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BusnaueHni 6iodisuuHi mapaMeTpu KIITHH APLKIUKIB Saccharomyces cerevisiae: OCMOTHYHO HEAKTHBHHUI 00’€M, KoeQillieHT
¢inprpauii B cepenoBuinax 3 kpionporekropamu (TinepuH, 1,2-nponanaion Ta AMMETHICYIb(GOKCHT) Ta KoedillieHTH TPOHUKHOCTI
JUISL IMX KPiOIpOTEeKTOpiB npu Temiieparypax 25 ta 10°C. [{ns Bu3Ha4YeHHs BKa3aHHUX MapamMeTpPiB BUKOPUCTOBYBAJIH yIOCKOHAJIEHI
PIBHSIHHS MacomepeHoCcy Kpi3b MeMOpaHH KIIITHH, OTPUMaHi y HaOJMXXEHHI JiHIHHOI TepMOAMHAMIKK HEOOOPOTHHX HPOLECIB.
Po3paxoBaHi BeTMYMHHU €HEPrii aKkTHBAaLii IPOHMUKAHHS MOJIEKYJI BOAH Ta KPiOMPOTEKTOPIB KPi3b KIITHHHI MeMOpaHU.

Kniouosi cnosa: Saccharomyces cerevisiae, NpOHUKHICTb, KPIOIPOTEKTOPH, SHEPTisl aKTHBALLI.

OmnpeneneHbl OMOGU3NICCKUE MAapaMeTPhl KICTOK APOXOKeH Saccharomyces cerevisiae: 0CMOTHYECKH HEAKTHBHBIA 00bEM,
k03 duIMeHT GuUIbTpanru B cpefax ¢ KpHONPOTeKTopaMu (TIHLEpUH, 1,2-IponaHano, JUMEeTHICYIb(HOKCHI) U KodQULIHEHTHI
HNPOHHLAEMOCTH JUIsl TUX KPUOIPOTEKTOPOB IpH Temiieparypax 25 u 10°C. {115 onpeneneHus yka3aHHBIX TapaMeTPOB UCTIOIb30BaIH
YCOBEPILICHCTBOBAHHbIE YPaBHEHHS MacCOIIEPEHOCa Yepe3 MeMOpaHbI KIIETOK, TOJyUeHHBIC B IPUOIMKSHUN JIMHEHHOI TepMOANHAMUKH
HEOOpaTHMBIX MPOLIECCOB. PaccunTaHbl BETMUUHBI SHEPTUH AKTUBALMH TPOHUKHOBEHHUSI MOJISKYJ BOJBI M KPHOIIPOTEKTOPOB 4epe3
KJICTOYHBIE MEMOpaHBbI.

Knioueswvie cnosa: Saccharomyces cerevisiae, MpOHAI[AEMOCTb, KPHOTIPOTEKTOPBI, DHEPIHsl aKTHBALIUY.

The biophysical parameters of yeast cell Saccharomyces cerevisiae, osmotically inactive volume, filtration coefficients in the
cryoprotectant containing media and permeability coefficients for the cryoprotectants glycerol, 1,2-propane diol, dimethyl sulfoxide,
were determined at the temperatures of 25 and 10°C. For determination of the parameters the improved equations of mass transfer via
cell membranes were used. The equations are based on the approach of linear thermodynamics of irreversible processes. The values

of activation energy of water and cryoprotectants molecules penetration via cell membranes were calculated.
Keywords: Saccharomyces cerevisiae, permeability, cryoprotectants, activation energy.

HaiiGinpm nomupeHuM cnocoO6oM MiATPUMKH
MIKpOOPraHi3MiB € MEePiOANYHI iX MepeciBU Ha CBiXke
x)uBunbHe cepenosuine [1, 2]. [Ipore mpobiema
e(eKTUBHOI 3a KiHIIEBUMH pe3yJIbTaTaMH, a TaKOX
OOIpyHTOBaHOI 32 TPYAOMICTKICTIO i BapTiCTIO KOH-
cepBalii KyJabTyp MiKpOOpraHi3MiB 00yMoOBJcHa
30UIBIIEHHSM KiIJIBKOCTI T2 PI3HOMAHITHICTIO KYIIBTYD,
110 30epirarotbes [5]. KpiokoHcepBYBaHHS KITITHHHAX
CYCTICH31i, 30KpeMa MIKpOOPTaHi3MiB, 3aTHIIAETHCS
OCHOBHHMM METOJIOM iX TPHBAJIOTO 30epexeHHs 0e3
MOJKJIMBOI 3MiHM T€HETHYHOTO cKiaxy. [IpaBmnbHuit
BHOIp peXUMiB HU3bKOTEMIIEPATyPHOTO KOHCEPBY-
BaHHS J03BOJISIE TPUBAINH Yac MiATPUMYBATH MIiKpoO-
OpraHi3Mu y cTaHi, 1110 3a0e31euye X MOBEpHEHHS 10
KUTTEAIAABLHOCTI 0€3 3MiHM MOYaTKOBHX BJIACTH-
BOCTEM 1 3HIKEHHS KIJIBKOCTI )KUTTE3MATHUX KIIITUH.
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The most widely spread way to support microorga-
nism culture is their periodic replating on a fresh nut-
rient medium [1, 2]. However the problem of micro-
organism culture preservation to be efficient by the
final results, as well substantiated by labour intensity
and cost, is stipulated by the augmentation of quantity
and variety of cultures under preservation [5]. The
cryopreservation of cell suspensions, namely micro-
organisms, remains the principal method for their long-
term preservation without any possible changes in ge-
netic composition. Correct selection of low temperatu-
re preservation regimens enables a long-term support
of microorganism in the state, providing their return
to vital activity without any changes in the initial
properties and a decrease in viable cell number. Either
slow freezing rates (1-10°C/min) or two-step freezing
programs with a slow freezing at the first stage and
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JIPDKIKOBUX KIIITUH BBXKAIOTH MOBUIBHI MIBUIKOCTI
3amopoxyBanHs (1-10°C/xB) abo ABoxeTarHi mpo-
rpaMH 3aMOpOXXYBaHHSI 3 TIOBIIBHUM 3aMOPOXKYBaH-
HSM Ha TIepIIOMY €Tarli i HACTYITHUM 3aHypeHHSIM Y
ckparuteHuii azot [11, 12, 14]. B po6ori [ 14] noka3zaHo,
10 BIKUBAHHS KITITHH, 30KpeMa JIPIK/KIB, 3aJIEKHUTh
TaKOX BiJl IIBUIKOCTI BimirpiBanus. Ilpu meuakomy
BigirpiBanai (500°C/xB) 3HalJIeHO JBa MAKCUMYMH
BIYKMBAHHS: ITPH MOBUIbHIN IIBUIKOCTI OXONOMKEHHS
(ix 1m0 10°C/xB) Ta py HAAIIIBUIKOMY OXOJIOKEHH1
(0104°C/xB) [9].

IcHyBaHHS ONTHMAIILHOT IBUAKOCTI OXOJOIKEHHSI
OyJo MOsICHEHO B MeXax IBOX(akTOpHOI Teopii
Meiizypa [15]. Ilpu pi3Hiii IBUIKOCTI OXOIOKEHHS
3MIHIOETHCSI BHECOK JIBOX KOHKYPYIOUHX THITIB TIOIIIKO-
JUKEHB, II0B’ I3aHKX 13 30€3BOIHEHHSIM KIIITHH, 3 OTHO-
ro 00Ky, Ta BHYTPIIIHbOKJIITUHHOIO KpUCTali3alli€ro,
3 iHmoro. 3i 30iabIIeHHSAM 30€3BOAHEHHS KIITHHH
3MEHIIYETHCS BEMYMHA S(PEKTUBHOTO TIEPEOXOIIO-
JUKEHHS TPOTOIIa3MHU Ta IMOBIPHICTh yTBOPEHHS
KpHUCTaliB ycepenuHi KIiTHHU. Sk HanMmipHe 30e3B01-
HEHHS, TaK 1 BHYTPIIIHBOKIITHHHA KpUCTATi3awis
MPHUBOJATH JIO MOIIKO/PKEHHS KIITHHHHUX CTPYKTYD
[3]. Orxe, U1 KOYKHOTO TUITY KIIITHH ICHY€ ONITUMahb-
Ha (3a0e3neuye MakCUMaIbHy 30€peKeHICTh) IBHI-
KiCTb OXOJIOZKEHHSI, L0 IPSIMO OB’ s3aHa 31 IBUKIC-
TIO, 3 SIKOIO BHYTPIIIHBOKIITHHHA BOJA MOXKE BUXO-
IUTH 3 KIIITHH, TOOTO 3 KOe(ii€HTOM MPOHUKHOCTI
KIITUHHOI MeMOpanu it Boau. OCKUTBKHA MTPOHUK-
HICTh JUISI MOJIEKYJl BOIM MeMOpaH pi3HHX BHJIB
KJIITHH MOKE BiJIPI3HATHCH HA ACKITbKA TIOPSIKIB, TO
1 3HAYE€HHS ONTHMAJILHOI IIBUIKOCTI OXOJIOMKEHHS
JUTS IUX KITITUH CYTTEBO BIAPI3HAIOTHCS. Tak, HaprK-
naj, AN epUTPOLUTIB JIOAWHU ONTHMAaJIbHA LIBHI-
KICTh OXOJIOJUKEHHsST cTaHoBUTL Oing 3000°C/xB, a
oorutis mutii — 0,1°C/xB. Hag3snuaiiHo BUCOKE 3Ha-
YEHHS ONTUMAJIBHOI MIBUJIKOCTI OXOJODKEHHS IS
EpUTPOLMTIB JIOJUHH 3 IOTIISAY ABOX(aKTOPHOI Teo-
pii OSICHIOETHCS AyKE€ BHCOKOIO IMPOHHUKHICTIO X
MeMOpaH /ISt BOAY 1 BEJTMKUAM ITOBEPXHEBO-00’ EMHUM
BiHOIICHHAM [3].

JonaBaHHS KpionpOTEKTOPa 0 KIITUHHOI CyCIIEeH-
311, SIK IPaBHUJIO, IPUBOAUTH IO 3CYBY ONTHMAIBHOI
MIBUKOCTI OXOJIOMKEHHS Y 61K MEHIIIUX 3HAYCHb. Ll
OB’ SI32HO 31 3J]aTHICTIO KPiOMPOTEKTOPIB YTPYIHIO-
BaTH [IPOLIECH YTBOPEHHSI Ta POCTY KPUCTAJIIB, 1OCST-
HEHHS KJIITHHOIO MiHIMaJIbHOTO 00’ eMy. BakiuBoro
3HA4YeHHS NMPHU [IbOMY HaOyBalTh 3JaTHICTH Kpio-
MPOTEKTOpPA MPOHUKATH B KIITUHU Ta MIBUAKICTD
npoHukaHHsA. OTKe, IHIIMM CYTTEBUM KpioOionoriy-
HUM I[1apaMeTpoOM KIIITHHHOT MeMOpaHH € ii MpOHHK-
HICTbB JUISL KPiIOTIPOTEKTOPIB.

OnHi€ro 3 BaXXJIMBUX XapaKTEPUCTUK TPAHCIIOPT-
HUX MPOLECIB € iX 3alleKHICTh BijJ] TeMIEpaTypH.
Bruie TeMnepaTypu Ha KOHCTAHTH IIBUAKOCTEH, 1110
XapakTepHU3yIoTh XiMiuHI abo OioyoriyHi mporiecH,
4acTo aHAITI3YIOTh B TEPMIiHAX eMITipUYHOT eHeprii ak-
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following immersion into a liquid nitrogen are consi-
dered as the optimal freezing regimens for yeast cells
[11, 12, 14]. As reported [14], the survival of cells,
especially yeast, is also dependent on thawing rate.
Under rapid thawing (500°C/min) there were found
out the two survival maxima: under slow cooling rate
(from 1 to 10°C/min) and ultrarapid cooling one
(~10*°C/min) [9].

The existence of optimal cooling rate was explai-
ned within the frames of Mazur’s two-factor theory
[15]. The contribution of two competitive types of da-
mages, associated to cell dehydration from one side,
and intracellular crystallisation from another one,
changes under different cooling rates. With increasing
cell dehydration, there are reduced the value of proto-
plasm efficient overcooling and statistically signifi-
cance of crystal formation inside cell. Both excessive
dehydration and intracellular crystallisation result in
cell structure damaging [3]. Thus, for each cell type
there is the optimal (providing maximum preservation)
cooling rate, directly associated to the one, with which
intracellular water may release from cells, i. e. with
cell membrane permeability coefficient for water.
Since the water molecules’ permeability through mem-
branes of different cell types may be several order
different, the values of optimal cooling rate for cells
are significantly distinguished. Thus, for human
erythrocytes and murine oocytes the optimal cooling
rate is about 3,000 and 0.1°C/min, correspondingly.
Ultrahigh value of optimal cooling rate for human
erythrocytes from the point of view of two-factor
theory is explained by a very high permeability of their
membranes for water and a high surface-volume ratio
[3].

Addition of cryoprotectant to cell suspensions
generally results in a shift of optimal cooling rate
towards lower values. This is associated to the
capability of cryoprotectants to complicate the proces-
ses of crystal formation and growth, as well the
reaching the minimum volume by a cell. At the same
time of importance are the capability of cryoprotectant
to penetrate into cells and the penetration rate. Thus,
another essential cryobiological parameter of cell
membrane is its penetration for cryoprotectants.

One of the important characteristics of transport
processes is their dependence on temperature. Tempe-
rature effect on rate constants, characterising either
chemical or biological processes, are often analysed
in terms of empirical activation energy (£ ). Penetra-
tion of water and dissolved substances through the
artificial and natural membranes by the different,
structurally stipulated ways, is characterised by the
distinctive values of visible activation energy. The va-
lues of activation energy within 12-25 kJ/mol range,
corresponding to those of diffusive activation energy
in a volume solution, are generally consistent with the
substance penetration by a channel mechanism. During
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tuBauii (£,). [[poHMKaHHsA BOMM 1 PO3YMHEHHUX PEYO-
BHH Kpi3b IITYYHI Ta MPUPOIHI MeMOpaHH! pi3HUMHU
CTPYKTYpHO OOYMOBJICHMMH LUISIXaMHU XapaKTepH-
3YIOThCSl BIIMIHHUMH 3HAUYEHHSAMH BUAMMOI €HEpTii
akTuBauii. [[poHuKaHHIO PEUOBUH 32 KaHAJILHUM Me-
XaH13MOM BiANOBINAI0Th, K MPAaBUJI0, 3HAYEHHS €Hep-
rii akTuBamii B gianazoni 12—25 xJx/Mounb, sSKi y3ro-
JDKYIOTBCS 3 BETMUMHAMHM €Heprii akTuBauii 1udysii
B 00’eMHOMY po3umHi. [Ipy mpoHWKaHHI MOJEKYI
[UIIXOM PO3YMHEHHS Ta Au]y3ii B JTiMiTHOMY MaTpHK-
ci eHepris akTuBarii HaOyBae 3Ha4eHb 30-85 kIx/Momb
1 HaBiTh OUTbmKX [16, 18]. ToOTO BU3HAaYEHHS BeNH-
YMH €HepTii aKTUBaIlii MPOHUKHOCTI JJIs1 MOJIEKYJ Pi3-
HUX PEUOBHH € MOYKJIMBICTIO 3’ ICyBaT MeXaHi3MH 1x
MIPOHHUKAHHS KPi3b MJIa3MaTH4Hi MEMOpaHu KOHKPET-
HUX KIITHH. B TOH e 4ac, A7 onucaHHs MpoLECiB,
10 BiAOYyBaIOTHCS 3 KIIITHHOIO BIPOAOBK OXOJIOIKEH-
HSl, BKJIMBO BPaxOBYBaTH 3aJICXKHICTh PI3HUX Mapa-
METpiB, 30KpeMa MPOHUKHOCTI TUIA3MaTUYHAX MEM-
OpaH 11 MOJIEKYJ BOAM Ta KPiOIPOTEKTOPiB, Bi TeM-
neparypu.

Merta po6oTH — BU3Ha49eHH: KOe(illi€HTiB MPOHUK-
HOCTI KIIITHH APLKIKIB Saccharomyces cerevisiae nis
MOJIEKYJI BOJX 1 KPIOTIPOTEKTOPIB Ta BEIUYNH €HEPTii
aKTUBAIll IPOIECY iX MPOHUKAHHS.

Martepiaan i metoaun

Kitituau apixmkiB S. cerevisiae BUPOLTyBalid Ha
CKOILIEHOMY CyCJIO-arapoBoMy cepenoBuii npu 22°C
BIponoBxk 48 roguH. KynbTypa IpiXIKiB Ha IOMY
eTari 3HaxoIUTbcs y cTaunioHapHiil ¢asi pocty. Kii-
TUHHU 3MUBAJIH 3 arapoBoi MiAMokKHu (i3i0JI0TiYHIM
PO3YMHOM Ta BUKOPUCTOBYBAJIH B €KCIIEPUMEHTI.

Koedirmient ¢inprparnii Ta kKoedimieHTH TPOHUK-
HOCTI MeMOpaH APIXKIKIB I8 KPiOMPOTEKTOPiB
BHU3HAUQJIM BOJIBIOMOMETPHYHUM MeTOA0M. KiniTnHu
BMimryBanu y Oinapauii po3uuH (0,15 M NaCl, 1M
KpIOTIPOTEKTOP), 00’ €M SKOTO Ha TOPSII0K ITEPEBHIILY-
BaB MOYATKOBHUI 00’ €M KIITHHHOI cycnensii. Jlocmi-
JOKYBAIIU KIHETHKY 3MiHU PO3MIpiB KIIITHH y pO3UHHAX
TPHOX KPIOMPOTEKTOpiB (TIinepuH, 1,2-mpomanion
(1,2-I1]1), mamermncynbdoxeun (JAMCO)) npu Temiie-
parypax 25 Ta 10°C 3a 701mOMOTOK MiKpOCKOIIa
Axio Observer Z1 (Carl Zeiss, HimeuunHa) 3 BuKOpHC-
TaHHSM MacCIITHO-iMepCiitHOT0 00’ ekTHBa X63. 00’ eM
KJIITHH aliPOKCHUMYBAJIM 00’ €EMOM PO3TATHYTOTO eJIiIl-
coina obepranus. JIiHilHI pO3MipH KIITHH (TOBXKHUHY
BEJIMKOI Ta MaJjoi OCi emincoifa) y pi3HUX YaCOBHX
TOYKax BH3HAYaJIM 32 JIONMOMOTOI0 MporpamMu Axio
Vision Rel. 4.6 (Carl Zeiss, Himeuunna). Excriepumen-
TaJHHO BU3HAUEH] YACOBI 3aJIEKHOCTI 00’ €My KIIITUH
IpH 1X KOHTAKTI 3 TINEPTOHIYHUMH PO3YHMHAMU KPio-
MPOTEKTOPiB allPOKCHUMYBAJIM YUCEIbHUMH DillICH-
HSMU CUCTEMH HEJIIHIHHUX PIBHSHB, III0 OTUCYIOTH ITF0
3aJIeKHICTD Y HAONMKEHH] JIIHIHHOT TepMOIMHAMIKA
He0o0OpOTHHX TporeciB [3].
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molecule penetration via dissolution and diffusion in
a lipid matrix, the activation energy gets values of 30—
85 kJ/mol and even higher [16, 18]. So, the determi-
ning of activation energy values of permeability for
molecules of different substances is the possibility to
reveal the mechanisms of their penetration through
plasma membranes of specific cells. At the same time,
in order to describe the processes, occurring with a
cell during cooling, of importance is to take into ac-
count the dependency of different parameters on a tem-
perature, especially permeability of plasma membra-
nes for molecules of water and cryoprotectants.

The research was aimed to determine the permea-
bility coefficients for Saccharomyces cerevisiae yeast
cells for water and cryoprotectant molecules and the
activation energy values of their penetration process.

Materials and methods

The S. cerevisiae yeast cells were cultured on wort-
agar slope at 22°C for 48 hrs. Yeast culture at this
stage is in a stationary growth phase. Cells were
washed from an agar substrate with physiological
solution and used in the experiment.

Filtration coefficient and those of yeast membrane
permeability for cryoprotectants were volumomet-
rically determined. Cells were placed in a binary solu-
tion (0.15 M NaCl, 1M cryoprotectant), which volume
was higher order than initial one of cell suspension.
The kinetics of cell size change in three cryoprotective
solutions (glycerol, 1,2-propane diol (1,2-PD), dime-
thyl sulfoxide (DMSQ)) at 25 and 10°C using Axio
Observer Z1 (Carl Zeiss, Germany) oil-immersion
lens, x63, was under study. Cell volume was approxi-
mated by the prolate spheroidal volume. Linear dimen-
sion of cells (transversal line and minor axis lengths)
in different time points were determined using the Axio
Vision Rel. 4.6 (Carl Zeiss) software. The experimen-
tally defined time dependencies of cell volume during
contact with hypertonic cryoprotective solutions were
approximated by computational solutions of the
system of nonlinear equations, describing this depen-
dency in approximating linear thermodynamics of
irreversible processes [3].

Values of activation energy £, of water and cryo-
protective molecule transfer were determined by the
slope of plot In k vs. 1/T (Arrhenius plot), where & is
the constant of process rate (in our case K is
permeability coefficient or L is filtration coefficient).

Data were statistically processed using MS Excell
software and Student’s t-criterion.

Results and discussion

The coefficients L and K of yeast membranes for
cryoprotectants were obtained by optimal approxi-
mation of experimental points by theoretic curves, i.e.
equation system solutions [3] (Figure):
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Benuunnu eHeprii aKTHBaii (E) MPONECIB epe- dy 1 . l+o.n "
HOCY MOJIEKYJI BOAY Ta KPiONPOTEKTOPiB BU3HAYAIH 3 ——=-—0 AT + 1+—”” ATt
Haxuty rpadikis /n k Big 1/T (rpadik Apeniyca), ne k r T k=@
€ KOHCTaHTa MIBUAKOCTI ITpoLe cy (B HAILIOMY BUMAJKY

K — xoedilieHT TPOHUKHOCTI abo L — KoeilieHT df[;" _ o (1+ f[;”)f[;" dy N
insrpani). L dt (y—a) dt
CraructiuHy 00pOOKY pe3ylbTaTiB 3iHCHIOBAIN
3a IOTIOMOTO0 TIpoTrpaMHOTo 3abe3mneuenns MS Excel 1 (1+A")A" Ain "
3 BUKOPHCTAHHAM t-KpuTepito CThIOfCHTA. +—— AT + —— AT,
Ts (y_a) 1+n”1 k=1(k#w,s) E
Pe3yAbTatn Ta 0OroBopeHHs
KoedimienTn LiK MeMOpaH JAPIKIKIB IS Kpio- » o+ ﬁin Y1-a)
IPOTEKTOPIB OTPUMYBAJIH IIJIAXOM ONTHMAIbHOI =1 -
arnpoKcHMalIlii eKCIIepPUMEHTaTIbHUX TOYOK TEOPETHY- 1+ -a)’
HUMH KPUBUMH, TOOTO PILLICHHSIMH CUCTEMH PiBHSIHb ' '
[3] (pucyHOK): where 77" and 77, are osmotic pressures of penetra-

tive and non-penetrative through cell membrane

1+ oA 2 intracellular substances, correspondingly; 7T, and

— = ——ET AT, % 7T/, are the initial values; ¢ is time; 71" and 71, are
the osmotic pressures of penetrative and non-penetra-

tive through cell membrane extracellular substances,

I+ 77"7 k=1(FFw.s)

i o (1+Aa"NA" dy correspondingly; ¥is cell volume; 7 is initial value

dr (-a) E + of cell yolume; y= VIV, is arelative cell Volume; g is

reflection coefficient of cell membrane to a dissolved

1 (1+ M)A . i o substance, peneteating through it; o is a volume part

——— ATt ——— AT, % of non-penetrative through cell membrane substances
T, (y-a) 1+ 7 Ziw,s) inside a cell;

o (IFTIY(1-a S RT
A = ( ) ) o= %7 I _E ’
A+ -a)’ o U

in

ae 7T 1 JI,' — OCMOTHYHHMH THCK NPOHHKAIOYO]I 1 HE
MIPOHUKAIOY0] Kpi3h KIITHHHY MeMOpaHy BHYTpIi-

in

0

BigHocHuM o6’em knituHu VIV
Normalized cell volume V/V,
BigHocHui o6’em knitunm VIV,
Normalized cell volume V/V,

0,3

0,2 T T T T T 0,2 T T T T T
0 100 200 300 400 500 600 0 50 100 150 200 250 300
a Yac, x8 Time, min a ©6 Yac, x8 Time, min b

ExcriepuMenTasbHi (TOYKH) Ta TeOpeTu4Hi (JIiHIT) 3aJeKHOCTI BIIHOCHOTO 00’ €My KIITHUH OPDKIKIB Saccharomyces
cerevisiae Bill 4acy B TilIepTOHIYHMX PO3YHMHAX KPiOMPOTEKTOPiB Ipu Temieparypax 25 ta 10°C: O — rminepun; A —
1,2-IT; O — AMCO.

Experimental (points) and theoretical (lines) dependencies of a relative volume of S. cerevisiae yeast cells on time in
hypertonic solutions of cryoprotectants at 25 (a) and 10°C (b): O — glycerol; A — 1,2-PD; [0 — DMSO.

NMPOBJIEMbI 44 PROBLEMS
KPUOBMOJIOIUM OF CRYOBIOLOGY
T. 19, 2009, Ne1 Vol. 19, 2009, Ne1



in in

IIHBOKJIITHHHUX PEYOBUH BIANOBIAHO; 7T, 1 7T, —
MOYATKOBI 3HAYEHHS LUX BEJIHYWH; T — I{ac, i
"' — OCMOTHYHHUI THCK MPOHMKAKOUOT i HE TIPOHH-
Karouoi Kpi3b KIIITHHHY MEMOpaHy MO3aKJIiTHHHUX pe-
JOBHWH BIIMOBIIHO; V' — 00’ €M KIIITHHH; V,—moyarkoBe
3HaYeHHs 00’eMy KIiTUHH, y = V/V — BiaHOCHUH
00’ €M KIIITHHH; o,— KOE(IMIEHT BITOUTTS KIITHHHOT
MeMOpaHHu 10 MPOHUKAIOUO0I Kpi3b HEl PO3UYMHEHOT
peYOBUHHU; O — 00’€MHA YacTKa HE MPOHHUKAIOYHX
Kpi3b KIITHHHY MeMOpaHy PEYOBHH YyCEPEauHI Kili-

TUHU;
s RrrO
Tw = %LP E 5

0 Us

1

-
0

BEIIMYMHHU, [0 MAIOTh PO3MIPHICTS Yacy; S — miomnia
MOBEPXHi KIITHHHOT MeMOpaHu; L, - KoeQilieHT
¢inpTpanii kIiTHHHOT MeMOpaHu; R — yHiBepcabHa
ra3oBa KOHCTaHTa; 7 — abCooTHa TeMneparypa; U —
napuiaJbHUNR MOJSIPHUH 00’€M MPOHHUKAIOYOi KPi3bh
MeMOpaHu KJIITHH PO3YMHEHOI PeYOBMHHM; k — Koe-
(iLieHT MPOHUKHOCTI KIIITUHHOT MeMOpPaHH JJ0 IPOHH-
Karo4ol Kpi3b HEl pO3UNHEHO1 PEYOBHHH;

1. = L}‘US _
RT

NpUBEIEHUN OCMOTHYHHUN THCK k-i po3unHEHOI
peuounm; ATT i ATT, — TpancMeMOpaHHHi Hepenaz
MPUBEACHOTO OCMOTHYHOIO THCKY MPOHHKAKOUOi Ta
HE IPOHMKAI0UO01 KPi3b KIITHHHY MEMOpaHy pedOBHH
BIZTIOBIHO; IHAEKCH S 1 W IO3HAYAIOThH BEIMUMHH, SIK1
BiTHOCATHCS 10 PO3UYMHEHOI pEUOBHHU 1 PO3YMHHUKA.

Y noniepenHiit poOOTI [6] MU BU3HAYHIIA OCMOTHY-
HO HEAaKTUBHHH 00’€M O eKCIIepUMEHTAJbHI JaHi
3QJIE)KHOCTI ACUMIITOTHYHOTO (3a £ >> T, ) BIIHOCHOTO
00’eMy KIITHH IPIKIUKIB S. cerevisiae y_ Bil 00ep-
HEHOTO OCMOTHYHOTO THCKY PO34MHY XJIOPHIY HATPIFO
apOKCUMYBAJIH METOJOM HaiMEHIIMX KBaJpaTiB
PIBHSIHHSIM

LTd-a)
y°° ﬁ.out =a+ (1 B a)x >
k
ﬂ.in
e x = ko

~out "

k

OTtpuMmaHe 3Ha4eHHS BEJTMYMHH OCMOTHYHO HEaK-
TUBHOTO 00’ €My cTtaHoBmi0 O = 0,27. 3Ha4eHHS KOe-
¢inienra QinpTparii y cepeoBuIIax 3 pisHUMH Kpio-
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are the values with time dimension; S is surface area
of cell membrane; Lp is the cell membrane filtration
coefficient; R is universal gas constant; 7 is absolute
temperature; U is a partial molar volume of dissolved
substance, penetrating through cell membranes; £ is
the permeability coefficient of cell membrane to a
dissolved substance, penetrating through it;

7’-‘[ r[kUs

“RT
is the normalised osmotic pressure of the k-th dissolved
substance; AT and AT7T, are the transmembrane fall
of the normalised osmotic pressure of penetrative and
non-penetrative through cell membrane substance,
correspondingly; s and w indices designate the values,
related to a dissolved substance and a solvent.

In the previous research [6] we have determined
an osmotically inactive volume a: experimental data
of dependency of asymptotic (#>> T ) relative volume,
V., of S. cerevisiae yeast cells on a reverse osmotic
pressure of sodium chloride solution were approxima-
ted using the least square method by the equation:

L Am(-a)
y © ﬁ.}z{)ut

=a+(-a)x,

Ain
kO

~out
k

The obtained value of osmotically inactive volume
was a = 0.27. The filtration coefficient value in the
media with different cryoprotectants and the calculated
values of activation energy of water molecule pene-
tration through yeast cell membranes in these media
are presented in the Table 1, the permeability coef-
ficients for cryoprotectants and the activation energy
values are done in the Table 2

The determined values for filtration coefficients
are in a reasonable agreement with those reported [13].
As the result showed, the values of filtration coef-
ficient in the media with glycerol and DMSO were
practically consistent and statistically and significantly
lower, than in 1,2-PD containing medium. This result
was obtained by the both studied temperatures. The
energy of activation process of water molecule trans-
membrane transfer is also the same in two first cases
and twice lower in the medium with 1,2-PD. This
testifies to its possible effect on cell membranes,
resulting in increasing such important characteristic,
as filtration coefficient. The 1,2-PD effect on plasma
membrane state was noted for murine oocytes as well
[10].

The permeability coefficients for all the studied
cryoprotectants are not statistically and significantly

where x =
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Taonnus 1. KoedinienTn GpinpTpamii KIITHHAAX
MeMOpaH IpIKIKIB S. cerevisiae 1 eHEPTis aKTUBALIIT
MPOIIECY TIEPEHOCY BOAU KPi3b HUX, BU3HAUCHI
B CEpEAOBHUIIAX pi3HOTO ckiaxy (Mzm)

Table 1. Filtration coefficients of S. cerevisiae yeast cell
membranes and activation energy of water transfer
through them are determined in the media with different
compositions (M+m)

LPX10“, M3/H-C
L x10" m*/Ns E,
Ckrap cepepoBHUILIa KAPK/MOAB
Medium composition E.
10°C 25°C kJ/mol
Tainepun —Bopa— NaCl
Glycerol —water —NaCl 0,53=0,12 090,18 246
1,2-TTA,—Bopa — NaCl
12-PD — water — NaCl 0,79=0,1 1,03=+0,14 12,4
AMCO —Bopa —NaCl
DMSO — water — NaCl 0,54+0.08 0,92=+0,2 24,5

MIPOTEKTOPAaMH 1 PO3paxoBaHi BEIMUNHH €HEPTii aKTu-
Ballii MPOHMKAHHS MOJIEKYJ BOAH KPi3b MEMOpaHH KIli-
THH JPLKIDKIB B IIUX CEPEOBHINAX MOAaHi B Ta0. 1,
KOe(ilieHTH TPOHUKHOCTI U KPIOMPOTEKTOPIB Ta
BEJIMUMHU €HEeprii akTuBalii iX MPOHUKAHHA — Y
Tabm. 2.

BusnaueHi Benu4uHH KoedilieHTIB (inmbTpamii
3aI0BITHHO y3romKyroThes 3 [13]. Pesynmsraru moka-
3aiu, 10 3Ha4eHHs Koedimienta ¢inprparii, BU3Ha-
4yeHi B cepepoBumax 3 riinepuaoM ta JIMCO, mpak-
TUYHO 30iraroThCs 1 € BIpOTiIHO MEHIIMMH, HIX B
cepenoBui 3 1,2-T1/1. Takuii pe3ynbTaT OTpUMaHO 3a
000X JIochimKeHuX Temneparyp. EHepris akTuBarii
MpoLeCy TpaHCMEMOPaHHOTO TIEPEHOCY MOJIEKYIT BOJH
TaKOX 30iraeTbcs y ABOX MEPILUX BUNAKAX 1y 2 pa3u
MeHma B cepenoBumii 3 1,2-TI1J1. Ile cBiguuth mpo
MOJKJIMBY OTO HETaTHBHY JIif0 HA MEMOpaH! KIIITHH,
0 TPU3BOAUTH JO 30UIBIMICHHS TaKOi BaKJIMBOI
XapaKTepHUCTUKH, K KoedilieHT ¢inprpamii. Brus
1,2-11]] Ha cTaH TuIa3MaTHYHUX MeMOpaH OyB BimMi-
YeHUH TaKkoX 1 Aist oonuTiB mumi [10].

KoedimierTr mpOHUKHOCTI IS BCIX JTOCITiIPKEHUX
KpiOMIPOTEKTOPIB BIpOT1IHO HE BiAPI3HAIOTHCS. SKIIO
MOPiBHIOBaTH MPOHHUKHICTH MEMOpaH IPikIXKiB 3
MPOHHUKHICTIO MEMOpaH epUTPOLUTIB JIIOAUHH, TO Yy
OCTaHHIX MPOHMUKHICTb 15 DIIEPUHY 3HAYHO MEHIIIA,
Hix npoHukHicTh mius 1,2-I1J]] ta JMCO. Taka
PI3HHIIS AJISI EPUTPOLUTIB JTIOAUHU 0OYMOBIEHA
HEOJHAaKOBHMH PO3MipaMH MOJIEKYJI Ta CTYNEHEM iX
rizpodgobHocTi abo rimpodineHocTi. IlokazaHo, mo
IJTIepYH He TPOHUKAE KPi3b MEMOpaHH epUTPOIIUTIB
JIOMWHA TiApOoDITPHUMH KaHAIAMU, SKi € MUITXOM
MIPOHUKaHHS A1 MoJeKkyd Boau [4]. IIpore Bimomo,
10 TIIIEePUH — Cy0’€KT MeTaboJi3My APIKIHKOBUX
KIIITHH, MeMOpaHH SIKUX MAIOTh CTIeLialli30BaHi KaHa-
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different. If comparing the permeability of yeast mem-
branes with that for human erythrocyte membranes,
the latter has much lower permeability for glycerol,
than for 1,2-PD and DMSO. This difference for human
erythrocytes is stipulated by unequal sizes of
molecules and the extent of their hydrophobicity or
hydrophilicity. Glycerol was shown as non-penetrative
through human erythrocyte membranes via hydrofoil
channels, being the penetration ways for water
molecules [4]. However, glycerol is known as the
subject of yeast cell metabolism, which membranes
have special channel for glycerol and water transport
[8, 17, 19]. The molecule of 1,2-PD differs from
glycerol one by the presence of methyl group instead
of third hydroxyl group in glycerol molecule. There-
fore 1,2-PD molecule has a higher hydrophobicity,
affecting the distribution coefficient of this substance
between hydrophobic phase and water, which is
several time higher than the one for glycerol (0.076
and 0.005, correspondingly). At the same time the sizes
of 1,2-PD molecule are much lower compared to
glycerol ones [4]. Thus, 1,2-PD may penetrate through
the yeast cell membranes, via the same channels as
glycerol. However, the physical and chemical
properties of 1,2-PD molecules, being different from
those for glycerol, may affect the state of glycerol
channels and their penetration for other molecules,
especially water. The existence of this effect confirms
a significant reduction of the value of activation energy
of water molecule penetration in the medium with
1,2-PD. At the same time, the values of activation
energy for glycerol and 1,2-PD molecule penetration
are not statistically and significantly different, mean-
while for DMSO molecules this parameter is statis-
tically and significantly higher.

The hydrophobicity of DMSO molecules is much
higher compared to both glycerol and 1,2-PD ones.

Taoauns 2. KoedimieHTH MPOHUKHOCTI IS
KpIONPOTEKTOPIB 1 eHepris akTHBAIlil polecy
iX mepeHocy Kpi3b KIITHHHI MeMOpaHU
IPLKIKIB S. cerevisiae (M£m)
Table 2. Permeability coefficients for cryoprotectants
and activation energy of their transfer through
cell membranes of S. cerevisiae yeast (M+m)

Kx10%, m/c
Kx10%, m/s E,
PevoBuHa KAPK/MOAB
Substance X
10°C 25°C kJ/mol
Tainepun 0,420,1 0,740,12 26,23
Glycerol
1,2-TIA,
1.2-PD 0,4=+0,13 0,7%=0,2 25,75
AMCO
DMSO 0,39=+0,07 0,88+0,4 37,7
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JIY TpaHCTIOPTY rIinepuny i Bogu [8, 17, 19]. Momne-
kyna 1,2-I1/1 Biapi3HAE€TbCS Bl MOJIEKYIH TIIiLEPUHY
HasBHICTIO METHJIBHOI TPYTIH 3aMiCTh TPETHOI TiApo-
KCHJIBHOI TPYIIH B MOJIEKYITi ITiiepuHy. Tomy Momnexy-
na 1,2-I1]] 6inpm rinpodoOHa, M0 BIUITUBAE Ha
KOeIIIEHT PO3MOALTY IIi€] pEHOBHHH MiX T11poo6-
HOIO (a3010 1 BOAOIO, IKUH Ha TIOPAAOK MEPEBUIIYE
takwuii [yt toinepuny (0,076 u 0,005 BiamosigHO). B
TOI ke gac po3mipu Moiexynu 1,2-I1]1 € 3HauHO MeH-
ITUMH TIOPIBHSHO 3 MOJIEKy/IaMu riitiepuny [4]. OTxe,
1,2-I111 Mo>xe MpOHUKATU Kpi3b MeMOpaHU IOpixk-
JOKOBUX KJITWH TUMH X KaHAJIaMH, IO 1 TIIIEPUH.
IIpore dizuko-ximivni BractuBocti MoJeky 1,2-11/],
AK1 BIJIPI3HAIOTHCS BiJl TAKUX IS ITIIEPUHY, MOXYTh
BIUIMBAaTH Ha CTaH DIIILEPUHOBUX KaHATiB Ta iX
MPOHUKHICTD AJS IHIIUX MOJEKYN, 30KpeMa BOIH.
IcHyBaHHS TaKoTo BIUTUBY MiATBEPKY€E 3HAUHE 3MEH-
IIEHHS 3HAYeHHS €Heprii akTuBaIlli MpOHWKAaHHS
MoJIeKyJ Boau y cepenosuuii 3 1,2-11J1. B Toii sxe yac
3HAYCHHS €Heprii akTUBalii MPOHUKAHHS MOJEKYI
mrinepuny Ta 1,2-I1J] BiporiqHO HE BiAPI3ZHAIOTHCA,
tomi sk At mosekyn JIMCO et mapameTp BiporigHO
O1BIIN.

Binomo, mo rigpodobuicts moaekyn AMCO e
CYTTEBO BHILOIO MOPIBHAHO SK 3 MOJIEKYJIaMH TITile-
puny, tak i 1,2-I1/1. Koedirient po3noainy ajs qaHoi
pedoBuHU cTaHOBUTH 0,25 [7], 10 Ha/1a€ MOXKIIUBICTh
monexyinam JIMCO 3 Oi1p1I010 BipOTigHICTIO IPOHU-
KaTH Kpi3b Jimigauii 6imap. Lle HemuHyYe NpUBOAUTD
110 301IIbIIIEHHS] €Hepril akTHBallii MPOHUKAHHSA MOJIE-
KyJl Li€i peYOBHHHU Kpi3b MEMOpaHy, OCKiIbKH came
MPOHMKAHHS KPi3b JiMiAHUIH OiIap Mae CyTTeBO O1Tb-
Ty eHepriio akTuBaiii. He BUKITIOYEHO, 110 MOJIEKYIIH
JAMCO MOy Th IPOHUKATH KPi3b KIITUHHI MeMOpaHH
OPLXKIDKIB 000Ma NIISXaMH, SIK 1 y BUNAIKY €pUTPO-
uuTiB moguHy. 11[00 BU3HAYMTH BHECOK TOTO Y 1H-
IIOT0 MEXaHI3My NMPOHHUKAHHS, HEOOX1THO MPOBECTH
JIOJTaTKOBE JTOCIiHKCHHSI 3 BUKOPUCTAHHIM OJIOKaTO-
piB OIIKOBUX KaHAJIIB.

BucHosku

1. Busnadeni koedimieHTH QUIBTPALIiT AT KIIITHH-
HUX MeMOpaH IpiKIKiB Saccharomyces cerevisiae y
CEPEeNOBUILAX, 10 MICTATH KPIOIIPOTEKTOPHI PEUOBH-
uu. [Tokazano, mo y cepenonutii 3 1,2-I1J] 3HaueHHs
koedimieHTa QUIBTpAIiil € BipOriIHO OUTBIINM, a 3HA-
YEeHHS €HepTii akTUBawii IPOHUKAHHS MOJIEKYJ BOAH
y [1Ba pa3y MEHILIUM, HK y CepeJOBUIIAX 3 IIIiLEpH-
HoM Ta JIMCO. lle cBimunTh PO HETATUBHUI BILUTHB
1,2-11]] Ha MmemOpaHu IpiKIKIB.

2. BuzHadeHi koeilieHTH MPOHUKHOCTI MEMOpaH
JPDKIDKIB 711 MOJIEKYJI KPiOTIPOTEKTOPiB (TIIilepuHYy,
1,2-I11, AMCO) BiporinHo He Bipi3Hs0ThECs. EHep-
ris akTuBaLii nponukants mosnekya JIMCO e Biporia-
HO OUTBIIOFO, HiX JIJIs1 MOJIEKyJI Timinepuny ta 1,2-T1/1,
IO CBIAYUTH MPO MPUHAHMHI YaCTKOBE IMPOHUKAHHS
monekyn IMCO xpi3b ninigauii Gimrap.
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The distribution coefficient for this substance is 0.25
[7], that helps DMSO molecule to penetrate through
a lipid layer with higher probability. This inevitably
results in the augmentation of penetration activation
energy of this substance molecules through a mem-
brane, since namely the penetration through a lipid
bilayer has much higher activation energy. It is not
improbable, that DMSO molecules may penetrate
through yeast cell membranes by two ways as in case
with human erythrocytes. In order to determine the
contribution of any penetration mechanism it is neces-
sary to carry out an additional study using protein
channel blockers.

Conclusions

1. There were determined the filtration coefficients
for Saccharomyces cerevisiae yeast cell membranes
in the media with cryoprotective substances. In me-
dium with 1,2-PD the value of filtration coefficient
was shown to be statistically and significantly higher,
and that for energy activation of water molecule
penetration twice lower, than in the media with
glycerol and DMSO. This testifies to the 1,2-PD nega-
tive effect on yeast membranes.

2. The determined coefficients of yeast membrane
permeability for cryoprotectant molecules (glycerol,
1,2-PD, DMSO) are not statistically and significantly
different. The activation energy of penetration of
DMSO molecules is statistically and significantly
higher, than for glycerol and 1,2-PD ones, testifying
to at least a partial penetration of DMSO molecules
through a lipid bilayer.
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