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Hapymenne nenocTHOCTH KIIETOYHOW MeMOpaHbl —
YHUBEPCAIbHBIA MPU3HAK MOBPEXKICHUS KIETKU MPHU
HCTIONIB30BaHNH PA3IMYHBIX IIPOTOKOJIOB KPHOKOHCEPBH-
poBanus [6]. B HacTosmee BpeMst JUIsl ONpeeneHus
MOBPEKICHUS MEMOpaH 4acTo UCIONIB3YIOT (hryopec-
LEHTHBIE METOJbl, OCHOBAHHBIC HAa CIIOCOOHOCTH HEKO-
TOPBIX (TyOPOXPOMOB IIPOHUKATH Yepe3 MOBPEKICHHbIE
MeMOpPaHBI KJIETOK, OKPAIINBast BHYTPHKIETOUHbIE CTPYK-
Typbl. Bb100Op (uryopecueHTHBIX 30HI0B U METOIUK
9KCIIEPUMEHTA 3aBUCHT OT 33/1a4 MCCICIOBAHNS U BHIA
M3y4yaeMbIX KIETOK [2, 5, 8].

CkBapanHOBHII (DITyOPECICHTHBIN KpacuTelb «Square-
460y B3auMOJICHCTBYET ¢ OMOJIOTHYESCKUMHU CTPYKTYpa-
MH 10 THAPOGOOHOMY MEXaHH3MY U OKPAIINBaeT MEMO-
pansbl ki1eTok [5]. [Tpu noBpexxaeHuH HUTOILIa3MaTHYEC-
KHX MEMOpPaH KOJIM4eCTBO rHAPO(OOHBIX MECT CBA3bIBA-
HUS yBEJIMYMBACTCS, TIOCKOJIBKY JUTS KPACHTEIIS CTAHOBSIT-
sl JOCTYITHBIMHU BHYTPUKJICTOYHBIE CTPYKTYPBI, YTO BbI-
paxxaeTcs B COOTBETCTBEHHOM yBEJIMYEHHH (IIyopecIieH-
IIX 00PAa3IoB. JTO JIETIaeT ero BeChbMa IMPHUBIEKaTCILHBIM
JUISL NCCIIEI0BAHUS TOBPEXIEHUI MEeMOPaH KIETOK Ipu
KPUOBO3JIEHCTBUSIX.

Lenbto HacTos1El paOOTHI OBLIO H3yUEHHE BO3MOXK-
HOCTH NpPHUMEHEHUs (IyOpeCcHeHTHOTO KpacuTems
«Square-460» B kauecTBe MapKepa HapylIeHUH LEeN0CT-
HOCTH KJIETOYHBIX MeMOpaH apoxoked Saccharomyces
cerevisiae, BEI3BAaHHBIX 3aMOPaXHBAaHUEM-OTOTPEBOM.

B pabote ucmoiap30Bany MPOMBIIUICHHBIH MITAMM
npoxxeit S. cerevisiae (paca 608), nony4eHHslii u3 Poc-
cutickoro HUUM xnebonekapHOH MpOMBIOIUICHHOCTH
(r. Cankr-IletepOypr). OOpa3bI KIETOK OBLTH JIF0OE3HO
npenocrapneHbl K.M.H. V.I1. BoicekanueBbim (MITKuK
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Disordered integrity of cell membrane is an universal
sign of cell damage caused by different cryopreservation
protocols [7]. Nowadays the injury of membranes is
often assessed by fluorescent methods, based on the
ability of certain fluorochromes selectively penetrate
through the damaged cell membranes and stain intra-
cellular structures. Selection of fluorescent probes and
methods of the experiment depends on the objectives of
the study and on the type of cells [2, 5, 8].

Squaraine fluorescent dye Square-460 interacts with
biological structures by hydrophobic mechanisms and
stains cell membranes [3]. If the damage of plasmatic
membrane occurs the amount of hydrophobic binding
sites increases due to the availability of intracellular
structures for the dye; this results in subsequent rise of
sample’s fluorescence. This feature makes this dye pros-
pective for studying the cell membranes damage caused
by cryoexposures.

The aim of this work was to investigate the possibility
of using fluorescent dye Square- 460 as a marker for
Saccharomyces cerevisiae yeast cell membrane integrity
disorders caused by freeze-thawing.

The experiments were performed in S. cerevisiae
yeast strain (race 608), derived from the Russian
Research Institute of Baking Industry (St. Petersburg).
The samples were the courtesy of Dr. I.P. Vysekantsev
(IPC&C). Yeast were grown on the wort agar slant for
48 hours at 30°C and washed free of nutrient medium
with physiological saline. Impaired structural and func-
tional state of cells was caused by freeze-thawing in
2 ml plastic tubes (Corning, USA) by two regimens: 1)
single freezing by immersion in liquid nitrogen (freezing
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HAH VYkpaunst). JIpoxku BeIpallivBajiv Ha CKOIIEHHOM
cycno-arape B teueHue 48 4 npu 30°C u cMbIBaiIu C
MUTATEIbHON CpeIbl (PH3HOIOTHIESCKIM pacTBopoM. [l
W3MEHEHUS CTPYKTYPHO-(PYHKIIMOHAIBHOTO COCTOSHUS
CYCIIEH3UHU KIIETOK 3aMOPa’KUBaJIU-OTOIPEBaIM B ILia-
CTHKOBBIX IIpoOupKax o0beMoM 2 mit («Corningy, CIIIA)
0 IByM peXrMaMm: 1) OTHOKpaTHOE 3aMOpaKHBaHUE
MOTPYKEHUEM B JKHUJKUH a30T (CKOPOCTh OXJIAXKICHUS
TIPH 3TOM cocTaBIsuIa 0koio 200 rpai/MIH) 1 OCIIEyTo-
[ OTOTPEB Ha BOIsHOU Oane mpu Temiiepatype 30°C;
2) ABYXKpaTHOE 3aMOPAKUBAHNE-OTOTPEB COINIACHO TI. 1.

JKu3HECTIOCOOHOCTE KIICTOK OITPEIEIISUTH 110 KOJIOHHE-
oOpa3oBaHuIo yamedHbM MetogoM Koxa [1].

Pacrnpenenenue KiIeTok 1Mo pa3mepam, HEOAHOPO-
HOCTH BHYTPEHHEH CTPYKTYPbl I HHTEHCUBHOCTH (IIyO-
pecueHmu kpacurens «Square-460» u3yyanu Ha IpOTOY-
HoM riuroduryopumetpe «FACS Calibury («BDy», CILIA)
[6]. PactipeneneHne KIETOK 1O MHTEHCUBHOCTH (hITyopec-
LIEHIUU aHajau3upoBaiu rmpu 530 HM. OayopecieHINIo
Kkpacures «Square-460» Bo30yk1aIu CBETOM C JITTUHON
BOTHBI 488 HM (aproHOBEIH J1a3ep). Kietku okpammBanu
myTéM 15-MuHYTHO# HHKYOAIMU B Cpeie, CoJiepKaien
Kpacuteib «Square-460» B KoHIeHTparuu 40 MKMOIIB/II,
OTMBIBAJTH CBOOOTHBII KPACHTENb C TOMOIIBIO IEHTPH (Y-
rupoBanwusi B TeueHue 3 muH npu 800 g.

Habmonenue ¢ayopecieHInu B KIETOUHBIX CYCIIEH-
3USIX U MHKpOQOTOrpagupoBaHUE OCYIISCTBIISIN Ha
MHKpocKorne «Axio Observer Z1» («Carl Zeissy», ['epma-
Hust). Wcnonp3oBanu Habop GunbTpoB s (ayopec-
neniun 20 («Carl Zeiss»).

Kaxprit skcriepuMeHT moBTOpsTH 5 1 Oostee pas. Cra-
TUCTHYECKYIO 00pabOTKyY Pe3yabTaTOB IPOBOIILIIH C I10-
Mol1ubto kputepusi CthioneHTa-duriepa U NporpamMmbl
«Microsoft Excell 2010». /laHHbIe IpeICTaBICHBI B BUIE
M + SE. Paznuuust Mexay BRIOOPKAMHU CUUTANIN 3HATH-
MbIMH 11pH p < 0,05.

[oBpexaeHns KIETOK B JAHHOU paboTe BHI3BIBAIH
MpOLEAYypOi 3aMOpaKUBaHHUI-0oTOrpeBa. KommaecTBo
HETIOBPEXICHHBIX KJIETOK B CyCIICH3HMH MOKHO OLICHUTh
10 UX (PYHKIMOHABHOM aKTUBHOCTH. B ciydae S. cerevi-
siae TaKUM (YHKIIMOHATEHBIM TECTOM OOBIYHO SBIIETCS
o0Opa3oBaHue KOJIOHUH B TUTATEIbLHOH cpene [2].

Kak BugHO 13 Ta0IUIIEL, TOCTIE OTHOKPATHOTO UK
3aMOPaXUBAHUSI-OTOIPEBA KOJIMYECTBO KOJIOHHEOOpa-
sytouux enuuul (KOE) cHnxanoch npuMepHO Ha JBa
MOPsIIKA IO CPAaBHEHHUIO C KOHTPOJIEM 0e3 3aMOpaxHu-
BaHUs, a MOCJe AByKpaTHOro nukia xonuuectso KOE
CHIDKAJIOCh Ha MATh MOPAIKOB 110 CPAaBHEHHIO C KOHTPO-
neM. Pe3koe cHHXKEHHE >KU3HECTIOCOOHOCTH, TO-BUIH-
MOMY, BBI3BaHO TIOBPEXKJICHUEM CTPYKTYPHBIX KOMIIOHEHT
KJICTOK, B TOM YHCJIE MEMOPAaHHBIX CTPYKTYD.

Ha puc. 1, A mpuBenena mukpodotorpadus Hemo -
BepraBlIeiicss KpUOBO3IEHCTBUIO CYCIIEH3UH S. cerevi-
Siae TIOCJIE OKpallMBaHUs Kpacutenem «Square-460».
BunHo, 4TO JaHHBIH KpaCHTENb OKPAIIHBAET 000IOUKH
KJICTOK U [TOYTH HE IPOHMUKAET B KJICTKH.
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rate in this case was about 200 deg/min), followed by
warming in a water bath at 30°C, 2) double cycle of
freeze-thawing as in 1.

Cell viability was determined by colony forming
ability according Koch’s plate method [1].

Distribution of the cells by size, nonuniformity of
the internal structure and Square-460 dye fluorescence
intensity was studied by FACS Calibur flow cytometer
(BD, USA) [6]. The cell distribution by fluorescence
intensity was studied at 530 nm. The fluorescence of
Square-460 dye was excited by light with 488 nm wave
length (argon laser). Cells were stained during 15 minute-
long incubation in a medium with Square-460 dye with
concentration of 40 mmol/l, non-bound dye was
washed-out by centrifugation for 3 minutes at 800 g.

Fluorescence was observed in cell suspensions and
micrographs made using a Axio Observer Z1 microscope
(Carl Zeiss, Germany) equipped by fluorescence filters
set 20 (Carl Zeiss).

Each experiment was repeated 5 and more times.
Statistical analysis was performed using Student-Fisher’s
t-test and Microsoft Excell 2010 software. Data are
presented as M = SE. Differences between the samples
was considered significant at p < 0.05.

The damage of the cells in this study were caused
by the freeze-thawing procedure. The amount of non-
damaged cells in the suspension could be assessed by
their functional activity. In the case of S. cerevisiae such
a functional test is usually the formation of colonies in a
nutrient medium [ 4].

As seen from the Table, single freeze-thawing cycle
resulted in a fall of number of colony forming units
(CFUs) of approximately two orders of magnitude in
comparison with the non-frozen control, and after two
cycles of freeze-thawing the number of CFUs was
reduced by five orders of magnitude compared with the
control. The sharp decrease in the viability was apparently
caused by damage of cell structural components, inclu-
ding membrane structures.

KonoHnneobpasoBaHue S. cerevisiae
nocrie 3amopaxuBaHusi-oTorpesa

Colony forming activity of S. cerevisiae
following freeze-thawing

O6paszeun Yucno KOE B 1 mn cpegbl
Sample CFUs per 1 ml
KoHTponb 6e3 3aMopaxusaHua (2,8 + 0,5) x107

Non-frozen control

OpHOKpaTHOE 3aMOpaxnBaHNe-oTorpes

4
One cycle of freeze-thawing (5.8 = 1,7)x10

[lBykpaTHOe 3amMoparkvBaHWe-oTOrpeB

2
Two cycles of freeze-thawing (3,7 £ 1,1 x10
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Puc. 1. dnyopecuLeHUmMs KNETOK APOXOKEN S. cerevisiae, okpalleHHbIX kpacutenem «Square-460»: A — KOHTporb 6e3 KproBo3aecTBUS;
B — ogHokpaTHOe 3amopaxunBaHue-oTorpes; C — AByKpaTHOE 3aMOpaXxnBaHWe-0TOrpeB.

Fig. 1. Fluorescence of S. cerevisiae yeast cells stained with Square-460 dye: A — non-frozen-thawed control; B — post one-fold
freeze-thawing; C — post two cycles of freeze-thawing.

OnHokpaTHOoe 3amopaxuBaHue 10 —196°C u mo-
CIICTYIOIIHI OTOTPEB BBI3BIBAIOT YBEIMUCHUE TPOHUIIAC-
MOCTH MeMOpaHHI S. cerevisiae U KpacUTENs «Square-
460»: HaOmromaeTcs OKpallWBaHHE ITUTOILIA3MBI B
cpeaneMm y 60,5% kiuerox (puc. 1, B). Busyansnag
OIICHKa B TIPOXOJASIIEM CBETE MOKa3ajia HapyIICHUs
CTPYKTYPHI JaHHBIX KIETOK.

[Tocne nBykpaTHOTO 3aMOpAKUBAHHS OOJbIIIAs YaCTh
kieTok (oxosno 80%) Obuia sipko okpariena (puc. 1, C).

Toueunsie auarpammbl FSC/SSC kietok S. cerevi-
siae, OKpalIeHHBIX Kpacutenem «Square-460» mo u
MOCJIe HU3KOTEMIIEPaTyPHOTO BO3AEHCTBUSA, TPUBEICHBI
Ha puc. 2.

CorocTaBieHUE TOMYYSHHBIX TOYSYHBIX TUATPAMM C
(ryopecieHTHBIMH MUKPO(OTOrpaHsIMI OKPAIICHHBIX
KkpacureneM «Square-460» kiietok S. cerevisiae (puc. 1 u 2)
MMOKa3kIBaeT, uTo obmacth 3Hadyenuit FL1-H 10>-10*
COOTBETCTBYET KJIETKaM C MOBPEXKIECHHBIMH MeMOpa-
HaMH¥, 00JaaloOMM WHTCHCUBHOHN (hIyopecleHIHen.
B koHTpOmsHOM 00pasiie KOIMYECTBO KIETOK ¢ (ryopec-
nennueit B oomactu FL1-H 10*-10* coctaBnsiet 5 + 2%.
Y moaBeprmuxcs OJHOKPATHOMY 3aMOpaKHBAaHUIO-
OTOTPEBY KIIETOK KOJIMYECTBO PETHCTPUPYEMBIX B Tpa-
BOM YacTH AUarpaMM COOBITHI YBETHYHBACTCS H JOCTH-
raet 65 + 6%, a mocne nBykpatHoro — 85 £ 7%.

Fig. 1A shows an fluorescence image of non-frozen-
thawed S. cerevisiae suspension stained with Square-
460. It is seen, that this dye stained only the cell plasma
membranes, and virtually did not penetrate into the cells.

Single freezing down to to —196°C and subsequent
thawing up to 30°C caused an increase in S. cerevisiae
cell membrane permeability for Square-460 dye, as
evidenced by staining of the cytoplasm in 60.5% of the
cells (Fig. 1B). Observations by transmitted light
microscopy showed that these cells had various dis-
ruptions of their structure.

After a two-fold freezing the most cells (about 80%)
had bright fluorescence (Fig. 1, C).

Dot plots FSC/SSC of S. cerevisiae yeast cells,
stained by Square-460 dye, both prior to and post low
temperature effect are shown in Figure 2.

Comparing the obtained graphs and fluorescent
images of the S. cerevisiae cells stained with Square-
460 (Figs. 1 and 2) showed that the range of FL1-H
10°-10* obviously corresponds to cells with damaged
membranes, characterized by increased fluorescence.
In the control sample, the number of cells with fluo-
rescence in the FL1-H 10°>-10* was 5 + 2%. In the cell
suspension subjected to single freeze-thawing a quantity
of events detected in the right side of the plots was
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Puc. 2. ToyeuHble anarpammbl SSC/FL1-H knetok gpoxoken S. cerevisiae, okpalleHHbIX kKpacuTenem «Square-460»: A — KOHTPONb
6e3 kproBo3aecTsusi; B — ogHokpaTHoOe 3amopaxuBaHue-oTorpes; C — AByKpaTHOE 3aMopakMBaHWE-OTOrPEB.

Fig. 2. Dot plots SSC/FL1-H of S. cerevisiae yeast cells stained with Square-460 dye: A — non-frozen-thawed control; B — post one-
fold freeze-thawing; C — post two cycles of freeze-thawing.

I'IpO6J'IeMbI Kpl/lOﬁl/IOﬂOFI/II/I N KpnomeaunuUunHbl

problems of cryobiology and cryomedicine
Tom/volume 23, Ne/issue 4, 2013

349



Habnronaemble H3MEHEHSI B IMArpaMMax Mbl CBSI3bI-
BaeM C HapyIICHHEM LEJIOCTHOCTH MEMOpaH KJIIETOK
BCJIE/ICTBHE HU3KOTEMIIEPAaTyPHOT'O BO3ACHCTBUSI.

Takum 00pa3oM, GITyOpECIICHTHBIH CKBapanHOBBIN
Kpacutenb «Square-460» He MPOHUKAET Yepe3 HeloB-
PeXICHHBIC KICTOYHBIE MeMOpaHbl. [Ipu HapylieHHH
LIEJI0CTHOCTH IUIa3MaTHY€CKO MEMOpPaHbl OH IPOXOAUT
BHYTPb KIJIETOK M OKpAIMBACT IUTOIIa3MaTHIYCCKUE
CTPYKTYpBI. DTO AeJacT BO3MOKHBIM HCIIOIB30BaHUE
kpacureds «Square-460» B IPOTOYHO-UUTODITYyOPUMET-
pPUYECKOM aHaIu3e U (IyOPECICHTHONH MUKPOCKOIIHH
KaK Mapkepa HapylIeHHUs LEJOCTHOCTH KIETOYHBIX
MeMOpaH Hocie KPHOBO3ACHCTBHIA.
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increased and reached 65 + 6% and after two cycles of
freeze-thawing it was 85 + 7 %.

The observed changes in plots we associate with
disrupted membrane integrity, caused by low temperature
exposures.

Thus, fluorescent squaraine dye Square-460 do not
penetrate through intact cell membranes. Once the integ-
rity of the cell membranes is interrupted, the dye enters
the cells and stains cytoplasmic structures. This makes
possible the application of Square-460 dye in flow-
cytometric analysis and fluorescence microscopy as
a marker of cell membrane integrity impaiments appeared
post cryoexposure.
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