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B HacTos1ee BpeMsi TEXHONOTUYECKUE IPOLECCHI C
UCTOJIb30BaHUEM HU3KUX TEMIEPATyp IIUPOKO MPUMeE-
HSIOTCS B PA3IMYHBIX 00JIACTSAX OMOTEXHOIOTHYECKUX
npou3BocTB. Ha cramusx nmocrdepmeHTanoHHoH 00pa-
0OTKH OMOJIOTHYECKHE MaTEPHAIIBI MTOJIBEPTaOTCS 3aMO-
PaKUBAHUIO, CYOIMMAIIHOHHOM CyIIKe, KOHLIEHTPUPO-
BaHHUIO BBIMOpPA)XMBaHUEM, KpuorpaHymannu. OmHako
C HauyaJIoM HMCIOJIh30BaHMS HU3KHUX TeMIeparyp B OHo-
TEXHOJIOT MU BO3HUKIIN IPOOJIEMEI, CBSI3aHHBIC C YaCTHY-
HOW yTpaTo# >KU3HECIIOCOOHOCTH M (PyHKIIMOHAIBHBIX
CBOMCTB Pa3IMUHBIX IPOMBIIUIEHHbIX ITAMMOB MUKPO-
opranusmoB. [IpuMeHeHne «KJIaCCUYECKUX» KPUOIIPO-
TEKTOPOB JUIsl pelleHusl 3Toil mpoOaeMbl He Bceraa
IPUEMIIEMO HM3-3a HEXKENATEIbHOIO UX MPUCYTCTBUS B
KOHEYHBIX NMPOJYKTaX OMOTEXHOJOTHYECKUX MPOU3-
BOJICTB IO IpuuuHe TokcuuHoctu. Ilo cBoeil mpupone
OOMBLIMHCTBO MUPOKO HCHOIb3YEMBIX KPHOIIPOTEKTOPOB
SBISIIOTCS IY>KEPOAHBIMH BEIIECTBAMH ISl JKMBBIX
KJIETOK. [Ipy mOMeIIeHnu KIeTOK B PAacTBOPHI TAKHX
KPHOIPOTEKTOPOB IPOUCXOIUT UX 00E3BOXKHBAHUE,
HaOTIOMAIOTCS XUMHUECKUE PEaKIINH KPHOIPOTEKTOPOB
C KJICTOYHBIMH BELIECTBAMHE C 00pa30BaHNEM PA3THIHBIX
KOMIUIEKCOB, U3MEHSIOTCS (PU3UKO-XUMHICCKHIE CBOW-
CTBa KaK CYCIIEH3UOHHOM, TaK U BHYTPUKJIETOUHOHU Cpex.
Pemenuem 3To# mpoOieMBl MOKET OBITH IpEABAPH-
TEJIbHOE MOBBILIEHUE BHYTPHUKJIETOYHOTO COJEPHKAHUS
IPUPOAHBIX KPUONPOTEKTOPOB, OAHUM U3 MPEICTABU-
TeNell KOTOPBIX SABJSIETCS TPeranosa, KoTopast HaexHO
3alMIIaeT KIETKY OT CTPecca, BI3BAHHOTO 00E3BOXKHU-
BaHUEM, JICHCTBHEM BBICOKMX M HU3KHX TEMIIEPaTyp.
W3BecTHO, 4TO ONpeeeHHast KOHIIEHTPAIUS TPETaIo36l
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Nowadays the low temperature based technological
processes are widely used in various fields of biotech-
nology industry. During post-enzyme treatment the biolo-
gical specimens could be exposed to freezing, freeze-
drying, concentrating by freezing-out or cryogranu-
lation. Nevertheless, the application of low temperatures
in biotechnology gave rise to the problems associated
with partial loss of viability and functional properties of
various industrial strains of microorganisms. Application
of ‘classical’ cryoprotectants to solve this problem is
not always reasonable because their presence in final
products of biotechnological industry is undesirable due
to their toxicity. Generally, the most commonly used
cryoprotectants are foreign substances for viable cells.
Placing the cells into cryoprotectant solutions leads to
dehydration, chemical reactions of cryoprotectants with
cell structures, that results in formation of various comp-
lexes as well as changes in physico-chemical properties
of both suspension and intracellular environments. One
of the answers to this problem may be preliminary
raising of natural cryoprotectants concentration inside
the cell. One of representatives of such substances is
trehalose which protects cell from stress caused by
dehydration, as well as the effect of high and low tem-
peratures. It is known that a certain concentration of
trehalose in the cells provides more homogeneous crys-
tallization and the shift of eutectic zone to the lower
temperature zone [1]. Since yeasts possess a natural
ability to accumulate a large amount of trehalose, they
are a convenient model for studying the response of
free and immobilized cells to cold stress [2].
]
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B KJIETKax obecrieunBaet 60Jjiee paBHOMEPHOE IMPOTEKa-
HHE TIpollecca KPUCTAI000pa3oBaHUusl U CMENICHUE
IBTEKTHUECKOM 30HBI B 30HY 00Jiee HU3KHUX TeMIIEpaTyp
[8]. ITockonbKy OpOoXiKH 00a1al0T €CTECTBEHHOM CITo-
COOHOCTBIO HAKAILTUBATH OOJBIIOE KOJUIECTBO TPErao-
3bl, OHU MPEICTaBIAIOT cOOOH YIOOHYI0 MOAENb s
HU3Y4YEHHUS OTBETa CBOOOJIHBIX U MMMOOMIM30BAHHBIX
KJIETOK Ha XO0JIOIOBOH cTpecc [9].

Henpro nanHO# paboThl OBUIO M3yUYEHUE BIUSHUSA
BHYTPHUKIIETOYHOTO COACPIKAHUS TPETATIO3bl B CBOOOI-
HBIX 1 UMMOOMIIM30BAHHBIX KIIETKax Saccharomyces
cerevisiae Ha COXpPaHHOCTb JIPOXKKEN B ITPOIIECCE 3aMOpa-
JKUBaHUSL.

OOBEKTOM HCCIIeIOBAaHUS OBUTH JPOKKEBBIC KICTKH
S. cerevisiae (paca nonyuena uz PHUU xnebonexapckoit
MpOMBIILTEHHOCTH, T. CaHKT-IIeTepOypr). Aposoku Kyiab-
TUBUPOBAJIM MO CTAaHAAPTHOW METOAUKE B HEOXMEJIEH-
HoM nuBHOM cyciie (8°b) mpu 30°C ¢ aspauumeit 1o Haua-
J1a cranmoHapHoit asel pocra [5]. I3BecTHO, 4TO CHHTE3
TpErano3bl aKTUBU3HPYETCS MIPH MEPEX0/IC KYJIbTYPHI U3
norapumMuyecko B cranmoHapHyo ¢a3y pocra [10].

NmMoOunu3anuio KJIETOK B aJbTHHATHOM Telie
(«Foodchem International Corporation», Kurait) mposo-
JIAJTA TI0 METOJTY, PEAJIOKEHHOMY B [7]. AbruHaTHBIC
rpaHyjbl CTAa0MIM3UPOBAIN B BOJHOM pactBope 0,1 M
xJopuja Kanbluus B TeueHue 15 muH. McxonHas
KOHLIEHTpalus KJIETOK BO BCeX oOpasliax COCTaBIsia
108 KOE/ma. CycreH3un KICTOK M TeJeBbIe TPaHYIIbI
BHOCHJIU B Kpuonpooupku («Nuncy, lanus) ¢ pabounm
obvemom 1,8 mi. B xome mcciegoBaHus ObBLIH
peaiu30BaHbl HEKOHTPOIHPYEMBIE CKOPOCTH OXJIaXK-
nenus. OOpasibl 3aMOPAKUBAIU IPSMBIM OTPYKEHHEM
KpHONpoOupoK B kuakui a30T (—196°C). OrtorpeBann
KpHOIIPOOHPKH Ha BOsTHOMN OaHe npu Temnepatype 37°C.
[JenonuMepu3zanuio rpanyi npoBoauiu B 4%-M BOTZHOM
pacTBope STWICHAMAMHHTETpaanerara («Simagchem
Corporationy, Kurait). )KusnecnocoOHOCTb APOKKEH
S. cerevisiae OIEHUBAIIN 110 UX CIOCOOHOCTH 0OPa30BHI-
BaTh MaKpPOKOJIOHUM HAa MOBEPXHOCTH arapu30BaHHBIX
cpen («dameunslin» Meton Koxa) [2]. BHyTpukiieTouHoe
COZIEpYKaHUE TPETaI03bl U3MEPSIN METOJOM >KUIKOCTHOM
xpomarorpaduu Ha BEICOKO3()(PEKTHBHOM XpoMarorpade
(«Ziboy, Kurait). /111 monrotoBku 00pasioB K aHAINU3Y
UCIIOB30BaIM METO/I, OonrcanHbIi B padote T. Nakamura
[10]. KonTponeM ciryxuiin 00pas3iibl, HE MOJABEPTaB-
IIMECS OXJIAXKICHHUIO.

C uenbr0 M3y4YeHUS BIUSHUS BHYTPUKICTOYHBIX
IIPOTEKTOPOB Ha KPUOPE3UCTEHTHOCTD KIIETOK S.cerevisiae
OBLTH B35 THI 00pa3Ibl CBOOOHBIX B CYCIICH3UH 1 IMMO-
OWITN30BaHHBIX B TPAHYJIaX KIETOK JPOAOKEH.

Y4uThIBas T, 4YTO ONTUMATIBHBIMH ISl HAKOTUJICHUS
Tperano3bl B KJIETKaX APOXIKEH ABISIOTCS TeMIEpaTypbl
B uHTepBaje 35...45°C, yacTs 00pa3LoB nepes 3aMopa-
YKUBaHHEM KYJIBTUBUPOBAIHU 2 Y B TEPMOCTATE IPU TEM-
neparype 40°C. Kiterku, B HeKOTOpBIX 00pa3nax ObLTH
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The research aim was to study the effect of intra-
cellular trehalose in free and immobilized Saccharomyces
cerevisiae cells on the survival of yeast during freezing.

The objects of research were S. cerevisiae yeast cells
(samples were obtained from Scientific Research Institu-
te of Baking Industry, Russia). Yeasts was cultured by
standard method in unhopped beer wort (8°Balling) at
30°C with aeration until the start of the stationary growth
phase [6]. It is known that the synthesis of trehalose is
activated after the transition of culture from the logarith-
mic to the stationary phase [5].

Immobilization of cells in alginate gel (Foodchem
International Corporation, China) was performed by the
method proposed previously [11]. Alginate beads were
stabilized in aqueous solution of 0.1 M calcium chloride
for 15 min. The initial cell concentration in all the samples
was 108 CFU/ml. Cell suspensions and gel beads were
put to cryovials (Nunc, Denmark) of 1.8 ml handling
volume. The study was performed using uncontrolled
cooling rates. The samples were frozen by direct plunging
of cryovials into liquid nitrogen (—196°C). The cryovials
were warmed in water bath at 37°C. The beads were
depolymerized in 4% aqueous solution of ethylenedi-
aminotetraacetate (Simagchem Corporation, China).
Viability of S.cerevisiae yeast was assessed by their
ability to form macrocolonies on the surface of agar
media (Koch’s Pour Plate method) [4]. Intracellular
trehalose content was measured by liquid chromatogra-
phy with high-performance chromatograph (Zibo,
China). To prepare the samples for analysis we used the
method of T. Nakamura [5]. The samples not exposed
to cooling were denoted as the control.

To study the effect of intracellular protective agents
on cryoresistance of S. cerevisiae cells the samples of
free (in suspension) and immobilized (in beads) yeast
cells were compared.

Considering the fact that temperature range of
35...45°C is optimal for providing the accumulation of
trehalose in the yeast cells, a part of the samples before
freezing was cultured in thermostat for 2 hrs at 40°C.
Cells in part of the samples were immobilized in sodium
alginate beads after temperature control. Thus, all the
samples were divided into 5 experimental groups: 1 —
free cells; 2 — immobilized cells; 3 — free cells incubated
at 40°C; 4 — free cells incubated at 40°C with the
following immobilization; 5 —immobilized cells with the
following incubation at 40°C.

The data were statistically processed by Student’s t-
test using Excel (Microsoft, USA) [3]. The data were
presented as arithmetic mean + arithmetic mean error.
Differences between the groups were considered as
significant at p < 0.05.

It was found that trehalose content in yeast cells
before incubation was (4.37 £ 0.15) mg/g of dry matter
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MMMOOWITM30BaHbI B TPAaHYJIBI allbTMHATA HATPUS TTOCIIE
TepMocTaTupoBaHus. Takum oOpazoMm, Bce 0OpasIlsl
ObUIH pa3zesieHbl Ha 5 SKCIIepUMEHTaNbHbIX Ipyn: 1 —
CBOOOIHBIC KIICTKH; 2 — IMMOOMIN30BaHHBIC KIICTKH; 3 —
CBOOOJIHbIE KJIETKH, UHKYOUPOBaHHBIE [TPU TEMIIEpAType
40°C; 4 — cBOOOAHBIC KICTKH, WHKYOHUPOBAaHHBIC TIPU
temnepatype 40°C ¢ nocneayrouieit MUMMOOHIU3aluei;
5 — UMMOOUIHU30BaHHbIE KJIETKH C MOCIeaAyloue
nHKyOarueit nmpu remmnepatype 40°C.

[TonmyuyeHHbIC TaHHBIE CTATUCTHYECKH 00padaThIBaIN
o Metoty CThrOZICHTa ¢ yueToM Koadduinenta duniepa
C MPUMEHEHHEM KOMIIbIOTEepHOU mporpammel Excel
(«Microsofty, CIIIA) [1]. JaHHBIEe TPEACTABIIN KaK
cpenHee apupMeTHIeCKOe 3HaUCHHE + OINOKa CPETHETO
apudmernueckoro. Pasnuuus Mexxay rpynnaMu cCHUTaIn
3HaYMMbIMH 11pH p < 0,05.

YCTaHOBJIEHO, YTO KOHLIEHTPALMs TPETaN03bl B HATHB-
HBIX KJIETKaX IPOAOKEH 0 TEPMOCTATUPOBAHUS COCTaB-
msuta (4,37 £ 0,15) M/t cyxoro BemiectBa (Tabnuna).
[onmy4eHHBIE Pe3yNbTaTh CBUAETEIBCTBYIOT O TOM, YTO
KyJBTUBHPOBAaHHUE B TeUEHHUE 2 4 KaK CBOOOIHBIX, TaK U
MMMOOHIM30BaHHBIX KJICTOK JPOXOKEH IIPH TeMIepaType
40°C npuBOAUT K MOBBIIIEHUIO BHYTPUKIETOUHOIO
coziepKaHus Tperanosbl. Bmecre ¢ TeM ypoBeHb KOHLIEHT-
panmu Tperajo3bl B 00pasiax ¢ MMMOOMIN30BaHHBIMA
KJIETKaMU ObL1 3HAUUTEIBHO BBIIIE, Y€M Yy CBOOOIHBIX
KJIETOK B CyClleH3uu. Mbl Iof1araeM, 4ro 3T0 MOKET ObITh
CBSI3aHO C TEM, YTO KJIIETKH JPOsOKeH, HMMOOMII30BaH-
HBIE B TeJie albrHaTa HaTpus IIepel 3aMOpakKUBaHUEM,
HaXOJUJINCh B IBOMHOM CTpECCOBOM CUTyaluu: OT Hebma-
TONPUSATHOIO J€HCTBUS MOBBIIEHHON TEMIEPATyphl U
ummobunusannu. Kak n3BecTHo, Tperansosa B IpoxiKax
UTpaeT pojb MPOTEKTOPA LENOCTHOCTU KIETOK IpU
HEeONMaronpusATHHIX YCIIOBHUAX KyJIbTUBHpOBaHUs. B xome
HCCIIeIOBaHUS OBUIO YCTAHOBJIEHO, YTO yAEIbHAs KOH-
LEHTPALHS TPETAIO3HI B IPOSKIKEBBIX KIICTKAX TPYIIIHI 4
nepes 3aMopakuBaHHEM ObLTa B 2 pas3a BBHIIIC, YEM B
oOpa3nax rpynmsl 5. B ¢Bs3u ¢ 3TUM HaMu OBLIO BBICKA-
3aHO MPEAINOJIOXKEHHUE, UTO OoNee HU3KOE COepKaHUe
TPEerango3bl B 00paslax rpymnmsl 5 MOXKET ObITh CBSI3aHO
C TeM, YTO HEraTUBHOE BIIMSTHUE OBBIILICHHON TeMIepary-
PBI CMAr4anaoCh MpeABAPUTENbHON MMMOOUIU3aHEH
kieToK. ClnesyeT OTMETUTh, UTO JAHHOE YTBEPXKICHUE
0asupyercs Ha NMPOBEJCHHBIX paHee HCCIEN0BaHUSIX,
KOTOPBIE CBUIETENLCTBYIOT O TOM, YTO, C OZIHON CTOPOHBI,
QIBTMHATHASI MaTPHUIIA BEITOTHSCT (PyHKIIUIO 3aI[UTHOTO
9KpaHa OT HEONarompHATHBIX YCIOBUI OKpysKaromen
cpensl (Temmeparypa, pH), ¢ apyroit — cTpeccoBas
PeaKIHs KJIETKH, HHUIIMHPYeMas IPOIIeCCOM HMMOOITH-
3aIliH, CONIPOBOXKAACTCS TeHepalel akTUBHBIX (popMm
KHCJIOPOJ1a, AKTUBALUEN SHEPreTHUECKOr0 METab0I13Ma
[4]. OTO sABNsETCS MPUYMHOW pOCTa METAOONMUYECKON
AKTMBHOCTHU U YBEJIMUEHHUsS KOJIUYECTBA PE3EPBHBIX
HOJMCaXapuoB (INIMKOT€HAa U TPEraao3bl) B UMMOOUIH-
30BaHHBIX KIJIETKaX JPOXKEH.
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BHyTpuKNeToyHoe coaepaHue Tperanosbl B KneTkax
apoxoken S.cerevisiae no n nocne
KPMOKOHCEPBNPOBaHUS

Intracellular content of trehalose in S.cerevisiae yeast
cells prior to and after cryopreservation.

KoHueHTpaumna Tperanosbl, Mr/r Cyxoro BeLlecTsa
Trehalose content, mg/g of dry matter
[pynnbl
Groups [o 3amopaxuBaHua
(KOHTpOnb) Mocne 3amopaxunBaHua
Prior to freezing After freezing
(control)
1 4,37+0,15 2,67+0,11"
2 6,56+0,23 2,62 £0,12"
3 10,93+0,76 5,33+0,26'
4 28,65+1,012° 24,87+0,89
5 13,44+0,87234 9,13+0.83’

MpumeyaHue: '— pasnuuns cTaTUCTUYECKM 3HAUYMMbI MO OTHOLLE-
HUIO K KOHTPOHO; 2 — OTHOCUTENbHO Tpynmbl 2;* — OTHOCUTENBHO
rpynnbl 3; 4 — oTHocuTenbHo rpynnbl 4; p < 0,05.

Note: ' — the differences are statistically significant if compared to
the control; 2 — if compared to the group 2;  — if compared to the
group 3; * — if compared to the group 4; p < 0.05.

(Table). The obtained results showed that culturing for
2 hrs of both free and immobilized yeast cells at 40°C
caused the increase of intracellular trehalose content.
Level of trehalose concentration in the samples with
immobilized cells was significantly higher than in those
with free cells in suspension. This is probably associated
with the fact that yeast cells immobilized in sodium
alginate gel before freezing suffered a double stress due
to unfavorable conditions of culturing. It is known that
trehalose in yeast provides a defence of cell structures
when being in unfavorable conditions of culturing. In
this study we have found that the specific concentration
of trehalose in yeast cells of group 4 before freezing
was 2 times higher than in the samples of group 5. The
lower trehalose content in the samples of group 5 may
be likely associated with the fact that the negative
influence of high temperature was lessened by cell
immobilization in alginate gel. It should be noted that
this suggestion is based on the previous studies, which
show that on the one hand alginate matrix functions as
a protective envelope against adverse environmental
conditions (temperature, pH), on another — the immobili-
zation procedure initiates the cell stress response, ac-
companied by generation of reactive oxygen species,
and activation of energy metabolism [9]. This could be
the reason for the observed increase in metabolic activity
and rise in the amount of reserve polysaccharides
(glycogen and trehalose) in immobilized yeast cells.

At the second stage of the research we studied the
effect of trehalose content on cell viability of S. cerevisiae
cells during cryopreservation (Figure).
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Ha BTopom sTame mccienoBanust OBIIO W3YUYCHO
BIIMSIHHE COJICPKaHMUS TPETao3bl Ha )KU3HECIIOCOOHOCTh
KJIIETOK APOXIKEH S. cerevisiae B Ipoliecce KPUOKOHCEP-
BUPOBaHUA (PUCYHOK).

IIpoBeneHHBIE HAMU paHEe UCCIIEI0BAHUS CBUIETENb-
CTBYIOT O TOM, YTO HauboJee ONTHUMAIbHBIMU KaK AT
CBOOOJHBIX KJIETOK APOXXKeH, Tak ¥ MMMOOMIN30-
BaHHBIX, SIBJISIOTCS. MEJUICHHbBIE CKOPOCTU OXJIAXKICHUS
[3]. Ipu OvIcTpOM OXJIAXKACHUH MHKPOOPTaHHU3MOB
MIPOMCXOINUT M3MEHEHHE OapbepHBIX CBOMCTB MeMOpaH,
B HUX 00pa3yIoTcs ruipoIIbHbIC KaHAJB], 4epe3 KOTOo-
pBIe IPOMCXOANT yTEUKa M3 KIETOK BemiecTB. [loreps
HEKOTOPBIX CTPYKTYPHBIX O€IKOB MeMOpaH CHIBHO
CHIDKAET BBDKHBAEMOCTh KiIeToK. OmHaKo I TOTO,
9TOOBI IPOJIEMOHCTPHPOBATH HAUOOIBIINI dPPEKT OT
BIIUSIHUS NPEJBAPUTEIBHON MOATOTOBKU KJIETOYHOU
CyCIIEH3HUHU K KPUOKOHCEPBUPOBAHUIO HAMHU ObLi1a BEIOPa-
Ha He ONTHMaJIbHAsA, a HanboJee JKeCcTKas MporpaMmma
3aMOpa’KUBAHUS.

YCTaHOBIEHO, YTO MOKA3aTENIH KU3HECTIOCOOHOCTH
00pasnoB (Tpymnns! 3—5) KyTbTHBHPOBAHHBIX IIEPE]] OX-
naxaeHueM rpu remneparype 40°C, ObUTH 3HAYUTEITHLHO
BEIIIIE, €M Y 00pa3IoB HE MOIBEPTIIIUXCS KyIBTHBHPO-
BaHMIO NIPU AaHHOW TemmepaTrype (rpynmsl 1 u 2).
JKm3HecmocoOHOCTE KIIETOK B 00pasiax COOTBETCTBEHHO
cocrapmsna (14,72 + 4,7); (32,75 £ 7,11); (27,06 +
6,36)% oT KOHTpoJIA. BeposTHO, 4TO Takue BBICOKHE
MOKAa3aTeNId COXPAHHOCTHU KIETOK OOYCIIOBIIEHBI TOBBI-
LIEHHBIM COJIEPAKAHUEM TPEraao3bl B 3THUX 00pa3Lax.

H3BecTHO, 4TO Tperanosa SIBASETCS YHUKAIbHBIM
IPUPOIHBIM KpruonporekTopoM. I[Ipu rmy6oxom 3amopa-
’KMBaHUU OHA 3alLUIIAET KJIETKY OT 00€3BOKHBaAHUS, UTO,
B CBOIO O4epe/ib, IPEJOTBPALIAET pa3pylleHe MeMOpa-
HBI ¥ IOBPESK/ICHHE KIIETOYHBIX OPTAaHEILI, IPEISITCTBYET
WHAKTUBAIIUH U arperaruy 0eikoB. boree BEICOKHE MOoKa-
3aTeNn XU3HECTIOCOOHOCTH B obOpasmax rpymm 4 u 5,
OYEBHIHO, CBSI3aHBI C TEM, YTO BHYTPHKIICTOUHOE COZEP-
JKaHHWE TPerayo3bl B o0pa3nax MMMOOHIM30BaHHBIX
KJIETOK OBIJIO BBIIIIE, YeM B 00pa3iiax CBOOOIHBIX KIETOK
(rpynma 3), mocie HHKYOHpPOBaHUS B TEPMOCTATE IPU
temneparype 40°C.

Jpyrum BaxxHbIM Ka4e€CTBOM TPETasio3bl, ONIPEAEIISIO-
LIUM €€ KPHO3AIIUTHBIE CBOMCTBA, SIBISIETCS CIOCOOHOCTh
K YBEIMUYCHHIO BSI3KOCTH LUTOIIA3MBI, YTO MIPUBOJUT K
YMEHBIICHNIO BEPOSTHOCTH (JOPMUPOBAHHUS BHY TPUKIIE-
TOYHBIX KPHCTAJUIOB JIB/IA M, KAK PE3YJIBTAT, K CHIDKCHHIO
rudeny kreTok. C TOMOIIBIO HIIEKTPOHHON MUKPOCKOIIHT
YCTaHOBJIEHO, YTO IMMOOWIIN30BaHHBIE KJICTKH JPOXIKEH
OTJIMYAIOTCS OT CBOOOAHBIX OOJIBIIIEH IITOTHOCTHIO IIUTO-
ia3Mel [6].

HmMmoOunr30BaHHBIE APOXKOKH (TPpyINa 2) ¢ HU3KHM
COoZIep’KaHUEM TPErano3bl UMeIH MUHUMAIIbHbIE TOKa3a-
TEJIN KU3HECTOCOOHOCTH, UTO, BEPOSITHO, CBA3AHO KaK
C HEZIOCTAaTOUHBIM 3aLIUTHBIM JEHCTBUEM IPUCYTCTBYIO-
mieil B KJIeTKax TPeranosbl, Tak U C MOBPEXJIECHUEM
LENOCTHOCTU CTPYKTYPBl allbTMHATHON I'paHyNbl Ipu
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Ipynnel Groups

BnvsHue BHYTPUKINETOYHOrO codepXXaHusi Tperanosbl Ha
XKN3HEeCcnocobHOCTb CBOBOAHBLIX U UMMOBUNN3OBAHHbIX
KneTok apoxoken S. cerevisiae: [0 — no 3amopaxuBaHus;
M - nocne 3amopaxuBaHUS-0TOrpPeBa; * — pasnuuusa cTa-
TUCTMYECKUN 3HAYMMBbI MO OTHOLLIEHUIO K KOHTponio, p < 0,05.

Effect of intracellular trehalose content on viability of free
and immobilized S.cerevisiae cells; O — before freezing;
M - post-thaw; * — the differences are statistically signifi-
cant as compared to the control, p < 0.05.

Our previous studies indicate that slow cooling rates
are the most optimal for both free and immobilized yeast
cells [8]. Rapid cooling of microorganisms is accom-
panied with the changes in membrane barrier properties,
including formation of hydrophilic channels through
which substances leave the cells. Loss of several mem-
brane structural proteins results in a sharp fall in cell
survival. In order to demonstrate the effect on cryopre-
servation outcome exhibited by cell suspension pretreat-
ment, we chose the most rigid freezing program.

It was established that post-thaw viability in the
samples (groups 3—5) cultured before cooling at 40°C
was significantly higher than those in the samples not
exposed to culturing at the stated temperature (groups
1 and 2). Cells viability in groups 3—5 in relation to the
control made (14.72 +4.7); (32.75+7.11); and (27.06 £+
6.36)%, respectively. Such high indices are likely
stipulated by the increased trehalose content in these
samples.

It is known that trehalose is a unique natural cryopro-
tectant. During deep freezing it protects a cell from
dehydration, which in turn prevents the membrane da-
mage and destruction of cell organelles, inhibits inacti-
vation and aggregation of proteins. Higher rates of viabi-
lity in the samples of the groups 4 and 5 if compared
with group 3 are obviously stipulated due to the fact
that intracellular trehalose content in the samples of
immobilized cells was higher than in the samples of free
cells (group 3) after incubation in thermostat at 40°C.
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HCTIONIb30BAaHUH BBICOKMX CKOPOCTEH oxyaxaeHus. Yto
HEOJHOKPATHO OBLIO YCTAHOBJICHO HAMHU B XOJE HC-
cnenoBanuii [3]. IlockoabKy moKa3aTelib >KU3HECnoco0-
HOCTH KJIETOK B 00pa3ax UMMOOMIN30BaHHBIX KIETOK
mociie TepMocTarupoBanus (rpynnsl 4 u 5) OblI 3Ha-
YHUTEJILHO BBILIE 10 CPABHEHUIO IPYIIOH 2, MOYKHO IIpe-
MOJIOKUTh O CyMMapHOM KpHUO3almUTHOM 3¢ dexTe
Tperano3bl U aIblFUHATHOTO TeJIsl.

Taxum 06pa3om, B X0j1€ UCCIICIOBAHNHN YCTAaHOBJICHO,
YTO BHYTPUKIICTOYHOE COJIEPKAHUE TPETAJI03bI KOPPEIH-
PYeT C MoKa3aTeIs MK KU3HECTIOCOOHOCTH CBOOOIHBIX
158 I/IMMO6I/IHI/I3OBaHHBIX B AJIbTUHATHOM TI€JIC KJICTOK
Ipoxokelt S.cerevisiae ocie ObICTPOTO 3aMOPAKUBAHHUS.
[ToryueHHBIE SKCIIEPUMEHTANBHBIC JAHHBIC CBUICTEITBCT-
BYIOT O MEPCHEKTUBHOCTH METOJa, MO3BOJSIONIETO
TIPOrHO3UPOBATH UCXOTHYI0 KPUOPE3UCTEHTHOCTH KIIETOK
JIPOXOKEH, TIOBBIIIIAsT yCTOMYUBOCTD K HEOIAronpusi THHIM
(hakTOpam 3aMOpaKUBaHUsI Ha dTAIe KYJIbTHBHPOBAHUS.
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Another important feature of trehalose determining
its cryoprotective properties is the ability to increase the
viscosity of cytoplasm, that in its turn decreases the
probability of intracellular ice crystal formation. Electron
microscopy allowed us to reveal that immobilized yeast
cells differ from the free ones by higher cytoplasm den-
sity [10].

Immobilized yeast (group 2) samples with lower
trehalose content had minimal viability that was possibly
due to both insufficient amount of trehalose to exhibit
significant protective effect and damaged structure of
alginate beads stipulated by high cooling rates [8]. Since
the viability in the samples of immobilized cells after
incubation at 40°C (groups 4 and 5) was significantly
higher than in group 2 we might suggest the existence
of cryoprotective effect of trehalose and alginate gel.

Thus, the conducted investigations allowed to estab-
lish the dependence of intracellular trehalose content and
the viability indices of free and immobilized in alginate
gel S.cerevisiae cells after rapid freezing and thawing.
The experimental data indicate a prospective method
predicting an initial cryoresistance of yeast cells, by
means of increasing the resistance to unfavorable factors
of freezing at the culturing stage.
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