIO MJIEHKY TUAPATUPOBaIIU (poc-
¢aTHO-coneBbIM Oydepom dronsoekko (pH 7,4) ripu
MOCTOSIHHOM TiepeMmelinBaHuu. CTereHb BKIIOUEe-
HUSI XJIODUHOB B JIMITMAHBIE BE3WKYJBI COCTaBIIsIa
6onee 90% nnsa AMD u 6onee 85% nnsgs TMD.

CneKkTpajbHO-JTIOMHUHECIIEHTHbIE U A0COPOIOHHbBIE
MeToabl ucciaenoBanus. CrieKTpajabHble XapaKTepu-
CTUKU XJIOPMHOB MCCJIETOBAJIN C TIOMOIIIBIO CITEKTPO-
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Puc. 1. CrpykrypHble (OpMYNIBEI XJIOpPUHAEq U €ro
npon3BOAHbIX: g X1 ¢ Ry = Ry, = R = H; ma IMD

dmyopumerpa SFL-1211A (SOLAR, bemapycy) u
cnexkrpodoromerpa PV1251C ( SOLAR, benapycs).

KoHuenTpauuio Xi1 eg B paCTBOpe alleTOHA OIpe-

JeNsiId TI0 BeJIMYMHE ONTUYECKOM IUIOTHOCTU Ha
IUTMHE BOJIHBI 664 HM, KO3(OUILMEHT MOJSIPHOM

skerraKmn 50000 M~ em™ . KoHueHtpatmio IMD
n TMOD omnpenensnu Ha JJIMHE BOJIHBI 666 HM, KO3(d-
$ULMEeHT MOJSIpHOI sKeTHHKIMHA 54000 M~ em .
st onpenenieHnst KoHeHTpauuu @C, BKIIOYEHHO-
ro B JIMOUIHBIE BE3UKYJBI, JIMITOCOMBI IIpeaBapU-
TeNbHO paspymanu pobasieHneM 0,2%-ro Heii-
TpasibHOrO netepreHta TputoH X-100 (Panreac, Mc-
HaHus).

Kierounsie KyabTypbl. B paboTe 6bLTH HCTOTB30-
BaHbI KJIETKU JIEMKEMUUECKON JIMHUU MUEIOUIHOTO
npoucxoxaeHuss K562 (Komrekuust KIeTOYHBIX
KyabTyp PHIILI meTckoit oHKOJOTMM, FreMaTOJIOTUH
U uMMyHoJioruu). CycrieH3Un KJIETOK KyJbTUBUPO-
Bayin B cpene RPMI-1640 (Sigma, CIIA). ITpu mc-
cJIeIOBaAaHUU KJIETKM OTMbIBAJIU U TIEPEBOJMIIN B Cpe-
oy ¢ 5%-M conepkaHrueM SMOPHOHAIBLHOI CBIBOPOT-
ku tenat (BDCT) (Sigma, CIIIA).

J1s1 UCKITIOYeHUsI BJIMSIHUSI arperauuy CIupTo-
Bhle pactBopbl DC mpeaBapuUTEeIbHO MHKYOUPOBAIU
B cpene RPMI-1640 ¢ 5%-m conepxxanuem DCT. B
1poOsl1, conepxaniue DCT, nobasisum XII e WIN ero
MPOM3BOMHBIE B pacTBOpax B KOHIIEHTpAalLIUSIX OT
5-107°M o 1-107°Mu WHKYOVUPOBAIN B TEPMO-
crare (37°C) B Teuenue 1 9. Knetku K562 B KoHIIeH-
Tpaun 1-10° KJIETOK/MJI IIOMEIIaIi B ITOATOTOB-
JIeHHBIe TPOOKI U nKyouposanu rpu 37°C B TeueHUe
HeoOxonuMoro mist HakoruieHust GC BpeMeHU, 3a-
TEM TPYZKIBI OTMBIBAJIM CPEIOil OT HECBSI3aBIIETOCS
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®dC. JlunocoMmanbHble (OPMBI TOOABISIM HEIO-
CpPeICTBEHHO K KieTkaM B cpene RPMI-1640 ¢ 5%
OCT u nmpoBOaAMIN MHKYOMPOBaHME TI0 TOM XKe CXe-
Me. 3aTeM KJIETKH OCaxKIaJii LIeHTpUPYyrupoBaHUEM
U Pa3BOIMIIM CBEXel cpeloil KyJbTUBUPOBAHUS 10

KOHIICHTpaIuu 5 - 10° KJIETOK/MJI.

KondoxkanpHasi jasepHasi CKAHMPYIOHIasi MHKPO-
ckonus. OnpenesieHre JOKAIM3ANUN XJIOPUHOB B KJI€T-
Kax. [IprkusHeHHbI aHanu3 gokanusauuu PC B
KYJIbTYpalIbHBIX KileTKax K562 mpoBoauiau Ha Jla3ep-
HOM CKaHMpYOIIeM KOH(POKAIbHOM (DIIyOpeCIIeHT-
HoM Mukpockone TCS SPE (Leica, I'epmanus).
Kunerku Hanocwnu Ha ctekia SuperFrost 1 HakpBIBa-
JIV TIOKPOBHBIMHU cTeKnamMu tommnHoi 0,17 mM. Mc-
MOJIb30BAJIM UMMEPCUOHHBIM OOBEKTUB C yBeIUUYC-
HueM 63X (Leica, 'epmanus). ®nyopecueHumnio OC
BO30YXIaJIM aproHOBBIM JiazepoM (A = 488 HMm), pe-
rucTpaluio GhJayopecleHIIMN OCYILIEeCTBISIJIN B IUa-
nazoHe 620—700 HMm.

s uneHTudukalnum BHYTPUKIETOYHOIO pac-
npeaesaeHus] XJIOPUHOB MCITOJAb30BaId TEXHUKY KO-
nmokanu3anun. Hakormrenne ®C B KireTKax IpOBO-
JIUJIN TI0 CXeMe, YKa3aHHOM BBIIIEe, 3aTEM KJIETKHU OT-
MBIBAJIM U pecycrieHnnpoBaiu B cpene RPMI-1640 ¢

KOHEYHOM KOHIeHTpalueit 2 - 10° KieTok/mi. Hanee
KJIETKA WHKYOMpPOBaId C KOJOKaJIM3aToOpaMH CO-
IJIACHO CTaHIAPTHBIM ITPOTOKOJIAM JIJIs OTIpeIeICHUSI
BHYTPHKJICTOYHOI JIOKATU3alliM WCCIIeTOBAaHHBIX
®DC. brutu ncnoab3oBaHbl GJIyOPEeCLIEHTHBIE 30HIbI,
o0Jamaronire BbICOKON M30MpaTeIbHOCThIO HAKOII-
JIEHWSI B OpraHeJljlaX: MUTOXOHIPHATbHBIN 30HT Mito
Traker® Green FM (Ay456 =490 HM, Ao = 511 HM) B

KoHIeHTpauui 41077 M; JTH30COMATBHBIA 30HI
Lyso Traker® Green DND-26 (Ayqs6 504 HM,

}»per = 511 HM) B KOHIIeHTpauuu 1 - 1077 M; Konoka-

Ju3atopel: I Kommekca Tonpmxu — NBD-
BODYPY-Labeled Sphingolipids (Agy3 = 505 HM,

Q\per = 511 HM) B KOHLIECHTpauu 5 - 10-° M; mra sH-
norutazMaruyeckoro petukyiyma— ER Traker® TM
Green (Agoz6 = 504 HM, Ayer = 511 HM) B KOHLEHTpA-
waw 11070 ML

DryopeciieHIINIO KOJOKAIM3aTOPOB HCCIIeI0Ba-
JIM B KaHaJjle, peTUCTPUPYIOIIEM U3TyYeHe B 1Uara-
3oHe 505—550 Hm. B npyrom kanane (620—700 Hm)
peructpupoBaiu diyopecueHmio @C. HanoxeHue
M300paXkeHWil IBYX KaHaJOB IO3BOJMJIO CPaBHUTH
XapakTep paclipenejeHus 30HJa U HCCIEAyeMOro
®DC B kynetke. KonmmyecTBeHHBINT aHAIN3 CTEIIEHU
KOJIOKQJIM3AILlMU OCYILIECTBIISIIA C WUCIOJIb30BaHUEM
Koapduumenrta koppenasiuuu Ilupcona (KKIT) co-
riaacHo pab6ore [10].

[ KOMITBIOTEpHOIT 00pabOTKM ITOIYy4YEHHBIX
(byopeciieHTHbIX M300pakeHUi KIJIETOK M KoJude-
CTBEHHOTO aHaJIM3a MapaMeTpOB HAKOIUIEHUST U pac-
npeneneHus OC B KiIeTKax UCIOJIb30BaIU TPOrpaM-
my Image].

30PWHA u 1p.

ILnrodayopumerpuueckmii anaau3. OmnpenejieHue
MEXAHU3MOB IIOBPEXKJICHUA KJICTOK. N3MeHeHuss B
KJIETKaX, WHAYOUPOBaHHBIE (POTONMHAMNYIECCKUM
BO3JIeiiCTBUEM, aHAJIM3UPOBAIU C MPUMEHEHUEM Me-
TOIOB IIPOTOYHOM ITMTOMIyOpUMETpHU (LIMTO(IIyO-
puMetp FC 500, Beckman Coulter, CIIIA). CpegHue
3HAYEeHUSI MHTEHCUBHOCTH (DJIyOpeCHeHIIUM KIIeTOY-
HBIX MONYJISIIUI B KaXXJIOM BPEMEHHOM HMHTEpBaJie
PaCCUYMTHIBAIM C TOMOIIBIO CTATUCTUYECKOTO ITakeTa
nporpamMm CXP (Beckman Coulter, CIIIA).

CTpyKTypHbIe U3MEHEHUs B KjeTKax Mpu ¢GoTo-
CEHCHUOMIN3AIINY OLICHMBAJIM Ha OCHOBAHMM aHAJIM-
3a pacnpeaeeHns! KJIEeTOK 10 MHTEHCUBHOCTHU Tpsi-
Moro u 60koBoro cBeropaccessHus. I1pu uccienona-
HUM JIMHAMMKU aroriTo3a aHalu3 CBETOPACCESIHUS
COBMeEIIAJIM C U3BMEHEHUSIMHU (DIIyopecLieHIINM (DIyo-
poxpoMa Moauaa IPOIMANYMa, CBI3BIBAIOIIETOCS C
JHK, a Takxe ¢ naMmeHeHUIMU (PIyOPECUCHIINN JIV -
nopunbHoro iyopoxpomMa Mito Tracker® Red —
xnopMmetuia-X-pozamuHa (CMXRos), KOTophlil uc-
MOJIb3YEeTCS IJIsk OLIEHKM TpaHCMeMOpPaHHOI'O ITOTEH-
rajaa MUTOXOHIPUIA.

JIns oleHKU MexaHU3MOB (POTOCEHCHUOMITN3NPO-
BAaHHOTO BO3[ECTBUS IPOOBI TOTOBWIIM CIICIYIOIINM
o6pasoM. Kiretku K562 mHKyOUpOBaad B cpemax C
pa3nInYHbIM conepxaHueM I1Xi e miu nx JIO B te-

genue 1 9 (mmgs TMD — 3 4) ipu remriepatype 37°C,
JIBaKIbl OTMBIBAIM OT HecBs3aBierocsst ®C, pecyc-
MEeHINPOBAIU B CBeXell cpelie v 00Tydain JTUOTHBIM
nmazepoM (A = 660 HM) ¢ peryampyeMoii MOIIHOCTBIO
obnyuenust (MJIM-660-0,5; «JIDMT», benapycs).
DdoTo006IyUeHE TTPOBOJAMIIM TIPU KOMHATHOM TeM-
nepartype B TedeHue 20 ¢c. KoHeuHas cBeToBast mo3a

obnyyeHus1 cocrapisia 0,4 Z[)K/CMZ. 3aTeM KJIETKU
noMemanu B tepMoctat npu temmeparype 37°C. I'o-
TOBUJIM JIB€ CEPUU OOPa3LOB: aJJMKBOTHI CYCIICH3UU
KJIETOK OTOMpaiv 4yepe3 OIpelesIeHHbIC ITPOMEKYT-
k1 BpeMeHU — 30 m 180 MuH — 1JIsT oTpenesieHUs
q1cIia MOBPEXISHHBIX KJIETOK (HEKPO3 WY ITIO3THUI
aroriTo3) B TeCTe ¢ MOAUIAOM Tponuanuyma (KOHeu-
Hasl KOHIIEHTpanusi 1 MKT/mi1), a TakKXke B TEeCTe C
CMXRos (koHeuHast KoHIeHTpauus 150 HM) — mis
OLICHKM paHHUX aIIONITOTUYECKUX N3MeHeHUi. B 00-
pa3lbl KJIETOK Teped u3MepeHrueM Ha UTO(hIyopr-
MeTpe BBOAWIN MOOUI IIpormanyma 3a 5 muH, CMX-
Ros — 3a 25 muH. Bpemst uHKyOupoBaHUsI ¢ (JIyopo-
XpOMaMM  YYWUTHIBaJIMU B  OOIIEeM  BpEeMEHU
MHKyOMpoBaHUS 00pa3loB. I1pu cobmoaeHnn TeM-
HOBOTO pexxnMa gobasieHe CMXRos B KOHIIEHTpa-
1 10 250 HM He NPUBOAMIO K IOMOJTHUTEIbHON
ru6eIn KJIETOK.

IIpu u3MepeHUM Ha TUTODIYOPUMETPE YPOBHS
(ayopecueHIIMM KpacuTeel MCIOoIb30BaIM Y3KO-
MOJIOCHBIM onTudeckuin duabrp Ha 620 uMm. JimHa
BOJIHBI BO30YXAeHUsI payopecleHIUn — 488 HM (o11-
HoMa3HBIN aproOHOBLIN J1a3ep).

BUOD®U3UKA Ne 4

TOM 64 2019



BHYTPUKIIETOYHAA JIOKAJIM3ALINA U MEXAHM3MBbI 677

OnpenenaeHe TeMHOBOM 1uToTOKCcMYHOCTH DC
npoBomiIn ¢ nmomoibio MTT-Tecta mo mMeroguke,
onucaHHoOM B pabote [11].

PE3VJIBTATHI

AHaJIN3 TIPOLIECCOB JIOKAJTM3AIIUN ¥ HaKOIIJICHUS
ncciaenoBaHHBIX P C OCYIECTBIISUT Ha OCHOBaHWH
orpeneneHus X QIyopeCcleHTHBIX XapaKTepPUCTUK B
KJIeTKaXx.

®Dotou3nuecKue M CHEeKTPaIbHO-(IyopecueHT-
Hble XapaKTepPUCTUKHU XJIOPUHOB. PaHee ObLTO Mokas3a-
HO, 4TO XJI €¢ U €T0 3TepUPULIIPOBAHHBIE TPOU3BO/I-

HBIE B MOHOMEPHOM COCTOSIHUM B pacTBOpax opra-
HUYECKMX pacTBOpPUTENIE 00JlagaroT OJIN3KUMH
CIIEKTPaJIbHO-(JIYOPECLIEHTHBIMU CBoiicTBamu [12].
TTonoxeHnss MAKCUMYMOB CIIEKTPOB MOIVIOIIEHUS U
¢ryopecleHIIMY MUCCIEAYEMBIX XJIOPMHOB B MOHO-
MepHot opme pasninuyaroTca Ha 1—2 HM. Moaudu-
Kalus OOKOBBIX 3aMeCTUTeJIeil 3HAUUTEIIbHO M3Me-
HsIeT MOJISIPHBIE CBOICTBA MOJIEKYJI XJIOPMHOB, YTO
MPUBOIUT K CHMXXKCHMIO MX PACTBOPUMOCTU U, KaK
CJIEICTBUE, K arperallii B BOOHBLIX pacTBopax. Pe-
3yJIBTAaTOM B3TOTO SIBJISIIOTCS Pas3jiMyusl IapaMeTpOB
(iryopecueHUUU X1 €¢ U €ro 3TepuULIUPOBAHHBIX
TIPOM3BOAHBIX B BOJHBIX pacTBopax. Tak, eciu iy-
OpEeCLICHTHBIE XapaKTePUCTUKU B OPTaHNYECKUX pac-
TBOPHUTENSAX I XJI € U €r0 MPOU3BOAHBIX OJTM3KH,

TO MpHU IEPEeBOAE XJIOPUHOB B (ocdarHO-CoaeBOM
Oydep BeIMYMHBI MX KBAHTOBBIX BBIXOJ0B I BpEMEHU
XKU3HU (DIIyOpeCcUeHIMN CYIIECTBEHHO pa3indaroT-
csa. KBaHTOBBII BbIXOH (iIyopecueHIMHU st XII g

MpU MepeBojie B BOAHYIO cpeay usMeHsics ¢ 19,2% B
areToHe 110 5,5% B dochaTHO-cosieBoM Oydepe, st
IMDuTMDc 18,0u 18,2 % B atterone no 1,3u 1,1 %
B docdaTrHO-CcoteBOM Oydepe COOTBETCTBEHHO.
Bpewmst xku3nu ¢pyopecueHunu (1) wist Xi eg AMO,
TMD m ero mpou3BOmHBIX B aleTroHe — 5,32 Hc,
5,21 Hc, 5,23 HC cooTBeTcTBeHHO. Ilpu mepesone B
(docdaTtHO-CcoEBOIt Oydep BeamunHa T U1t XI1 €g CO-

craBigia 4,53 ve, nog IMD — 2,4 He, g TMD Be-
JIMYMHA T He OblIa onpeneseHa [12—14].

Bxmouenue ITXn eg B IMIIOCOMBI TTO3BOJISIET CO-

XpaHUTb MOHOMepHoe cocTtosiHue PC B BOgHOI cpe-
ne. g ITXn eq BKIIOYEHHBIX B COCTAB JIMITUIHBIX

BE3UKYJI, KBAHTOBBII BBIXOM (hJIyOpeCcUeHIIMU U Bpe-
M1 XKU3HU (iIyopeclieHIIuU OJIM3KU K MAaKCUMaJIbHO-
My 3HAUE€HUIO, XapaKTepHOMY /IS PacTBOPOB IMT-
MEHTOB B OpraHM4ecKux pactBoputeisix [12]. Tak,
IUIST TUIIocoMainbHbIX popMm JIMD n TMD kBaHTO-
BBIIT BBIXOH (DITyOpeCHeHIINM cocTaBistl 16,9 % u
17,1 %, Bpemst Xu3Hu GayopecleHIn — 5,12 HC u
5,22 HC cooTBeTcTBeHHO. He Habmomamock cyie-
CTBEHHBIX pa3/IMYMil B XapakTepe CIEeKTPOB 3JeK-
TPOHHOTO TIOIIOLIEHUS U diiyopecueHuu JIMD u
TMD3 B aTanose u B aurocomax u3 JIM®X (puc. 2).
CriekTpajibHO-(IyOpeclleHTHbIE  XapaKTepUCTUKU
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AMD u TM3D B cocrase JI®, MpUTOTOBIECHHBIX 3KC-
TPY3UOHHBIM CIIOCOOOM, MPaKTUYECKN HE M3MEHSI-
JINCh IpU YBEJIMYEHUHU CTEIIEHM HArpy3KW B Iuaria-
30He 1:1000 —1:100.

W3 npuBeneHHBIX TaHHBIX CJIEIYET, 9TO (poTodu-
3UYECKHE U CIIEKTPAIbHO-(IyopeCceHTHbIE XapakK-
TEPUCTUKU XIT € U €r0 STEpUDULUPOBAHHBIX TPOU3-

BOIHBIX B COCTaBE JIMITOCOM IIPU CBI3BIBAHUU C MEM-
OpaHHBLIMU CTPYKTypaMu OJIU3KU U MOTYT OBITb
MCIIOJIb30BaHbI IJISI OLIEHKW HAKOIUICHUS U pacIipe-
neineHus OC B KJIETKeE.

BHyTpukieTOYHAs JIOKAIM3alMsA W HAKOIUIEHHE
XJIOPUHOB NPU BBEJAEHUM B PACTBOPAX U B COCTaBe JIM-
nocoManbHbiX opm. [Ipu uccienoBaHum JoKaausa-
uuu U HakoruieHus1 @C aHanMU3UpoBanu pacmopene-
JIeHUE UHTEHCUBHOCTHU UX (PIyOpecleHIIMU B KYJib-
TypaibHbIX KieTkax K562. lna Xneg B IepBble

MHWHYTBl MHKYOMpOBaHMsS HaOmomaioch diyopec-
IIEHTHOE CBEYEeHME IIPEUMYIIECTBEHHO B COCTaBe
ia3MaTu4eckoii MeMOpaHbl, Wb Yepe3 10—
12 MUH OKpalninmBaH1s B IMTOTILIa3Me PETUCTPUPOBa-
JI YPOBHM CBeueHHUs XJI €¢, IIPEBBIIIAIONINE ABTO-

(iryopecueHuuio kieTok. Pacnpenenenue Xi eg oT-

HOCHUTEJIbHO paBHOMEPHO 10 IuTorniasme. B ciaydae
AMBD 1 TMD UHTEeHCUBHOCTD (hJTyOpeCLeHIINN KJIe-
TOK ObLIa 3aMETHO BBIIIE YK€ Ha MajbIX BpeMeHax
MHKyOMpoBaHUsi. KpoMme Toro, CyliecTBEHHO OTJIM-
qaJjicsl XapaKTep BHYTPUKIJIETOYHOTO pacIipeIeICHUS:
B ciryyae TMD BBIIEASIINCH OTOCIBHBIC CANThI, ME-
I0II[i€ MTHTEHCUBHOCTD (hJTyOpeCleHIIUN Ha TTOPSIA0K
BHIIIIE, YeM B cpegHeM 1o nurorurazme. s MDD
Habmoganach HanboJjee BhICOKash CKOPOCTb HAKOII-
JIEHUS, sipKast hJIyOpeCLEHIIMSI U OTHOCUTEBHO paB-
HoMepHoe pacnpeneienne @DOC 10 LUTOILIa3ME
kieTku (puc. 3).

IlpencraBnsger uHTEpeCc CpaBHEHUE IIPOLIECCOB
HaKOIUIEHUST W JIOKAIU3alu 3TepUuUIIPOBAHHBIX
ITIX71 eg B KJI€TKax IpU BBEAECHUU UX B PaCTBOPE U B

JI®. Ha puc. 4 mpencrasieHbl N300pakeHUS KIETOK
K562 B cBeTe diryopeclieHIIMU TTOCIe OKpalllBaHUs
AMD, TMD u xomiuiekcamu JIMID—IM®DX wu
TMB-AM®X. W3 pucyHka BumHo, uro JAMD u
TMD, BBeleHHBIE B JUIIOCOMAX, JOKAJIN30BAINCH,
KaK U CBOOOAHBIC INMUTMEHThI, B TLJIa3MaTUYECKOM
MeMOpaHe KJIETOK, B IIMTOIUIa3Me, B MeMOpaHHBIX
crpykrypax. st oopasnoB ¢ 30-MUHYTHOM MHKyOa-
11eil HabomaeTcsl 0oJjiee BHICOKUI YPOBEHBb (DIIyO-
pecueHuuu mias MDD u aunocoMmaibHbIX (hopMm
JAMD 1o cpaBHeHUI0 ¢ TMD 1 ero TMocoMaIbHBI-
MU popmamu. Pacnipenenenue JI® JIMD — oTrHOCH-
TEJIbHO PaBHOMEPHO I10 LIMTOIJIa3Me. XapaKTep pac-
npeneyieHnusT TUImocoMaabHbIX opm TMD 110 TeIy
KJIETKU CYILLIECTBEHHO oTInmyajcs. Tak xKe, Kak v JJIs
TM3, BBeneHHOTO B pacTtBope, 11t TMD B JI® BbI-
IEJISUIMCH OTIENbHBIE CAlThl, UMEIONIEe NHTEHCHUB-
HOCTb (hIyopecleHIIMM 3HAYUTEIbHO BHIIIIE, YeM B
cpemHeM I10 uToIrniazme. Yepes 90 MuH MHKYOUpO-
BaHMS CYIIECTBEHHO yBeJIMYMBAIaCh WHTCHCHUB-
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Puc. 2. CniekTpsl 371eKTpoHHOTO noriomieHust AIMD (a) u TM 3 (6) u criekTpsl (uryopectieHtiu JAMD (B) u TMD (T) B ataHOJIE
U B 3KCTPY3HOHHBIX JjurnocoMax u3z JIM®X B pactBope dochatHO-coneBoro Oydepa. Konuenrtpauus IMD u TMD
IIJIST CTIEKTPOB 3JIEKTPOHHOTO TMomioleHus: paBHa S+ 107° M; konuenTpays MO u TMD mis cnieKTpoB (hiryopeciieHIIn —

2-10~7 M. CooTHoleH1e AMD (TMD) : AMDX = 1 : 40.

HOCTh (yopecueHIMM B Tpobdbax ¢ TMD, omHako
YPOBEHb MHTEHCUBHOCTH (hJTyOPECIICHITNHM OCTaBaI-
cs1 OoJiee HU3KHMM IO CpaBHEHUIO ¢ podbamu ¢ JIMD.
Ciemyer OTMETUTh, YTO KaK IUIST MCCIeOOBAHHBIX
XJIOPUHOB, Tak 1 my1s1 ux JID dryopeciieHImns B o6ra-
CTH SIpa KJIETKHU OTCYTCTBOBaIA.

AHanmn3 MHTerpajbHOM QIyopeclieHIINN eTUHNY -
HBIX KJIETOK, TOKa3aJl, UTO MpU UHKYOMPOBAaHUU B
TeyeHue 2 4 B OJMHAKOBBIX YCIOBUSIX MCCJIeTOBaH-
Hele OC, BBeIEHHBIE B CYCIIEH3MIO KJIETOK K562 B
pactBopax u B jaunocomax u3 IM®PX, umelotr pas-
JIMYHBII YPOBEHb HAKOIUICHUS B KJIeTKax (Taom. 1).

C ucnoiab30BaHUEM KOJIOKAJIM3aTOPOB KJIETOY-
HBIX OpraHesul OblIa MpoOBeleHa KOHKPETU3AIUS
BHYTPUKJIETOUYHO JTOKaIM3aLMU XJIOPUHOB U WX JIM-
nocoMaiabHBIX ¢opM. C 3TOI 1IENIbI0 TPOBOIMIOCH
COITOCTaBJIEHHUE paclpeneieHus B KieTkax K562

dayopecuenumn ucciaegoBaHnHbeIXx PC u dayopec-
LEHLIMU CYOKJIETOYHBIX KOJOKAIU3aTOpPOB — 3HIO-
T1a3MaTUYeCKOTO PETUKYJyMa, MUTOXOHAPUAIbHO-
ro, KoMrjiekca ['onbakuy 1 AIM30coMaabHOTO 30HIOB.
B kauecTBe mpuMepa Ha puc. 5 TIpeacTaBIeHbl U300~
paxenust kiaetok K562 mpum okpammBanuu JIMD
(kJIeTKH B cBeTe (paayopecueHuuun JIM3D), nzodpaxke-
HUE KJIETOK B CBeTe (DIyopeCIeHIIMU KOJIOKAIN3aTo-
pOB U KOMOWMHUPOBAaHHOE CBEYEHUE KJIETOK B pe-
3yJIbTaTe HAJIOXKEHUs JIBYX KaHaJIOB pPETMCTpaliuu
dbayopecueHuu. BHyTpukieTouHoe pacnpeaese-
Hue dayopecueHInn JIMD ymMepeHHO KOppeaupo-
BaJlo C pacrpeneieHueM QiayopeciueHIu 30HI0B
OHIOIJIA3MaTUUYECKOTO PETUKYyJIyMa U KOMILJIeKca
T'onpIkKy 1 B MEHBIIIEHN CTEIIEHM COBMNAIaio ¢ Qryo-
peclieHIIMeii MUTOXOHAPUAJIILHOIO 30HIA, YTO yKa-
3pIBa€T Ha BO3MOXHYIO JoKanm3auio JIMD B aTux
opraneiurax. CiaeayeT OTMETUTh, 9YTO IIPU 3TOM IIpaK-
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(2) (6)

(8)

Puc. 3. U306paxkeHust kietok K562 B cBete duryopeclieHLIMM XJIOpMHOB (MHBEPTUPOBaHbI): (a) — X eg; (6) — IMD; (B) — TMD.
Konuenrpauus nurmenTa 5 - 107° M; konueHntpauust DCT B cpene MHKyOupoBaHust 5%, Bpemst uHKyouposaHus — 60 muH. Cpe-
3bI KJIETOK TIpencTaBiieHsl 1151 Z = 10 .Ywucno cpe3oB Z = 20, mar — 1 MkM. MaciiraGHble OTpe3Kr Ha Beex (hoTorpadusix — 5 MKM.

TUYECKHU OTCYTCTBOBAJIO MEepeKphITUE obnacTeit iry-
opecueHur AMD u nu3oTpakKepa.

JJ1s1 OLIeHKM 3HAYMMOCTH COBITaICHUSI JIOKAJIN3a-
LY XJIOPUHOB U KOJIOKAJIM3aTOPOB B OTAEIbHBIX Op-
raHesuiax OBIIM VICITOJIB30BaHbI Kputepuu [IupcoHa.
3HauyeHUs1 KoadduumeHToB koppenssuuu [TupcoHa,
KOJIMYECTBEHHO XapaKTepU3YIOIIe CTEeNeHb KOJIO-
KaJu3allii MCCIIeOBaHHBIX XJIOPUHOB, ux JI® u
cnelUUYeCKUX MapKepoB OpraHe/ul B KJIeTKax
K562, mpuBeaeHsI B Ta6I. 2.

YpoBeHb Kosokanuzauuu X €g C MUTOXOHIPUS-
Mu uMmeeT ymepeHHyo Koppessaiuio (KKIT nopsaka
0,5), mpu 5TOM ompenesieH BBICOKII YPOBEHb €Io KO-
JIOKaJIM3aluy ¢ 30HIaMU1 9HA0ILIa3MaTUYECKOIO pe-
TuKyayma u komruiekca lNompmxu (KKIT > 0,7). B
HauMeHbLIeH cTeneHu XJ1 eq HaKarjMBaeTcsl B JIM30-
comax (KKIT = 0,3-0,4).

M3 nmorydeHHBIX TaHHBIX BUTHO, YTO 3TePUDUIIN -
posanHble [IXJeg M MX JIMIIOCOMANIbHBIE (POPMBI

MMEIOT OTHOTUITHOE pachpeaeieHue: oo6aactu ¢hayo-

Ta6mmna 1. Hakorutenue B kinetkax K562 Xt e 1 [TX11 e, BBeIEHHBIX B CYCITIEH3UIO KJIIETOK B PACTBOPE U B COCTABE JIH -

MOCOM

DdoToceHCMOUIU3ATOP X eg IAMD TMD IMB—-IM®DX | TMOB-AMDX
MHTerpanbHass UHTEHCUBHOCTD 72.6 £6.0 610.4 £24.3 340.4 £ 16.7 320.2 £ 16.1 170.4 £ 12.2
dayopecueHInN

IMpumevyanue. KoHneHrpanus kinetox 1 - 106/ MJT; KOHIIEHTPAIIWSI XJIOPUHOB 5 - 1070 M; xonuenTpauus DCT B cpene MHKYOUPOBaHUS
5%. BpeMst uHKyoupoBaHus 120 MuH; Temmnepatypa uHkyoupoBanus 37°C. CootHourenue murMeHT : IM®X = 1 : 40. Omm6Ka pac-

cyuTaHa 1o TpeM MACHTUYHBIM SKCIIEpUMEHTaM.

Ta6mna 2. 3HaueHUs koaddbuimenToB Koppeisiuu [Tupcona mist Xi eg, arepudunupoBaHubix [1Xi eg, nx JIP u xo-

JIOKQJIM3aTOPOB U opraHesl B Kietkax K562

KoadppummenTsr [InpcoHa mj1st pa3InIHbIX KOMIIAPTMEHTOB KIIETKI
@C SHIOTUTA3MAaTUIEeCKUIA KOMILIEKC
MUTOXOHIPUN JIT

PETUKYIIYM Tombmxu
X eg 0.517 £ 0.073 0.905 = 0.081 0.802 = 0.072 0.386 + 0.046
AMD 0.641 £+ 0.059 0.820 = 0.073 0.866 + 0.079 0.380 = 0.048
AMBD—IMDX 0.684 £ 0.061 0.852 = 0.074 0.744 £ 0.067 0.400 = 0.051
TMD 0.652 £0.058 0.684 £ 0.069 0.560 £ 0.058 0.340 =+ 0.041
TMB-IMDX 0.664 £ 0.061 0.676 = 0.058 0.520 + 0.057 0.361 £0.043

IMpumeyanune. Bpemst nHKyoupoBaHus 1pu HakoruieHnu @C — 3 4; KOHIIEHTpaIys XJIOPUHOB — 5 - 106 M; konueHTpauust OCT B
cpene MHKyoupoBaHus — 5%. OkpalvBaHue KoJoKaauzaropaMu — 1o rnpotokosy. Beanunna KKIT ot 1.00 no 0.70 yka3biBaeT Ha OT-
HOCHUTEJIbHO CUJIbHYIO Koppesiinio, 0.69—0.36 — Ha yMepeHHY10 KoppeJisiiuio, 0.35—0.20 — Ha citaGyto Koppessiuio, MeHble 0.20 —

OTCYTCTBUE Koppessiuu [15].

BUODU3NKA TomM 64 Ne4 2019
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AMS JIAMO-]IMDX

™D TM3-IMDX

30 muH

Puc. 4. N3zo6paxenus xietok K562, oxpamennsix I[TX1 eg 1 uX JIUIOCOMATbHBIMU C?OpMaMI/I, B pexuMe (hIIyopecleHITUN

(nHBepTrpoBaHbl) uepe3 30 u 90 MuH uHKyoupoBaHus. KonueHnrpauus nurmenta 1 - 10

M; konteHTpammst DCT — 5%. Cpesbl

KJIETOK MpeacTaBieHbl 11t Z=7u Z= 13, ynucio cpe3oB Z— 20. CootHomeHue nurmeHT : JM®X = 1 : 40. MaciutaGHbIe OTpe3Ku

Ha doTtorpadusax — 10 MKm.

pecueHumu [1Xn eg u ux JI® B KIeTKE C OTHOCUTEb-
HO BBICOKOIi BEPOATHOCTBIO NIEPEKPBIBAIOTCS C (ily-
opecueHUER 30H/1a SHI0TIa3MaTUYECKOTO PETUKY-
ayma (KKII > 0,7) u annapara lNonbmxu (KKIT ot

0,5 mo 0,7). CoBnianenue objacreit piayopecueHIINN
I1X7 eg, nx JI® 1 MUTOXOHAPUATBHOTO 30Ha ObUIO

ymepeHHBIM (KKIT > 0,6). OTMedeHa odeHb ciabast
KOPPEJSIUS MeXIy 00acTsIMU (hIyopeCIIeHIINY JIH -

BUODU3UKA TomM 64 Ned4d 2019
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(a) (6) (B)

Ounpomna3Marndeckuii petrkyayM — ER Traker TM Green

aar

2
it

7 =7.6 MKM 25 MKM 25 MKM 25 MKM
MuTtoxouapuu — Mito Traker Green FM
» s"*"
s W g b |
4 L7
T 1A i 25 MKM 25 MKM 25 MKM
Kommexe ok — NBD-,BODYPY-Labeled Sphingolipids
Z= 0.7 i 7.5 MKM 7.5 MKM 7.5 MKM
JIuzorpakep — Lyso Traker Green DND-26

F=5. " v 7.5 MKM 7.5 MKM 7.5 MKM

Puc. 5. KondbokanbHoe nzobpakeHune kietok K562 (MHBepTUPOBaHO), OKpaleHHbIX KoMruieKcoM JIMD-JIM DX (1 : 40) B cBete
dbayopecueniu JIM3D (a); (6) — B cBeTe (hiyopeclieHIIMM KOJOKAJIM3aTOPOB U (B) — KOMOMHUPOBAaHHOE CBEYCHHE KJIETOK B
pesysbTaTe HaJOXEHHMS IBYyX KaHAJIOB PerucTpanyy (ayopecieHInH (a u 0).

30COMaIbHBIX 30HAOB M AMD, TMD u wnx JID®
(KKII = 0,34—0,40) — 9T0o mO3BOJISIET COEeIaTh 3a-
KJTI0OYeH1Ee 00 OTHOCUTETBHO HU3KOM YPOBHE HAKOII-
nenus I1Xn eg u ux JIO B 1m3ocomax.

Ned 2019

BUODU3NKA  Tom 64

OneHka MexaHu3MOB (hOTOLUTOTOKCHIECKOTO Jeii-
CTBHA 3TepruHIMPOBAHHBIX MPOU3BOIHBIX XII €4 U X
JunocoManbHbIX hopM. [Ipu nccienoBaHUM BIUSTHUS
CBOWCTB pa3IMIHBIX TUTIOB 1 (pOopM BBEIEeHUS Ha aK-
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Puc. 6. OTtHocuTenbHOe conmepxkaHue amontoTudeckux (rmo tecty ¢ CMXRos) m HekpoTmueckux (MO TeCTy ¢ HMOIUIOM
MIPONUANYMa) KJIETOK NpH oToceHcubmmmzannu Xi eg, [1X0 eg 1 nx JIO npu BpeMeH! MHKYOMpOBaHus rociie poToobirydyeHust
30 muH (a) u 180 MuH (6). I — Xneg; 2— AMD; 3— IMB—-IM®DX; 4—TMD; 5 - TMO—-IM®DX. Konuenrpauus kietok K562 —
1- 106/MI[. OOI1ee KOJMUYECTBO KIETOK B o6pasiie mpuHsATo 3a 100 %. CootHomenue IMD (TMD) : IM®X = 1 : 40;

KOHILICHTpAlusl XJIOpUHOB — 2 - 107

M; KOHILIEHTpallusi ChIBOPOTKM B cpele MHKyOupoBaHusi — 2%. Jlo3a CBETOBOro

BozneiictBus — 0,4 JIx/ eM2, A= 660 HM. [MpencrasieHsl cpenHue 3HaYeHUs ¥ olMOKa cpeaHero (M * m) it Tpex He3aBUCUMBbIX

OKCIIEPUMEHTOB.

TUBHOCTL DC IIpEACTABJIACT 3HAYUTEJIbHBIN MHTEPEC
CpaBHCHHE UX CIIOCOOHOCTH CCHCI/I6I/IJII/ISI/IpOBaTb
HEKPOTHYECCKUE M allONTOTUYCCKUE ITOBPECKIACHUA
KJICTOK.

O1lleHKa LIMTOTOKCUYHOCTU uccaenoBaHHbIX DC
1 ux JI® no MTT-tecty rokazana, 4To Mpu KOHIEH-

TpalMsIX XJIOPUHOB OT 2 1077 10 1'107°M B HeoOJTy-
YeHHBIX 00pa3liax He HaOII01aT0Ch U3BMEHEHUS XK1 3-
HecrmocobHocTH KIIeToK K562, JleiicTBUE CBETOBBIX

TMOTOKOB C 1030i oT 0,5 mo 2 ,Z[)K/CMZ B OTCYTCTBUE
®OC takke He IIPUBOINIO K POCTY TMOEIN KJIETOK.

PesynpratiBHOCTE  (POTOCEHCUOMITM3NPOBAHHO-
TO BO3JIEMCTBUS HA KJIETKU OLIEHUBAIU Ttocie GoTo-
ob0ydeHust cycrieH3uu kietok K562, HarpykeHHBIX
X1 eg, [1X71 eg mnu ux JIP, c ucnoiap3oBaHUEM METO-
na uutodayopumerpuu ¢ CMXRos u dityopeciiupy-
oM JJHK-kpacurenem noaunom nponuanyma.

C HUCITOIBb30BaHUEM OIMCAHHBIX BBIIIE METOIUK
MPOBENEHO CpaBHEHUE Pe3YyJIbTaTUBHOCTU (DOTOIIO-
BpexxaeHus Kietok K562 npu nx ceHcuOuInsanmum
XJIOpMHAMUA W UX JHUIIOCOMAJIbHBIMU (opMaMu
(puc. 6). I1pu Mcnonb30BaHMU B KayecTBe (DOTOCEH-
cubunuszatopos 11X eg 1 UX TUITOCOMANILHBIX GOPM
CTEeIleHb KaK HEKPOTHWYECKOTO, TaK W aronNTOTUYe-
CKOTO TIOBpeskAeHUS KiaeToK K562 uepe3 30 MuH 110-
cje oOydeHus Obula BBILIE IO CPaBHEHUIO ¢ XJI €¢
(puc. 6a). [Tocie 3 4 THKYOUPOBAHUSI YMCJIO ATIOTITO-
TAYECKU MTOBPEXAEHHBIX KJIETOK JUISI XJ1 €4 YBEJIAYU -
Jock B 1,5 paza, nia AMD, JI®O JIMO, TMD n JIO
TMD — B 2,1, 2,8, 2,6 1 2,4 paza COOTBETCTBEHHO.
CpaBHeHMe >PPEeKTUBHOCTH BO3ICHCTBUS IOKa3a-

JIO, YTO BBIXOJI HEKPOTUYECKN M3MEHEHHBIX KJIETOK
st [1X0 e, ux JI®D 6611 TakoKe BbILIE IO CPABHEHUIO
¢ Xi eg Hanbosee Beicokass 3(pdeKTUBHOCTL (HOTO-

CEHCUOWIM3AMK aIlONTOTUYECKUX ITOBPEXICHUIA
KJIETOK Habmonanach B ciiyyae JIMD u ero JIOD.

OBCYXIEHHUE

IlpencraBieHHble B TaHHONW padoOTe pe3yJIbTaThl
MOKAa3bIBAIOT, YTO XMMMUYECcKass MOIUMUKALISI W3-
BECTHOTO (oToceHcUOmIn3aTopa Xieg IOCPe-

CTBOM IIOCJIEOBATENIbHON 3TepudUKaLNsI GOKOBBIX
KapOOKCWJIBHBIX I'PYIIT OKa3bIBAET HEOJHO3HAYHOE
BJIMSIHUE Ha CKOpOCTh HakoruleHust 11X e B kiier-
kax. Ucnnonb3oBanue JID st BBeneHUs 3TepuGUII-
poBaHHbIX I1X1 €4 mpakTUUeCKU He BIUsIET Ha KUHE-
TUKY HakoruieHus1 3Tux @ C B KJIETKAX, B TOXKE BPEeMsI
YBEIUYEHUE ILIEHTPOB CBS3BIBAHMS, IPU BBEOCHUU
ITX71 e B cocTaBe IMITOCOM, COMPOBOXIATIOCH CHU-
KeHueM ypoBHs HakoruieHuss DC (tabn. 1). Ucxons
13 MOJYYEHHBIX JAaHHBIX IO YPOBHIO HAKOIUIEHUS B
kiretkax K562 uccnegosannbie @C pacrnonaralorcs B
psany AMB > TMD > JIO IMD > JIO TMD >> X eg.
Otnnuusa B ckopocTsax HakorieHus: I1X7 eq B kiiet-

Kax He CBSI3aHBI C BIUSHUEM MPOIECCOB arperainiu
®DC BO BHEKIIETOUHOI cpelie: ¢ 1IeJIbI0 MOHOMEpH3a-
unu HenosspHbie @C B pacTBOpax BBOAWIU B KYJb-
TypanabHyio cpeny ¢ DCT 3a 60 MUH 10 TOOABIECHUS
KJIETOK.
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PaHee npoBeneHHbIE UCCAEIOBAHUS C UCIIOJIb30-
BaHMEM KJIETOK JeiikeMnuyeckoii ntuHuu Raji, MoHO-
HYyKJIeapHbIX KJIETKOK Mnepudepruueckoil KpoBU 10-
HOPOB, JEMKEMUUYECKUX KJIETOK MallMeHTOB C OCT-
pbIM TUMGHOOJACTHBIM JIEHKO30M M TMAllMEHTOB C
OCTPBIM MUEJIOUIHBIM JIEMKO30M TTOKa3ajiu, 4YTO OC-
HOBHBIMU J€TePMUHAHTAMMU, OTIPEAEISIONIMMU YPO-
BEHb HaKoOTJIeHUS U 3(hGheKTUBHOCTb CEHCUOUIN3a-
MU TIOBPEXIEHUSI KIIETOK, SIBJSIIOTCA pas3inyus
ckopocTeit mepepacnpeneneaus @C Ha rurazMaTide-
CKy10 MeMOpaHy ¢ 6eJIKOB ChIBOPOTKM U HAHOHOCH -
TeJielt, a TaKXKe CKOPOCTh UX TPAHCMEMOPaHHOTO Tie-
penoca [13—16]. CornacHo pa6botawm [ 14,17], mpu yBe-
JIMYEHUU CTeTIeHU BTepudUKallMu OOKOBBIX TPYMII
XJI € IaHHBIE KNHETUYECKUE ITapaMeTPHI IIpeTepIie-

BalOT 3HAUYUTEJIbHbIE pa3HOHAIIpaBJIeHHbIE U3MEHe-
Hus. TIpoliecc HaKOIUIEHUSI OTHOCUTEJILHO MOJSIP-
HOTO X1 €4, CIIOCOOHOTO OLICTPO IepEPaCIIPENEIIATh-

csl ¢ OEJIKOB Cpelibl M CBS3LIBATLCS C MOBEPXHOCTHIO
KJIETOK, OrpaHMYeH KpaliHe HHU3KOH CKOPOCThIO
TpaHCMeMOpaHHOTO TepeHoca. BciiencTBue 3TOTrO
dayopecueHuusa paHHoro M®C peructpupyercs B
nepBble 15—20 MUH oKpallMBaHMUS KJIETOK ITPENMY-
IIIECTBEHHO B COCTaBe IUIa3MaTUYECKOM MeMOpaHHI,
a BeJIMYMHA UHTETPAJIbHOM (DIIyopeCceHLIMU KJIETOK,
MHKYOMPOBaHHBIX C XJI €, 3HAYUTEJIBHO HUXKE aHa-

JIOTUYHOM XapaKTEpUCTUKU IS KJIIETOK, OKpaIlleH-
HBIX JIMD 1 TM3D. OcHOBHBEIM (paKTOpOM, KOHTPO-
JIMPYIOIINM CKOPOCTh HakorjieHuss TMD B KieTKax,
SIBJISIETCSI HU3KAasi CKOPOCTh AUCCOLMAILIMUA U3 KOM-
IJIEKCOB C OeJIKaMU Ccpellbl WIA U3 JIUITUIHBIX BE3U-
Kyn [18]. YMepenHo HenoaspHEIT MDD, coueralo-
IIUii BBICOKYIO MPOHMUIIAEMOCTb B MeMOpaHHBIX
CTPYKTypax ¢ OTHOCUTEIILHO BBICOKOIT quddy3moH-
HOI MOJABMXKHOCTBIO BO BHEKJIETOYHOI cpejie HaKall-
JIMBaeTCs B KJIeTKaX C MaKCUMAJIbHOM 3 (EeKTUBHO-
CTBIO.

Jlokammzanust @C B KJeTKe SABJISIETCSI BAXKHOM Je-
TEPMUHAHTOM B orpeneyieHnu 3(PGEeKTUBHOCTU Me-
XaHMU3MOB TIOBpeXAeHUsI KIIeTKu. Mcmonb3oBaHue
KOJIOKAJIM3aTOPOB JIJISI PAa3IUYHBIX KJIETOUHBIX OpTa-
HeJIT MO3BOJIMIIO MPOBECTU OLIEHKY BHYTPUKIIETOU-
Horo pacnpezesieHuto ITXi eq. ITomydyeHHble 3HaYe-

HUS KO3(hGULIMEHTOB Koppensiuuun [Tupcona Mexmy
dayopecuenuueit MO, TMOD, JI® ITX1n e4 u ceue-
HHEM MUTOXOHJIPUAIILHOIO 30HIa, a TaKXKe KOJOKa-
JIN3aTOPOB DHIOMIa3MaTUYECKOro peTUKYJIyMa U ar-
napata [OJbIKM CBUIETSIBCTBYIOT O IIPEUMYIIE-
ctBeHHON Jokamm3annn PC u ux JIP B 3THX
KOMITapTMEHTax KjieTKu. IIpoBeaeHHEIE UCCIIenoBa-
HUS C JIM30COMAIBHBIM 30HAOM IT0KAa3aJid HU3KUIA
YPOBEHb KOppeJISInUU MexXny dJiyopeclieHLIeil -
30COMAJIBHBIX 30HIOB U (uiyopecueHuueit 11X eg u

nx JI®. Ha ocHOBaHUM 3TOr0 MOXKHO IIpEAITIOJI0-
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JKUTb, YTO TPOLIECCHI SHAOLIMTO3a HE UTPAIOT BasKHOI
posii Iipy HakoruieHuM Kak IIXn eg Tak v ux Jumno-

COMaJTbHBIX (DOPM.

Crniocoonocts PC HakarIMBaTHCI B OTHEIBHBIX
KJIETOYHEBIX CTPYKTypax, HapsiIy ¢ peskuMamMu GhoTo-
00JTy4eHUsI, BO MHOTOM OIIpeNesIeT TUIl MEXaHU3Ma
$OTOCEHCUOMITN3UPOBAHHOTIO TTIOBPEXICHUS KJIECTOK
[1,19].

Pesynbrarel MccliemoBaHUSI  CEHCUOWIM3ALU
I1X71 e kieTok K562 noareepxkaaloT HaIU4ue Kop-

peliLuKu MeXay ypoBHeM HakoruieHuss @C 1 oTHO-
CUTETBHON 3(PHEKTUBHOCTHIO (POTOIIOBPEKICHUS
kietok. IIpolieHT MOBpeXASHHBIX KJIETOK B 0Opas3-
max ¢ Xi eg B 3,0 1 2,5 pa3a MeHbIIIE B CPABHEHUU C

AMBD u TMD cooTtBeTcTBeHHO. B 00pasiiax, comep-
xkamux JI® IMD u TM3, nporeHT HEKPOTUIECKU
TMOBPEXKIEHHBIX KIJIETOK OCTaeTCs HEM3MEHHBIM B
Tpenesiax CTaTUCTUYECKOM MOTPEITHOCTHA B CpaBHE-
HUM co cBobonHbMu [1Xi eq CylecTBeHHOI Ooco-
OEHHOCTBIO TTPOLIECCOB (DOTOIOBPEXKIACHUST KIETOK
K562 npu ucnonszoBanuu B kauectse ®C X1 eg u

€ro MPOU3BOIHbBIX SIBISIOTCS OTJIMYUS B OTHOCUTEIb-
HOM BBIXOJI€ aIlIONTOTUYECKM U HEKPOTHUYECKU IIO0-
BPEXIEHHBIX KJIeTOK. [1pn ucronb3oBannm Xi €4 0T-

HOCUTEJIbHOE KOJIMYECTBO ITOBPEXIEHHBIX KIIETOK,
omnpenesieMoe B TeCTaX C MOAUIIOM TpOTIUANyMa U
CMXRos, oguHakoBo. Ilpu 0061ydyeHUM KJIETOK B
npucyrctBuu AM3D, TMD u ux JI® npoleHT aro-
NTOTUYECKU TIOBPEXKIEHHBIX KJIETOK 3HAYUTEITBbHO
MpPEBBINIAET TPOIEHT YUCia KIJIETOK C MOBPEXKICH-
HOU Mma3mMaTudeckoil MeMOpaHOl (HEKpPOTUYECKUE
usMmeHeHus ). [ToaydeHHBbIE B JaHHOU paboTe pe3yib-
TaThl O PA3INYUSIX MEXaHU3MOB (DOTOCEHCUOWITU3U -
poBaHHOIO XJI €¢ U €ro NMPOU3BOAHBIMU MOBPEXIE-

HUSI KJIIETOK MOJHOCTBIO COIVIACYIOTCSI ¢ JaHHBIMU
aHaJIM3a CTETIeHU BKCIIpeccun (ochaTuanicepruHa —
M3BECTHOIO0 MapkKepa amoNTOTHMYECKUX KJIETOK, Ha
BHEIIHEH ITOBEPXHOCTU ILJIa3MaTUYeCKOi MemOpa-
Hel. Kak moka3aHo B pabote [17], poToceHcnoOumm-
supoBaHHoe [IXJ e Bo3aeiicTBre Ha KyJIbTypy JIeH-

KEMHUYECKHX KIIETOK MAalUEHTOB C OCTPHIM JTMM(POO-
JIACTHBIM JIEHIKO30M IIPUBOIWMIO K YBEIUYEHUIO B
2,5—4,0 pa3a umnciaa Annexin V — IIOJIOXUTEIBHOTO
ITyJ1a KJIETOK MO CPaBHEHMIO ¢ XJI €.

OTanuus B KJIETOYHBIX MEXaHU3Max (I)OTOHI/ITO—
TOKCUYHOCTHU XJI € U €TI0 IIPOU3BOAHBIX HE CBA3aHbI

C pa3IMYHOl MHTEHCUBHOCTBHIO (POTOCEHCUOMIN3M-
pOBaHHOTO BO3IEMCTBUS Ha KJIETKU BCJIEACTBUE OT-
JIMYUI KOJIMYECTBA HAKOIIEHHBIX UMM (DOTOCEHCH -
omm3atopoB. [Ipu ymensirenun B 3—10 pa3 KoH-
neHTpauun [IMD 1 TM3D B KIE€TOUYHBIX CYCIIEH3USIX
(poTonoBpeXIeHUST KIETOK MPOTEKAIOT MpeuMyIIe-
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CTBEHHO II0 MEXaHU3MYy aIlonTo3a (TaHHbBIEe He TIPU-
BEIEHBI).

CrnenyeT OTMETUTD, YTO OCHOBHBIE (hoTOU3NYE-
CKM€ XapaKTepUCTUKHU BCEX MCCJIENOBAHHBIX COEM-
HEHUIf B MOHOMEPHOU (opme, B TOM YMCIIe TIpU
BKJIIOYEHUU UX B IMITIOCOMBI, TPaKTUYECKHU COBITaga-
10T. B BBIOpaHHBIX YCIOBHUSIX 3KCIIEPUMEHTOB IS
XJI €g ¥ €ro NMPOU3BOAHBIX IPAKTUYECKN OTCYTCTBY-

JOT pa3jinyusl B TeHEPALMU CUHIJIETHOTO KMCJIOpOoaa,
OCHOBHOIO MHTEepMearaTopa (pOTOXMMUYECKUX I10-
BpeXneHmit B kieTkax [12,14]. MoxHO mpenriono-
KUTb, YTO pa3INuMsd B MeXaHU3Max ITOBPEXIEHUS
00YyCIIOBJICHBI OCOOEHHOCTSIMU BHYTPUKIETOYHOMN
JIOKaJIM3aluy 1, KaK CIEACTBUE, PA3IUYUIMU B MU-
HIEHSIX (POTOCEHCUOMIN3UPOBAHHOIO IEMCTBUS MC-
cnenyembrx MC B KiteTkax. B 3101 cBsI3U cliemyeT 00-
paTUTh BHUMaHUE Ha OTJIMYUSA B JIOKAIU3aUuu XII ¢

U ero MPOU3BOAHBIX B MUTOXOHIPUSX KJIETKU. Psn
BKCIepUMEHTAIbHBIX JaHHBIX CBUAECTEIbCTBYET, YTO
CEeHCUOMIN3MPOBaHHOE (POTOBO3IECTBUE HA MUTO-
XOHIPUU KJIETOK aKTUBU3UPYET MPEUMYIIECTBEHHO
anmonToTuyeckue mytu ux rudenu [15,20]. IToBbI-
eHHoe cponactso ITXi eg K MUTOXOHAPUAM IIpU 60-

Jiee BEICOKOM OOIIeM YPOBHE HAKOIUIEHUSI B KJIETKAX
obecrieynBaeT 3HAYNTEIBHO 00JIee BRICOKYIO MHTEH-
CUBHOCTH (CTEIIEHb) CEHCHUOMIM3UPOBAHHOIO BO3-
JIEeCTBUS HAa OTU OpTaHelIbl U, KaK CIIEACTBUE, TIpe-
MMYIIECTBEHHYIO TMOE]h KJIETOK IO MEXaHU3MY aIlo-
TO3A.

3AKJIIOYEHUE

1. ®usuko-xummyeckue coiictea ®C u papma-
KoJoTmdecKre (GopMBI MX BBEICHUS OMPEIEIISTIOT
ypOBeHb U KMHETUKY HakorieHus1 @C B KJeTKax.

2. JlumocomanbHbIe (DOPMBI TTO3BOJSIIOT TIPEIOT-
BpPaTUTh arperaluio XJIOpPUHOB 1 He TPUBOMST K CHU-
KEHUIO UX (POTOCEHCUOMIN3UPYIONIE aKTUBHOCTH.

3. OrepudripoBaHHbIE IPOU3BOIHBIE XJIOPUHA € —
AMOBO 1 TM3D u ux JI® nmpeuMyliiecTBeHHO JOKaIU3Y-
JOTCS B 3HIOIUIA3MATUYECKOM PETUKYIIyME KIIETKU U
KoMmIuiekce [obKu, a Takke MMEIOT YMEPEHHYIO JIO-
KaTM3allvio B MUTOXOHAPUSIX. Y CTAHOBJIEHO OOJiee H13-
koe 3HayeHre KKIT m1s1 MUTOXOHIPUATLHOTO 30HIa U
XJ1 e 1T0 CPaBHEHUIO C €T0 NMPOU3BOIHbIMU 1 UX JIP. B
JIM30COMax OTMEYEH HM3KMIA YpOBEHb JIOKAIM3aLU
IUTs1 XJ1 €¢, €0 MMPOU3BOIHBIX U UX JID.

4. Paznmnuus B MeXxaHM3MaX IMOBPEXXISHUS KJIETOK
XJ1 ¢, ero npou3BonHbIMU U ux JID onpeznensiorest
pa3IuyHOl BeKTopu3aluei (HampaBJICHHOCTHIO)
CEHCUOWJIM3UPOBAHHOIO JCUCTBUSI MCCIIEIYEMBIX
dC B kitetkax K562: 6ojiee BbICOKAsI allONTOTUYE-
ckast akTuBHOCTb 11X71 eg 1 ux JID, 110 cpaBHEHUIO ¢
Xn S, o0ycoBIeHAa pa3INnINSIMA B YPOBHE HAKOIIJIe-
HUS B MUTOXOHIPUSIX KIIETKU.

30PWHA u 1p.

Pabora BeinosiHeHa npu (PMHAHCOBOI TTOAAEPKKeE
benopycckoro pecnyoankaHckoro ¢doHma ¢yHaa-
MEHTAJIBHBIX UccleqoBaHmit, TipoekT Ne b17-106.
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Intracellular Localization and Mechanisms of Phototoxicity of Chlorin E; Derivatives
and Their Liposomal Formulations

T.E. Zorina*, 1.V. Yankovsky*, 1.V. Yakovets*, I.E. Kravchenko*, T.I. Ermilova**, T.V. Shman**,
M.V. Belevtsev**, and V.P. Zorin*

*Belarusian State University, prosp. Nezavisimosti 4, Minsk, 220030 Republic of Belarus

** Belarusian Research Center of Pediatric Oncology, Hematology and Immunology,
Frunzenskaya ul. 43, Borovlyany, Minsk Region, 223053 Republic of Belarus

Confocal microscopy and colocalization analysis with Pearson correlation coefficients were used to show that
esterified chlorin e derivatives and their liposomal forms are mainly localized in the endoplasmic reticulum,
Golgi complex, cell mitochondria and levels of their localization in lysosomes are low. Routes of photosen-
sitizer administration in pharmacology strongly affect the level and kinetics of photosensitizer accumulation
in cells, but do not have a considerable effect on intracellular localization of chlorin eq derivatives. Differences
in the photodynamic activity and sensitization mechanisms for chlorin e¢ derivatives and their liposomal
forms were shown when compared to those of chlorine e6 photosensitizers in K562 cells. It is assumed that
observed differences in the mechanisms of cellular damage are to a greater extent due to specific photosensi-
tizer localization.

Keywords: chlorin e derivatives, liposomal formulations, intracellular localization, cytotoxicity, apoptosis
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