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Temperature Dependence of SPEV Cell Membranes
Permeability for Molecules of Cryoprotectants

MeTozoM BOITIOMOMETPHH OIpeiesieHbl KOdQPUIIHEHTHI TpoHnuaeMocti MeMOpan kietok CIIDB is MosieKy 1 3THIICHITIMKOIS
(3T), 1,2-6yranuona (1,2-b/1), muuepuna, aumermicyiabdokenna (IMCO) u numerundopmamuna (JJMDPA) npu Temneparypax 35,
20 u 5°C. 3HaueHus1 YHEPruM aKTHBalMU mpouecca nepeHoca Monekyn T, 1,2-BJ] u IMCO uepe3 ria3zmMaTuieckyro MeMOpany B
nuana3one temmneparyp 35...5°C Onu3ku U npuMepHO B 3 pasa BbIIIC, YeM DHEPrus aKTHBAIMK TpaHcrnopra ruiepuHa. [Ipu 5°C
k03¢ GHUIMEHTH TpoHHUIIaeMocTH muiiepuna u 1,2-BJ1 npaktruecku oqurakosbl, JIMCO u I npumepHo B 3 pasa Oounbiire, a IMDA
Bl Ha yeThIpe nopsiaka. [Ipu 35°C nponnnaemocts IM®DA cpaBHHMA ¢ IPOHUIIAEMOCTBIO BOIbI, @ KOAP(UIIMEHT TPOHUIIAEMOCTH
DIIMIepUHA Ha OPSII0K MeHblIe, 4yeM Kodd¢uunents! nponutaemoctu O, 1,2-5] u JIMCO.

Knrouessie cnosa: xo3hPUIMEHT MTPOHUIIAEMOCTH, SHEPTHsl akTHBaIMH, KiaeTku CIIDB, BomoMomeTpus.

MerozmoMm BomoMoMeTpii Bu3HaueHi koediienT nponuksocti memopan kiitud CITEB mis monekyn erunenriikomo (ET), 1,2-
oyrauniony (1,2-BJI), rnitepuny, numeruicyibdoxenay (IMCO) ta qumernindopmaminy (JIMDPA) npu Temneparypax 35, 20 Ta
5°C. 3nauenHs eHeprii aktusauii npouecy nepexocy mosiexyn EIL 1,2-BJ1 Ta IMCO kpi3b ma3mMatiuHy MeMOpaHy B Jiarna3oHi
temmeparyp 35...5°C 6nu3bKi Ta NpUOIN3HO Y TPU pa3u BHIIE, HIXK eHepris akTusauii Tpancnopty riinepuny. [pu 5°C koediuieHTn
HNPOHUKHOCTI mrinepuHy Ta 1,2-BJ] npaktuuno He BinpizustoThes, JJMCO Ta EI' npubnusso y Tpu pasu Oinpuui, a JIM®DA Bui Ha
vyotupu nopsiaku. [Ipu 35°C nporuknicts IM®A moxe OyTH MopiBHSHA 3 HPOHUKHICTIO BOJIH, a KOS(ili€HT TPOHUKHOCTI TIIILEPHHY
Ha TIOPSILIOK MCHIIHA, Hixk Koedinientu nporukHocTi ET, 1,2-BJ] ra IMCO.

Kniouogi cnosa: xoeditieHT npoHUKHOCTI, eHepris akTuBauii, kiituau CITEB, BoxroMomerpis.

Using the method of volumometry the permeability coefficients of SPEV cell membranes for molecules of ethylene glycol (EG),
1,2-butane diol (1,2-BD), glycerol, dimethyl sulfoxide (DMSO) and dimethyl formamide (DMFA) at 35, 20 and 5°C have been
determined. The activation energy values of transport for molecules of EG, 1,2-BD and DMSO through the plasma membrane in
temperature range of 35...5°C are close and approximately three times as higher than the activation energy of glycerol transport. The
permeability coefficients at 5°C for glycerol and 1,2-BD are almost the same, for DMSO and EG are approximately three times as
higher, and the permeability coefficient for DMFA is four orders higher. The permeability for DMFA molecules at 35°C is comparable
with permeability of molecules of water, and the permeability coefficients for glycerol are one order lower, than the ones for EG, 1,2-

BD and DMSO.

Key words: permeability coefficients, activation energy, SPEV cells, volumometry.

[IpoHnmaemMocTs MIa3MaTHYECKUX MeMOpaH A
MOJIEKYN BOJBI M KPHOIIPOTEKTOPOB SIBIIETCS BaXK-
HeHIIeH KpHoOHOIOTHIeCKON XapaKTEPUCTUKOM, OITpe-
JEIISIONIEH B poIiecce KPHOKOHCEPBUPOBAHUS OCMO-
TUYECKOE MOBEACHHUE KJIETOK, OT KOTOPOTO 3aBHCHUT
WX BBDKHMBAEMOCTH IOCJTIE OTOTpEBa W MEepeHoca B
M30TOHHYECKYIO cpeny [2]. I3BecTHO, TpaHCTIOPT Be-
LIECTB B KJIETKY 3aBUCHUT KaK OT UX CTPYKTYPHOH Op-
raHU3alU1 U TEOMETPUIECKUX NTapaMETPOB MOJIEKYII
[3, 8], Tak ¥ OT CTPYKTYpPHO# OpraHu3anuu OnoMemo-
pan [4, 12], oOycnoBiIeHHOH BUIOBOH U TKaHEBOM
cnenn(pUIHOCTHIO KIIeTOK. B padore [13] onpeneneHs
K03 (QHUIMEHTHI MPOHUIIAEMOCTH MEMOpPaH KIIETOK
WHTEPCTUINS TECTUCOB IS Psia KPUOIIPOTEKTOPOB
B 30He Temneparyp 35...5°C. Llens uccnenoBanus —
OTIpeNIeNUTh K03(DOUIIMEHTHI TPOHUIIAEMOCTH MEMO-
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Permeability of plasma membranes for water mo-
lecules and cryoprotectants is the most important cryo-
biological feature determining the cell osmotic behavior
during cryopreservation, which affect cell viability after
thawing and transfer into isotonic medium [2]. The
transport of substances into a cell is known to depend
on their molecular structure and geometrical parame-
ters [3, 8], as well as on the biological membrane struc-
ture [4, 12], determined by cell origin (species, tissues,
etc.). Recently we determined the permeability coef-
ficients of testes intersticium cell membranes for some
cryoprotectants within the temperature range 35...5°C
[13]. The aim of this research is to determine permea-
bility coefficients of cell membranes of SPEV finite
cell culture under the same experimental conditions
(35...5°C).
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paH KJIETOK MEPEBUBAEMON KIETOYHON KYJBTYpBI
CIIOB B Tex e 3KCIEepUMEHTAIBbHBIX YCIOBHUAX
(35...5°C).

Matepnaabl 1 meToAbI

OOBEKTOM HCCIIeOBaHUS CITY KU KISTKH Tepe-
BUBaeMOH KiieTouHOU KyiasTypsl CIIOB (3mM06puo-
HaJbHas MOoYKa CBUHBH). [lepeBuBaemast KieTodHas
muausa CIIOB Owina Beipamena npu 37°C B KynbTy-
paybHBIX MaTpacax B cpeae 199 ¢ nobasnenuem 10%
SMOPHOHANILHOW Tejsubel chiBOpoTKH U 100 ex/mi
kaHamunuHa [5]. B padote ucnonszoBanu 1M pacr-
BopbI 1,2-0yranmuona (1,2-bJ1), muneprHa, 3THIeHITH-
konst (OI), mumermncynbdpokcuna (AMCO) u qume-
tunpopmamuna (JIM®DA), npurorosnennsie Ha 0,15 M
NaCl u3 o9uIIeHHBIX KPHOTIPOTEKTOPOB.

Bce ykazanHble BelecTBa MpUMEHSIOTCS B IIpaK-
THKE KPHOKOHCEPBUPOBaHUsL. [ THLIEpUH, NCTIBITAHHBIH
B Pa3WYHBIX CXeMaxX KPHO3ALIUTHI, MPAKTHIECKU
WCIIOIB3Y€eTCS B HU3KOTEMIIEpaTyPHBIX OaHKaX KPOBU
[7], OT' BXOmUT B COCTaB KPMO3ALIUTHHIX cpel IMO-
PUOHOB U sifiliekiieToK Miekonurtaromux [ 10], AMCO
LIMPOKO MMPUMEHSETCS IPH KOHCEPBUPOBAHUHN CTBOJIO-
BBIX M CTEPOUIIPOAYIUPYIOMINX KIETOK, KIIE€TOUHBIX
KyJbTyp 1 9MOpHoHOB [1, 9, 14, 15]. JIM®A nposiBisier
BBICOKYIO 3 (EeKTHBHOCTb MPH KPHOKOHCEPBUPOBAHUH
crepMsl ITuIL [6].

MUuKpOCKOITNMYECKIE UCCIIE0BAHIS IIPOBOIMIN Ha
Mukpockorne Axio Obzerver Z1 (Carl Zeiss, I'epmanns)
C TEPMOCTATHPYEMBIM CTOJHMKOM IPH TeMIIeparypax
35,20u 5°C.

OcMmotudeckue peaknnu kietok CII9B uzygann,
(hororpadupys ux ¢ perucTpanueii BpeMeHH KOHTaKTa
C HWCCIeNyeMbIMU pacTBopamu. s ompeneneHus
F€OMETPHUYECKUX ITapaMeTPOB KIETOK UCTIOIb30BAIH
naHHble MopdoMeTpuu. [loryueHHbIe TaHHBIE MTPe-
CTaBJISIIM B BUJIE 3aBHCUMOCTEH OTHOCUTEIBHBIX
06wemoB (V/V, V) — HayanbHbIi 00BEM) OTAETBHBIX
KJIETOK OT BPEMEHH SKCIIO3UIINH B UCCIIETyEMBbIX PacT-
BOpax.

KoaddurrenTs! npoHUIIaEMOCTH M1a3MaTHYE CKUX
MeMOpaH knetok CIIDB mnst Monexkyn KpuompoTek-
TOpOB (K|) ONpenensim, CONOCTaBIsAs SKCIEPUMEH-
TaJbHBIE 3aBHCHMOCTH OTHOCHTEIBHBIX 00HEMOB KJle-
TOK OT BpeMeHH )/(f) C peLIeHUsIMHI YpaBHEHHU Teope-
THYECKON MOJIEIH JUISl 3aJaHHBIX SKCIIEPUMEHTATbHBIX
ycnosuit [2]. Duepruro aktuBaumu (E,) nponecca
IepeHoca BelmecTB uyepe3 MmemOpansl kietok CIIOB
paccuuThiBanM M3 3aBucumoctei [nK (1/T), Haknon
KOTOPBIX COIVIACHO ypaBHEHHIO Appenuyca paseH E /R,
rae R — yHuBepcallbHas ra30Basi MOCTOSHHAS.

CrarucTudeckyo o0paboTKy pe3yabTaToB dKCIIe-
PUMEHTOB IpoBoAWIN IO MeTony CthroneHTa-Puiepa.

Pe3yAbTatel M 00Cy)xaeHue
Ha pucyHnke npuBeneHbl XapaKTepHbIE SKCIIEPH-
MEHTaJbHbIE 3aBUCHMOCTH 00beMoB kiieTok CIIOB
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Materials and methods

The research objects were the cells of finite SPEV
cell culture (porcine embryonic kidney cells). Finite
SPEYV cell line was grown at 37°C in cultural flasks in
medium 199 supplemented with 10% fetal calf serum
and 100 units/ml of kanamycine [5]. The solutions of
0.15 M NacCl supplemented with 1 M of purified
cryoprotectants 1,2-butane diol (1,2-BD), ethylene
glycol (EG), dimethyl sulfoxide (DMSO) and dimethyl
formamide (DMFA) were used in the study.

All mentioned substances are applied in cryopreser-
vation practice. Glycerol was thorougly tested in
various protocols of cryoprotection and now is used in
practice of low-temperature blood banks [7], EG is
applied as a part of cryoprotective media for mammal
embryos and oocytes [10], DMSO is widely used du-
ring cryopreservation of stem cells, steroid-producing
cells, cell cultures and embryos [1, 9, 14, 15]. DMFA
is reported to be highly efficient during cryopreserva-
tion of avian sperm [6].

Microscopic investigations were performed using
microscope Axio Obzerver Z1 (Carl Zeiss, Germany)
with thermostated table at 35, 20 and 5°C.

Osmotic reactions of SPEV cells were studied
using the image recording and controlling the time of
contact of cells with the investigated solutions. For
determination of cell geometrical parameters the mor-
phometrical data were used. The findings were presen-
ted as the dependencies of normalized volumes (V/V,
V, is an initial volume) of single cells vs. time of expo-
sure in the investigated solutions.

Permeability coefficients of SPEV cell plasma
membranes for cryoprotectant molecules (K|) were
determined fitting the experimental dependencies of
cell normalized volumes vs. time y(¢) and the curve
resulted from data of solved theoretical model equations
in given experimental conditions [2]. Activation energy
(E,) of the transfer of substances through SPEV cell
membranes were calculated using /nK (1/T) depen-
dencies, which slope according to Arrhenius equation
is equal to £ /R, where R is universal gas constant.

Statistical processing of experiment results was
made by Student-Fisher method..

Results and discussion

The Figure represents the characteristic experimen-
tal dependencies of SPEV cell volumes vs. time of con-
tact with 1 M solutions of EG, 1,2-BD, DMSO, DMFA
and glycerol at 35, 20, and 5°C as well as theoretical
curves extrapolating the osmotic behavior of cells.

Experimental dependencies of normalized cell
volume vs. time of exposure in the solutions of investi-
gated cryoprotectants are well approximated by the
curves resulted from utilized theoretical model [2] after
performing the proper selection of permeability coef-
ficients of cell membranes for water and cryoprotectant
molecules.
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DKcnepruMeHTaIbHbIE 3aBUCUMOCTH OTHOCUTEIBHBIX 00be-
MoB kieTok CIIOB ot Bpemenu koHTakTa ¢ 1M pacTBopom
T (a), 1,2-BJ (6), AMCO (B) munepuna (1), IM®DA (1) u
TEOpPETUYECKHUE KPUBBIC (JIMHUH), SKCTPATIOIUPYIOIINE
OCMOTHYECKOE MMOBE/ICHHE KIICTOK MPH TeMIiepaTrypax 35
(@);20 (A)u5°C (O).

Experimental dependencies of SPEV cell normalized volumes
vs. time of contact with 1 M EG (a), 1,2-BD (b), DMSO (c),
glycerol (d), DMFA (e) solutions and theoretical curves
(solid lines), extrapolating osmotic behavior of cells at tem-
peratures 35 (00); 20 ( A) and 5°C (O).
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0T BpeMeHu KoHTakTa ¢ 1 M pactsopamu O, 1,2-B/1,
JIMCO, IM®A u muneprHa npu TeMneparypax 35,
20 u 5°C, a Takke IKCTPANOIUPYIONUE OCMOTH-
YeCKOe MOBEJCHNE KIETOK TEOPETUIECKUE KPUBEIE.

OKCIepUMEHTAIBHBIE 3aBUCUMOCTH OTHOCHUTEIb-
HOTO 00beMa KJIETOK OT BPEMEHH SKCIIO3UIINH B pacT-
BOpPax HMCCIENYEeMBIX KPHOIPOTEKTOPOB XOPOIIO arl-
MIPOKCHUMHPYIOTCS PEMICHUSIMHU UCTIOIB3yEeMONH HaMHU
TEOPETHUUECKONU MOAENHU [2] IpU COOTBETCTBYIOIIEM
nozndope ko3 GULINEHTOB MPOHUIIAEMOCTH KIIETOYHBIX
MeMOpaH JUIsI MOJIEKYJ BOJBI U KPHOIIPOTEKTOPA.

Kax BuHO U3 prCcyHKa, TIOCIIE TOMETEHHS KIIETOK
B 1M pacTBOpHI HCClIEAyEMBIX BEILECTB 00BEM Kile-
TOK YMEHbIIaeTcs 3a c4ET ux obe3BoxxkuBanus. [locie
3TOTO PETHCTPUPYETCsI YBEIMUeHNE 00bEMa KIIETOK —
peruaparanysi, KOTopas IPUBOAUT K TOTHOMY BOCCTa-
HOBJICHUIO MCXOOHBIX 3HaYeHUH 0O0BEMOB, MpUUEM
3TOT MPOLECC NPOTEKAeT TeM OBICTpee, YEM BBILIE
TeMmIepaTrypa uccieayemoro pactsopa. CKopocThb
BOCCTaHOBJIEHUS 00beMa KIETOK JIUMHTHPYETCS CKO-
POCTBIO TOCTYIUIEHH KPUOIIPOTEKTOPA B KIETKY.

B pesynbraTe npoBeAEHHBIX UCCIEA0BaHUN Onpe-
JeJeHbl KOOPPUIUEHTHI TPOHUIIAEMOCTH TUIa3Ma-
THaeckuXx MemOpaH kietok CIIOB mis xpuorpo-
TEKTOpOB npu Temmeparypax 35, 20 u 5°C. Pesyinsb-
TaThbl SKCIIEPUMEHTOB, PACCUUTAHHAS SHEPTHs AKTHBA-
LM [IEPEHOCA MOJIEKYJI KPHOIIPOTEKTOPOB Yepe3 MeMO-
pany xietok CIIDB, a Taxke COOTBETCTBYIOIMINE KOA(]-
(ULMEHTHI pacpeieIeHUs HCCIIEAYEMbIX BEIIECTB B
CUCTEME “BOJIa-OKTAaHOJI” TIPUBEJCHBI B TAOIHIIE.

W3 npencraBieHHBIX B TAOMUIE TaHHBIX CIIEAYET,
4T0 1pu Temreparype 5°C 0cMOTHYECKOe TTIOBE/ICHUE
kinetok CII9B B pactBopax 1,2-BJl m munepuna
ommyaercs HezHauuTenbHo. O u JIMCO nponukaroT
B kietku CIIOB GricTpee, ko3 punreHTs! nX IpoHH-
[aeMoCTH mpuMepHO B 3 pa3a Beimie. [IpoHnkaromas
criocoOHOCTh Mosiekyn JIM®A oxazanmack 4pe3BbI-
4alHO BBICOKOH, KO3(G(HUIMEHT MPOHULAEMOCTH
IJ1a3MaTHYECKIX MEMOpaH JJisi 3TOTO KPHUOIPOTEK-
topa npu 5°C Ha YeThIpe Mopsiika npeBbima kodddu-
uuent nponunaemoctu st JJMCO. B 1M pactBope
JAM®A npu remneparype 5°C 00e3B0KEHHBIE KIIETKH
BOCCTAHABIJIMBAIOT UCXOAHBIN 00beM Ha 95% Mmenee
yem 3a 1 mun. [Ipu remneparypax 20 u 35°C 3nauu-
MBIX U3MEHEHHH 00beMa KIETOK He 3a(UKCHPOBAHO,
YTO MOXKET CBHIETEIBCTBOBATH O TOM, YTO IPH 3TUX
TeMIlepaTypax MpOHUIaeMOCTh MeMOpaH KIETOK
CII3B nns monexkyn JM®A cpaBHUMa C MPOHU-
LAEMOCTBIO MOJIEKYJ BOJBI.

[Tpu 5°C xprompoTEKTOPHI IO NPOHUKAIOLIEH CIO-
coOHocTH yepe3 MmemOpans! kiteTok CIIOB obpazyior
pan: AM®A >> 3I' > IIMCO > munepun <= 1,2-B/1.
[Tpu 35°C ko3 punuent nponunaemoctu mist 1,2-bJ1
Ha MOPSIOK BBIILIE, YeM ISl MHLepuHa. HanmeHbImmm
3HaYE€HHUEM DHEPTrUU aKTUBAIMM (€CIH HCKIIOYUTH
JAM®A, 3HaueHNE SHEPTUH aKTUBAIINY IEPEHOCA MO-
JIEKyJ KOTOpOE€ HaM OIpeAeiuTh He yAaloch) Xa-
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As Figure shows, after placing the cells in 1 M so-
lutions of investigated substances a cell volume decrea-
ses due to cell dehydration. Then an increase of cell
volume is recorded and it leads to a complete res-
toration of initial volume values, moreover, the higher
is temperature of investigated solution the more rapid
is this process. The rate of cell volume restoration is
limited by the rate of entering of the cryoprotectant
molecules into the cell.

As aresult of carried-out investigations the perme-
ability coefficients of SPEV cell plasma membranes
for cryoprotectants at 35, 20 and 5°C are determined.
The results of experiments, calculated activation energy
of cryoprotectant molecules’ transfer through SPEV
cell membrane as well as corresponding distribution
coefficients of investigated substances in “water-
octanol” system are presented in the Table.

It proceeds from the data of the presented Table
that at 5°C the osmotic behavior of SPEV cells in 1,2-
BD solutions and glycerol differs insignificantly. EG
and DMSO penetrate into SPEV cells more quickly,
their permeability coefficients are approximately 3
times higher. Permeability of DMFA molecules occured
to be extremely high, and permeability coefficient of
plasma membranes for this cryoprotectant at 5°C is 4
orders higher than the permeability coefficient for
DMSO. In 1 M solution of DMFA at 5°C the dehydra-
ted cells restore the 95% initial volume less than in
1 min. At 20 and 35°C no significant changes of cell
volume were recorded, testifying to the fact that at
these temperatures the permeability of SPEV cell
membranes for DMFA molecules is comparable with
permeability for water molecules.

At 5°C the cryoprotectants form the following
series in accordance with their parameters of permea-
bility through SPEV cell membranes: DMFA >>EG >
DMSO > glycerol = 1.2-BD. At 35°C permeability
coefficient for 1.2-BD is higher than for glycerol. The
lowest value of activation energy (without considering
DMFA, which activation energy of molecule transfer
we did not succeded to determine) has glycerol, and
activation energy values for transfering the molecules
of EG, 1,2-BD and DMSO are almost equal to each
other. The low value of glycerol molecule transfer
activation energy allows the suggestion that the
decrease of temperature insignificantly influences the
conductivity of glycerol transport “channel”. Stated
differently, the penetration of other cryoprotectants is
occured through a lipid bilayer, aggregate state of
which significantly depends on temperature, or through
the channels changing their conductivity due to
temperature variations, whereas the channels of SPEV
cell through which the glycerol penetrates are cha-
racterized by low conductivity for glycerol, but their
structure is not changed significantly within the studied
temperature range. Nowadays the presence of this
type of channels is shown for the variety of cells [11].
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pakTepusyeTrcs IIULEPUH,
SHa4YCHHA OHCPIrUr aKTUBAILIUN
nepeHoca mojexyn O, 1,2-BJ1

Koadduuuents! npornnaemocti memopan kierok CII9B juis kpronpoTekTopos
1 HEPTrHs aKTUBALMH ITPOIiecca epeHoca B MHTepBajie Temneparyp 35...5°C

Permeability coefficients of SPEV cell membranes for cryoprotectants and
activation energy of transfer within temperature interval of 35...5°C

n IMCO Onusku. Huskas

JHEPIrusg akKTHUBAllUU TpPaHC- KoodduipenT npoHuIiaeMoCTH, Dueprus )

p p X107, m/c aKTEBALMH, K():)(b(bI/IL{I/IeHT*
IIopTa MOJICKYJI INIULNCPHHA Kpunonporekrop Permeability coefficient, x107, m/s KAK/MOAB pacipeaeaeHns

Cryoprotectant Activati Distribution

TO3BOJISICT NPEATIOJIOKHNUTD, UTO e mol T coefficient*
TIOHW)KEHUE TEMIIEPATYPHI Clla- >C we 3C
60 BHH’[ST Ha IIPOBOAMMOCTD rélf;‘feﬁgl‘* 0,07 =001 | 011 =001 | 0,19 0,05 2331 0,005
“kanana’” ero nepeHoca. HbI-
MU CJIOBaMH, €CJIM TIPOHUKHO- gé 024 =009 | 033=011 | 4,03 =120 67,14 0,04
BEHHUE JIPYTUX KPUONPOTEK-
TOPOB OCYLIECTBIIICTCS YEPE3 ADI\I\/quFDQ 196,5 = 21,9 _ _ _ 0,233
JIMIUIHBIN OUCIIOMN, arperaTHoe
COCTOSIHHE KOTOPOTO CYLIECT- e 0,19+ 0,08 | 0,50 =016 | 3,40 = 1,30 68,44 0,243
BEHHO 3aBUCHUT OT TeMIIEpa-
TYPBI, WIN KaHAJbI, K3MCHSIO- }v%:gé 007 =001 | 034=003 | 1,17 =035 66,99 0,308

II1E CBOIO IPOBOAUMOCTD NTPH
W3MEHEHHHU TEeMIepaTypbl, TO
kaHanbl Kietok CIIOB, uepes
KOTOpbI€ MPEUMYIIECTBEHHO
MIPOHUKAET TIHUIEPHUH, OTIH-
YalTCsl HU3KOH TPOBOJUMOCTBIO JUIs NIULEPHUHA, HO
CYIIECTBEHHO HE M3MEHSIOT CBOEW CTPYKTYPHI PH
M3Y4YeHHBIX TeMIiepaTypax. B Hacrosmee Bpems Ha-
JUYHE TaKOro THIA KaHAJIOB MOKAa3aHO IS LEJOTro
psina kiaetok [ 11]. Dtu kaHa bl GOPMUPYIOT OEIKOBEIE
CTPYKTYpHI — akBaniuuepomnopuusl. OOpaiaer Ha
ce0s BHUMaHHE OTCYTCTBHE KOPPEIISILINK B BHIOPaHHOM
Py KpUOIPOTEKTOPOB MEXIy Kod(h(ULHeHTaMH
MIPOHULIAEMOCTH ISl KX MeMOpaH U K03 hurreHTamu
pacnpeneseHus KpHOIIpOTEKTOPOB B CUCTEME “OKTa-
HOJI-BOZAA”. B WacTHOCTH, KOppeIsLHI0 HapyllaeT
JAM®A, uto nmo3BOJISET MPEATIOIOKUTE OCOOBIH My Th
€ro MPOXOXKIEHHUS dYepe3 KIeTouHyto mMeMmOpany. B
OTHOIIIEHUH BO3MOXXHOCTH POHUKHOBeHUs DI uepe3
MeMOpaHHbIE TTOPbI TPEATIONIOKEHH YXKe BHICKa3bIBa-
nuch [3], ocTaercs TONBKO HEACHBIM, TIOYEMY TIPOBO-
JUMOCTb 3THX TIOp C TIOHIKEHUEM TEeMITEpaTyphl CHH-
KaeTcsl.

Takum 06pa3om, B pe3yssTare MpOBEICHHBIX dKCIIe-
PUMEHTOB HaM yAaJIOCh HE TOJNBKO OLICHUTh 3HAYCHHUS
MIPOHHULIAEMOCTH UCCIIEyEMBIX BEILIECTB Yepe3 MeMO-
panbl kierok CII9B, HO u caenath npeanonaoKeHue
0 Iy TSIX X IPOHUKHOBEHHSI.

JaHHBIE Pa0OTHI [6].

BbiBOABI

1. IIponunaemocts MeMOpaH kierok CIIOB mist
MOJIEKYJI HCCIIEJIOBAHHOTO PsAJia KPUOTPOTEKTOPOB
CHIDKaeTcsi B nuana3one Temmeparyp 35-5°C. [pu
9TOM 3HAYCHUS DHEPTUU aKTHBALIMU Tpoliecca nepe-
HOca uepe3 MeMOpany monekyn OI, 1,2-b/] u IMCO
MpPUMEPHO B 3 pasa BbIlIE, YeM 3HAYCHHE DHEPTHH
aKTHBALMY TPAHCIIOPTA [IMLIEPUHA.

2. Ilpu 5°C k03¢ puLueHTH TPOHUIIAEMOCTH TJIU-
uepuHa u 1,2-b/] npakTiuecku oqMHAKOBEL, k03hdu-
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IIpumeuanue: * — kordpduLKEHT pacnpeeseHns B CHCTEME “OKTaHONI-BOJa”, HCIOJIb30BaHbI

Note: * — coefficient of distribution in “water-octanol” system, data of the report [6] are used.

These channels are formed by protein structures, the
aquaglyceroporines. Of attention is the fact about the
absence of correlation in the chosen range of cryopro-
tectants between permeability coefficients of their
membranes and distribution coefficients for cryoprotec-
tants in “octanol-water” system. In particular, DMFA
breacks this correlation that allows the suggesting of
specific way of'its penetration through cell membrane.
There is a notion concerning the possible penetration
of EG through membrane pores [3], but it remains
unclear, why the the conductivity of these pores de-
creases together with the temperature reduction.

Thus, as a result of carried-out experiments we
managed both to evaluate the permeability through
SPEV cell membranes for investigated substances and
hypothese the ways of their penetration.

Conclusions

1. Permeability of SPEV cell membranes for mole-
cules of investigated cryoprotectant range decreases
within 35-5°C temperature range. Moreover, the
values of activation energy of transfer through SPEV
cell membrane for molecules of EG, 1,2-BD and
DMSO are approximately 3 times higher than the value
of activation energy for transport of glycerol.

2. The permeability coefficients of glycerol and 1,2-
BD are almost equal at 5°C, and the permeability coef-
ficients of DMSO and EG are approximately 3 times
higher and permeability coefficient of DMFA 4 orders
higher.

3. The DMFA permeability at 35°C is almost the
same as for water, and permeability coefficient of
glycerol is lower than the permeability coefficients of
EG, 1,2-BD and DMSO.
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nuenTsl nporuraemoct JIMCO u 31" mpumepHO B 3
pasa Oosbliie, a ko3 durmeHt nporuiaeMoctu JJMDA
BBILIE HA YETHIPE MOPSAIKA.

3. IIpu 35°C nponunaemocts JJM®PA cpaBHIMA C
MIPOHUIIAEMOCTBIO BOABI, a KO3 PUIMEHT IpoHUIIac-
MOCTH TIIMIEPHUHA HA IOPSAIO0K MEHBIIE, 4eM K03 du-
uuentsl nponunaemoctu I1, 1,2-bJ1 u [IMCO.
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