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OcobeHHoCTsIMHE (ITyOpPECHEHTHBIX METOAOB HMC-
CIIEZIOBAaHUH B OMOJIOTHU ABISIOTCS BBICOKAsl YyBCT-
BUTEJILHOCTH U OBICTPOTA MONYy4YEHUs] HHPOPMALIUH.
B xpuoOuonorun mpu nomMomu ¢IyopecueHTHBIX
METOJ0B MOKHO YCIICIIIHO HaOII0AaTh 38 N3MEHEHUEM
COCTOSIHMSI KJIETOK Ha pa3HbIX 3Tarax KPHOKOHCEP-
BUPOBAHMS, BBIABIATH MOBPEKICHHUS KIETOUHBIX
MeMOpaH U OpraHel, UCCIEA0BaTh IHEPTeTHIECKOe
COCTOSTHHE KJIETOK. B O0NbIIMHCTBE cirydaeB mo100-
HbIE MCCIIEJIOBAHNS CBSI3aHbI C MPUMEHEHHEM (IIyo-
PECIEHTHBIX KpacuTellel, KOTOpbIe MOTYT OBITH CHH-
TE3UPOBAHBI [JI PEIICHUS KOHKPETHBIX 3a1ad B
pasMUHBIX OMOTEXHONOTHAX. PaHee MbI HccnenoBanu
HOBBIH (pyopecuenTHbIN Kpacutenb K8-3010, cunre-
3upoBaHHbIi B I'HY «HCTUTYT MOHOKpHCTAIIIOBY [2,
3]. Yka3zaHHBIN KpacuTeIb OTHOCUTCS K KJIACCY MOJIH-
METHHOBBIX KpacHTelel, UMeeT MOJEKYIAPHYIO
Maccy 418,5 u oTpunaTtenbHbIN 3apsiA B BOJHBIX
pactBopax. Ilokazano, uro K8-3010 Moxet OBITh
UCIIONIb30BaH ISl HAaONIONEHUs 3a 1€JI0CTHOCTBIO
MeMOpaH apoxxkel Saccharomyces cerevisiae
MeToAaMu (DITyOopecIieHTHOW MUKPOCKOIIHH H IIPOTOY-
HOW ITUTO(ITyOpPUMETPHH.

Lenb paboTsl — U3y4YeHHE BO3MOKHOCTH MTpHMe-
HEHUS U1 KpHOOHOIOTHIECKUX HCCIIeI0BaHUI HOBBIX
kpacuteneit 2-JIAb u 3-I{AB, pa3paboTaHHBIX H
npenoctaBieHHblx [HY “UHcTuTyT MOHOKpHCTAN-
J0B”.

Kpacurenu 2-IAb u 3-JIAB oTHOCSTCS K Ki1accy
OEH3aHTPOHOB, KaK M N3BECTHBII MEMOPaHHBII 30H]T
MEA, kotopslif panee ObLT pa3padOTaH W WMCIBITAH
Ha pa3numuablx o0bekTax [.E. JlobpenoBeim [1], B
HACTOSIIIee BPeMs OH IIMPOKO MPUMEHAETCs U1 Ono-
JIOTUYECKHUX MCCIIETOBAHMH.

Monekynst MBA, 2-JIAb u 3-JIAb oTnnuarorcs
pPa3HBIM MOJIOKEHUEM paauKaloB JU00 cCaMUMMH
paaukaizaMu. OTH COEAVMHEHUs HEWTpPaJbHBI M HE
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Fluorescent research methods in biology are
characterized with a high sensitivity and rapid infor-
mation retrieval. In cryobiology by means of
fluorescent methods the researchers are able to suc-
cessfully observe the changes of cell state at various
stages of cryopreservation, revealing of damages of
cell membranes and organelles, studying of energetic
cell state. In the majority of cases similar studies are
related with the application of fluorescent dyes,
moreover these dyes may be synthesized for solving
distinct tasks in various biotechnologies. Previously we
have studied new fluorescent dye K8-3010, synthesized
at Scientific and Technical Corporation “Institute for
Single Crystals” of the National Academy of Sciences
of Ukraine [2, 3]. The mentioned dye is referred to
the class of polymethine dyes, its molecular mass is
418.5 and negative charge in aqueous solutions. It has
been shown that this dye may be used to detect the
integrity of membranes of Saccharomyces cerevisiae
yeasts by methods of fluorescent microscopy and flow
cytometry.

The research aim was to investigate the possibility
of use for cryobiological studies of new dyes: 2-DAB
and 3-DAB, designed and provided by Scientific and
Technical Corporation “Institute for Single Crystals”
of the National Academy of Sciences of Ukraine.

The dyes 2-DAB and 3-DAB are referred to the
class of benzanthrones as well as the known membrane
probe MBA, previously developed by G.E. Dobretsov
[1], now widely used for biological studies.

Molecules of MBA, 2-DAB and 3-DAB differ
from each other either by the location of radicals or
the radicals themselves. These compounds are neutral
and are not inclined to dissociation in aqueous media
with the formation of ionic pair. They are also sensitive
to the polarity of environment. Some parameters of
2-DAB and 3-DAB dyes are presented in the Table.
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CKJIOHHBI K JICCOITHAIINH B BOJHBIX Cpelax ¢ 00pa3o-
BaHHEM HOHHOW napbl. OHU TaK)Ke YyBCTBUTEIBHBI K
MOJIIPHOCTH OKpY»keHus1. HekoTopsle mapameTpsl kpa-
cureneii 2-J1Ab u 3-J1Ab npencraBneHsl B TabiuIe.

Massle pa3Mepbl, KOMIAKTHOCTb M BBICOKas M-
pooOHOCTD MO3BOMAIOT JAHHBIM KPACUTENSIM JIETKO
NPOHHUKATh B OMOJIOTHYECKUE OOBEKTHl U HEKO-
BaJICHTHO CBS3BIBaThCSA ¢ OMOMakpoMoliekyiamu. B
BOAHBIX Cpeax WX KBAHTOBBIE BBIXOABI Majbl, HO
CHJIBHO BO3paCTarOT IPH IEepeXofie 30HAO0B B THIPO-
($hoOHyr0 dasy.

[TonoxxurenpHBIM CBOWCTBOM Kpacuteneit 2-JIAb
u 3-JIAb sSBIAEeTCS OTHOCHUTEIHHO BBICOKAs (HOTO-
XUMHUYecKast CTOMKocTh. PactBopumocTts 2-JIAb n
3-IAB B BogHbIX Oy(epHBIX cpeax Mana, Mo3TOMY
111 OMO0(U3NIECKUX UCCIIEIOBAaHUN TOTOBSIT PAaCTBO-
pbl YKa3aHHBIX KpacuUTeleH Ha CHUPTY, IUMETHII-
(dbopMaMue WK TUMETUICYILPOKCHE.

OTnruus XMMHYECKOM CTPYKTYpBI HOBBIX KpacHUTe-
nert 2-J1Ab n 3-JIAD ot ctpykTypsl MBA no3BosisitoT
HCCIIeZIOBaTh pa3iMyHble 00JIACTH MEMOpaH.

B nmamHo#t paboTe MBI UCCIIETIOBANN PUMCHECHHE
kpacuteneit 2-/IAb u 3-JIADB nis BEISIBICHUS TIOBPEXK-
JEHHI KIIETOK IPOXKKEH S. cerevisiae OCIe KPUOKOH-
CepBHUPOBaHUS.

Matepnaabl 1 meToAbI

Hpoxoku S. cerevisiae (MPOMBIILUICHHBINH IITAMM
nony4yeH B Cankt-IletepOyprckom otnenenun Poc-
cuiickoro HUU xneGonexkapHOil TPOMBIIIUIEHHOCTH)
IUISl MCCJIEIOBAHUI BBIPAIIUBAIM Ha CKOLICHHOM
cycino-arape B TedeHue 48 4 npu 30°C u cMbIBajH ¢
MUTATENbHOU cpesibl (HPU3UOJIOTHYECKHM PACTBOPOM.
KoHmeHTpamus KIeTOK B CyCHEH3USAX COCTaBIAia
(10° xka/min. OmHy 9acTh 00pas3IioB MEUIEHHO 3aMO-
paxuBaiu 10 —20°C B MOPO3WILHON Kamepe, BTOPYIO
4acTh ObICTpO 3amopaxuBaiu 10 —196°C norpyxe-
HHUEM B XUIKHHA a30T. 3aTeM 00pa3ilbl OTTanBaIH Ha
BojsiHOM OaHe nipu 30°C u neHTpudyrupoBaiy npu
800 g B TeueHue 5 MuH, yaanss Hagocaaok. K ocaaky
n00aBysuTH 1o 10 MKJT CIUPTOBOTO pacTBOpa KpacuTe-
na 2-JIAB wmmn 3-JIADB ¢ ucxogHoi KOHUEHTpauuen
10~ monb/n. Tlocae oxpalmBaHUS KO BCEM MPoOamM
nobasmsuin o 10 M1 GU3HOIOrHYECKOro pacTBopa 1
LEHTPU(YTUPOBAIIM ITPU YKA3aHHBIX BBIILE YCIOBHSX.

OxparieHHble KJIETKA HCCIEA0BATN Ha MHUKpPOC-
rxore Axio Observer Z1 B mpoXofsIieM CBEeTe U Ipu
BO30YKICHUH CBETOM C JJIMHOM BOJIHBI 488 HM.

Taxke m3ydanu aeiictBue kpacurenen 2-JIAb u
3-JIADB pa3nu4HBIX KOHIICHTpAITHil Ha )KH3HECII0C00-
HOCTB IOpoxkkelt S. cerevisiae. KuznecnocobHOCTh
KJIETOK OIpenessuld 4yaleyHbM MeTonoM Koxa.

Pe3yAbTaThl M 00CyXXAeHHe
Ycranomneno, uro kpacurenu 2-J1Ab u 3-JIAb B
koHIeHTpanusax 10#-1073 Moas/m HEe MPOSABIAIOT
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Small dimensions, compactness and high hydro-
phobicity enable these dyes to easily penetrate into
biological objects and to be non-covalently bound with
biomacromolecules. In aqueous media their quantum
yields are low, but strongly increased during transition
of probes into hydrophobic phase.

Positive feature of dyes 2-DAB and 3-DAB is their
relatively high photochemical resistance. Since the
solubility of 2-DAB and 3-DAB in aqueous buffer
media is small for performance of biophysical studies
using these dyes it is recommended to prepare their
solutes with alcohol, dimethyl formamide or dimethyl
sulfoxide.

The differences of chemical structure of new dyes
of 2-DAB and 3-DAB form the one of MBA enable
the investigating of different areas of membrane.

In this research we have studied the applicability
of the dyes 2-DAB and 3-DAB for revealing the post-
thaw damages of cells of S. cerevisiae yeasts.

Materials and methods

S. cerevisiae yeasts (industrial strain was obtained
at Saint-Petersburg department of Russian R&D of
Baking Industry) for the researches were grown on
the wort-agar for 48 hrs at 30°C and washed-out from
nutritive medium with physiological solution. Cell
concentration in suspensions made [110°cells/ml. One
part of the samples was slowly frozen don to —20°C in
freezing chamber, the second part was rapidly frozen
down to —196°C by plunging into liquid nitrogen.
Afterwards the samples were thawed on water bath
at 30°C and centrifuged at 800 g for 5 min with removal
of supernatant. To the sediment there was added by
10 pl of alcohol solution of the dyes 2-DAB or 3-DAB
with initial concentration of 10 mol/l. After staining
all samples were complemented with 10 ml physio-
logical solution and centrifuged under the mentioned
above conditions.

The stained cells were studied with Axio Observer
Zl microscope in transmitted light and at the excitation
at 488 nm wavelength.

The effect of 2-DAB and 3-DAB dyes of different
concentrations on S. cerevisiae yeast viability was
studied as well. Cell viability was determined with Koch
dish method.

Results and discussion

We have established that 2-DAB and 3-DAB dyes
in concentrations of about 10--10-* M/l do not manifest
a toxic effect on S.cerevisiae cells. At the same time
the concentration of 10°-10-° mol/l is sufficient to per-
form analysis using fluorescent microscopy and flow
cytometry.

Figure demonstrates the images of S. cerevisiae
yeast after freezing down to —196°C, stained with
2-DAB and 3-DAB dyes, made in transmitted light
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TOKCHUYECKOTO IEHCTBUS Ha KJIETKU
S. cerevisiae. B T0 xe Bpems 1A

Hexotopsie napametpsl ¢utyopecteniuu kpacureneii 2-/1Ab u 3-J1Ab
Some fluorescence parameters of 2-DAB and 3-DAB dyes

NpOBENCHUS aHaIu3a METOJaMu Monexynsprias S—
(hryopecteHTHOH MUKPOCKOIIHH U Kpacnrean Macca EMOAB ! X CM | A HM Ay HM BLIXOA
o Dye Molecular gmol ' xcm™! e I o DM Quantum
MPOTOYHON MUTODIYOPUMETPUHU mass yield
JIOCTAaTOYHA KOHIICHTPAIIUS KPacH-
6_1()5 :
Tenst 10°-107 monb/m. e 273,33 2000 480 670 0,011
Ha pucynke npeactaBiaeHbI
ororpaduu Opoxker S. cerevi-
(b. pag p SN 273,33 10250 470 666 0,11
siae, OKpANICHHBIX KPACHTEIISIMH -

2-JIAB u 3-J1AB nocne 3amopaxu-
BaHUs 10 —196°C, CHATBIE B TPOXO-
nsiem ceete (¢ pueTpom Conver-
sions filter 32), u ¢pmyopecueHTHBIE
HU300pakeHus: Npu BO30YXIEHUU
(ryopecueHIN CBETOM C AJTUHON
BOJTHEI 488 HM.

NHTeHCHBHOCTH (UIyOpECIEHIINU Pa3IUYHBIX
KJIETOK HeoJMHaKoBa (pucyHOK). [Ipu conocTaBieHnn
(iryopecueHTHBIX CHUMKOB U (poTorpaduii B Mpoxosi-
LIEM CBETE MOXKHO BHJIETh, YTO B KIIETKaX, KOTOPHIE
He (IIyopecuupyloT, He pazinyaeTcsl YIbTPacTpyK-
Typa. OTciona cienyer, 4YTo TaKue KIETKH ITOTHOIH.

OtcyTcTBUE QIyOpECHCHIH TaKKX KIETOK 00BsIC-
HseTcs TeM, uato kpacurenu 2-JAb u 3-J1Ab runpo-
(hoOHBI ¥ IPY TOTITAHNH B Pa3pyIIEHHYIO KIETKY HX
(hyopecteHIHs TYTITUTCS BOJOMN.

Ha pucynke, 0 1 T B TI0J1€ 3peHUsi, Kpome Heduryo-
PECIUPYIONIMX KIETOK, TaKXKe HaxosaTcs cinabo u
WHTEHCUBHO (pIryopecuupyronue KIeTku. B mpoxo-
Js1eM cBeTe B cnabo (ayopecuupyrommx KIeTKax
XOPOIIO pa3iauydaercs ynbTpacTpykrypa. Cienosa-
TENBHO, TAKUE KJIETKU MEHEe APYTUX NOBPEKACHBI IIPH
3aMOpaXuBaHuH. B kieTkax ¢ HanOobIIeil HHTEHCHB-
HOCTBIO (DJIyOpEeCUEeHIH TPOCMATPUBACTCSI MEHBIIIE
3JIEMEHTOB YJIBTPaCTPYKTYPHhI, 8 HHTEHCUBHOE CBEYe-
HUE JIOKATU3yeTcsl Ha 3THX dJIeMEHTaX. JTO CBHJIC-
TENLCTBYET O MPOHUKHOBEHHH OOJBIIOTO KOJTMUECTBA
KpacuTelsl B KJICTKU 4epe3 HapylICHHbIE YYaCTKH
MeMOpaH u ero agcopounn Ha THAPO(POOHBIX MECTax
CBS3BIBAHUSI BHYTPU KieTOK. TymeHue ¢uyopec-
[ICHIINK HEe HaOII0maeTcs, MO3TOMY BOAHBIA OajaHC
BHYTpPH KJIETKH, IO-BUANMOMY, CYIIIECTBEHHO HE Hapy-
LIEH, YTO ¥ MPUBOAUT K 3HAYUTEILHOMY BO3pacTaHHIO
HHTEHCUBHOCTH (hiyopecueHuu. CienoBaTelbHO,
MoBpeXxJaeHHe MeMOpaH B MHTEHCUBHO (Iyopecuu-
PYIOLINX KJIETKax ObUIO YaCTHYHBIM.

[Tpu MEKPOCKOINYECKOM UCCIIEAOBAHUH JPOXIKEH,
3aMOpokeHHBIX 10 —20°C ¥ OKpallIeHHBIX KpacH-
tensimu 2-JIAb u 3-JIAB, KiIeTku pacnpenemnsroTcs
10 THTCHCUBHOCTH ()IYOPECIICHITNH TaK JKe, KaK OBLIO
OIIMCAaHO BBINIE JJISI KJIETOK, 3aMOPOXKEHHBIX 10
—196°C. OnHaKo KOJIMYECTBO HHTEHCUBHO (IyOpeCII-
PYIOIIHMX KJIETOK pu 3aMopakuBanuu 10 —20°C MeHb-
ie, 4eM MpH 3aMopakuBanuu 10 —196°C.

Mpumeyanus: A

NMPOBJIEMbI
KPUOBMONOIrum
T. 18, 2008, Ne1

abs

— IIOJIOKEHHE MAKCHMyMa CIEKTpa MOIIOIIEHHs; A — IIONI0KEHHE
MaKCHMyMa CIieKTpa (IIyOpECICHITNH; € — MOJIIPHBIN KO GHIUEHT SKCTUHKIHH; QY —
KBaHTOBBI BBIXO]] ()IIyOPECUICHIINH B ITAHOIIE

Notes: A _— location of absorption spectrum maximum; A —location of fluorecence

spectrum maximum; & — molar coefficient of extinction; QY — quantum yield of
fluorescence in ethanol

(with Conversionfilter 32) and at fluorescence
excitation by light with 488 nm wavelength.

The fluorescence intensity in different cells is
unequal. By comparing fluorescent images and those
in transmitted light we may see that in non-fluorescing
cells the ultrastructure is not distinguished (Figure). It
means that these cells are dead.

No fluorescence of these cells is explained by the
fact that 2-DAB and 3-DAB dyes are hydrophobic
and when getting into a destroyed cell their fluorescence
is water-quenched.

In Fig. b and d the cells with slight and intensive
fluorescence are also in visual filed. The ultra-structure
is well distinguished under transmitted light in slightly
fluorescent cells. So, these cells are less impaired during
freezing. In cells with highest fluorescent intensity the
luminescence is localised on cell organelles. This
testifies to the fact that the dye penetrated in great
number into cells and was adsorbed on hydrophobic
parts of organelles. Consequently, the membrane dama-
ging in these cells was only partial, that resulted in
fluorescence intensity increase.

Under microscopy the yeast, slowly frozen down
to —20°C and stained with 2-DAB and 3-DAB are
distributed by fluorescence intensity as described
above. However the number of intensively fluorescing
cells during freezing down to —20°C is lower than under
freezing down to —196°C.

Conclusions

The experiments in S.cerevisiae yeast have
demonstrated that 2-DAB and 3-DAB dyes enable
not only to distinguish damaged and undamaged cells,
but estimate the damage extent in membranes under
cryogenic effects as well.

The performed research of new dyes 2-DAB and
3-DAB in S. cerevisiae as example has demonstrated
the possibility of their application for express-estimating
the effect of cryopreservation factors on cells.
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B c T d

Hposxoxu S. cerevisiae mocie 3amopaxuBanus 10 —196°C, okpameHHbIe kpacuteneM: a, 6 — 3-JJAb; B, r— 2-JIAB; a, B —
n300pakeHne B IPOXOISIIEM CBeTe ¢ ucronb3oBanueM ¢uiabTpa Conversions filter 32; 6, r — dayopecuenuus, aiuHa
BOJTHBI BO30YkneHus 488 HM. CTpelikaMu yKa3aHbl COOTBETCTBYOIIME KIETKH Ha POTOrpadsix B MPOXOIAIIEM CBETE U HA
(I1yOpeCHEHTHBIX CHIMKAX.

S. cerevisiae yeast after freezing down to —196°C, stained with a dye: a,b —2-DAB, ¢,d — 3-DAB; a, c — image in transmitted
light with using Conversionfilter 32; b, d — fluorescence, excitation wavelength is 488 nm. The arrows point to corresponding
cells in the images in transmitted light and in fluorescent images.

BbiBOADI Nowadays these dyes are available for scientific re-
B skcmepuMenTax Ha Apokikax S. cerevisiae search and are provided by Setabiomedicals Company
mokasaso, uto kpacuten 2-JIAb u 3-IABb mozsomstor  (USA).
HE TOJILKO pa3iuyarh MOBPEKICHHBIC U HEMOBPEK-
JICHHBIC KJIETKH, HO U OLICHUBATh CTEIICHD MOBPEXK/Ie-
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