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MCMNOJIb3OBAHUE FRET-METOAA AJ19 OLLEHKM BBAMMOOEVUCTBUSA

JIMNUAOHBbIX KANEJIb U MUTOXOHAPWUW B KJIETKAX KOPbI

HAANOYEYHUKOB KPbIC NPU UHKYBALWN B TMNEPTOHUYECKOM

PACTBOPE XJIOPUOA HATPUA

UHcTuTyT Nnpo6nem kpnodbuonorum n kpuomeanuuHol HAH YkpauHbl

(r. XapbKoB)

PaboTta BbINONHEHAa B COOTBETCTBUM C Tema-
Mn HWP otoena kpuobuoxumum u dapmakonormm
HenporymopasnbHbIx cucteM «CBONCTBA 3HAOKPUHHbIX
TKQHEeN B YCNOBMUSX KPUOKOHCEPBUPOBAHUS U TPaH-
CcnnaHTaumm aKCnepruMeHTanbHbIM XUBOTHbIM» (N2 roc.
pernctpauun 0106U002163) u «MccnepoBaHne me-
XaHN3MOB KPUMOKOHCEPBMPOBAHHBIX OPraHHbIX Kyib-
TYP O9OHOOKPUHHbIX TkaHen» (Neroc. permcrpaumm
0101U003478).

Bctynnenune. OgHuMm 13 noBpexpatowmx dakTo-
POB MpU 3aMOpPaXMBAHUN-OTOIFPEBE KIETOYHbIX CYyC-
NeH3un aBnaeTcs encTBmne rmnepToHNYeCKNX pacTBo-
poB coneii [2]. B paboTe 6bi510 NokasaHo yBeInYeHne
0as3asbHOr0 YpPOBHS CeKpeuun FOPMOHOB KJeTkamu
kopbl Hagnoye4yHukoB (KKH) nocne nx nHkybaumm ¢ ru-
NnepToHMYEeCKMMU pacTBopamMu xnopuaa Hatpus. Mpu
9TOM aBTOP YKa3blBas, YTO MEXAHN3M TaKOro CTUMYnN-
PYIOLLErO BANSHNS OCTaNICS HESICHBIM [5].

M3BECTHO, YTO MCTOYHMKOM [AJI1 CMHTE3a CTEepOo-
WOHbBIX FOPMOHOB SIBASIETCA XONECTEPUH 3K30MEHHOro
1 9HOOrEeHHOrO MPOUCXOXAEHWS, @ TaKKe XONeCTEPUH,
CuHTe3npoBaHHbI de novo [11, 12]. B ctepomnanpoay-
LMpPYIOWMX KNeTkax Haano4yeyHNKOB 3anachl Xonecrte-
pVHA HakanaMBaloTCH B BUAE 9DUPOB B CneumanbHbIX
opraHennax — namnugHbix kannsax (JIK). CumrtaloT, 410 B
cry4ae cTumynsaumn npouecca crepoupgoreHesa, JIK
00pasyoT C MUTOXOHAPUSAMU €ANHYIO0 DYHKLMOHASBbHYIO
eonHuly (cybecTpaTta + MecTo cuHTe3a ropmMoHoB) [7].
OpHako NogobHOro poaa pesynbrathl Obiv NONYYEHbI
C NMOMOLLBIO PYTUHHBIX METO40B 3/IEKTPOHHOW AN UM-
MYHOMDNYOPECLLEHTHOM MUKPOCKONUM, KOTOPbIE NPes-
yCMaTpMBaOT GUKCALMIO KIIETOK, YTO MOXET N3MEHATb
peanbHO cylwiecTBylowyo kapTtuHy. FRET TexHonorum
NO3BONSIOT N3yyaTb CO-JIOKANIM30BAHHbLIE OPraHesibl B
XXMBbIX KJTIETKAX HAa MOJIEKYSAPHOM ypoBHe [9]. B cBasun
C 9TUM SIBNISIETCS aKTyaslbHbIM MU3yYeHue B3anMOOen-
CTBUSI MEXAY OpraHennamMm, y4acTBYOLWMX B NPOLEC-
ce cTepouaoreHesa, B pexuMe peasibHoro BpeMeHu
Ha OTAENbHbIX KieTkax, B TOM YUCAE U Npu OEeNCTBUN
N3MEHSIIOLMXCH YCII0BUIA Cpeabl, HanpuMep, B ciy4vae
3aMeHbl M30TOHMYECKUX Cpef, Ha TMNnepTOHUYecKme

cpenbl (pakTop, KOTOpLIM peanudyeTcs npu 3amopa-
>XMBaHUU 1 BbI3bIBAET MNOBPEXOEHNE KITETOK).

Llenbio uccnepoBaHus Obll0 OUEHUTL BAUSA-
Hue 0,75 M pactBopa NaCl Ha paccTosHue mexay
ANANOHBIMW - KanmasSMu U MUTOXOHAPUSIMU - KNETOK
Kopbl Hagno4veyHukos (KKH) ¢ ncnonssosaHnem FRET
TEXHONOTUN.

O6bekT M MeToabl uccrnepoBaHus. Cycrne-
3uio KKH oT nonoBo3penbix KpbIC nonyyann pepmeH-
TaTtMBHbIM cnocobom [6], nomewann Ha 1,54 npn 37°C
B aTMocdepe 5% CO, ana npukpenieHns Ko IHy JyHKK
niaHweTa C KOJUTAareHOBbIM MNOKPbITMEM. Mukpoc-
KOMMYyeckne WUCCNeaoBaHus MPOBOAMAN C MOMOLLbIO
KoHdoKanbHOro mmkpockona Axio Obzerver. Z1 (Carl
Zeiss, lepmaHus). O6paboTKy MNOAYHYEHHbIX OaHHbIX
OCYLLECTBAS/IN C MUCMOJIb30BAHMEM MporpaMmmbl Axio
Vision. B paboTe npuMeHanu GiyopecLeHTHbIE 30HAbI
Mitotracker Green (MTG) n Hunbckuii kpacHbin (NR).
Mcnonbdyemasa anuHa BOnHbI BO30OyxaeHus ana MTG
coctaensana 490 Hm, a gna amuccun — 516 HM. Ons
NR cooTBeTCTBYIOWME AMHBI UMENN BENMYUHBbI 543
1 630 HM. MTG KOBaNIEHTHO CBAA3bIBAeTCA C Oenkamm
MUTOXOHAPNANBHOrO MaTpuKCa M BbICTYNAET B Kadye-
ctBe ¢pnayopodopa-goHopa, a NR okpawwmsaet JIK u
cnyxumTt Gnyopodopom-akLenTopoM. DPPEKTUBHOCTb
FRET 6bina paccuntaHa no metogy Wouters et al. [8]
M Bblpaxanacb B BMOE MPOLEHTHOrO0 COOTHOLUEHNE
curHana MTG go n nocne ¢oToobecLBeYMBaHUSA MO

dopmyne:
_AMTG
MTG

E%= x 100;

f

roe E% — appektnBHocTb FRET; AMTG - pasHuua B
mHTeHcnBHocT MTG go v nocne obecusevrBanua NR;
MTG,—MHTEHCMBHOCTbL Nnocre obecuse4msaHms NR.

doTopaspylleHre OCyLLEeCTBASAN MPY  NMOMOLUM
nasepa (gnvHa BofHbl 543 HM) co 100% mowHoc-
Tbl0 B BblOpaHHOV obnactu mHTepeca (ROIl), Bknio-
yatowen B cebsa JIK. Ncnonb3ysa gaHHbI nasep, 6e3
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Puc. 1. 3ddekTuBHocTb FRET npu B3aumopeincremm
MWUTOXOHAPUIA U INNUAHbIX Kanesib, okpaweHHbix MTG n
NR. 1- OnbITHbI KOHTPOJIb (06ecLBeYNBaHNE 30HbI UH-
Tepeca 1a3epomMm C AJIMHOI BOJIHbl 633HM); 2- KOHTPOJNb
npY NOBTOPHOM o6GecLBeYMBaHUM J1a3epoM C AJINHOW
BOJIHbl 543 HM 30HbI UHTEpeca; 3 — KOHTPOJIb Npu obecL-
BEYMBaHUN 30HbI UHTEpEeca J1a3epoM C AJSINHOW BOJIHbI
488 HM; 4 — ONbITHBI KOHTPOJIb NPU O6ecLBeYMBaHNe
yla3epoM C AJIMHOW BOJHbI 543 HM NUNUAHbIX Kanesnb B
aanuv ot MmutoxoHapuii; FRET — o6ecuBeYynBaHue nase-
pom 543 B 30He nHTepeca, n=10.
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Puc. 2. 9¢pdektuBHocts FRET mexxay MTG-NR, okpa-
LUMBaIOLLie MUTOXOHAPUU U JIMNNAHbBIE Kann B KneTkax
KOpbl HAZANOY€4YHUKOB, NPY MHKY6aLUM B rUNepToHn-
yeckom pactBope NaCl. K — ceexeBblaeneHHble KNeTKn
B cpepe kyneTtuBuposaHus. NaCl- knetku, B pactBope
0,75 M NaCl. * — oTnn4ua A,0CTOBEPHbI OTHOCUTESILHO
KOHTPOJbHbIX 3Ha4YeHu (p<0,05); n=10.

BO30yxaeHus MTG, MOXHO 6b110 06ecUBEeTUTb NOYTU
BeCb curHan, nanydaemoin NR B MHTEpPECYOWEM Hac
none 3peHusa. Ona MuHMMM3auuu npuobpeTaemoro
«BblLBETAHUS>» dnoopodopa-goHopa Obln UCMOSb-
30BaH nasep ¢ MOLWHOCTLIO 4 %. M306paxeHuns nocne
npovecca obecuseynBaHns Nosyyanu ¢ MHTEPBasIOM B
OJHY CEKYHAY Ha NMPOTSKEHMU 3-X MUHYT. MoNy4eHHble
M3006paXeHNsT JIMHENHO pPa3beanHAnn, UCNOoNb3ys
3anncaHHble paHee CnekTpasbHbIE NOMOChI MPU OKpa-
WnMBaHUN OOHUM 13 30HAOB. Peaynbtatel FRET 6blnn
nosny4veHbl Ha oTaenbHbIX knetkax KKH (n=10).

N3 nony4eHHbix 3HaveHunn adpoekTmBHOCTM FRET
OblIM paccyMTaHbl PaccTosHUSA Mexay 3oHaamn [10,
13].

B paboTe B kayecTBe rmMnepTOHUYECKOro pacTBO-
pa ncnonb3oBanu 0,75 M NaCl. [laHHas KOHLEeHTpa-
uma Oblna BbibpaHa, UCXOAS M3 MOJYYEHHbLIX paHee
OaHHbIX no pervgpataumm KKH 13 runepToHuyec-
kux pactBopoB. CornacHo koTopblx JIK ocTtaBanucbh
NPUBNXKEHHBIMU K MUTOXOHAPUSM Ha doHe BOcCTa-
HOBNEHUS KNIETOYHOro obvema [3], a No faHHbIM apy-
rMX nccnenoBaTtenen nNpu 3ToM KOHLEHTpauum nponc-
XOOUN0 N3MEHEHNE YPOBHS CEKPELIMN FOPMOHa nocne
nHky6aumnmn KKH [5]. K npukpenneHHbIM KneTkam no Ka-
nnsm gobasnsanu pacteop NaCl n npounssoaunun FRET
N3MEpPEHNS.

CtatucTtmyeckyto 06paboTky peaynbratoB Mpo-
BOOMAM MO MeTody OAHOMAaKTOPHOro AMCMEPCUOH-
Horo aHanusa u t-kputepusa CtbtogeHTa [1]. JaHHble
npencTaBnsann kak cpegHee 3HayeHun cTaHgapTHoe
OTKJIOHEHME. Pasnnunsa cumtann AOoCTOBEPHbIMU MpuU
p<0,05.

PesynbraTbl UCCNieaoBaHU U UX 00CcyXaeHue.
3HauveHns addekTmBHocT FRET B KKH B M30TOHK-
4eCKOM pacTBOpE NpencTaBneHbl Ha puc. 1 BMecTe ¢
pesynbTatamMu U3MepPEeHUIn Psiia KOHTPOJSbHBIX NPo6. B
9TOV Cepun 3KCNEPUMEHTOB 30HY MHTepeca noasep-
ranv GOTOpPa3pyLUEHUIO Na3epoM Mpu AJIMHE BOJIHbI
633 HMm. OddekTnBHocTb FRET npu Takmx ycnoBusx
cocTtaBuna 0 %. Bo nsbexaHne BO3MOXHOCTW MOBTOP-
HOro BOCCTaHoBneHusa dnyopecueHumn JIK 30Hy WH-
Tepeca obecuBeuMBanu OBaxdbl 1a3epoM C OJIMHOMN
BOMHbI 543 HM. B atom cnyyae adpdektneHocTb FRET
Takxe coctaBuna 0%, 4To NOATBEPXKAANO OTCYTCTBME
BOoCcCTaHoBneHus ényopecueHumn NR. [anee 30Hy
MHTepeca obecLBeYnBann Na3epoM C  AJIMHON
BOJIHbI BO30OyxaeHus onsa MTG (488 Hwm). 3HayeHune
adpodpektneHoctn FRET B 9TOM Cnydae cocTtaBuio
-14£1,3% (PpnyopecueHTHbIi  curHan  yracan),
4YTO ObIIO [0KA3ATENbCTBOM TOrO, YTO U3MEHEHUS
FRET He npoucxogsaT 3a CYET CnekTpasbHbiX MU3Me-
HeHW B pesynbrate obecupedmBaHva MTG. B kave-
CTBE  3aK/OYUTENBHOINO  KOHTPONSA  MNpPOM3BOAUAU
obecLBeyMBaHMe na3epom ¢ ASIMHHOW BOJHbI 543 HM B
061aCcTV MUTOXOHOPWIA, KOTOPbIE OT IMNAHbIX Kanesb,
korga MTG He cBs3aH ¢ NR. B gaHHOM criydyae HaMu He
Obl/10 3aPErNCTPUPOBAHO CYLLLECTBEHHOIO YBENNYEHUS
curHana gpna MTG.

B 30He uHTepeca addektmBHocTb FRET cocrta-
Buna 16,9+1,1%. 310 03Ha4yano, 4to B pe3ynbraTte
doTopaspyLleHnss akLenTopa BO3MOXHO MNpoHabnio-
natb 3ahdeKT, Npu KOTOPOM 3HAYUTENBHO CHUXAETCS
curHan NR v yeennumsaetcs curdHan MTG. PesynbTaThl
adpdekTnsHocTn FRET, no3BONMAM YCTAHOBUTbL, YTO B
KKH mutoxoHapuun n cesasaHHble ¢ HUMu JIK Haxoaatcs
ApYr OT gpyra Ha paccTtosHum okoao 10 HM. JaHHbIn
dakT aBnsgeTcsa noka3aTeNnbCTBOM CYLLECTBOBAHUS Ha
MOJIEKYNIIPHOM YPOBHE WCTUHHOWM CO-n0Kanb3aunun
MUTOXoHApun n JIK.

Mpwn nHky6aumm KKH B runepToHM4eckom pacTeope
NaCl (0,75M) Hamu 6bINI0 3aperncTprUpoBaHo (pUc. 2)
yBennyeHne 3HaveHus adpdektnsHoctn FRET mexay
nByms onyopodpopamm MTG u NR, oHO cocTaBuio
33,7+£2,1%. CnenyeT Takxe ykasaTb, YTO MUcxoOs U3
3HadveHnn adpdekTnBHocTn FRET, paccTosHue mexay

BicHuk npo6nem Gionoriti Mmeauuuuu — 2015 — Bun. 1 (117)

213



METOAM | METOAUKHU

30HOamMum coctaensano 60E, 4To COOTBETCTBYET ABOMHOM
wnpuHe dochonnuaHoro OUCnos MUTOXOHOPUNA.
Takoe U3MeHeHne nccnenyemMoro nokasarensi ceuae-
TENbCTBYET O MPOCTPAHCTBEHHOM CONVMXEHMM opra-
Henn. 9TO AaeT BO3MOXHOCTb MNPEAnOfioXUTb, HTO
yBEINYEHNE CeKpeumnm KOPTUKOCTEPOMOOB, MoKa-
3aHHOE paHee opyrumMm nccnegosartensamu [4], ckopee
BCEro, obycnoBneHo CONMXKEHMEM Ha MOJNEKYNIIPHOM
ypoBHe JIK n muTOxXoHapuii (cybcTpata C MEecToM
CUHTe3a rOPMOHOB).

BbiBOAbI.

1. MutoxoHgpum n amnngHsle kanam KKH B n3oto-
HMYECKOM PaCTBOPE HAxXoOATCS B peaeniax pacCcTosiHUS,
npu koTopoM peanudyetca FRET. OddekTnBHocTb FRET
npu aTom coctaBmna 16,9+ 1,1%.

2. Mpn wuHkybaumm KKH ¢ 0,75M pacTtBOpOM
xnopuaa Hatpus nokasatenb adpdekTtusHocTn FRET
yBenuumeanca oo 33,7+2,1%, a pacctosHue mexay
30HOamMm cocTtaBuno 60E, 4TO COOTBETCTBYET ABOWHOM
wrpuHe GochoNMnMaHOro GMCNost MUTOXOHOPWIA.

MepcnekTuBbI AanbHeWWNX uccnepoBaHuin. B
JanbHerweM nNiaHMpyeTcs OLEHUTb B3anMoaencTemne
JIUNUIHBLIX Kanefb U MUTOXOHAPUIA Npu WHKYGaumm
C KpuO3alMTHbBIMW CcpefjaMn pas3Horo cocrtaBa U
npu OEencTBMM CTUMYNATOPOB FOPMOHOMNO33a C
ncnonb3osaHnem FRET mukpockonuu.

Bbipaxxaem 651arogapHoCTb COTPYAHUKY
UMNKunK HAH YkpaunHsbi

K. 6. H. KoBaneHko U. P.

B NpoBefeHNN MUKPOCKOMNYECKUX
uccsiegoBaHuin
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BUKOPUCTAHHS1 FRET-METOZAY ON19 OLUIHKU B3AEMOAIT NINIAHUX KPAMNEJSIb TA MITOXOHAPIA
Y KNITUHAX KOPU HAOHUPKOBUX 3AJI03 LUYPIB MPU IHKYBALIT Y FMNEPTOHIYHOMY PO34YWUHI
XJ10PUAY HATPIIO.

IOpuyk T. O., BoHgapeHko T. .

Pe3iome. Y pobOTi BUKOPUCTAHO HOBUI Miaxia, 415 OLHKK B3aEMOA]T NinigHMX Kpanenb Ta MiTOXOHAPIN KNiTUH
kopw HagHupHKkiB (KKH) npwu iHkyGauii B rinepTOHIYHOMY PO34MHi Xxnopuay HaTpito. MNokasaHo, Lo A0CNiAXKYBaHi
opraHenun KKH y ¢isionorivHoMy po34umHi 3HaxoaaTbCa y Mexax BiACcTaHi, npu akin peanidyetecsa FRET. MNpu upomy
edpekTmBHicTb FRET cknapana 16,9+ 1,1 %. Y Bunagky iHky6auii KKH 3 0,75M po34nHOM xniopuay HaTpito NOKa3HMK
edekTmBHocTi FRET 36inbwyBaBca 0o 33,7 +2,1%, a BigctaHb Mix 3oHOaamu cknagana 60 E, wo Bignosigae no-
OBIiHIN WpuHi docdoninigHoro 6icnos memopaHu MiTOXOHAPIN.

Kniouogi cnosa: mitoxoHAapii, ninigHi kpanni, edpexktmeHicTb FRET, cTeponaoreHes, KPiOKOHCEPBYBaHHS.
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UCNOJIb3OBAHUE FRET-METOOA OJ1I9 OUEHKU B3AMMOZLENCTBUS JIMMUAHbIX KAMEJIb U
MUTOXOHAOPUI B KJIETKAX KOPbl HALMNOYE4YHUKOB KPbIC MPU UHKYBALIUW B TMMEPTOHUYECKOM
PACTBOPE XJIOPUAA HATPUSA

IOpuyk T. A., BonpapeHko T. I.

Pesiome. B paboTe MCNonb30BaH HOBbLIV MOAXOL AN OLEHKW B3aMMOAENCTBUS NUMNUOHLIX Kanenb W
MUTOXOHAPUI KNEeTOK Kopbl Haano4ve4yHKoB (KKH) npm nHkybaumm B rmunepTOHNYECKOM pacTBOPE X1opuaa HaTpus.
[MokasaHo, 4to uccnegyemole opraHesibl KKH B M30TOHMYECKOM pacTBOpE HaxOAsTCA B Npeaenax pacCToAHNS,
npu kotopoM peannadyetcs FRET. MNpu atom adpdektnBHocTb FRET coctasuna 16,9+ 1,1%. B cnyyae nHkybauum
KKH ¢ 0,75M pacTtBOpoM xnopupa Hatpus nokasatenb apdektnsHoctn FRET yeennumancsa go 33,7+2,1%, a
paccTosiHue mexay 3oHaamu coctaBuno 60 E, 4To COOTBETCTBYET ABOMHON WMpUHE HOochOonMnmMaHoro bucnos
MeMbpaHbl MUTOXOHOPWIA.

KnioueBble cnoBa: mMuToxoHapwuu, nunugHele kanam, addektneHoctb FRET, cTtepounporeHes,
KPMOKOHCEPBMPOBAHUE.
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Using of Fret-Method for Evaluation of Lipid Droplets and Mitochondria Interaction in Rat Adrenal
Cortex Incubated in a Hypertonic Solution of Sodium Chloride

Yurchuk T. A., Bondarenco T. P.

Abstract. Introduction. One of damaging factors during freezing-thawing of adrenal cell suspension is the ef-
fect of hypertonic salt solutions, which can be shown not only in a change of cell volume and permeability of the
plasma membrane, but also affect on the intracellular organelle interactions involved in the steroidogenesis- mito-
chondria and lipid droplets (LD).

It has been shown the increase of the basal level of hormone secretion by the adrenal cortex cells (ACCs) after
incubation with a hypertonic sodium chloride solution. The mechanism of such stimulating effect remains unclear.
In this regard the study of interactions between the organelles involved in the process of steroidogenesis in real time
is actual and can been performed using FRET-method.

The research objective was to evaluate the effect of 0.75 M sodium chloride solution on the distance between
lipid droplets and mitochondria of the adrenal cortex cells using FRET technology.

The methods. The present work utilized acceptor bleaching FRET. Adrenal cortex cells were attached to the col-
lagen coated plate and stained with Mitotracker Green (MTG) and Nile red (NR). Using a fast scan speed and low
resolution (512x512), we were able to record images rapidly whilst minimizing acquisitional bleach using a confocal
microscope Axio Obzerver. Z1 and Axio Vision program.

Once acquired, all the images were linearly unmixed using pre-obtained spectral sticks. Bleaching of the NR
within the region of interest (ROI) and any associated increase in MTG signal were observed. FRET efficiency was
calculated as a percentage increase in MTG signal intensity before and after photobleaching. The distance between
the probes and FRET efficiency was calculated by the Wouters method.

The 0.75 M NaCl was used as a hypertonic solution in the work. This concentration was chosen cause of the
rehydration after incubation of ACCs with this solution led to approximate LD to mitochondria while cell volume was
restored to the initial level. The hypertonic solution was added to the adherent cells by droplets and the FRET mea-
suring was occurred.

Statistical analysis was performed by the one-way ANOVA method and Student t-test.

The results. FRET efficiency in isotonic solution was 16.9+ 1.1 % in the ROI of the ACCs. This was a result of the
acceptor photobleaching and observed as the effect of the significantly reducing of the NR signal and increasing
of the MTG signal. The result of FRET efficiency revealed that mitochondria and LD were associated in the distance
about of 10 nm in the ACCs. This fact is the evidence of true co-localization existence between the mitochondria
and LD at the molecular level.

FRET efficiency index increased to 33.7+2.1% during the incubation of ACCs with the 0.75 M sodium chloride,
and the distance between the probes was 60 E, which corresponds to twice width of the mitochondrium phospho-
lipid bilayer.

In the future we plan to evaluate the interaction between lipid droplets and mitochondria during the incubation
with cryoprotective media of different composition and under the influence of steroidogenesis stimulators using
FRET microscopy.

Keywords: mitochondria, lipid droplets, FRET efficiency, steroidogenesis, cryopreservation.

PeueHseHT — npog. BaGiiyyk I. A.
CraTTsa Hagiiwna 22. 12. 2014 p.

BicHuk npo6nem Gionoriti Mmeauuuuu — 2015 — Bun. 1 (117) 215



