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VccnenoBaHsl ¢ OMOLIBO HOJSIPU3ALHOHHO-MHTEP)EPEHIIMOHHOH MUKPOCKOIIMH MPOLIECCHI 3aMOPAKHMBAHHA-0TOTPEBA CYCIICH3HI
kinetok CIIOB u rpubos C. albicans. YcraHoBineHo, 4To ki1eTKH CIIOB BBHICOKOYYBCTBHUTEIBHBI K BHYTPHKIECTOYHOMY
KPHCTAII000pa30BaHUI0, KOTOPOE B 3HAYUTENIBHON MEpEe 3aBHCUT OT YPOBHS MEPEOXJIAKACHUS KICTOYHON CYCIICH3MH [0 Hadaja
KpHCTalau3aluu Bo BHekJeTouHoW cpexne. Kuerku C. albicans Gonee yCTOHYHBBI K MHULIHMALMH BHYTPUKIETOYHOTO
KpHCTAII000pa30Banusl, 4To obecredrnBaeT UM 00Jiee BHICOKYIO KPHOPE3UCTEHTHOCTb.

Knrouesnle cnosa: xpucTaaioodpa3oBaHue, 3aMOPaKMBAHKE, IPOXIKEIIONO0OHBIE IPHObI, KPHOIIPOTEKTOPBI, CKOPOCTh OXJIAXKICHHUS,
KPHOMHUKPOCKOIIHSI.

[IpoBeneHo noCiHKEHHS 3a TOMTOMOTO0 MOJIIPU3aIiHHO-iHTepPEePEeHIIIHOT MIKPO CKOIIIT ITPOLIECiB 3aMOPOKYBaHHS-BIAIrPiBaHHS
cycnensii xritur CIIEB i rpu6iB C. albicans. Ycranosieno, mo krituau CIIEB BHCOKOYYTIWBI 10 BHYTPIIIHBOKIITHHHOTO
KpPHUCTAJIOyTBOPEHHS, SIKE B 3HAYHIN Mipi 3aJIe)KUTh BiJl PiBHS MEPEOXOJIOHKEHHS KIITHHHOI CYCIeH311 10 MOYaTKy KpUcTaii3alii B
no3akmtuHHOMY cepenoBumii. Kiituau C. albicans Oinbml CTiHKi 10 iHimialii BHYTPIIHEOKIITHHHOTO KPHCTAIOYTBOPEHHS, IO

3abe3medye iM OUTBII BUCOKY KPIOPE3UCTEHTHICTD.

Knrouosi cnoea: xpuctanioyTBOPEHHS, 3aMOPOXKYBaHH, APIKHKONOLIOHI TPUOHU, KPIOMPOTEKTOPH, MIBHIKICTh OXOJIOIKCHHS,

Kp1OMIKpPOCKOTTisL.

The freeze-thawing processes of SPEV cell suspensions and C. albicans fungi were investigated with a polarizing-interference
microscopy. The SPEV cells were found out to be highly sensitive to an intracellular crystal formation, which depended in a
considerable extent on the level of cell suspension supercooling prior to crystallisation beginning in an extracellular medium. C.
albicans cells are more resistant to initiation of an intracellular crystal formation, that provides them a higher cryoresistance.

Key-words: crystal formation, freezing, yeast-like fungi, cryoprotectants, cooling rate, cryomicroscopy.

[Iupoxoe ucmonb30BaHUE NEPEBUBAEMBIX KYIBTYD,
JIPOXKKEN U TPOXIKETOAOOHBIX TPHOOB B OMOTEXHO-
JIOTHYECKUX ITPOU3BOJICTBAX, METUITIHE, BETCPUHAPHH,
CEJIbCKOM XO3AHCTBE, MOJIEKYIIPHO-OMOIOTHYECKIX
uccienoBanusx [2,3,9] o0yciioBuio HeoOXOAMMOCTh
pa3paboTku 3P HEKTUBHBIX CIIOCOOOB KOHCEPBHPOBA-
HUS ITUX OMOJIOTHIECKUX 00BEKTOB. EMHCTBEHHBIM
METOJOM JJIUTEIBHOTO XPAaHEHUS MEePEBUBAEMBIX
KIJIETOYHBIX KYJIBTYD, KaK ¥ JPYTHX KJIETOK BBICIIMX
SYKApHUOT, SIBIsIETCS] KpUOKOHCepBUpoBanue [3,10],
MTO3BOJIMBIIIEE CO3/1aTh OaHKM KIETOYHBIX KYJIBTYD,
00eCTIeUYnBaIONINX JITUTEILHYI0 COXPAaHHOCTD )KU3HE-
CIIOCOOHOCTH KJIETOK, UX TEHETUYECKHUX CTPYKTYp U
OMOJOTHYECKUX CBOWCTB, a TAKXKE IO3BOJISIONINX
MaKCHUMAaJIbHO CHU3HUTHh PUCK KOHTAMHUHAIIMH KJIETOU-
HBIX KYJIBTYP MUKPOOPTaHH3MaMHU.

Jns XxpaHeHUs APOXOKeH M IPOKIKETo 00HBIX
rpubOB ¢ pa3nuHOi 3HHEKTHBHOCTHIO UCIIOJIB3YIOT
KPHOKOHCEPBUPOBAHUE, THOPMIH3AINIO0, L-BEICYITH-
BaHUE, TEIJIOBYIO CYILIKY, XpaHEHUE IPU HU3KUX TEMIIe-

A wide usage of recultured cultures, yeast and
yeast-like fungi in biotechnology, medicine, veterinary,
agriculture, molecular and biological investigations [2,
3, 9] has stipulated the necessity to develop the efficient
ways for these biological objects cryopreservation. The
cryopreservation is a unique method for a long-term
storage of both recultured cell cultures and other
superior eukaryotic cells [3, 10], permitted to establish
the banks of cell cultures, providing a long-term
preservation of cell viability, their genetic structures
and biological properties, as well as allowing to
maximally reduce the risk for cell cultures to be
contaminated with microorganisms.

The cryopreservation, freeze-drying, L-drying, heat
drying, storage under low temperatures are used with
a different efficiency to preserve the yeast and yeast-
like fungi [3, 7, 8]. The most efficient among the
mentioned above storage ways for yeast and yeast-
like fungi is also cryopreservation, especially when the
matter is an integrity of initial genetic properties.

Aopec ona koppecnondenyuu: Bricexanues W.I1., Mactutyr npobiem
kpuoouonoruu u kpuomenuiuael HAH Vipaunsl, yn. [epesicinaBckas,
23, . XappkoB, Ykpauna 61015; ten.:+38 (057) 772-01-26, daxc: +38
(057) 772-00-84, e-mail: cryo@online.kharkov.ua

NMPOBJIEMbI
KPUOBMHOJIOTUU
2004, N3

Address for correspondence: Vysekantsev 1.P., Institute for Problems
of Cryobiology and Cryomedicine of the Natl. Acad. Sci. of Ukraine,
23, Pereyaslavskaya str.,Kharkov, Ukraine 61015; tel.:+380 57 772
0126, fax: +380 57 772 0084, e-mail:cryo@online.kharkov.ua

PROBLEMS
OF CRYOBIOLOGY
2004, N3



parypax [3, 7, 8]. Haubonee 3pdhekTuBHBIM 13
MIEPEUNCIEHHBIX CIIOCO00B XpaHEHUS OPOXIKEeH U
JPOOKETIOA00HBIX TPUOOB TAKXKeE SABISETCSA KPHOKOH-
CEpBHUPOBaHME, OCOOCHHO KOT/Ia peub UAET O COXpaH-
HOCTH MCXOJHBIX TEHETHUECKUX CBONCTB.

Kax m3BecTHO, CKOPOCTh OXJIAXKAECHUSA M COCTaB
cpenbl KOHCEPBUPOBAHUS ABJIAIOTCS ONPENEIISIOIINMH
pu Qa3oBbIX MEPEeXoJax BOJBI U BIUSIOT Ha (PU3UKO-
XHUMHYECKHE MTPOLIECCHI, BEI3BIBAIOIINE TOBPEKICHNE
KJIETOK IIpH 3aMopaskuBaHnu-ororpese [1]. UyBcTBu-
TENBHOCTD KJIETOK K YKa3aHHBIM (PU3UKO-XMMUYECKUM
mporeccaM BO MHOT'OM 3aBHCUT OT MX CTPYKTYPHOM
opranmuzanuu [3] .

[TokazaTenn cOXpaHHOCTH KU3HECITOCOOHOCTH
KJIETOK ITOCJIe KpHOKOHCEPBUPOBAHUSA HE YIOBIIETBO-
pstoT uccnenosatenei. [loatomy ocraercs akTyanb-
HBIM BOIIPOC M3YYCHHS MEXaHU3MOB KPHUOIIOBPEK-
JEHUS ¥ KPUO3AIIUTHI KIIETOK 9yKaprOTOB.

Lens HacTOsIIIEro Mccieq0BaHUs — CPaBHHU-
TEIbHOE M3YUYEHHE YYBCTBUTEIBHOCTH KIETOK
nepeBuBaemMoii kinetounoit mauu CII9B u nposxoxe-
mofo0HEIX rpuboB C. albicans k mporeccaM BHE- U
BHYTPHKIIETOYHOTO KPHUCTAIIIO00pa30BaHuUSI.

Matepnanbl 1 metoAbI

OOBeKTaMu HCCICAOBAHUS CIIYKWJIN KICTKH
nepeBUBaeMoii KieTouHoH KyasTypbl CIIDB (amOpuo-
HaJIbHAS [TI0YKA CBHHBH ) ¥ IPOYIKETIOT0OHBIX TPUO0OB
C. albicans ATCC 885-653.

[lepeBuBaemyto knetounyio nuHuio CIIOB
BBIpAIIMBAJIY B KYJIBTYPaJIbHBIX MaTpacax B cpene 199
¢ nob6aBienueM 10% sMOpHOHANBHON TeNSYbEH
ceiBOopoTkH U 100 en/mn xamamunumHa. Kioetku
nHKyoupoanu npu 37°C 10 06pa3zoBaHHSI MOHOCTIOA,
3aTeM MEePEeBOIMIN X B CYyCIIEH3NOHHOE COCTOSHUE,
oOpabatbiBasi MOHOCIIOH cMechlo pacTBopa Bepcena
¢ TpuricuHoM (4:1). OgHy 4acTh CyCHEH3UH KJIETOK
pecycleHaupoBaId B POCTOBOM cpefe, BTOPYIO — B
poctoBoi cpene ¢ 10%-M pacTBOpOM JUMETHII-
cynbpokcuaa (JIMCO). KonueHTpamus KIeTOK
cocrasinsana 1x10° ki/mn. IMCO poGaBiusian K
CYCIIEH3WHU KJIETOK COTIacHO pa3paboTaHHBIM
METOZaM KPHUOKOHCEPBUPOBAHUS KIETOUYHBIX KYJIBTYP
[3,10]. KuznecrnocoOHOCTH KiIeTOK KynbTypsl CIIOB
OIICHUBAJIN MHKDPOCKOTIMYECKU C HMCIIOJIb30BAHHEM
0,4%-ro pacTBOpa TPUIIAHOBOTO CHHETO [4].

I'pubsr C. albicans BblpaminBany Ha CKOLICHHOM
arapuzoBaHHOU cpene Cadypo [4] B Teuenue 48 1 npu
37°C. Knetku rpuOOB CMBIBAJIH C IOBEPXHOCTH arapa
xuakon cpenoit CaOypo W TOTOBHIIM CYCIIEH3UH C
koHIeHTpanueit 1x10% KOE/Ma B xuakoi cpene
Calypo 6e3 no6aBok u B cpeae Calypo ¢ moOasie-
nueMm 10% caxapossl. KuzHecrocoOHOCTH IprlOoB
ompenesuH ‘“‘gamednpiM Metonom” Koxa [6].
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Cooling rate and composition of preservation
medium are known to be determinant during water
phase transitions and affect the physical and chemical
processes, causing a cell damage under freeze-thawing
[1]. Cell sensitivity to the mentioned physical and
chemical processes mostly depends on their structural
organisation [3].

The integrity indices of cell viability after cryo-
preservation do not satisfy the researchers. Therefore
there is still actual the question on studying the
cryodamage and cryoprotection mechanisms of euka-
ryotic cells.

The aim of this investigation was a comparative
study of cell sensitivity of recultured SPEV cell line
and C. albicans yeast-like fungi to the processes of
extra- and intracellular crystal formation.

Materials and methods

The research object was the cells of recultured
SPEV (pig’s embryonic kidney) cell culture and
C.albicans ATCC 885-653 yeast-like fungi.

Recultured SPEV cell culture was cultivated in
cultural flasks in 199 medium with addition of 10%
embryonic calf serum and 100 Units/ml of kanamycin.
Cells were incubated under 37°C up to a monolayer
formation, then they were transferred into a suspension
state by treating monolayer with the Versen’s solution
and trypsin mixture (4:1). One part of cell suspension
was resuspended in a growth medium, the second one
in a growth medium with 10% dimethyl sulfoxide
(DMSO) solution. Cell concentration made 1x10° cells/
ml. DMSO was added into a cell suspension according
to the elaborated methods for cell culture cryo-
preservation [3, 10]. The viability of SPEV culture cells
was estimated with microscope by means of trypan
blue 0.4% solution [4].

C. albicans fungi were cultivated in Sabouraud’s
agar slope [4] during 48 hrs under 37°C. We washed-
out the fungi cells out of agar surface by a liquid
Sabouraud’s medium and prepared the suspensions
with 1X10° CFU/ml concentration in a liquid Sabou-
raud’s medium without additives and in that with 10%
sucrose addition. Fungi viability was determined using
the Koch’s “dish method” [6].

Cell freeze-thawing processes were investigated
using the MPI-5 polarizing - interference microscope
with a fitted cryodevice on a subject table. A subject
glass of cryodevice was cooled using the programmable
cooling rate equipment. The sample temperature was
controlled with a glass-fitted thermocouple. The
processes, occurring during cell suspension freezing
were recorded with MCD-3 motion-picture camera.
Cell suspensions were placed on a cryodevice subject
glass, overlaid with a cover glass and frozen with
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[Ipoueccr! 3amMopaXxBaHUA-OTTAUBAHUS KIETOK
HCCIIEIOBAIA C MCIOJIB30BAaHUEM OIS PHU3AIOHHO-
uHTepdepeHuuoHHOTO MuKpockona MIIM-5, Ha
MPEIMETHOM CTOJIMKE KOTOPOTO ObliIa CMOHTHPOBaHa
KpHuoImpucTaBka. [I[peaMeTHoe CTeKII0 KpHOIIPUCTaBKH
OXJIAKIANH TPH MOMOIIH yCTPOHCTBA, Mporpam-
MUPYIOLIETO CKOPOCTh OXJaXIeHHs. Temneparypy
o0pasa KOHTPOJIHMPOBAIU TEPMOIapoil, BMOHTH-
poBaHHOi B cTekyo. IIpoiieccsl, mpoucxoasuue npu
3aMOpaKMBAaHNUN KIIETOYHBIX CYCIIEH3HH, PETHCTPH-
poBaiu knHokaMmepoit MKV -3. Kiietounsle cycniensun
MOMEIIATIM Ha MPEIMETHOE CTEKJIO KPHUOIPHUCTABKH,
HaKpBIBAJIN TTOKPOBHBIM CTEKJIOM M 3aMOPa’KUBAJIH C
Pa3IUYHBIME CKOpPOCTSIMHU oxJaxaeHus a0 -30°C.
OO0pasupl oTorpeBaliv co CKOpocThio 5°C/MuH.

Pe3yAbTatbl M 00Cy)XAeHHe

IIpoueccsl, KOTOpbIE MPOUCXOIAT B CYCHEH3UAX
kiaetok CIIOB mpu 3aMopakMBaHUU-OTOTpPEBE,
H3ydaliil IPH CKOPOCTAX OxJaxaeHus ot 1 go 5°C/mum.
YcTaHOBIIEHO, YTO B AUAa30HE YKA3aHHBIX CKOPOCTEH
IIPOLIECCHI BHE- U BHYTPUKIETOYHOIO KPUCTAILII000pa-
30BaHHs B OCHOBHOM KOHTPOJIUPYIOTCSl YPOBHEM IIepe-
OXJIXKJCHHUS CYCIICH3UM J10 Hauana KpUCTAJUIN3aIIH.
Pe3ynprarom 60i1b1I0Or0 NEepBOHAYATIBHOIO MEPEOX-
JTaXACHHS OBIII0 00pa30BaHUE HECTAOMITHLHBIX MEITKO-
KPUCTAJUIMYECKUX CTPYKTYP, KOTOPBIE MOJBEPKEHBI
PEKpUCTAIUTM3ALIMH B IPOIIecCe MEIEHHOTO 3aMOopa-
skuBaHus. C HEOOIBIION 3aIepKKOM mociie 00pazoBa-
HUS BHEKJIETOUHOTO JIbJIa, B IEPHOJ] Hayalla yKpyIHe-
HHSI €r0 MEIKOKPHUCTANIMYECKON CTPYKTYpPHI, B
pe3yibrare oOmero NepeoxJIakaAeHUs CyCIEH3UU
IIPOMCXOIUT 00Pa30BaHUE BHYTPUKIETOYHOTO JIbJA, O
YeM CBHJETEIIbCTBYET PE3KOE IIOTEMHEHHUE KIIETOK,
CBSI3aHHOE C paccessHUEM CBETa MEJIKHMHU YacTUIIAMH
abJa.

Ha puc. 1 npexncrasien mpouecc MeJJIEHHOTO
3aMOpa’kKMBaHMs HE3aIUIIEHHONH KPHUOIPOTEKTOPOM
cycnen3uu kiuetok CIIOB. B nannoMm cinydae
KJIETOYHAS CyCIIEH3HsI ObLila MepeoxXIax/icHa K Hadairy
3amep3anus 10 -7°C. OO0pa3oBaHHEIE B Pe3yibTaTe
o011ero nepeoxaaxaeHusl CyCIIeH3UU CTPYKTYpHI
BHYTPHUKJIECTOYHOTO JIbJa MPU OXJTAXKICHUH CO
ckopocTbio 1°C/MUH yBEIMUYMBAIOTCS, @ MHOTHA H
IUIaBSITCA Ha dTale JajlbHEHIIEro 3aMOpa’KUBaHUsL.
PesynbraTroM BHYTPUKIIETOUHOTO KPUCTAIII000pa3o0-
BaHUA SBISIOTCA HE3HAUUTENbHOE HaOyxaHHWE H
BBIpaXeHHOE oOecuBeunBanue kiaetok CIIDB mpu
OTOTpeBE. Y MOBPEXKACHHBIX TPU BHYTPUKIETOUHOMU
KpHUCTaJNIM3AIUM KIETOK OTMEYajy IBHbIE IPU3HAKU
MOTEpU BHYTPUKIIETOYHOTO COACPKUMOTO BO BHEKIIE-
TOYHOU cpene, YTO CBHAETEIBCTBYET O I'PyOBIX
HapyIIEeHUsIX CTPYKTYpPbI IIa3MaTHUECKUX MeMOpaH
kietok CIIOB. Ilpu oxmakaeHUU CO CKOPOCTHIO
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different cooling rates down to -30°C. The thawing of
samples was conducted with 5°C/min rate.

Results and discussion

The processes, occurring in SPEV cell suspensions
during freeze-thawing were studied under cooling rates
from 1 to 5°C/min. The processes of extra- and
intracellular crystal formation within the range of
mentioned rates were found to be controlled mainly
by the level of the suspension overcooling prior to crys-
tallisation beginning. The result of a great initial over-
cooling was the formation of unstable small-crystal
structures, which underwent a recrystallisation during
slow freezing process. With a slight delay after extra-
cellular ice formation within the period of beginning in
its small-crystal structure enlargement as a result of
total suspension overcooling, the intracellular ice
formation occurred, that was testified by a sharp cell
darkening, related to light dispersion by small ice
particles.

The Fig.1 shows the process of slow freezing of
cryoprotectant-free SPEV cell suspension. In this case
a cell suspension was overcooled to the beginning of
freezing down to -7°C. Formed as a result of total
suspension overcooling the structures of intracellular
ice during cooling with 1°C/min rate increase, and

710 3aMOpaxuBaHus 1 8°C
S before freezi_ng

nocrie otorpesa
after warming
L .

Puc. 1. [lunamuka 3aMopaXUBaHKs CYCIIEH3UH HE3aIUIIICH-
HBIX KpuomnpotekTtopoMm kietok CIIOB co ckopocThio
1°C/muH.

Fig. 1. Dynamics of freezing of cryoprotectant free SPEV
cells with 1°C/min rate.
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5°C/MHH peKpUCTaIUIN3aUOHHBIE U3MEHEHUS CTPYK-
TYpbI BHYTPUKIIETOYHOTO JIbJ[a 3aBEPIIATIICH Ha ITare
ortorpesa (puc.2). B aTtom cnyuyae pe3ynbratoMm BHYT-
PUKIETOYHOTO0 00Opa30BaHUA JibAa TaKke ObLIH
r1yOOKHe M3MEHEHHUs MeMOpaHHBbIX CTpyKTyp. [Ipu
3aMOpaXuBaHUM KIeTOK oy 3ammuTon JIMCO BHYT-
PHUKIIETOYHAS KPUCTATM3ALMsI, KOTOpasi BOSHUKAJA B
YCIIOBHSIX OXJIAXKICHHS CO CKOPOCThIO 5°C/MuH, pu-
BOJAMJIA K MEHEE BBIPAKEHHBIM U3MEHEHUSIM KIIETOK
CIIOB mocne ororpesa (puc.3), MO0 CPaBHEHUIO C
He3alUIIeHHON cycnen3ueil. CHIXKeHUE CKOPOCTH
oxyaxaeHus 10 1°C/MUH yBeTMUUBAIIO BEPOSTHOCTD
JUIsL KJIETOK, 3aMopoxeHHbIX ¢ JJMCO, u3bexathb
BHYTPHUKIIETOUHON KpucTayum3anuu (puc.4). B atom
ciaydae nerunapartanus nossossuia kiaetkam CIIOB
MPEeAOTBpaIaTh BHYTPUKICTOYHYO KPUCTAIU3ALHIO
Y HE TIPUBOAMIIA K 3aMETHBIM U3MEHEHHUSM HX CTPYK-
Typsl. [IpoBeieHHbIE MCCIEIOBAHUS CBUIETENb-
CTBYIOT O BBICOKOH 4yBCTBUTENBHOCTH KieTok CIIOB
K BHYTPUKJICTOYHON KPUCTAIIM3alMU, K KOTOPOil B
JIMaIa30He MaJIbIX CKOPOCTeH oxyaxaeHus 1-5°C/Mun

MPUBOAMT MEPEOXIAKICHUE CYCIICH3UH JIO Hadaia
KPUCTAJTU3AI[UU BO BHEKJIETOUHOM Cpe/Ie.

B ombiTax mo w3ydeHHIO MPOIECCOB 3aMopa-
kuBaHus-ororpea rpubos C. albicans ObUIO TIOKa-
3aHO, YTO BHYTPUKJIECTOYHOE KPUCTAIII000pa3oBaHue
B HE3aIIUIIICHHBIX KPUOIIPOTEKTOPOM KIIETKaX HaOJIFO-

PEr
- A0 3aMOopaxuBaHus o
before freezing 16 C
T TV

nocne otorpesa o |
after warming 16 C\
ST -

T

Puc. 2. /[unamuka 3aMOpakMBaHUSA-OTOTPEBA HE3aIlU-
IIEHHON KPHONPOTEKTOpOoM cycneHn3uu kietok CIIOB.
Ckopoctb oxnaxaeaus 5 °C/mMuH.

Fig. 2. Dynamics of freeze-thawing of cryoprotectant free
SPEV cell suspension with 5°C/min cooling rate.
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sometimes, melt at the stage of following freezing. The
result of intracellular crystal formation is a slight
swelling and manifested SPEV cells decoloration during
thawing. In damaged during intracellular crystallisation
cells there were observed the evident signs of loss in
intracellular content into an extracellular medium, that
testified to the rough impairments of SPEV cell plas-
matic membranes. During cooling with 5°C/min rate
the recrystallisation changes in an intracellular ice struc-
ture were completed at thawing stage (Fig. 2). In this
case the result of intracellular ice formation were deep
changes in membrane structures. During cell freezing
under DMSO protection an intracellular crystallisation,
occurring under cooling with 5°C/min rate resulted in
less manifested changes in SPEV cells after thawing
(Fig. 3) in comparison with an unprotected suspension.
A decrease in cooling rate down to 1°C/min increased
the probability for cells, frozen with DMSO, to avoid
an intracellular crystallisation (Fig. 4). In this case the
dehydration allowed the SPEV cells to prevent an
intracellular crystallisation and did not result in visible
changes in their structure. The conducted investiga-
tions testify to a high sensitivity of SPEV cells to an
intracellular crystallisation, to that the suspension over-
cooling resulted before crystallisation beginning into
an extracellular medium within the range of low cooling
rates of 1-5°C/min.

[10 3aMOPaX1BaHUS! 4 ~o
before freezing 1 O C

16°C |

Puc. 3. Jlunamuka 3aMOpaXUBaHHUSI-OTOTPEBa CYyCIICH3UH
kiteTok CI19B nox 3anmroit IMCO. CkopocTh OXIaXIeHHs
5 °C/muH.

Fig.3. Dynamics of freeze-thawing of SPEV cell suspension
under DMSO protection with 5°C/min cooling rate.
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JlaeTcd JIMIb B peAKuX ciaydaax. Ha puc.S npuBeneHsl
JIaHHBIE O IMHAMUKE ITPOLIECCOB, KOTOPHIE IIPOUCXOIST
NIPY OXJIAXKICHUU CYCIICH3UH JPOMOKEBBIX KIETOK CO
ckopocthio 15°C/mun. Kak cnenyer u3 Habnronae-
MOT0 IIpoliecca, BIOpaHHast HAMU CKOPOCTB OXJIaXkIe-
HH [I03BOJISUIA OTPAaHUYIHTh JIETHIPATALIHIO JPOAIKEH
U HE NMPUBOJMIA K BHYTPHKICTOYHOMY KPHCTAJIO-
obpasoBanuto. [Ipu oTorpeBe B CyceH3nsIX ApOxKKeit
MHOT/Ia HAOMIOIaI0Ch TOSIBJICHHE ITy3bIPHKOB BO3TyXa
(TemMHBIE BE3UKYINBI). B 3TON cepuu 3KCIEPUMEHTOB
BBIP@KCHHBIX PU3HAKOB JIECTPYKIMU KJIETOK MOCIIEe
oTorpeBa He oTMmedanu. CHHKEHHE CKOPOCTH
oxyaxeHust 10 5-6°C/MHH TIPHUBOAMIO K JeTUapa-
TalUy He3alUIeHHbIX KieTok C. albicans (puc. 6).
[Ipu otorpese 00beM KIETOK BOCCTaHABIMBAICA 0€3
3aMeTHBIX U3MECHEHUH CTPYKTYphl. BHeceHue B cpeny

. [0 3amopakvBaHA 4 o
~ before freezing 15 C |

nocne otorpesa )
after warming

Bt
Puc. 4. /lunamMuka 3aMOpaKMBaHUA-O0TOTPEBA CYCIIEH3UU
kietok CI19B nox 3anmroit IMCO. CkopocTh OXITaXICHHS
1°C/muH.

Fig.4. Dynamics of freeze-thawing of SPEV cell suspension
under DMSO protection with 1°C/min cooling rate.
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In the experiments on studying the freeze-thawing
processes in C.albicans fungi there was shown, that
an intracellular crystal formation in cryoprotectant-free
cells was observed only in rare cases. The Fig.5 shows
the data about dynamics of processes, occurring under
cooling the yeast cell suspensions with 15°C/min rate.
As it proceeds from the process observed the selected
by us cooling rate allowed to limit the yeast dehydration
and did not result in an intracellular crystal formation.
The appearance of air vesicles (dark vesicles) was
sometimes observed in yeast suspensions during
thawing. In these experimental series no manifested
signs of cell destruction after thawing were observed.
A decrease in cooling rate down to 5-6°C/min resulted
in the unprotected C.albicans cell dehydration (Fig.
6). Under thawing the cell volume recovered without

18°C

~ before freezing

]
i £ 1 after warming 16°C
Q Wi S ki ™
Puc.5. lunamMuka 3aMOpaXxMBaHHs-OTOIPEBA HE3AILUILICH-
HOI1 cycrnieH3uu poxokei. CkopocTts oxiaxaeHus 15°C/MuH.

Fig. 5. Dynamics of freeze-thawing of cryoprotectant free
yeast suspension with 15°C/min cooling rate.
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A0 3aMopaxnsaHna o
before freezing 2 C

nocne otorpesa
after warming

15°C
=i | e i
Puc. 6. Jlunamuka 3aMOpaxMBaHUS-OTOTPEBA HE3aIU-

OICHHOH CycCmeH3uu Npoxxkeil. CKOpOCTh OXJIaKICHUS
5-6°C/muH.

Fig. 6. Dynamics of freeze-thawing of cryoprotectant free
yeast suspension with 5-6°C/min cooling rate.

KOHCEPBHPOBAHHUS CaXxapo3bl HE IPHBOHIIO K 3aMeET-
HOM JeTHAPATALUH JIPOXIKEH 10 3aMOpaKMBaHHS, a
CKOpOCTh oxJaxkaeHus 25°C/MUH cocoOCTBOBaIa
CHIDKCHHIO YPOBHS MEPEOXIIAXKICHHS CYCIICH3HM
(puc. 7). O6 >TOM CBHAECTEIBLCTBYET HE TOJBKO
MOBBIIICHUE TEMIIEpaTyphl Hadaia KPUCTAJIO-
00pa3oBaHusl B TOJIE 3pEHUS MHKPOCKOMA, HO H
00pa3oBaHKe YKPYITHEHHBIX CTPYKTYP BHEKIICTOYHOTO
apaa. OTCyTCTBUE MPHU3HAKOB BHYTPHKICTOYHOTO
KPHCTAJIO00Pa30BaHUS B 3TOM ClIy4ae KOppelIupyeT
C OTCYTCTBHEM ITPU3HAKOB JIECTPYKIMHU KIIeTOK. CHU-
JKCHHE CKOPOCTH OXJIakaeHus 10 7°C/MUH 1 HaJTHIHe
caxapo3sl (puc. 8), Ha000POT, BBI3BIBAET POCT YPOBHS
NepeoX-JIaXICHUS 10 Hayajla KPUCTAJUTU3ALUH, O YeM
CBUJICTEILCTBOBAJO IMOSIBICHUE MEIKOKPHUCTAI-
JMYECKUX CTPYKTYP BHEKJIETOYHOTO JibJa. [[pu3Hakos
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nocne otorpesa
after warming
e

14°c

Puc. 7. Jlunamuka 3aMOpa’kBaHMsI-OTOTPEBA 3alUIIICHHOMN
caxapo3oi CycneH3un Ipoxikeir. CKOpPOCTh OXJIaKICHUS
25°C /muH.

Fig. 7. Dynamics of freeze-thawing of sucrose-protected
yeast suspension with 25°C/min cooling rate.

any visible structural changes. The sucrose introduction
into the preservation medium did not result in a visible
yeast dehydration before freezing and a cooling rate
0f 25°C/min contributed to a decrease in the suspension
overcooling level (Fig. 7). This is testified not only by
the temperature increase before crystallisation in a
visual filed of microscope, but by the formation of
enlarged extracellular ice structures as well. The
absence of signs of intracellular crystal formation in
this case correlates with that of cell destruction signs.
A decrease in cooling rate down to 7°C/min and the
sucrose presence (Fig. 8), in contrast, causes the
growth of overcooling level before the crystallisation
beginning, that was testified by the appearance of
extracellular ice small-crystal structures. No signs of
intracellular ice formation were observed. During
thawing some cells get dark, that could be considered
as the sign of intracellular crystal formation. In these
series of experiments the cells with the evident
destructive signs were absent as well.

The results of the investigations performed testify
to the fact, that the processes in intracellular crystal
formation in a considerable extent depend on the
overcooling level of cell suspension before the crys-
tallisation beginning into an extracellular medium and
on cell ultrastructural organisation. Cells of SPEV
recultured cell line are more sensitive to freezing in
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00pa3oBaHMsi BHYTPHKIETOYHOTO JIbJIA TPH 3TOM HE
Habmronanu. [1pu oTorpeBe HEKOTOphIE KIETKU TEM-
HEJIH, YTO MOXHO PaCIICHUBATh KaK MPU3HAK BHYTPH-
KJIETOYHOT0 KpHUcTaimiooOpasoBanus. B aToil cepun
AKCIEPUMEHTOB KIIETKH C SBHBIMU IPU3HAKAMH Pa3py-
IIEHHs] OTCYTCTBOBAJIH.

Pe3ynbTarhl IpoOBEICHHBIX HCCICIOBAHUN CBHUIC-
TEJIBCTBYIOT O TOM, YTO ITPOIECCHI BHYTPUKIETOUHOTO
KpUCTAJUI000pa30BaHUs B 3HAYUTEIBHON Mepe 3aBH-
CSIT OT YPOBHSI MEPEOXIIKICHHUS KIIETOYHOMN CYCIICH3UH
JI0 HayaJia KpUCTaJUIN3al[iH BO BHEKJIE-TOYHOM cpefie
U OT YIBTPACTPYKTYPHOU OpTaHW3alHH KIETOK.
Knerku nepesuBaemoit kinerounor auanu CIIOB
0oJiee YyBCTBHUTENBHBI K 3aMOPAKUBAHUIO 110 CPaB-
HeHuto ¢ kietkamu C. albicans. JlobaBnenue B cpeny
koHcepBupoBanus JIMCO B KOMOWHAITUH C COOTBET-
CTBYIOIIIUM PEXHUMOM OXJIAXICHUS ITO3BOJISIET n30e-
JKaTh BHY TPHUKJICTOYHON KPUCTAILTU3AINH HIIH CYIIECT-
BeHHO ee yMeHbmuTh. Knetku C. albicans 6onee
YCTOWYHBHI K THUIIUAIINY BHY TPHKIIETOYHOTO KPHCTAI-
71000pa30BaHusl, YTO, OUEBUIHO, SIBISETCS OJHOW H3
MPUYKMH UX 00JIee BBICOKOW KPUOPE3UCTEHTHOCTH I10
cpaBHeHuto ¢ kietkamu CIIOB.

BuiBOAbI

Takum o00Opa3oM, MosTyueHHbIE JaHHBIC TOKAa3bl-
BalOT, YTO pa3iIuyHas YyBCTBUTEILHOCTh KIIETOK
9YKapUOTOB K IPOIleccaM 3aMOPaKUBAHUSI C pa3HBIMU
CKOPOCTSIMH MOXET OBITh CBSI3aHA C MX Pa3IUYHON
CIIOCOOHOCTHIO M30erath BHYTPUKIETOYHOTO KpPHC-
Tau1000pa30BaHusl, 00YCIOBICHHON 0COOCHHOCTIMH
CTPOCHUSI KIETOK.
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Fig. 8. Dynamics of freeze-thawing of sucrose-protected
yeast suspension with 7°C/min cooling rate.
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e SR T =

comparison with C.albicans cells. DMSO addition into
the preservation medium combined with the correspon-
ding cooling regimen allows to avoid an intracellular
crystallisation or to considerably reduce it. C.albicans
cells are more resistant to the initiation of intracellular
crystal formation, that obviously is one of the causes
of their higher cryoresistance in comparison with
SPEV cells.

Conclusions

Thus, the data obtained demonstrate, that different
sensitivity of eukaryotic cells to freezing processes with
different rates can be related to their different capability
to avoid an intracellular crystal formation, stipulated
by the peculiarities of cell structure.
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