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PEO-1500 Inhibits Human Erythrocyte Ca**-ATPase

Ca**-ATPas3a 5puTpPOLIMTOB YeIOBEKa 00CCIICUNBACT MOAACPKAHUE U PETY/ISLHIO YPOBHS BHYTPHKJICTOYHOTO KabLus. FI3MeHeHne
ee (yHKIMOHAIIFHOI aKTUBHOCTH IIPU KPHOKOHCEPBUPOBAHUN UTPAET Ba)KHYIO POJIb B BEDKMBAEMOCTH KIIETOK M COXPAaHEHHH HMH
CTPYKTYPHOM LEII0CTHOCTH. DK30LEIUTIONSpHBIA Kpuorporekrop [190-1500 npuBomut k nHrndbuposanuio aktuBHoctd Ca?*-ATPa3b
SPUTPOLUTOB YK€ HA dTare WHKyOUPOBAHUS C HUM KIIETOK, a TOCIEAYIOMHNN UK 3aMOpakuBaHus-oTorpesa (—196...37°C) B ero
MIPUCYTCTBUY HE BIMSCT HA YCTAHOBUBILIHUHCS pexXuUM paboThI faHHOTO (hepMenTa. VIHrnbuposanue, Ber3BanHoe aeiictuem [130-1500,
HOCHUT 00paTUMBIH Xapaktep W akTHBHOCTH Ca**-ATPa3bl 3pUTPOLIMTOB BOCCTAHABIMBACTCS IIOCIE €0 Pa3BEACHUS B KICTOUHON
CyCIIEH3HHU, YTO HEOOXOAMMO IS HOPMAIBHOTO (PYHKIMOHHPOBAHUS KPHOKOHCEPBHPOBAHHBIX KJIETOK B pyclieé KpPOBH IOCIE
tpancysun. TopmoxkeHue pabotel Ca’*-ATPa3bl CBS3aHO, MO-BHIUMOMY, ¢ MOTU(MUKALMCH (HU3NKO-XUMHUYCCKHX XapaKTePUCTHK
MeMOpaH MOA BINSHUEM JaHHOTO COCANHEHUS.

Knrouesvie cnosa: sputpouuts, Ca**-ATPa3a, KpHOKOHCEPBUPOBAHUE, KPHOIIPOTEKTOP, HOTUITUICHOKCH .

Ca**-ATPa3a epurpounTiB JIIOIMHA 3a0e3Meyye MATPUMKY 1 PEryssmilo piBHSA BHYTPILIHBOKIITHHHOTO KaibI(ifo. 3MiHa il
(byHKIIOHaIbHOT aKTHBHOCTI IIPU KPIOKOHCEPBYBAaHHI BUKOHY€E Ba)KJIUBY POJIb y BHKMBAHOCTI KIIITHH 1 30€peXeHHi IX CTPYKTYpHOL
uinocHocri. Ex3ouemonsapuuii kpionporekrop ITEO-1500 npusBoguth 10 iHriOyBanHs aktuHOCTI Ca?*-ATPa3u epuTpoLuTiB BXKe
Ha eTarni iHKyOauii 3 HUM KJIITHH, a HOAANBIINI UK 3aMOpOXKyBaHHs-BigirpiBanus (—196...37°C) B iioro npucyTHOCTI He BIUIMBAE
Ha BCTaHOBJICHUII peKUM poOoTH naHoro ¢pepmenTy. [nriOyBanus, sike Bukiaukane aiero [IEO-1500, HocuTs 000poTHHI XapakTep i
axtuBHiCcTh Ca?*-ATPa3u epuTPOLIMTIB BiIHOBIIIOETHCS MICIIs HOTO PO3BEACHHS B KIITUHHIM CyCIIEH3iT, 1110 HEOOX1IHO Ik HOPMAaJIbHOIO
(byHKIIOHYBaHHSI KPIOKOHCEPBOBAHUX KIITHH B pycJti KpoBi miciist Tpancdysii. [anemyBanus poboru Ca’'-ATPasu Mmoxe OyTH 110B’s13aHe
3 Mozaudikaniero (Gi3nKo-XiMIiYHHX XapaKTepPHUCTUK MeMOpaH il BIVIMBOM JaHOi CIIOIYKH.

Knrouosi cnosa: epurpountu, Ca>*-ATPa3za, KpiOKOHCEPBYBaHHS, KPIOIPOTEKTOP, MOIiETHICHOKCHI.

Human erythrocyte Ca?-ATPase provides the maintenance and regulation of intercellular calcium level. Change in its functional
activity under cryopreservation plays an important role in cell survival and structural integrity preservation. PEO-1500 exocellular
cryoprotectant inhibits erythrocyte Ca**-ATPase activity at incubation stage but the following freeze-thawing cycle (—196...37°C) in
its presence does not affect the settled regimen of this enzyme functioning. The inhibition caused by PEO-1500 effect has a reversible
character and the erythrocyte Ca?*-ATPase activity is recovered after its dilution in cell suspension that is essential for cryopreserved
cell normal functioning in blood bed after transfusion. The inhibition of Ca**-ATPase activity is apparently associated to physical and

chemical membrane modification under this compound effect.

Key-words: erythrocytes, Ca**-ATPase, cryopreservation, cryoprotectant, polyethylene oxide.

U3MmeHeHre KOHLEHTPAUUU BHYTPUKIETOYHOTO
Ca* nopn Bo3zeiicTBIEM BHEIITHETO CUTHaja (TOpMOHa,
HelpoMeanaropa M T.J.) PEryaupyeT CTPYKTypHO-
(YHKIMOHATBFHOE COCTOSSHUE MHOTHX KIIETOYHBIX
cucteM [13]. B spuTpornurax 4enoBeKa eIMHCTBEH-
HBIM MEXaHU3MOM, 00ECIEYMBAIOIINM KOHTPOJIb 3a
MoJI/Iep’KaHUEM €ro YPOBHS B IIUTOILIA3Me, SIBIISETCSI
Ca?*-ATPa3a mia3maruyeckoii MemOpansi [2]. Ha Mo-
JICKYJIIPHOM YpOBHE TpaHcmopTHas (ynkuus Ca>*
oCyILIecTBIsAETCS ABYMS HU30(popMaMu AAHHOTO
tdhepmenta— PMCA 1b u PMCA4b [20]. DH3uMarnyec-
KHE XapaKTepUCTHKU akTUBHOCTH Ca-Hacoca 3puTpo-
LUTOB ONPEAEIAIOTCS CTPYKTYPHBIMU OCOOEHHOCTSAMHU
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Change in intracellular Ca?" concentration under
external signal effect (hormone, neuromediator etc.)
regulates structural and functional state of many cell
systems [ 13]. In human erythrocytes the single mecha-
nism, controlling the maintenance of its level in
cytoplasm is plasma membrane Ca?*-ATPase [2]. In a
molecular level the Ca?* transport function is realised
by two isoforms of this enzyme: PMCA1b and
PMCAA4b [20]. Enzymatic characteristics of erythro-
cyte Ca-pump activity are determined by structural
peculiarities of these two forms presented in cells.
Ca?"-ATPase activity may be modified under the effect
of different regulatory effects [17]. The enzyme
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3TUX JBYyX M30(OpPM, MPUCYTCTBYIOMINX B KIIETKAX.
AxrtuBHOCTh Ca*-ATPa3bl MoxeT OBITH MOAH(HIIHI-
pOBaHa MOJ BIHUSHUEM Pa3IUYHBIX PETYIATOPHBIX
addexroB [17]. DocdopunupoBanue pepmMenTa mnpo-
TenHKnHA3aMu A u C, mpoTeoNu3 MoJ JIeHCTBHEM
KaJbllanHa, B3aUMOJIEHICTBHE C KAJIbMOIYIHHOM
ycuiauBaroT akTuBHOCTh Ca-Hacoca [17, 20]. Monsl
Ca?' cocoOHBI KaKk aKTHBUPOBATh, TAK H HHTHOUPO-
BaTh (pepMEHTATUBHYIO peakmuio rumponm3a ATP
Ca?"-ATPas3oii [2, 10]. BaxxHyto poJib B peryssiiuu
¢bynkunonanpHo# aktiuBHOCTH Ca’’-ATPas3bl urpatot
JIUTIUIHBIE KOMIIOHEHTBI MeMOpansl [2, 10, 17, 20],
[IO3TOMY CTPYKTYpPHOE COCTOSHHE W COCTaB JIUITH-
HOTO OUMCIIOS, KOTOPBIE 3aBHCAT OT TEMIEPaTyphl U
BIIUSHUS pAJa XUMHUYECKUX areHTOB, MOTYT CYIIECT-
BEHHO BJIMATH Ha paboty Ca’’-Hacoca. [IpuHuMas Bo
BHUMaHHE UCKIIOUNTENbHYI0 poib Ca?'-ATPa3bl B
perynupoBaHuu KoHieHTparuu Ca>* B 9pUTPOIIUTAX,
HcciefoBaHHEe M3MEHEHHH ee QYyHKIMOHAJIBHOM
AKTUBHOCTHU B INpoliecce€ KPUOKOHCEPBUPOBAHHUS
ABJISIETCS BAXXHBIM aCIIEKTOM B MOHMMaHWUU MeXa-
HU3MOB BBDKHMBAaE€MOCTH KJIETOK M COXPaHEHHH UMHU
CTPYKTYpPHOM LIETOCTHOCTH MOCJE 3aMOpaKUBaHUs-
OTOrpeBa.

B nporecce kpnoKOHCEpBUPOBAHUS SPUTPOIIUTOB
WCTIONB3YIOTCS Pa3NUYHbIE KPUOTPOTEKTOPHI, TPE/-
Ha3Ha4YeHHBIE IS 3aLIUThI OMOIIOTHYECKUX CUCTEM OT
(U3NKO-XUMHUUECKUX (aKTOPOB, CONPOBOXKIAIOIINX
MPOIIECCH 3aMOPaXKMBAHUSA-OTOT'PEBA KIETOUYHBIX
CyCIeH3UH W Hapylalommx 6apbepHyo (pyHKIHIO
MeMOpaHsI [3].

Hapsny ¢ muneposnom, B nociegHee BpeMs akTUB-
HO HICCTIEAYETCS TOMMITUICHOKCH] C MOJIEKYJIIPHOU
maccoit 1500 (IT90-1500) [1]. OxgauM U3 BaXXHBIX ac-
[IEKTOB HCCIIEIOBaHMs JEMCTBHSI JaHHOTO BELECTBA
MOXeT OBITh 3ydeHue Moau(ukanuu (yHKIIMOHHPO-
Bauus Ca’'-AT®a3bl Ha pa3HBIX dTArax KPHOKOHCEP-
BHUPOBAHHsI, YTO MO3BOJUT yCTAaHOBUTH poib Ca*" B
MOBPEKACHUH CYOKIIETOYHBIX CTPYKTYP HIJIM BO3MOXK-
HOCTb BOBieueHHs Ca’'-MHIyLHPOBAHHBIX M3MEHE-
HUH B QAN TAINIO KJIETOK K SKCTPEMaIbHBIM HEeOIaro-
MNPUSITHBIM YCIOBUSM KPUOKOHCEPBUPOBAHUS.
Oco0eHHOCTh MeXaHHW3Ma 3alIUTHOTO IeHCTBUA
[130-1500 B mponecce KpUOKOHCEPBUPOBAHUSA
SPUTPOLHUTOB CBA3aHA CO CIHOCOOHOCTHIO TAHHOTO
BeIIeCTBa OKa3bIBATh KPUOMPOTEKTOPHBIN 2P PeKT, He
npoHukas B kieTku. DpdexruBHocts [130-1500 B
Ka4eCTBE KpHOIPOTEKTOpa [ 1] 3aBUCUT OT HauaIbHOU
TEMIIEPATyPHI IKCIIOHUPOBAHMS KIETOK B PacTBOpax
MaHHOTO BemecTBa. WHKyOamus 3pUTPOLUTOB C
[130-1500 B nnamazone remneparyp 0-4°C Ha srare,
MPEIIECTBYIOIIEM 3aMOPaKUBAHUIO, CIOCOOCTBYET
OoIbIIeH COXPaHHOCTH KJIETOK MOCTIe KPHOKOHCEPBH-
pOBaHHUS B CpaBHEHHH C MHKyOamueil npu Oonee
BBICOKHMX TEMIIEpaTypax.

Lens faHHOTO HCCIENOBaHNS — aHAJIN3 U3MEHEHN I
aktuBHOCTH Ca-ATPa3b1 5puTpOIIUTOB YeI0BEKa MO
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phosphorylation with protein kinases A and C, proteo-
lysis under calpain effect, as well as interaction with
calmodulin enhance the Ca-pump activity [17, 20].
Ca" ions are capable either to activate or inhibit an
enzyme reaction of ATP hydrolysis with Ca**-ATPase
[2, 10]. An important role in regulating Ca**-ATPase
functional activity belongs to membrane lipid compo-
nents [2, 10, 17, 20], therefore a structural state and
composition of lipid bilayer, dependent on temperature
and influence of some chemical agents may signifi-
cantly affect the Ca’-pump activity. Taking into
consideration an exceptional role of Ca*-ATPase in
regulating Ca®" concentration in erythrocytes, study
of the changes in Ca**-ATPase functional activity in
the process of cryopreservation is of importance for
understanding the mechanisms of cell survival and
preserving structural integrity after freeze-thawing.

Different cryoprotectants, designed to protect
biological systems against chemical factors, accompa-
nying cell suspension freeze-thawing processes and
impairing a membrane barrier function are applied
under erythrocyte cryopreservation [3].

Polyethylene oxide with 1500 molecular weight
(PEO-1500) has been recently actively investigated
along with glycerol [1]. One of the important aspects
in investigating this substance effect may be the study
of Ca?*-ATPase functioning modification at different
cryopreservation stages, that will enable to establish
the Ca** role either in damaging subcellular structures
or a possibility to involve Ca**-induced changes in cell
adaptation to extreme unfavourable cryopreservation
conditions. The peculiarity of PEO-1500 protective
effect mechanism mechanism during erythrocyte cryo-
preservation is associated to this substance capability
to cause a cryoprotective effect without penetrating
into cells. PEO-1500 efficiency as a cryoprotectant
[1] depends on an initial temperature of cell exposure
in this substance solutions. Erythrocyte incubation
with PEO-1500 within 0-4°C temperature range at the
stage being preceded to freezing, contributes to a
higher cell integrity after cryopreservation compared
to the incubation under higher temperatures.

This research was aimed to analyse the changes in
human erythrocyte Ca*-ATPase activity under
PEO-1500 exocellular cryoprotectant effect at low
temperature preservation different stages, including
those of preliminary cell incubation in cryopreser-
vative solution and transfusion simulation of frozen-
thawed erythrocytes.

Materials and methods

Such reagents as: Trizma base (Sigma), ATP-
disodium (Sigma), HEPES, EGTA (“Serva”), CaCl,
(Sigma), Saponin (Fluka), KCI, MgCl,x6H,0O and
other reagents of Ukrainian and Russian production
(chemically pure or especially pure grades) have been
used in the work.
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BJIMSHUEM JK30LEIIIOISIPHOTO KPUOMPOTEKTOPa
[190-1500 Ha pa3nUuHBIX CTagUSAX HU3KOTEMIIEpa-
TYpHOTO KOHCEPBUPOBAHUS, BKIIIOYAsl STAIbI IIPEaBa-
PUTEIBLHOTO MHKYOMPOBaHHS KIETOK B pacTBOpE
KPUOKOHCEPBAaHTAa M MOJICIUPOBAHUS TPaHCPY3UH
JIEKOHCEPBUPOBAHHBIX SPUTPOIUTOB.

Matepmnanbl 1 meToAbl

B pabore wmcnonp30Bany cleayIoNIie peaKTUBHI:
Trizma base (Sigma), ATP-disodium (Sigma), HEPES,
EGTA (“Serva”), CaCl, (Sigma), Saponin (Fluka),
KCl, MgCl,x6H,0 u ipyrue peakTHBbI IPOU3BOACTBA
VYkpaunsl u Poccun (X.4. wim o0.c.4.).

OOBEKTOM HCCIICAOBAHUS CITYKUJIHA SPUTPOLUTHI
II (A) rpynmbl ZOHOPCKOM KPOBU MY’KYHH, 3arOTOB-
JIeHHOU Ha KoHcepBaHTe “Imorunup”. MccnenoBanus
MIPOBOJMIIN Ha 3-5-€ CyTKH THIIOTEPMUIECKOTO XpaHe-
HUS KPOBH.

OpUTPOIUTH OCAXKAAIHA HEHTPUDYTHPOBAHHEM
pu 3000 06/muH (tieatpudyra OIMH-3). [Tocne yna-
JIEHUS TJIA3MBI U JIEHKOIIUTAPHOTO CIIOS PUTPOLIUTHI
TPYDKABI IPOMBIBAIH 3-4-KpaTHBIMU 00bEMaMHU CPeIbI
B (150 MM NaCl, 10 MM Tpuc-HCI, pH 7,4).

B pabore nucnons3osanu 30%-i pacteop I120-1500
Ha ocHOBe cperbl B. PacTBop KoHCepBaHTa 100aBISIIH
K SpUTPOLIUTAM B paBHOM 00beMe M HHKyOHUpOBaIU B
teuenne 30 muH npu 37°C wim Temneparype, kojieo-
momeics B nuanazone 0-4°C. Ilepen HauanoMm HHKY-
Oaruu TeMIeparypa SpUTPOMACCHI 1 PACTBOPOB ObLIa
CKOppEKTHPOBaHa 3apaHee B COOTBETCTBUH C YCIOBHSA-
MU MHKyOaruu. YacTh 3puTPOLIKUTOB MOCIE HHKYOa-
muu ¢ [I150-1500 mpu pa3HBIX Temrmeparypax Oblia
WCIIONIb30BaHA I 3aMOPaKMBAHUSA ITyTEM OBICTPOTO
MOTPY>KEHHS KOHTEHHEPOB B XHUIKUH a30T (—196°C).
KprokoHcepBUPOBaHHYIO CYCIIEH3UIO SPUTPOIUTOB
OTOrpeBaJid Ha BOJAAHOW OaHe IpH TemIeparype
42-44°C ¢ nOCTOSHHBIM OKauYUBaHueM. [ KOHTpo-
JIS1 MCTIOJIB30BAJIM SPUTPOLMTHI, HHKYOMPOBAaHHBIC B
cpexe B mpu Temmneparypax 37 u 0-4°C B TeueHue
30 muH.

[Tepen nauanom onpenenenust ATPa3Hoit akTUBHO-
CTH DPUTPOIUTHI, TOABEPTHYTHIE YKAa3aHHBIM BBIIIE
9KCIEPUMEHTAJIHHBIM BO3IEHCTBUAM, TUOO OCcaKaa-
i neHtpudyruposanuem npu 1000 o6/mun (OITH-3),
160 K OMTHOMY 00BEMY 3PUTPOILIUTAPHON CYCIIEH3UU
nobasisin 9 o0bemMoB cpensl B (Mogenvpys pa3das-
JIeHUe KPHUOIIPOTEKTOpa B pycjie KPOBH NPHU TpaHC-
(y3un 1eKOHCEPBUPOBAHHBIX APUTPOLIUTOB) U 3aTEM
LHEHTPU(YTHUPOBAHUEM OCAKAAIH KIJIETKU B aHAJIOT Y-
HOM PEXHME.

AJHKBOTBI 3pUTPOLUTOB U3 NOITY4YEHHBIX OCAIKOB
oTOMpanu s aHajlu3a U3MEHEHHI aKTHBHOCTHU
Ca*-ATPa3bl nox Bmustauem [190-1500 u Temnepa-
TypHBIX Bo3aericTBril. OnieHKy akTuBHOCTH Ca-ATPa3st
TIPOBOIMIIH IO METOJTY, OIIICAaHHOMY B pabore [8], ¢
HEKOTOPHIMH MOAN(PHUKAIIMSIMH.
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Men donor II (A) blood erythrocytes, procured with
“Glygicir” preservative served as the investigation
object. Investigations were carried-out to the 31-5%
days of blood hypertonic storage.

Erythrocytes were pelleted with centrifugation at
3000 rot/min (OPN-3 centrifuge). After plasm and
buffy coat removal the erythrocytes were thrice rinsed
with 3-4-fold volumes of medium B (150 mM NaCl,
10 mM Tris-HCI, pH 7.4).

In research we used a 30% solution of PEO-1500
in medium B. Preservative solution was added into
erythrocytes in an equal volume and incubated for 30
min at 37°C temperature or at that, varying within 0-
4°C range. Before starting incubation the erythrocon-
cetrate and solution temperature was previously cor-
rected according to the incubation conditions. A part
of erythrocytes after incubating with PEO-1500 under
different temperatures was used for freezing when
containers were rapidly immersed into liquid nitrogen
(=196°C). Cryopreserved erythrocyte suspension was
thawed on water bath at 42-44°C. The erythrocytes,
incubated in B medium at 37 and 0-4°C for 30 min
served the control.

Before starting the ATPase activity detection the
erythrocytes subjected to the above mentioned experi-
mental effects were either pelleted by centrifugation
at 1000 rot/min (OPN-3) or 9 volumes of medium B
were added to one volume of erythrocyte suspension
(by modelling cryoprotectant dilution into blood bed
during frozen-thawed erythrocyte transfusion) and
then cells were pelleted by centrifugation with the
same regimen.

Erythrocyte aliquots derived from pellets were
selected to analyse the changes in Ca**-ATPase activity
under PEO-1500 influence and temperature effects.
Estimation of Ca*-ATPase activity was performed
using the method, described in the paper [8] with
certain modifications.

A part of erythrocytes was transferred into the A
medium, containing 0.04% saponin, 130 mM KCl, 20
mM HEPES, 20 mM Tris (pH 7.4), 0.25 mM MgClL,
1 mM ATP, I mM EGTA and 1.055 mM CaCl, (that
corresponded to the concentration of about 10 UM for
a free Ca?" [8]), the second part was added into the
same A medium but free of CaCl,. Hematocrit in the
incubation medium made 10%. The reaction was car-
ried-out at 37°C and for a part of experiments it was
done at 0-4°C. The Ca**-ATPase activity was judged
by the difference of inorganic P accumulation in
calcium-containing and calcium-free media. Reaction
was stopped in 20 min with adding cold TCA solution
up to 5% final concentration. Protein was precipitated
with centrifugation at 900 g.

An amount of inorganic phosphorus in samples was
determined according to the method [18]. After protein
precipitation 100 ml of supernatant were added into
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YacTs 3pUTPOLUTOB MEPEHOCHIN B cpeny A,
conepxainyio 0,04% camonuna, 130 MM KCI, 20 MM
HEPES, 20 MM Tpuc (pH 7.,4), 0,25 MM MgCl,, 1 MM
ATP, 1 MM EGTA u 1,055 mM CaCl, (4to coorseT-
CTBYeT KOHIIEHTpaluu cBobogHoro Ca*” mpumMepHO
10 MxM [8]), BTOpYI0 4acTh JOOABIISIIH B TY KE CPENY
A, 1o He conepxairyro CaCl,. l'emaroxpuT B uHKyO0a-
uroHHOH cpene coctarisui 10%. Peakuuto npoBoauiu
nipu Temneparype 37°C u A7l 4acTH SKCIIEPUMEHTOB —
mpu 0-4°C. O6 akruBHOCTH Ca?'-ATPa3sl CyauiIn 1mo
Pa3HOCTH HAKOILJIEHUSI HEOPTraHUYEeCKOro P B KaJlbLiMii-
cozmepxarieil u 6eckanpueBoil cpenax. Peakunro
octaHaBnuBajiy depe3 20 MUH 100aBIEHUEM XOJIOJI-
Horo pacTtBopa TXY 10 KOoHEUHOH KOHLIEHTpauu 5%.
Benok ocaxxganu uentpudyruposanuem mpu 900 g.

Konu4aectBo HEopranmueckoro ocgopa B mpodax
ompenensnu no merony [18]. I[locae ocaxnaeHus
6enxoB 100 MK HaJOCaTOYHOM KUIKOCTH T00ABISITH
k 2 ma 1,5 M anerarnoro 6ydpepa (CH,COOH-
CH,COONa, pH 4,3), conepxkaruero 3,7% dopmaib-
neruna u 10 % stanona. [Tocre gero K kKakmoi mpode
rocienoBatenbHO qob6asisuy o 0,1 mur 2%-ro pact-
Bopa MonubnaTa aMMoHHUS U 1o 0,2 MJI IPUTOTOB-
nennoro ex tempore 6,75 MM SnCl,. IIpoGe1 konopu-
METPHUPOBAIIY IPH JITHHE BOTHBI 660 HM Ha CIIEKTPO-
¢dotomerpe Jlomo CD-46. KanubpoBouHas mpsmas
ObUta nuHelHoW Mo 10 MKr HeopraHmdeckoro Qoc-
(opa B ipobe. Pesynprarel craTucTryecku oOpada-
TBHIBAJIM C HCITOJIb30BAaHUEM MPOrpaMMEl Statgraphics
plus 2.1 for Windows. O0beM BBIOOPKH B KaXKIOU
SKCIIepUMEHTaNbHOM rpymme n=10. [Ij1st oleHKu noc-
TOBEPHOCTH Pa3IMIHi IKCIIEPUMEHTAIBHBIX TaHHBIX
NpUMeEHsIHN t-kputepuil CThrOIEHTA.

Pe3yAbTatel M 00CYy)XXAeHHue

3aMopakMBaHUE IPUTPOILUTOB 0€3 KPHOIPOTEK-
TOpa MPUBOMT K MOJHOW THOEIH KIIETOK B pe3yibTare
HapyUIeHHSI [[ETOCTHOCTH CTPYKTYPHI TTa3MaTH4eC-
kol MeMmOpansbl. O1ieHKa (YHKIIMOHAIHHOW aKTHB-
HocTu Ca**-ATPas3bl mociie 3aMOpakuBaHHs SPUTPO-
LIUTOB MO3BOJISIET ONPEAEIUTh YCTONIMBOCTh JaHHOU
CHCTEMBI TPAHCTIOPTa KATHOHOB B COCTaBE MEMOpaH-
HOTO KOMIIJIEKCA K JAEHCTBUIO HU3KUX TEMIEPATYP.
Kak Bumno Ha puc. 1, a, 6, ATPa3Has akTuBHOCTB
Ca?"-Hacoca IpUTPOLUTOB MOCIE 3aMOPaKUBAHU
SPUTPOLUTOB O€3 KPUOTIPOTEKTOPA HE OTIINYAETCS OT
KOHTPOJIFHBIX 3HAYCHUH. AHAIOTUYHBIE PE3YIBTATHI
ObUTH TOTy4YeHb! U pu u3ydennn ATPa3Hol akTuB-
HOCTH BE3UKYJ CapKOIIa3MaTHYECKOTO PEeTHKYITyMa
[5], momBEeprHYTHIX OBICTPOMY OJHOKPAaTHOMY 3aMO-
PaXXMBaHUIO B )KUAKOM a30Te. MeaeHHOe 3aMOpaxH-
BaHHE MEMOPaH CapKOIMIa3MaTHUECKOTO PETUKYIIyMa
10 —196°C npusoaut k akruBaiuu Ca**-ATPa3ssl,
ofHaKo criocoOHocTh Ca?'-Hacoca aKKyMyJIHPOBAaTh
Ca?' B 5TUX YCIIOBHSAX PE3KO MAJACT, YTO CBUICTEIb-
CTBYET O Pa300IEHNN KaTaTUTUIECKON U HOHTPAHC-
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2 mlof 1.5 M acetate buffer (CH,COOH-CH,COONa,
pH 4.3), containing 3.7% formaldehyde and 10%
ethanol. Afterwards 2% ammonium molibdate
solution and 6.75 mM SnCl, prepared ex tempore were
gradually added to each sample (by 0.1 and 0.2 ml,
correspondingly). Samples’ calorimet-ration was
performed at 600 nm wavelength with LOMO SP-46
spectrophotometer. Calibration line was linear up to
10 pg inorganic phosphorus in a sample. Results were
statistically processed using Statgraphics plus 2.1 for
Windows Software. Volume of sampling in each
experimental group, n, made 10. To estimate the statis-
tically significance of differences between experi-
mental data the Student t-criterion was applied.

Results and discussion

Cryoprotectant-free erythrocyte suspension freez-
ing-thawing results in a complete cell death due to the
integrity impairment in plasma membrane structure.
Estimation of Ca?*-ATPase functional activity after
erythrocyte freezing enabled to determine this cation
transport system resistance as a part of membrane
complex to low temperature effect. The Fig. 1, a, b
shows that the ATPase activity of erythrocyte Ca?*-
pump after cryoprotectant-free erythrocyte freezing
does not differ from the control values. The similar
results were also obtained when studying ATPase acti-
vity of sarco-plasmic reticulum vesicles [5], subjected
to a rapid single freezing in liquid nitrogen. Slow
freezing of sarcoplasmic reticulum membrane down
to —196°C results in Ca>*-ATPase activation, but the
Ca*-pump ability to accumulate Ca*" under these
conditions sharply decreases, that testifies to disinteg-
ration of catalytic and ion-transporting functions [21].
The evaluation of low temperature effect on PMCA
activity in erythrocytes under stationary conditions
could not provide a complete idea about Ca**-trans-
porting system state, however under these conditions
the structure of catalytic center has apparently re-
mained undamaged.

Preservation of cell integrity during low tempe-
rature effect, that requires the cryoprotectant applica-
tion, results not only in modification of physical and
chemical medium parameters but also considerably
affects biological systems. PEO-1500 cryoprotectant
does not penetrate into cells and directly affects only
an external side of erythrocyte plasma membrane. But
its solution, applied for cryopreservation causes an
osmotic shrinking, that results in a concentration chan-
ge of all intracellular components and a decrease in
solvent (water) content. This may be a significant fac-
tor to modify the enzyme responses that reflects in
changing the rate and character of protein conformatio-
nal transitions. Erythrocyte incubation with cryopro-
tectant at 37°C and within the 0-4°C range (Fig. 1, c,
d) leads to almost two-fold decrease in Ca?"-ATPase
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noprupytomniei pynkumii [21]. Ouenka BIUSHUS HA3-
KHX Temreparyp Ha akTuBHOcT PMCA B sputporu-
Tax B CTAllMOHApHBIX yCIOBUAX, KOHEYHO, HE NaeT
MOJTHOTO MPEICTaBNIeHH s 0 coctosiHuu Ca?*-TpaHcmop-
TUPYIOLIEH CUCTEMBI, BMECTE C TEM CTPYKTypa KaTa-
JIUTUYECKOTO IIEHTPA B 3TUX YCIIOBUSX, I0-BUANMOMY,
OCTaeTCcsl He MOBPEXKACHHOM.

CoxpaHeHue LEJOCTHOCTH KIETOK B IpoOIEcCe
HU3KOTEMIIEPATypPHOTO BO3JEHCTBHS, MPENIoarao-
Iee MCIIOJIb30BaHNE KPHOIPOTEKTOPOB, BIICUET 3a CO-
0011 HE TONBKO MOIU(PUKAIHIO (HUIUKO-XUMHUECKUX
MapaMeTpoB CPEIbl, HO M OKa3bIBAET 3HAYUTEIHHOE
BIIUSTHUE Ha OMOJOrHYecKue cucteMbl. Kpnomporek-
top I120-1500 HE MpoHUKAET B KIETKH U HEMOCPE/-
CTBEHHO BJIMAET TOJBKO HAa BHEIIHIOK CTOPOHY IJIa3-
MaTH4ecKoi MeMOpaHsl 3puTpounToB. OJHAKO €ro
PacTBOP, UCIIOJIB3yEMBIH 1J1s1 KPHOKOHCEPBUPOBAHMUS,
BBI3BIBAET OCMOTHUYECKOE CIKATUE, UTO BEJET K U3MEHE-
HUIO KOHIIEHTPAILlUU BCEX KOMIIOHEHTOB BHYTPHKJIE-
TOYHOTO COAEPKMMOT0 M YMEHBIIEHUIO KOHLIEHTpPA-
LMW PacTBOPUTEIS (BOABI). DTO MOXKET OBITH CYIIIECT-
BEHHBIM (paKTOpPOM i MoAuUKanuK hepMeHTa-
THUBHBIX PEaKINil, 9TO HAXOANUT CBOE OTPAKEHHUE B U3-
MEHEHUHU CKOPOCTH H XapakTepa KOHPOPMAITHOHHBIX
repexo0B OenkoB. HKyOaIus SpUTPOITUTOB C KPHO-
nporekropom ripu 37°C u B quanazone 0-4°C (puc. 1,
B, II) IPUBOJIMT K CHIDKEHHIO akTuBHOCTH Ca’*-ATPasbl
[IOYTH B 2 pa3a HE3aBHCHMO OT TE€MIIEpaTyphl, MpU
kotopoii II20-1500 Bo3nelicTByeT Ha KIeTKH. Pa3iu-
Y, CBSI3aHHBIE C TEMIIEPaTypOil HHKYOaLul 3pUTPO-
LUTOB C KPUOTIPOTEKTOPOM, CTATUCTHYECKU HE 0OHa-
PYXHBatOTCs, eclii (hepMeHTaTUBHBIN ruaponu3 ATP
npoucxoauT npu 37°C. Ho B peasibHBIX yCIIOBHUSX,
KOTZ1a 3pUTPOIUTH HHKYOupytotcs ¢ [190-1500 npu
pasHBIX TeMmIeparypax, (epMeHTaTHBHAs peaKIus,
karanusupyemas Ca?*-ATPa30ii, TakKe IPOUCXOIUT
B KJIETKE B PA3IMYHBIX TEMIIEPATyPHBIX yCIOBHIX. B
CBSI3M C ATHM OBUTH IPOBEAEHBI IKCIIEPUMEHTHI, B KO-
TOPBIX TOCTe HHKyOanmu sputpountos ¢ [130-1500
npu Temieparype 0-4°C kieTouHas cycreH3us Oblia
paszeseHa Ha BE YacTH, U OLIEHKY ()epMEHTaTUBHOMN
aktuBHOCTH Ca?"-ATPa3sl mpoBOIWIIN TIPH HOPMOTEP-
MUYECKUX YCIOBMSX WM NIPU COXPAHEHUH THIIOTEP-
mun. Kak BugHO U3 puc. 2, a, 6, TeMnepaTrypa BIUseT
Ha (YHKUHMOHaIbHYI akTHBHOCTH Ca?’-ATPa3zb
SPUTPOLIUTOB, OIICHUBAEMYIO B yCIOBHIX BRIOpAHHON
HaMM MOJENbHOU cUCTeMBI. VICOap30BaHNE IPYTUX
JKCMEPUMEHTAIBHBIX MOAXOA0B MOXET BBISIBUTH
HECKOJIBKO MHBIE 0COOEHHOCTH TEMIIEPaTypPHOTO BITHSI-
HUS HA JAHHYIO KaTATUTHYECKYIO PEAKIIHIO, TT0CKOJIb-
Ky xapakTepucTuku padorsl Ca’-ATPa3bl oueHb
CHJIBHO 3aBUCAT OT IMPHUMEHAEMOI0 METOJUYECKOTO
nonxona [7]. Ilpu nakyOanuu kierok ¢ [130-1500
CHUI)KEHHE TeMIepaTypbl OKa3bIBa€T JOMOJHU-
TeNbHBIH HHrHOupYylomuit 3¢gdext Ha Ca**-ATPasy
(puc. 2, r). B 3THX yCIOBUAX aKTUBHOCTH (hepMEHTa
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Puc. 1. AkruBHOCTB Ca?*-ATPa3bl 3pUTPOLIUTOB B IPUCYT-
CTBUHU HENpOHHKaromero kpuonporekropa [120-1500 u
NpHU JEeHCTBUM HU3KUX TEMIEpaTyp: a — HaTHUBHBIC
sputpounTtsl (37°C); 6 — 3pUTPOUNTHI, 3aMOPOKEHHBIE O3
Kpuonporekropa 10 —196°C; B — 3pUTPOLUTHI, HHKYOUPO-
BanHbie ¢ [120-1500 mpu 37°C; r — KPHOKOHCEPBHUPO-
BaHHBIE SPUTPOLMTHI, IPenHKyOHnpoBanHsle ¢ [130-1500
nipu 37°C; 1 — 3puTpouuThl, HHKyOupoBauHsie ¢ [190-1500
npu Temmnepatrype 0-4°C; e — KpUOKOHCEPBUPOBAaHHbBIC
3PUTPOUMTHI, TpenHKyOupoBanusie ¢ [190-1500 mpn
temmneparype 0-4°C; * — BBIOOPKH TOCTOBEPHO OTIINYAIOTCS
OT KOHTpPOJIA ¢ YpoBHEM 3Hauumoctu P<0,05.

Fig. 1. Ca**-ATPase activity of erythrocytes in presence of
PEO-1500 non-penetrative cryoprotectant and under low
temperature effect: a — native erythrocytes (37°C); b —
cryoprotectant-free frozen erythrocytes down to —196°C;
¢ — cells incubated with PEO-1500 at 37°C; d — cryo-
preserved erythrocytes, preliminarily incubated with
PEO-1500 at 37°C; e — those, incubated with PEO-1500 at
0-4°C; f—cryopreserved erythrocytes, preliminarily incuba-
ted with PEO-1500 at 0-4°C; * — samplings statistically and
significantly differ from the control with P<0.05 significance
level.

activity independently on the temperature at which
PEO-1500 affects the cells. Differences associated to
the temperature of erythrocyte incubation with
cryopro-tectant are not statistically revealed if the ATP
enzyme hydrolysis occurs at 37°C. But under actual
conditions when erythrocytes are incubated with PEO-
1500 under different temperatures an enzyme reaction,
catalysed by Ca?-ATPase occurs in cell under various
temperature conditions as well. That is why cell
suspension was divided in two parts after erythrocyte
incubation with PEO-1500 at 0-4°C and the estimation
of Ca?*-ATPase enzyme activity was carried out under
both normothermic conditions and hypothermia. As
the Fig. 2, a, b shows, the temperature affects the Ca?'-
ATPase functional activity of erythrocytes, being
estimated in the model system selected by us. The
usage of other experimental approaches may reveal
slightly different peculiarities of temperature effect
on this catalytic reaction, since the characteristics of
Ca*-ATPase activity mostly depends on the applied
methodical approach [7]. When incubating cells with
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HIDKE B CPaBHEHUH HE TOIBKO ¢ KOHTpoJIeM (puc. 2, a),
HO U C SPUTPOLUTAMH, HHKYOUPOBABIIUMHUCS C
I[120-1500 npu 0-4°C c nmocnenyrome OLEHKOH
¢byukumnonuposanust Ca**-ATPa3bl B HOpMOTEpPMHU-
YeCKUX ycioBHAX (pHC. 2, B). YUHUTHIBasg, 4TO
[130-1500 u3MeHseT TeKy4ecTh JUMUAHOTO OUCIION
[3], MBI OXMIaNIH, YTO OH CIIOCOOEH IMOIICPKUBAThH
GyHKIHOHaNbHYI0 akTHBHOCTH Ca?’-ATPa3sl Ha
OoItee BEICOKOM YPOBHE IIPH CHUIKEHUHU TEMIIEPATy Pl
(hepMEHTAaTUBHOTO THIPOJIH3a B CPABHEHNH C HATHUB-
HBbIMH dpuTpormTamu (puc. 2, 6, ). OgHaKo ycTaHo-
BHUTbH JOCTOBEPHO 3HAYMMBIX Pa3INYUi HE YIAIOCh.
[To-BumumMoMy, TOpMOXKEHNE, BEI3BAHHOE TEPMOTUHA-
MUYeCcKUMH NTpudarHami [ 11], mpeBanupyet Hag Gpusu-
KO-XMMHYECKoH MoanpHUKaLueir MeMOpaHbl B KOHTPO-
JUPOBAaHUU CKOPOCTH (HEPMEHTATUBHON pEaKIHH,
ocymiectBisiemoit Ca’*-3aBucumoii ATPa3oii.

KprnoxoHcepBupoBaHue 3pUTPOLIUTOB MOJ 3allH-
Toit [I30-1500 HE BHOCHT CyI11€CTBEHHBIX N3MEHEHNI
B pexuM padboTel Ca*'-ATPas3bl, KOTOPBIH yCcTaHABIH-
BaeTCs Ha dTane WHKYOMPOBaHUS KJIETOK C JTaHHBIM
kpuonporekropoM. CpaBHeHHE GepMEHTATUBHOM aK-
tuBHOCTH Ca’'-TpaHCHOPTUPYIONICH CUCTEMBI 3pH-
TPOIUTOB, HHKYOHpoBaHHBEIX ¢ [120-1500 mpu
pa3IMYHBIX TEMIIEparypax (cMm. puc. 1, B, 1) ¢ aHAIO-
TUYHBIMH BapuaHTaMH TOCIIE 3aMOPaXKHUBAHHUA-OTOT -
peBa kneTok (cM. puc. 1, T, €), HE BBIABIAET CTa-
TUCTUYECKU NOCTOBEPHBIX pa3inuuil. He oOHapy-
JKUBAIOTCA Pa3iuyus U MEXAY ABYyMs Ipynnamu
JEKOHCEPBUPOBAHHBIX PUTPOLIMTOB, OTINYABIINXCS
M3HAYAJIBHO TEMIEPATYPHBIMU PEKHMAaMHU SKCIIOHU-
POBaHHS KJIETOK C KPUOMPOTEKTOPOM (CM. puc. 1, 1, €).
B naHHBIX yCIOBHAX BCE DKCIIEPUMEHTAIILHBIE TPYTI-
bl TOCTOBEPHO OTINYAIOTCS TOJIBKO OT KOHTPOJS U
SPUTPOLUTOB, 3AMOPOKEHHBIX 0€3 KPHOTPOTEKTOPA.
CrnenoBaTenbHO, OCHOBHON NMPUYWHONW M3MEHEHUS
aktuBHOCTH Ca?"-ATPa3bl 3pUTPOIUTOB ABIAETCS
Moaubukaius Memopans mof BiausareM [190-1500,
a3 dekTsI HU3KOTEMITEPAaTYPHOTO KOHCEPBUPOBAHHUS
B 9THX YCIIOBHSX HE MPOSIBIISIOTCS.

[TomydeHHBIE pe3ynbTaThl CBUAETENBCTBYIOT, YTO
uHrnbupyrouwmii 3¢ pext I120-1500 oOycnosneH ero
HEMOCPEACTBEHHBIM MPUCYTCTBUEM B Cpelie U He
CBsI3aH, MO-BUANMOMY, C KaKoi-nmubo crnenupukon
B3anmMoznencTus I130-1500 ¢ keTkamu pu pas3nnd-
HBIX TEMIIEPaTypax, MOCKOIbKY YPOBEHb aKTUBHOCTH
Ca*-ATPa3bl 5pUTPOLUTOB, HHKYOUPOBAHHBIX C
KPHOTIPOTEKTOPOM PH PA3INIHBIX TEMIIEpaTypax, He
MMeEeT JOCTOBEPHBIX OTIMYUH MPH HOPMOTEpPMHUIEC-
KHX YCJIOBHUSIX TPOBEJCHUST (PEepPMEHTATUBHOW peak-
LU Y.

Bosznukaer Bonpoc 00 00paTHMOCTH M3MEHEHUI
JaHHOW (YHKIMOHAJIBHOW CHCTEMBI SPUTPOLUTOB
[OCJIe yAAJIEHUS! KPUONPOTEKTOpa. be30TMBIBOUHBIN
METOJl KpPMOKOHCEPBUPOBAHUS 3PUTPOLUTOB MOJ
3amuroil I190-1500 no3BongeT nepeauBaTh peLy-
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PEO-1500 a temperature decrease causes an additional
inhibiting effect on Ca**-ATPase (Fig. 2, d). Under
these conditions the enzyme activity is lower compared
not only to the control (Fig. 2, a), but the erythrocytes,
incubated with PEO-1500 at 0-4°C with following
estimation of Ca?*-ATPase functioning under normo-
thermic conditions (Fig. 2, ¢). Taking into account the
fact that PEO-1500 changes the lipid bilayer fluidity
[3] we expected it to be capable of Ca?*-ATPase
functional activity maintaining at a higher level in the
process of enzyme hydrolysis at a reduced temperature
compared to native erythrocytes (Fig. 2 b, ¢). However
we did not manage to establish the statistically signi-
ficant differences. Apparently, the inhibition caused
by thermodynamic reasons [ 11] dominates the physical
and chemical membrane modifications in controlling
the rate of enzyme reaction, realised by Ca**-dependent
ATPase.
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Puc. 2. BausHue TemnepaTypsl Ha akTHBHOCTh Ca’'-
ATPa3bl 5pUTPOINTOB B MIPUCYTCTBHN HEIPOHUKAIOIIETO
kpuornpotekTopa I1130-1500: a — HATUBHBIE 3PUTPOLUTHI
(37°C) ¢ mocnenyoommMM OnpeeIicHueM aKTHBHOCTH TIPH
TOM ke Temneparype; 6 — HaruBHbIE 3puTporUTHI (0-4°C)
C TIOCIIEAYIOIIUM OTpeeTICHUEM aKTUBHOCTH TIPU TOH XKe
TeMIepaTrype; B — IpUTPOLHUTH, HHKYOUpPOBAaHHBIE C
I130-1500 npu temneparype 0-4°C, ¢ mocienyromum
orpejesieHneM akTUBHOCTH 1pu 37°C; T — 3pUTPOLMTHI,
nHKyoupoBanusle ¢ [190-1500 npu 0-4°C, ¢ mocnenyro-
MM OTIpE/ENICHHEM aKTHBHOCTH IIPHU JaHHOW TeMIlepa-
Type; * — OTIMYMs JOCTOBEPHBI OT KOHTPOJIS C YPOBHEM
sHagnMoctu P<0,05; ** — mocToBepHBIC pazTUYHs MpH
CPaBHCHHH SKCIIEPHUMEHTAIIBHBIX TPYIII 6 U 2 C YPOBHEM
3naunmocty P<0,05.

Fig. 2. Temperature effect on erythrocyte Ca?*-ATPase
activity in presence of PEO-1500 non-penetrative cryo-
protectant: a — native erythrocytes (37°C) with following
activity determination at the same temperature; b — those
(0-4°C) with following activity determination at the same
temperature; ¢ — erythrocytes incubated with PEO-1500 at
0-4°C with following activity determination at 37°C; d —
those incubated with PEO-1500 at 0-4°C with following
activity determination at this temperature; * — differences
are statistically significant compared to the control with
P<0.05 significance level; ** — differences are statisticaly
siginificant when comparing data of groups ¢ and d with
P<0.05 significance level.
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[TMEHTaM KPOBb IIOCJIE pa3MOpaXKUBaHUs 0e3 yaaneHns
KpHOTIPOTEKTOpa. B KpOBEHOCHOM pyciie IPOUCXOAUT
[IOCTENIEHHOE CHIKEHME ero KoHIeHTpanuu. [Iponecc
pazb6asnenus [190-1500 MmonenupoBanu B 3KcIepu-
MEHTAaJIbHBIX yCIIOBUSX, 100ABISISI PU3HONOTHUECKHUI
pacTBOp B CYCHEH3UIO KIeToK. Takoil MeToanuecKuit
noaxo ObUT MPUMEHEH K KIIETKaM, IMOABEPTHYTHIM
unakyouposanuto ¢ [190-1500, u x spuTponuTam,
3aMOPOKEHHBIM TIOJT €10 3aruToi. CieryeT OTMETUTD,
4TO0 pa3daBlieHHe KPUOKOHCEPBUPOBAHHBIX KIETOK
HM30TOHUYECKON CPEIOM CONPOBOKAAETCS FEMOIU30M
(~25%). IIpeacrasneHdsie HA pycC. 3 JaHHBIE CBUJIC-
TEIBCTBYIOT O BOCCTAHOBIECHHH (YHKIMOHAJIBHOU
aktuBHOCTH Ca?"-ATPa3sl 3pUTPOLNMTOB IMOCIE
paszb6asnenus [190-1500, uro npennonaraer ooparu-
MOCTb TOPMOKEHUSI, BO3HUKAIOIIETO MOJ| BIUSIHUEM
KpHOIpoTeKkTOpa. Bee skcnepuMeHTanbpHble BAPHAHTHI
HE MUMEIOT JOCTOBEPHBIX OTIWYMI OT KOHTPOJIS.
BMmecre ¢ TeM MOXHO BBIAECTUTH ABE OCOOCHHOCTH
BoccranopneHust Ca*'-ATPa3HOM aKTHBHOCTH SPUTPO-
LINTOB, CBSI3aHHBIE C TEMIIEPATYPHBIMU YCIOBUAMHU.
Bo-nepBbix, Hanbomee SpKo BRIPaXKEHHOE BOCCTAHOB-
nenue akruBHOCTH Ca’’-ATPa3sl mocie pa3daBieHus
[120-1500 B KJIETOYHBIX CYCIEH3HUIX OTMEYAETCS B
rpynmnax KprHOKOHCEPBHUPOBAHHBIX IPUTPOLIUTOB.
Bo3moxHO, mpudnHa, 00BACHSIIONMAsA 3Ty 0COOEH-
HOCTb, CBA3aHa C TE€TEPOT€HHOCTHIO MOMYISALUU
SPUTPOLUTOB U HEOJUHAKOBONW YCTOWUHMBOCTBHIO
KJIETOYHBIX CyOIOMyIIsiuii B poliecce KpHOKOHCep-
BHUPOBaHMA. DPUTPOLMTHI Ha dTare MHKyOUPOBaHHS
¢ [I30-1500 NOMHOCTBIO COXPAHAIOT CBOIO LIEIOCT-
HOCTh M akTuBHOCTH Ca?’-ATPa3bl mpencraBieHa
YCPEIHEHHBIMH TOKA3aTesIMH BCEX CyONOMyMsIHi
3pUTPOIUTOB. MI3BECTHO, YUTO B CTAPBIX SPUTPOIHTAX
YPOBEHb BHYTPHKJIETOYHOTO KaJbLMs BBIIIE, YEM B
MOJIOJIBIX KJIETKaX, YTO CBSA3BIBAIOT C TOPMOXECHHEM
aktuBHOCTH Ca**-ATPa3bi [19]. CTapbie 3puTpOLUTHI
YyBCTBUTEIBHBI K Pa3TUIHBIM HEOIaronpusTHBIM
BO3JICHICTBHSIM U, BEPOSITHO, IEPBBIMU MTOTUOAIOT TIPU
KpHOKOHcepBUpoBaHHuH. [lo3TOMy MX ynaneHue B
pesyabrare ruOey Py 3aMOPAKUBAHUH U TTOCIIEAYIO-
LIEM pa3BeJEHNH KJIETOYHOM CYCIIEH3UH N30TOHNYEC-
KHM PacTBOPOM U3 3pUTPOMACCHI, B KOTOPOH ompee-
nsietcs akTuBHOCTH Ca?*-ATPassl, 00ycloBIMBacT ee
Oosiee BHICOKHE 3HaYeHUs. Bo-BTOpBIX, MBI 0OHapy-
JKWJIA TIPH CPAaBHEHUHU JBYX TPYIII, OTIUYAIOIINXCS
HaydaJIbHBIMH TEMIIEPATYPHBIMH YCIOBUSMH IKCTIOHH-
poBanwus sputpountos ¢ [190-1500 (puc. 3, 6, B) u
(puc. 3, 1, 1), YTO TEHACHIIUS BOCCTAHOBIICHUS
Ca?"-ATPa3Ho# akTUBHOCTH B OOJIbIIICH MEpe MPOsIB-
JIIeTCS U1 KJIIETOK, HHKYOMPOBAHHBIX C KPUOTIPOTEK-
TopoM nipu Temneparype 0-4°C. Kak mokaszanu mpo-
BEJICHHbIE UCCleNoBaHud [4], TeMIeparypa MOXKET
MonynupoBats B3aumozetictaue [190-1500 ¢ Guomno-
rudyeckuMu MemOpanamu. Ilpu moHM>XeHUHN TemIie-
patypsl konuuyecto [130-1500, obpasyrouiero
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Erythrocyte cryopreservation under PEO-1500
protection does not significantly change the Ca*-
ATPase activity regimen, settled at the stage of cell
incubation with this cryoprotectant. Comparing the
enzyme activity of Ca?'-transporting system of
erythrocytes, incubated with PEO-1500 under various
temperatures (see Fig. 1, ¢, d) with similar versions
after cell freeze-thawing (Fig. 1, d, e) does not reveal
statistically significant differences. No differences
between two groups of frozen-thawed erythrocytes,
originally differing by temperature regimens of cell
exposure with cryoprotectant were revealed (Fig. 1,
e, ). Under these conditions all experimental groups
statistically and significantly differ from the control
and cryoprotectant-free frozen erythrocytes only.
Consequently, the main reason of change in erythro-
cyte Ca**-ATPase activity is the membrane modifica-
tion under PEO-1500 effect, but the effects of low tem-
perature preservation under these conditions are not
revealed.

The results obtained testify to the fact that an
inhibiting PEO-1500 effect is stipulated by its direct
presence in the medium and is not apparently asso-
ciated to any specificity of PEO-1500 interaction with
cells under various temperatures, because the level of
erythrocyte Ca?-ATPase activity, incubated with
cryoprotectant under different temperatures has no
statistically significant differences under normother-
mic conditions of enzyme reaction performance.

The question arises about a reversible character of
changes in this functional erythrocyte system after
cryoprotectant removal. Washing-out free method for
erythrocyte cryopreservation under PEO-1500 protec-
tion enables transfusion of blood to recipients after
freeze-thawing without cryoprotectant removal. A
gradual decrease in its concentration occurs in a blood
bed. The process of PEO-1500 dilution was simulated
under experiment conditions by adding physiological
solution into cell suspension. This methodical appro-
ach was applied to cells, incubated with PEO-1500
and to erythrocytes, frozen under its protection. Of
note is the fact that the cryopreserved cell dilution
with isotonic medium is accompanied with hemolysis
(~25%). The data presented in Fig. 3 testify to the
erythrocyte Ca?*-ATPase functional activity recovery
after PEO-1500 dilution that suggests the reversible
character of inhibition, occurring under cryoprotectant
effect. All experimental variants have no statistically
significant differences from the control. However two
peculiarities of erythrocyte Ca?"-ATPase activity
recovering, associated to the temperature conditions
may be emphasised. First, the most manifested Ca?*-
ATPase activity recovery after PEO-1500 dilution in
cell suspension is observed in cryopreserved erythro-
cyte groups. The reason, explaining this peculiarity is
probably associated to the heterogeneity in erythrocyte
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JOCTAaTOYHO MPOYHBIE CBSA3HM C MEMOpaHaMH, YMEHb-
maetcs. [ToaTroMy npu pa3BeieHUHN CyCIIEH3UU dPUT-
POLUTOB (HPU3HNOJIOTHYECKUM PACTBOPOM KOJIMYECTBO
ocraroyHoro [190-1500 B MemOpaHax OyneT MeHbIIIE
B YCJIOBHUSX 3KCIIOHUPOBAHUS KIETOK C KPUOIPOTEK-
topoM nipu 0-4°C B cpaBHEHHM C MHKyOanuen mpu
37°C. O4eBuIHO, 3TO CIIOCOOCTBYET YYIIIEMY BOCCTa-
HOBJICHHIO CTPYKTYPHO-(QYHKIIHOHAIBHBIX TTapaMeT-
poB MeMmOpanbl. OOpaTUMOCTh UHTHOUPYIOIETO
sddexra ITI0-1500 Ha Ca’*-ATPa3Hyr0 aKTHBHOCTE
SPUTPOLHTOB MO3BOJISIET MPEANOIKHUTD, YTO MOCIIE
TpaHc(y3un 3Ta QyHKIIMOHATILHASI CHCTEMA CMOXKET
HOPMAaJIBHO BBINIOJHATH CBOIO paboTy, YTO HEOOXO-
JUMO JUTsl IOAJIEPKaHUS U PETYIALUN KOHLIEHTPalluu
BHYTpHKJIeTO4YHOro Ca’’.

Nsmenenuns aktuHocTH Ca**-ATPa3skl apurponu-
TOB UTPAIOT BAXKHYIO POJIb B PETYISLUHN Pa3IMUHBIX
MeTaboarueckux mnpoueccos [ 13, 17] u urgynupyor
OTIPEJIENICHHYI0 COAIaHCHPOBAHHOCTH CTPYKTYPHO-
(hYHKIIMOHAIIEHOTO COCTOSTHHUS CyOKIJIETOUHBIX CHCTEM
B M3MEHHUBIIUXCA YCIOBHUIX KU3HEIESATEIbHOCTH
ki1eToK. [lomoOHBIM MPUMEPOM MOTYT CIYXKHTh
W3MEHEHUS B IPUTPOIUTAX JIIOAEH, CTpagaromux
runeprensueit [14]. Kak nmokasanu mccrenoBaHus,
akTuBHOCTh Ca’’-ATPa3bl camoHuH-TIepMeabu-
JIN3UPOBAHHBIX dPUTPOLUTOB COXPAHSETCS IMOCIe
JEeMCTBUSA yABTPAHNU3KUX TEMIIEPATYP, YTO CBUIETENb-
CTBYET 0 ee KprocTabuiabHOCTH. OJHAKO IPUMEHEHHE
KpUONPOTEKTOPOB [UIsl 3alUTHI KJIETOK B IpoLecce
3aMOpaKMBaHUA-OTOTPEBA BIMSIET HA KaTaJlUTHYEC-
Kyio akTuBHOCTH Ca-Hacoca. DK30UEIITIONAPHBIN
kpuomnpotekTop [190-1500 Momuduiupyer napameT-
PBI KaK BHE- TaK ¥ BHYTPUKIIETOYHOM CPEIbl B CHUITY
CBOEH 0CMOTHYECKOW aKTUBHOCTH M aJICOPOITMOHHON
crocobuoctu [6]. 3smenenus axkrusHocTtn Ca’t-
ATPa3sl 1 ypoBHS BHYTPUKIETOYHOTO KaJbIUi B
JAHHBIX YCIOBUIX MOTYT UTPaTh ONPEAEICHHYIO POJIb
B KOHTpOJIE METa0O0NINYECKHX MPOLECCOB B IPUTPO-
uTax. [TockobKy BO BHEKIIETOUHO# cpezie HoHbl Ca**
COoZIeprKarcs B OCTaTOYHBIX KOJINYECTBAX, TOPMOKEHUE
Ca?*-ATPa3Ho#l aKTUBHOCTH B DPHUTPOLUTAX IO
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Puc. 3. BnusiHue ynaneHus KpHOIPOTEKTOPa Ha aKTUBHOCTD
Ca?*-ATPa3bl 3pUTPOLUTOB, HHKYOUPOBAaHHBIX U KPUOKOH-
CEPBUPOBAHHBIX B NMPHUCYTCTBUU HEHNPOHHUKAIOMETO
kpuomnpotekropa I1130-1500: a — HATUBHBIE 3PUTPOLUTHI
npu 37°C; 6 —3puTpouuTsl, ”HKyOHpoBanHbIe ¢ [120-1500
npu temmneparype 0-4°C; B — KpHOKOHCEPBHUPOBAaHHBIC
PUTPOLUTHI, IpenHKyOupoBanusie ¢ 1190-1500 npu
temmneparype 0-4°C; T — 3pUTpOUNTHI, THKYOHPOBaHHBIE C
I120-1500 mpu 37°C; 1 — KpUOKOHCEPBUPOBAHHBIC
SPUTPOLUTHI, pernHKyOupoBanHsie ¢ [I130-1500 npu 37°C;
* — OTIMYMA JOCTOBEPHBI B CPABHEHHWH C aHAJOTMYHBIM
BapHaHTOM JI0 Pa30aBIeHHsI KDHOTIPOTEKTOPA B CYCIICH3HH.

Fig. 3. Effect of cryoprotectant removal on erythrocyte
Ca?-ATPase activity incubated and cryopreserved in pre-
sence of PEO-1500 non-penetrative cryoprotectant: a —
native erythrocytes at 37°C; b — erythrocytes incubated with
PEO-1500 at 0-4°C; ¢ — cryopreserved erythrocytes prelimi-
narily incubated with PEO-1500 at 0-4°C; d — erythrocytes
incubated with PEO-1500 at 37°C; e — cryopreserved ones,
preliminarily incubated with PEO-1500 at 37°C; * —
differences are statistically significant compared to the same
variant before cryoprotectant dilution in suspension.

population. Erythrocytes at the stage of incubation
with PEO-1500 entirely preserve their integrity and
the Ca?*-ATPase activity is represented by averaged
indices in all erythrocyte subpopulations. The level
of intracellular calcium is known to be higher in
senescent erythrocytes, than in young cells, that is
related to the Ca?*-ATPase activity slowdown [19].
Senescent erythrocytes are sensitive to different
unfavourable effects and are probably the first des-
troyed during cryopreservation. Therefore their
removal because of death during freezing and follo-
wing cell suspension dilution with isotonic solution
from erythroconcentrate, where Ca’*-ATPase activity
is determined, stipulates its higher values. Secondly,
when comparing two groups differed by initial
temperature conditions of erythrocyte exposure with
PEO-1500 (Fig. 3, b, ¢) and (Fig. 3, d, e) we have
revealed that the tendency of Ca?*-ATPase activity
recovery is mostly manifested in the cells, incubated
with cryoprotectant at 0-4°C. As shown in the
researches accomplished [4] the temperature may
modulate the PEO-1500 interaction with biological
membranes. Under temperature decrease the PEO-
1500 amount, forming quite the tight bonds with mem-
branes reduces. Therefore when diluting erythrocyte
suspension with physiological solution the amount of
residual PEO-1500 in membranes will be lower under
cell exposure with cryoprotectant at 0-4°C compared
to 37°C incubation. Evidently, this contributes to better
recovery of structural and functional membrane para-
meters. The reversibility of PEO-1500 inhibiting effect
on a erythrocyte Ca*'-ATPase activity enables assu-
ming this functional system to be able of normal func-
tioning after transfusion, that is necessary to maintain
and regulate Ca** intracellular concentration.
Changes in erythrocyte Ca’*-ATPase activity play
an important role in regulating different metabolic
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BrusareM 1190-1500, mo-BuauMoMmy, SIBISIETCST OC-
HOBHBIM (DM3HOJIOTHYECKUM MEXaHU3MOM ITOBBIIIICHUSI
€ro BHYTPHUKJIETOYHOTO YPOBHS. YBEITHMUEHUE KOHIICH-
tpauuu Ca’*" B 3pUTPOLUTAX, BBI3BAHHOE UHIHOUPO-
BanueM Ca’"-ATPa3bl, JOMONHAETCS OCMOTHYECKUMU
appekramu pactBopa I190-1500, BEI3BIBAIOIIETO
JErUApaTalyuio KIETOK U KOHLEHTPUPOBAHHUE BCEX
BHYTPHKJIETOYHBIX KOMITIOHEHTOB. [ [0BBIIIEHNE YPOB-
Hs Ca?" B JaHHBIX YCJIOBHUSIX MOXET BBI3BAaTh pery-
JIATOPHBIE N3MEHEHHUS CTPYKTYPHOTO U (DYHKIIMOHAb-
HOTO COCTOSIHUS psifila CyOKJIETOYHBIX CHCTEM.
[MocneacTBus pocta ypoBHs BHyTpuKieTouHoro Ca’’,
[I0-BHINMOMY, HEOTHO3HAYHBI 1715 KJIETOK Ha Pa3HBIX
JTanax KPHOKOHCEPBUPOBAHUS. YBETMUEHNE MEXaHH-
YeCKOH MPOYHOCTH MEMOpaHbl, HHAYLIUPOBAHHOE
poctom kouuentpamuu Ca’" B sputponurax [15],
BO3MOHO, [IOBBIIIAET UX YCTOWYMBOCTD K 3aMOPAXKH-
BaHUIO-0TOrpeBy. OAHAKO MEPEHOC KIETOK B (pusno-
JOTUYECKUE yCIOBUS MOXKET akTHBUpoBaTh Ca’'-
3aBUCHMBIE MIPOLIECCHI, BEAYIINE K CTPYKTYPHO-(PYHK-
LMOHAIBHBIM HAPYIICHHUSM.

MexanusMm HHrubmpyromero Bo3aencteus 1150-
1500 na Ca*-ATPa3y B CTpYKTYype IIa3MaTH4ECKOM
MeMOpaHBl SPUTPOLIUTOB MPEACTABIACTCS BEChMa
HEIMPOCTHIM, TOCKOJIbKY AEWCTBHE JAHHOTO BEIIECTBA
Ha KJIETKY 3aTparuBaeT IEJNbIi pAJ [MapamMeTpoB ee
CTPYKTYypHOTO cocTosiHusl. Monekynsl 1190-1500
00pa3yIoT BOOOPOIHBIE CBSI3H C Pa3IMIHBIMU CTPYKTY-
pamu [6, 9, 16]. Ilpu B3aumogeincteuu 1190 c
TUAPATHBIMH 000JOYKaMH MaKpOMOJIEKYJ, COCTaB-
JAIOMUX [UIa3MaTHYeCcKyl0 MeMOpaHy, MOJUMED
MOXET 00pa30BbIBATH MOKPOB BOKPYT KJIETKH U Orpa-
HUYMBATh AOCTYNHOCTh MOJIEKYJ BOJBI K TOH 4acTH
Ca?"-ATPa3sl, KOTOpasi SKCIIOHUPOBAHA HA BHEIIHIOO
noBepxHOCTh. Kpome Toro, agcopOupysce Ha Tuias-
Matudeckon Mmembpane, [190-1500 MmoxkeT HapymiaTh
CTPYKTypY T'HIPaTHOM 000JI0YKH TOBEPXHOCTHBIX Yac-
teit Ca?’-ATPas3bl, BCTymast BO B3aUMOJIEHCTBHE C
MOJIAPHBIMH TPYTIITHPOBKAMH MaKpPOMOJEKYJBI, YTO
3aTpydHseT KOH(GOPMaMOHHBIE MpeBpalleHus gep-
MEHTa B XOJI€ KaTaIMTUYECKON peaklnu.

N3menenune aktupHocTH Ca?’-ATPasbr MoxeT
OBITH TaKKe CIEACTBHEM MOMUGUKAIMH JTUIHIHOU
(a3er MemOpansl B mpucyteTBun [190-1500. U3BecT-
Ha crtocobHocTh Monekyn [190 u II9T ¢ pasnuunbIME
MOJIEKYJISIPHBIMH MaccaMH BBI3BIBaTh arperamnuio u
CIMsHUE OMOJIOrMYECKUX MEMOpaH u JIUIocoM [ 3, 16],
YTO CBSZBIBAIOT C YYacTHEM JAaHHBIX COECAMHEHUN B
00pa3oBaHUM BOAOPOAHBIX CBA3EH C MOJEKYIaMHU
BOJIbI, COJIbBaTHPYIOMKUMH TOJISIPHBIE TOJIOBKHU (oc-
dbomumunos. B3zaumoneiicteue [191° ¢ MmemOpanamm
BBI3bIBAaCT MOAU(DHUKANNIO PUINISCKUX TTapaMETPOB
OucCI0s1, B YACTHOCTH, YBEITMUUBAETCS TEKYy4ECTh JIHU-
MUJ0B, U3MEHSIOTCS SHTPOIHS, SHTANBINS U KOOIIe-
paTuBHOCTH (a30oBeIX mepexonoB [16]. OTmeueno
BO3HMKHOBEHHE MOJIMMOPQHBIX PEBPAILEHUH B JIU-
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processes [13, 17] and inducing certain balance of
structural and functional state of subcellular systems
under changed conditions of cell vital activity. The
alterations in erythrocytes of patients with hyper-
tension may be such an example [14]. The investiga-
tions demonstrated that the Ca**-ATPase activity of
saponin-permeabilised erythrocytes was maintained
after ultra low temperature effect that testified to its
cryostability. However applying cryoprotectants for
cell protection under freeze-thawing affects the
Ca-pump catalytic activity. PEO-1500 exocellular
cryoprotectant modifies parameters either of extra- or
intracellular media due to its osmotic activity and
adsorption capability [6]. Ca?>*-ATPase activity and
intracellular calcium level alterations under these
conditions can play a certain role in the regulation of
erythrocyte metabolism. Since the Ca* ions in extra-
cellular medium are in a residual amount, the inhibition
of Ca**-ATPase activity in erythrocytes under
PEO-1500 effect is apparently the main physiological
mechanism of its intracellular level augmentation.
Increase in Ca?" concentration in erythrocytes, caused
by Ca?'-ATPase inhibition is complemented by os-
motic effects of PEO-1500 solution, causing cell
dehydration and concentrating all intracellular compo-
nents. Augmentation of Ca?"level under these condi-
tions may cause regulatory changes in structural and
functional state of some subcellular systems. Con-
sequences of elevated intracellular Ca®* level are not
apparently uniform for cells at different cryopreser-
vation stages. Increase in mechanical stability, induced
by Ca*" concentration increase in erythrocytes [15]
possibly improves their resistance to freeze-thawing.
However cell transfer into physiological conditions
may activate Ca**-dependent processes, resulting in
structural and functional disorders.

Mechanism of PEO-1500 inhibiting effect on Ca**-
ATPase in erythrocyte plasma membrane structure
appears to be quite intricate, because this substance
affects a number of parameters of cell structure.
PEO-1500 molecules form hydrogen bonds with dif-
ferent structures [6, 9, 16]. Under PEO interaction with
macromolecule hydrate coat, composing a plasma
membrane, the polymer may form the cover around
of cell and limit water molecule availability to that
part of Ca?*-ATPase, which is exposed to an external
surface. In addition, being absorbed on plasmatic
membrane PEO-1500 may impair the structure of
hydrate coat of Ca?>*-ATPase surface parts, by inter-
acting with polar groups of the macromolecule, that
complicates the conformational enzyme transforma-
tions during catalytic reaction.

Change in Ca?*-ATPase activity may also result
from membrane lipid phase modification at PEO-1500
presence. The capability of PEO and PEG molecules
with different molecular mass values is known to cause
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NUAHOM (ase, CBA3aHHBIX C HApYIIEHHEM OUCITIOMHOM
namesusipHOn cTpyKTypsl [3, 12]. Takum obpaszom,
HU3MEHEHHS CTPYKTYPHBIX CBOMCTB JIMIIUHOTO OUCIION
MeMOpaHbI ¥, BO3MOXKHO, 3apsI0BBIX XapaKTePUCTUK
MuKpookpyxenuss Ca?>-ATPa3pl moa BiIUsHHEM
I[120-1500 moxeT OBITH OAHOI U3 TPUYUH TOPMOXKE-
HUS pabOTHI TaHHON (EepMEHTATUBHOW CUCTEMBI.

[ockonpky I190-1500 BauseT Ha pa3audHbIE
CBOHMCTBaA MJIa3MaTHYECKUX MEeMOpaH, TO JOTHYHO
MIPEAIOI0KUTH, YTO €r0 HHTHOUPYIOIee BIUSHUE Ha
Ca?-ATPa3y 3pHTpOLMTOB SABISETCS CyMMHUPYIOIIUM
pe3ynbTaroM MOOU(HUKANKUU BeeX (PU3NKO-XUMHUYEC-
KHX XapaKTePUCTUK MEMOpaHBI MOA BIUSHUEM JaH-
HOTO KPHOIPOTEKTOPA.

O6Hapy:xeHHoe Hamu u3MeHenue Ca**-ATPasHoi
AKTUBHOCTH B 3pUTpouuTax noa saussHuem [190-1500
CTaBHUT BOINPOC O MEXaHHM3ME €¢ WHTHOUPOBAHHS H
TpeOyeT MPOBENeHNS OLIEHKH KHHETUIECKIX XapaKTe-
pucTUK (PYHKIIMOHUPOBAHUS NTaHHOW CHUCTEMEI, €e
YYBCTBUTEIBFHOCTH K PETYISTOPHBIM BO3AEUCTBUIM
pasubIx koHeHTpanuii Ca’*, ananmusa Ca*" Tpancmop-
TUPYIOLIEH CIOCOOHOCTH B ATHX YCIOBUAX. OTBETHI
Ha 3TH BONPOCHI MO3BOJIST B NEPCIEKTUBE MPECTa-
BUTB postb Ca**-perympyromux CUCTEM B U3MEHEHHUSIX
CTPYKTYpHO-(QYHKLIMOHAIBHOTO COCTOSIHHSI KJIETOK
IpU U3yYEeHUH MEXaHW3MOB MX CTaOMIU3aLUH K
JEHCTBUIO CTPECCOBBIX (PAKTOPOB HUZKOTEMIIEpaTyp-
HOTO BO3ACHCTBUA IPU HCIOJIB30BAHNN 3K30LEIUTIO-
JIIPHBIX KPUOTIPOTEKTOPOB.

BbiBOADI

1. Dx3onemToNIpHbINA KprotpoTekTop [190-1500
uHruoupyet akruBHOCTH Ca’’-ATPa3bl 3puTpONUTOB
[IPU HHKYOUPOBaHHUHU C HUM KJIETOK, a OCIIe YOI
LUK 3aMOpakuBaHus-otorpesa (—196...37°C) B ero
MPUCYTCTBUH HE BIUSET HA YCTAHOBUBIIUNCS PEXKUM
paboThl JaHHOTO (hepMEeHTa.

2. NMarubupoBanue, BbI3BaHHOE JeiicTBUEM
I[120-1500, HOCUT OOpaTUMBIH XapakTep U aKTHB-
HocTh Ca*"-ATPa3bl 3pUTPOIIMTOB BOCCTAHABINBACTCS
[IOCJIE €TO Pa3BeACHHs B KJIIETOYHOMN CYCIIEH3HH, YTO
HEOOXO0IMMO IS HOPMAIILHOTO (DYHKIIMOHUPOBAHHUSI
KPHOKOHCEPBHUPOBAHHBIX KJIETOK B pyciie KPOBH ITOCIIE
TpaHcy3uu.
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aggregation and fusion of biological membranes and
liposomes [3, 16], that is associated to the participation
of these compounds in formation of hydrogen bonds
with water molecules, solvating polar heads of phos-
pholipids. PEG interaction with membranes causes the
modification of bilayer physical parameters, in parti-
cular, there is an increase in lipid fluidity, changes in
entropy, enthalpy and cooperativity of phase transi-
tions [16]. The appearance of polymorphous transfor-
mations in lipid phase, associated to a disorder in bi-
layer lamellar structure was noted [3, 12]. Thus, the
changes in structural properties of membrane lipid
bilayer and probably the charge characteristics of Ca*'-
ATPase microenvironments may be one of the causes
of inhibiting activity of this enzyme system.

Since PEO-1500 affects different properties of
plasma membranes, it is logic to suppose that its inhi-
biting effect on erythrocyte Ca*-ATPase is a summari-
sing result of modification of all physical and chemical
membrane characteristics under this cryoprotectant
effect.

Revealed by us change in erythrocyte Ca*'-ATPase
activity under PEO-1500 effect arises a question about
the mechanism of its inhibition and requires perfor-
ming estimation of kinetic characteristics of this sys-
tem functioning, its sensitivity to regulatory effects
of different Ca®* concentrations, analysis of Ca®* trans-
porting ability under these conditions. Answers on
these questions will enable in future to imagine the
role of Ca?*-regulating systems in changing structural
and functional state of cells when studying the me-
chanisms of their stabilisation to the effect of stress
factors of low temperature effect when using exocel-
lular cryoprotectants.

Conclusions

1. PEO-1500 exocellular cryoprotectant inhibits
the erythrocyte Ca**-ATPase activity under cell
incubation with it, but a following cycle of freeze-
thawing (—196+37°C) at its presence does not affect
the settled functioning regimen of this enzyme.

2. Inhibition, caused by PEO-1500 effect has a
reversible character and erythrocyte Ca*-ATPase
activity recovers after its dilution in cell suspension,
that is necessary for normal functioning of cryopre-
served cells in blood bed after transfusion.
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