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Modification of Erythrocytes’” Ca?*-ATPase Activity under Glycerol and
Freezing Effect and in Media with Different lonic Strength
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of Sciences of the Ukraine, Kharkov

W3amenenue aktuBHocTH Ca’’-ATPa3bl 3pUTPOLMTOB B KPUTHUYECKHE MOMEHTBI XKU3HEICATEIbHOCTH KIETOK, B TOM YHCIE MPU
KPHUOKOHCEPBUPOBAHHHU, MOXKET UI'PATh BAXKHYIO POJIb B COXPAHEHHH HX CTPYKTYPHOH LEIOCTHOCTH U (hyHKIMOHATIBHOH MOTHOLICHHOCTH.
DHIOUEIUTIONSAPHBIA KPHOTIPOTEKTOP MIHIEPOIT CIIOCOOCH KOHI[CHTPALHOHHO-3aBUCUMBIM CII0CO00M Moan(HIpoBaTs padory Ca’'-
ATPa3s1. Ha Mmonenu canoHuH-1Iep(hOPHPOBAHHBIX KJICTOK OBIJIO MOKA3aHO, YTO HEOOIBIITNE KOHIICHTPAIIMH [IHIIEPOJIa CTUMYIHPYIOT
(bepmeHTaTHBHYIO akTHBHOCTH Ca?*-Hacoca, a BBICOKHE — TOPMO3ST CKopocTh ATPa3Ho# peakiun. AKTHBHpYFOLIee JeiCTBHE NIHIEepoia
B otHomeHnn Ca?*-ATPa3bl MOXeT ObITh CBS3aHO KaK C BOBJICUCHHEM €€ DHAOTCHHBIX PEryNlsTOPOB, TAK H C MOAHMHIUPYIOLINM
BIIMSIHUEM [1apaMeTPOB CpPe/bl B KOHTPOJIUPOBAaHHH (PYyHKIIMOHAJIBHON aKTMBHOCTH TaHHOW MOHTPAHCIOPTUPYIOLIEH CHCTEMBI.
OtMmeueHo, uTo akTUBHOCTH Ca? - ATPa3bl MOKET U3MEHATHCS O] BIMSHHEM HU3KHUX TEMIIEPATyp MPU KOHCEPBUPOBAHUH SPUTPOIIUTOB
01 3aILMTON IIULEPOJIa, a TAKXKE B Pe3yJIbTaTe ACIIMLIEPUHU3AINY IEKOHCEPBUPOBAaHHBIX KICTOK.

Kniouesvie cnoea:>puTpouuThl, KpHOKOHCEPBUPOBaHUe, ruepoi, Ca?-ATPasa.

3mina akruBHOCTI Ca* -ATPa3u epUTPOLUTIB Y KPUTHYHI MOMEHTH )KUTTEISIIBHOCTI KIIITHH, y TOMY YHCIIi IIPY KPiIOKOHCEPBYBaHHi,
MOJKe BiZlirpaBaTH BOXKJIUBY POJIb Y 30epeiKeHHI IXHBOT CTPYKTYPHOI LIUTICHOCTI 1 (DYHKIIOHATIBHOT MOBHOLIHHOCTI. EHonemonspuuii
KPiOIPOTEKTOP MIIILEPOT 3AaTHUI KOHIIEHTPALIHHO-3aJIEKHUM criocoboM MoaudikyBaTu poboty Ca*-ATPa3u. Ha Mmozeni canoHiu-
niephOpOBaHUX KIIITHH OyJI0 [TOKAa3aHO, 110 HEBETMKI KOHIICHTPALT ITiLIepOITy CTUMYITIOIOTH pepMeHTaTHBHY akTHBHICTH Ca’*-Hacoca,
a BUCOKI — raJIbMyIOTh IBHAKICTh ATP-a3H0i peakiiii. AKTuByro4a ais rineposny y BinHomenHi 10 Ca’*-ATPa3su moxxe Oy TH OB’ s13aHa
SK 13 3aydeHHsIM i eHZOTeHHUX PEeryjsTOpiB, Tak i 3 BINIMBOM MOIMQIKYIOUHX MapaMeTpiB CepeloBHUINa B KOHTPOJIOBAHHI
(byHKLIOHATBHOT aKTHBHOCTI JIaHOT IOHTPAHCIIOPTYOYOT CHCTEMH. 3a3HaueHo, mo akTuBHicTh Ca**-ATPa3u Moke 3MiHIOBATUCS Ti[
BIUTMBOM HM3bKHX TEMIIEPaTyp NPU KOHCEPBYBAHHI €PUTPOLMTIB Iijl 3aXHCTOM DIIILIEPOITy, 8 TAKOXK y pe3ysbTaTi JerIinepruHisanii
JICKOHCEPBOBAHMX KJIITHH.

Knrouosi cnosa: eputporuti, KpiokoHcepByBaHHs, miineposn, Ca**-ATPa3a.

The change in erythrocytes’ Ca**-ATPase activity in critical moments of cell life, including cryopreservation, can play an
important role in preserving their structural and functional integrity. Endocellular cryoprotectant glycerol is capable to modify the
Ca*-ATPase activity by concentration-dependent way. Using the saponin-perforated cells as a model the low concentrations of
glycerol were demonstrated to stimulate the Ca**-ATPase-pump enzymatic activity, while the high ones inhibited the rate of ATPase
reaction. An activating effect of glycerol in respect of Ca**-ATPase can be related to both the involvement of its endogenous regulators
and a modifying effect of medium parameters in controlling this ion-transporting system functional activity. The Ca?*-ATPase activity
was noted to be changed under low temperature effect during erythrocyte preservation with glycerol protection, as well as a result of
frozen-thawed cell deglycerolisation.

Key-words: erythrocytes, cryopreservation, glycerol, Ca**-ATPase.

HeCMOTpSI Ha yCHUJINA YUYCHBIX MHOTUX CTpPaH,
TIOIIBITKH CO3JaHUsI BBICOKOTCXHOJIOTIMYHBIX CII0co00B

In spite of the efforts of many foreign scientists
the attempts on creating the highly technological ways

KPUOKOHCEPBUPOBAHUS SPUTPOLIUTOB, 0a3UPYIOIINXCS
Ha TIPUMEHEHUY SK301ISIUTIOJIIPHBIX KPHOTIPOTEKTOPOB,
JI0 HACTOSIIETO MOMEHTA HE YBEHYAIHCH YCIIEXOM.
[IpuBrekaTeTLHOCTh TAaKUX KPHUOMPOTEKTOPOB, KaK
HES, PEG, PVP ocHoBaHa Ha BO3MOJKHOCTU HMX
WCIIOJIb30BaHUs B O€30TMBIBOYHBIX TEXHOJIOTHAX [1,
13, 15]. Onnako HECTaOMIBLHOCTH KJIETOK, KPHO-
KOHCEPBUPOBAHHBIX MOJ HX 3alIUTOW, B (U3UO-
JIOTUYECKUX YCIIOBUSAX HE OCTABIISAET AIBTEPHATHBBI

for erythrocyte cryopreservation, based on the
application of exocellular cryoprotectants, have not
succeeded till now. The attractiveness of such
cryoprotectants as HES, PEG, PVP is based on the
possibility of their usage without washing-out
techniques [1, 13, 15]. However the instability of cells,
cryopreserved under their protection within a long-term
period does not keep a choice for glycerol application
as the main cryoprotectant in cryobanks practice in
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NPUMEHEHUIO TIHIEpoJa KaK OCHOBHOTO KpHO-
MPOTEKTOpA B MPAKTUKE KPUOOAHKOB PAa3HBIX CTPaH.
I'munmepon ucmonp3yercsa B pa3lIUYHBIX METOAAX
KpUOKOHCEepBUpOBaHHA sputpountoB [9,10,16],
obecrneynBaeT BHICOKYIO CTENEHb COXPAHHOCTH
KJIETOK, KOTOpble 007a1aioT cTaOUIBHOCTBHIO H
(hM3HONOTHYECKOM TTOTHOIIEHHOCTHIO, YTO ITO3BOJISIET
VM BBITIOJIHATH CBOM (PYHKIMH B PyCiie KPOBH IIpH
TpaHcy3uu.

UccnenoBanne MexaHu3MOB, 00eCIEUHBAIOIINX
COXPAaHHOCTH KJIETOK MOJ| 3aIIUTON TIHIEPONIa MpU
KPUOKOHCEPBUPOBAHHH, 3aCIyKHUBAET 0COOOT0
BHUMAaHUS, TOCKOJIbKY MOKET OBITh MHCTPYMEHTOM
LeJIeHaNpaBIeHHON Mogu(pUKAIUU MeTabonu3Ma
KJIETOK, TIOBBIMIAIONIEN MX CTaOMIBHOCTH K CTpEC-
COBBIM BO3JEHCTBUSAM MpPHU pa3pabOTKe HOBBIX
CIOCO00B KPUOKOHCEPBUPOBAHHS SPUTPOLIUTOB.

Bnusaue runeporna Ha cuCTEMBI MEMOPaHHOTO
TpaHCIIOpPTa MMEET pellaronee 3HaAaYCHHE IS
BBDKHMBAHHS KJIETOK B CTPECCOBBIX YCIOBHAX. JIerko
NIPOHUKAs B KJIETKH, OH U3MEHSET HE TOJIbKO
rapaMeTpsl BHEIIHEN cpefibl, HO U CBOMCTBA BHYTPH-
KJIETOYHOTO coJiepkuMoro. HecomHeHHO, 4acTh
MOJIEKYJT KPHOIIPOTEKTOPAa MOXET HAaXOAUTHCA U B
CTPYKType MiIa3MaTH4ecKodl memOpaHbl. [ns
SPUTPOLMUTOB, NPEACTABIAIOMUX KpaiiHe nudde-
PEHIMPOBAaHHBIC KJIETKH, CBOWCTBA MEMOpPaHBI U
0CO0BIH peKUM (PYHKIIMOHUPOBAHUSI TPAHCIIOPTHBIX U
CUTHAJIBHBIX CHCTEM Ha Pa3HBIX dTanax KPHOKOH-
CEPBHUPOBAHMS, SBISIIOTCS, TIO-BUIMMOMY, HauboJjee
CYIIECTBEHHBIMH (DakTopamMu s CTaOHUIIN3aluH
KJIETOK MPH 3aMOpaXMBaHUHU-0TOTpeBe. buoxu-
MUYECKHH acnekT Moaudurkanum merabonu3Ma u
CTPYKTYPBbI KJIETOK O] BIASHUEM KPUOIIPOTEKTOPOB
U Jpyrux Hecrenupuueckux GakTopos, COMYTCTBY-
OIIMX 3aMOPAKHUBAHUIO-0TOTPEBY, ITPEACTABIACTCS HE
MeHee BaKHOH CTOPOHOM CTa0MIIN3AL1H KJIETOK, YeM
(U3NKO-XUMHUYECKUE N3MEHEHHUs Cpellbl B Ipoliecce
KPHOKOHCEPBHUPOBAHH.

Lens uccinenoBaHus — U3y4eHHE M3MEHEHHH
akTuBHOCTH Ca’’-ATPa3bl 3pUTPOLUTOB YeTIOBEKa
IOJ] BJIMSIHUEM Pa3IMYHBIX KOHIIEHTPaIUi IUIepoa,
coJieil OMHOBAJIEHTHHIX KAaTHOHOB W IpoIecca
3aMOpPaXKHBAHMUI-OTOTPEBA MO 3aIIUTOW JAHHOTO
KpHOIIPOTEKTOpA.

Matepnanbl 1 meToAbI

B pa6ore ncronb3oBanu qoHOpcKyto kpoBb (A (1)
IpyMIa, My>X4YHHbI ), 3aTOTOBIEHHYIO HAa KOHCEPBaHTE
“I'morunup” co cpokoM XxpaHeHus 3-5 cyTok npu 4°C.
OPUTPOIUTHI OTAENSIN OT IUIa3Mbl U KOMIIOHEHTOB
NEHKOIUTAPHONW Macchl LEHTPU(DYTUPOBAHHEM IIPH
3000 o6/mun Ha uentpudyre OITH-3. Dputpomaccy
TpUXIbl TpoMbIBain pactBopoM A (150 MM NacCl,
10 MM Tpuc-HCI, pH 7,4) B cooTHOIIEHUH 00bEMOB
1:4, xaxnapld pa3 ynansis BEpXHUU CIOH KIETOK,
coJiepKaInii KOMITOHEHTHI O€JI01 KPOBH.
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different countries. Glycerol is used in different
methods of erythrocyte cryopreservation [9, 10, 16]
and provides a high preservation rate for stable and
physiologically integral cells, that enables them to
perform their functions in blood channel during
transfusion.

The investigation of mechanisms, providing cell
integrity under glycerol protection during cryo-
preservation is of special attention, since it can be an
instrument for the aimed modification of cell
metabolism, increasing their stability to stress effects,
as well as when elaborating the new ways for
erythrocyte cryopreservation.

Glycerol effect on membrane transport systems is
decisive for cell survival under stress. Due to an easy
penetration into cells it changes not only the
environment parameters but the properties of
intracellular content as well. Evidently, a part of
cryoprotectant molecules may be located in plasmatic
membrane structure too. For the erythrocytes, which
are the extremely differentiated cells, the membrane
properties and a special regimen for the transport and
signalling systems’ functioning at different stages of
cryopreservation are, apparently, the most significant
factors of cell stabilisation under freeze-thawing.
Biochemical aspect of metabolism and cell structure
modification under the effect of cryoprotectants and
some other non-specific factors, accompanying freeze-
thawing, is also an important side of cell stabilisation
as physical and chemical changes in the medium during
cryopreservation.

The research was aimed to study the change in
Ca?-ATPase activity in human erythrocytes under the
effect of different concentrations of glycerol,
monovalent cation salts and freeze-thawing process
using this cryoprotectant.

Materials and methods

Donor’s blood (A(II) group, men), procured with
“Glygicir” preservative with storage term of 3-5 days
at 4°C was used in the research. Erythrocytes were
separated from plasm and white cell components using
centrifugation at 3000 rot/min with OPN-3 centrifuge.
The erythromass was thrice washed-out with A
solution (150 mM NacCl, 10 mM Tris-HCI, pH 7,4) in
1:4 volume ratio, with every time removing an upper
cell layer, containing white blood components.

In order to determine the Ca?*-ATPase activity [5]
the erythrocytes’ aliquots were introduced into the
medium B (0.04% saponin, 1 mM ATP, 1 mM EGTA,
0.025 mM MgCl,, 10 mM Tris, 10 mM HEPES, 135
mM KCI and 1.1 mM CaCl, (pH 7.4)). The Ca*-
ATPase activity was estimated by the difference of
inorganic phosphate accumulation in Ca**-containing
samples and parallel Ca?'-free samples. Depending
on specific experimental tasks the medium composition
was varied by additional introducing different
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s onpenencuus Ca?*-ATPa3Hoit akTHBHOCTH [ 5]
IMKBOTHI SPUTPOLNTOB BHOCHIHU B cpeny B (0,04%
canonuna, 1 MM ATP, 1 MM EGTA, 0,025 MM MgCl,,
10 MM Tpuc, 10 MM HEPES, 135 MM KCl u 1,1 MM
CaCl,, pH 7,4). AxtusHocth Ca’*-ATPa3bl onenu-
BaJIM 1O pa3HHUIlE HAKOIJIEHHS HEOPTaHUYECKOTO
tdocara B Ca?-comepkanux mpodax u mapaieins-
ueix Ca?-Hecomepskammux mpobax. B 3aBHCHMOCTH OT
KOHKPETHBIX 3KCIIEPUMEHTAIbHBIX 3aJa4 COCTaB
CpeIbl BApbUPOBAJIN, BBOJS JOTIOHUTEIHHO Pa3HbIe
KoHIIeHTparmu riutepona (5-60%); NaCl (150-600 MM);
KC1 (150-600 mM). TIpu omnenke Ca?*-ATPasnoit
aKTUBHOCTH B cpenax, cogepxammux NaCl, padoty Na'-
Hacoca OnokupoBanu nodasieHneM 1| MM oyabanHa.
Peakmuto ¢epmentaruBHoro rugponusa ATP orcie-
XKHUBaJIM, UHKyOupys xietku npu 37°C B reyenue 20
MmuH. [Tocie 4ero peakiuro ocTaHaBIUBAIH, TOOABIISS
x0J107HbIH1 pacTBOp TXY 710 KOHEUHOM KOHIIEHTpAUU
5%. Yposenb Heopranunveckoro ¢pocdopa (P) B
po6ax OMpeNessIu M0 METOMY, ONMcaHHoOMYy B [11].

Vnenpuyto aktuBHOCTh Ca?’-ATPa3sbl spurpo-
UTOB paccunThiBany Ha 10°kiaerok. ITogcuer KieTok
B 1pobax mpoBoAWIH B Kamepe [opsiesa.

Jns oueHKH BIUSHUSA NPOLECCOB KPHUOKOH-
cepBupoBanus Ha Ca**-ATPa3Hyi0 aKTHBHOCTH
SPUTPOLUTOB OBUTM MPOBEICHBI HKCIEPUMEHTHI 110
3aMOPaKUBAHUIO KJIETOK B JKUAKOM a3oTe. i 3Toro
K 9puTpoMacce 100aBIsuM paBHbIM 00BbeM pacTBopa C
(30% rmunepona, 150 MM NaCl, 10 MM Tpuc-HCI,
pH 7,4) u nakybupoBanu B Tedenne 20 MHH, TOCTe
Yero KJIEeTKH B METaJJIHN4YeCKHX KOHTEeWHepax
(o6bpemom 10 M) morpyskajiu B KHUIKHH a3oT.
PasmopaxknBanu Ha BOAsSHON OaHE ¢ TeMmIepaTypou
42°C mpu MOCTOSIHHOM IoOKauuBaHuU. [lexoHcep-
BHPOBaHHBIC KJICTKH OBUIM pa3/ieieHbl Ha 2 4acTu.
Knetku mepBoit wactu ocaxpmaiun HEHTpUDyTH-
poBanuem npu 3000 06/MHH 1 aITUKBOTHI 3pUTPOMACCHI
nepeHocunu B cpeny B ans mposeneHus ¢ep-
MEHTaTUBHOU peakuuu. [lapamnensHo oneHUBaIH
KOJIMYECTBO KIJIETOK B MPOOE M ypOBEHb IeMOJIH3a.
Jpyryro 4acTe IE€KOHCEPBUPOBAHHOW 3PUTPOMACCHI
WCIIONIB30BAIH TIPH ETTHIEPUHHU3AINH ISl OLIEHKH
Ca?"-ATPa3Hoii akKTHBHOCTH 3PUTPOLIUTOB, BO3Bpa-
LICHHBIX IT0CJIEe KPHOKOHCEPBUPOBAHNUS B HOPMaJIbHbIE
¢u3nonornvyeckue yciosus. [ernunepuHu3amnuio
BBITIOJTHSUIM TI0 cXeMe: -1 aTan — ocakeHne KIETOK
U ylaJeHHe Hajxocajaka; 2-il 3Tall — OTMBIBaHUE
aputpoMacchl paBHEIM o0bemoM 600 MM NaCl, 10
MM Tpuc-HCI (pH 7,4); 3- 1 4-1i 3Tansl — oTMBIBaHUE
paBHBIMH oOBbeMaMmu cpensl A. Ilocne 3aBeprueHus
OTMBIBOYHBIX NMPOLENYP AJIUKBOTHI 3PUTPOMACCHI
BHOCHIIH B cpeay B u onpenensiiu aktuBHOCTh Ca’'-
ATPa3bl 3puTpOIIUTOB, Kak omucaHo Bbime. [lapa-
JIEJTPHO OLIEHWBAJIM KOJMYECTBO KJIETOK B MpPobOe U
YpOBEHB T€MOJIH3A.
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concentrations of glycerol (5-60%); NaCl (150-600 mM)
and KCI (150-600 mM). When estimating Ca**-ATPase
activity in NaCl-containing media the Na*-pump work
was blocked by adding 1 mM ouabain. The reaction
of ATP enzymatic hydrolysis was traced by incubating
cells at 37°C within 20 min, then the reaction was
stopped by adding cold TCA solution up to 5% final
concentration. The level of inorganic phosphorus (P,)
in samples was determined by the described method [11].

The erythrocytes’ Ca?*-ATPase specific activity
was calculated per 10° cells. Cell counting in samples
was carried-out in Goryaev’s chamber.

In order to estimate the cryopreservation effect on
Ca*-ATPase erythrocyte activity the experiments on
cell freezing in liquid nitrogen were carried-out. For
this purpose the equal volume of C solution (30%
glycerol, 150 mM NacCl, 10 mM Tris-HCI, pH 7.4) was
added to erythromass and incubated for 20 min, then
cells in metal containers (10 ml volume) were immersed
into liquid nitrogen, frozen-thawed on water bath of
42°C temperature with a constant shaking. Frozen-
thawed cells were divided into 2 parts. Cells of the first
part were precipitated by centrifuging at 3000 rot/min
and erythromass aliquots were transferred into the
medium B for the enzyme reaction performance.
Simultaneously there were evaluated the cell number
in a sample and hemolysis level. Another part of frozen-
thawed erythromass was used during deglycerolisation
for estimating Ca?"-ATPase activity of erythrocytes,
returned after cryopreservation under normal
physiological conditions. Deglycerolisation was
performed according to the protocol: 1% stage is cell
precipitation and supernatant removal; 2" stage is
erythromass washing-out with equal volume of 600 mM
NaCl, 10mM Tris-HCI (pH 7.4); 3™ and 4" stages are
washing-out with equal volumes of the medium A.
After completing the washing-out procedures the
erythromass aliquots were introduced into the medium B
and Ca*-ATPase erythrocyte activity was deter-
mined as described above. At the same time we
estimated the amount of cells in a sample and the
hemolysis level.

Results and discussion

Unique role of Ca?*-ATPase in erythrocytes is
explained by the fact, that it is the only system in a
cell, controlling the level of cytosol calcium. In addition,
it is devoted not only to support a 10,000-fold Ca?*
gradient on a membrane under stationary conditions
of cell vital activity, but the regulation at a receptor-
induced increase in its concentration under external
signal effect. The change in catalytic properties of Ca?*-
pump and, consequently its capability to translocate
the Ca?" ions in erythrocytes at different cryo-
preservation stages can cause a considerable effect
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Pe3yAbTatbl M 00Cy)xaeHue

Vuukanbaas poib Ca?’-ATPa3bl B 3pUTpOIIUTAX
OOBSICHSIETCSA TE€M, YTO 3TO €OUHCTBEHHAs! CUCTEMa
B KJIETKE, 00ECIIEYMBAIOIIAsi KOHTPOJIb 332 YPOBHEM
LUTO30JbHOTO KanblMsl. Kpome Toro, oHa npuspasa
He Tosibko noaaepxkuBarhk 10 000-kpaTHBINA TpaAueHT
Ca?" Ha MeMOpaHe B CTAalHOHAPHBIX YCIOBHIX
KU3HEACATENBHOCTH KJIETKH, HO M OCYILECTBIATH
PETyISALUIO IPH PEUENTOP-HHIYITHPOBAHHOM ITOBBI-
IIEHWU €T0 KOHIEHTPAalHW IOJ BO3AEHCTBHUEM
BHEIIHET0 CHUTHasa. M3MeHeHNe KaTalIUuTHYeCKHX
csoiicte Ca?'-macoca, CIeJOBATEIbHO, U €0
CIOCOOHOCTH TPAHCIONUPOBATh HOHBI Ca’" B 3pHUTpO-
LHUTAaX Ha pa3HBIX 3Talax KPHUOKOHCEPBHUPOBAHUS
MOXKET OKa3aTh 3HAYMTENIBHOE BIMSHHE Ha JKU3HE-
CIIOCOOHOCTBH SPUTPOLUTOB. YUHUTHIBAs, YTO NPH
WHKYOaIMy C IMIMLIEPOIOM MPOMCXOIUT HACHIIICHUE
3PUTPOLIUTOB KPHOIIPOTEKTOPOM , M €T'0 KOHLIEHTpALHs
BHYTPH KJIETKH [TOCTENIEHHO HAPAaCTaET, TPAHCIIOPTHHIE
CHCTEMBI IJIa3MaTH4eCKO MeMOpaHbl B HAaualbHBIN
TIEPUOJ ¥ TIOCIIE TOCTHKEHUS PABHOBECHOTO COCTOSTHHS
MOTYT TI0-pa3HOMY pearupoBaTh Ha MPOUCXOISIINE
W3MEHEHHUs MapaMeTpoB cpensl. JmHAMUKY HachI-
IEHHS TJIMIEPOJIOM U N3MeHeHHe akTuBHOCTH Ca?'-
ATPa3sl B X0zie 3TOTO mpollecca MOXKHO CMOJE-
JHUPOBATh UcCCIeNOBaHHEM (DYHKIIMOHUPOBAHUS
(depMeHTa B cpefax ¢ pa3sHBIMU KOHIEHTPALUIMHU
KpHOIIPOTEKTOpA.

Ha puc.l nmpencraBiena aktuBHocth Ca?'-
ATPa3bl B canoHuH-1Iep(HOPUPOBAHHBIX IPUTPOLIUTAX
[IpY U3MEHEHUH YPOBHSA IIUIlEpoia B cpene. BuaHo,
YTO 3Ta 3aBUCHUMOCTb HOCUT Ou(a3HbI XapakTep.
Ca?'-ATPa3Hast akTHUBHOCTb pacTeT MpH HEOOIBIINX
KOHLIEHTPAIHSIX TIINIEPOSia, TOCTUTast MAaKCHMaJIbHBIX
3HaueHui nmpu 10%-M copepkaHUU KPUOIPOTEKTOPA
B cpezne. [locie 3TOoro akTUBUpYIOIIEE BIUSHUE
raunepona Ha pabory Ca*-ATPa3bl 3pUTPOIUTOB
HauWHAEeT CHIKaThCs. Ho TOMBKO B yCIOBHSX, KOTIA
ero ypoBeHb mpeBwimaeT 20%-10 KOHIIEHTPAITHIO,
OTMEYAETCs] JOCTOBEPHOE CHHKEHHUE KaTaauTH-
YECKOW aKTHUBHOCTH HW)KE€ KOHTPOJIBHBIX 3HAYEHHH.
[Ipn nanpHelmeM MOBBINIEHUH KOHLEHTpALUMU
KpUONPOTEKTOPa MPOUCXOAUT MEAJIEHHOE CHUKECHHE
akTuBHOCTH Ca’’-ATPas3bl.

[ToBeimieHne KaTanmuTH4Yeckol akTuBHOCTH Ca*'-
Hacoca PUTPOLIMTOB IO/ BIMSHUEM TIIHIIEPOJIa TpU
KOHIIEHTPALHAX, COOTBETCTBYIONINX HA4YaIbHOMY
3TaIy HACBIIICHNUS KJIIETOK KPHOIIPOTEKTOPOM, MOXKET
WTpaTh BAKHYIO POJIb B CTAOMIIM3AINH KIETOK. B aTrx
YCIOBUSX MOTEHIIMAIBHO BO3MOXXHO YBEIHYEHHUE
ckopoctH Bxoaa Ca*” B KJIETKy BCIICICTBHE MEPTYP-
0aluu B CTPYKType IUIa3MaTHUYECKOW MeMOpaHbl,
BBI3BAHHOM riuneposnoM. M eciau B 3TO ke Bpems
oTMevaercs aktuBauusi padborel Ca’'-ATPas3bl, TO
yBenuueHue ckopoctu Bxona Ca?’ B kietky Oyzmer
ckomneHcupoBaHo poctoM Ca?*-ATPa3Hoii akTUBHOC-
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on erythrocyte viability. Taking into account the fact,
that during incubation with glycerol the erythrocyte
saturation with cryoprotectant occurs and its
concentration inside a cell gradually increases, the
transport systems of plasmatic membrane in an initial
period and after achieving a balanced state can
differently respond to the occurring changes in medium
parameters. The dynamics of saturation with glycerol
and a change in Ca?'-ATPase activity during this
process can be modelled by studying the enzyme
functioning into the media with different cryoprotectant
concentrations.

Fig. 1 demonstrates the Ca**-ATPase activity in
saponin-perforated erythrocytes at the glycerol level
change in the medium. It appears that this dependency
is a biphase character. The Ca*-ATPase activity
increases under low glycerol concentrations by
achieving the maximum values at 10% cryoprotectant
content in the medium. Afterwards an activating effect
of glycerol on the erythrocytes’ Ca?*-ATPase activity
starts to reduce. But only when its level exceeds 20%
concentration a statistically significant decrease in
catalytic activity lower than the control values is
observed. During following increase in cryoprotectant
concentration a slow decrease in Ca?*-ATPase activity
occurs.

An increase in Ca*-pump catalytic activity of
erythrocytes under glycerol effect at the con-
centrations, corresponding to initial state of cell
saturation with a cryoprotectant, can play an important
role in cell stabilisation process. Under these conditions
the augmentation of Ca®" entrance rate into a cell is
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Fig.1. Glycerol effect on Ca*"-ATPase erythrocyte activity.
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TH, HAIIPaBJICHHON Ha BOCCTAHOBJICHUE OTIPEJIEIEHHOTO
OamaHca MeXAy 3THMHU BCTPEYHBIMU NMOTOKAMH
KaTHOHa yepe3 MeMOpaHy. JlanbHeliee TopMOKeHHE
ckopoct paboter Ca**-ATPas3bl mprmMepro Ha 20-25%
[P YBEIMUYEHUH KOHIIEHTPALUH IIUIEPOIIa B CpEAE,
OUYEBUIHO, HE MOKET 3HAYUTEIHHO MOBIHATH Ha POCT
BHYTPUKIJIETOUHOW KoHueHTpanuu Ca’' Ha ¢doHe
NpeaecTBYOMuX n3MeHeHuid. Takum obOpaszom,
CliefyeT OXHAATh, YTO IMepe] KPUOKOHCEPBH-
pOBaHWEM YPOBEHB IIUTO30JIBHOTO KaJbIIHs, €CIH H
MTOBBIIIIAETCS, TO BCE XKe HE BBIXOAUT PE3KO 32 PaMKHU
(m3monornyeckux Auamna3zoHoB. Tem cambiM, O6HO-
XUMHYECKass MOAU(UKAIWS U U3MEHEHUE (U3HKO-
XAMHYECKHX MMapaMeTpPOB CPEABl MOJ BIHSHUEM
[JULEpoJia, MO-BUIANMOMY, CIIOCOOCTBYIOT CTabu-
JIM3alUU SPUTPOLIUTOB B MIPOLIECCE 3aMOpaKUBAHMSI-
OTOIpeBa.

Cnenyer OTMETHTh, YTO YCTAHOBJIEHHBIE HAMH
3aKOHOMEPHOCTH HE BIIOJIHE COIVIACYIOTCS C paHee
MOJIy4eHHBIMU pe3ynbTaramu [2]. [Ipu ouenke
yaenbHoi ATPa3HOl aKTHBHOCTH pacyeT IPOBOANIICS
Ha 1 71 5pUTPOLMTOB WM PECTABPHUPOBAHHBIX TEHEU
SPUTPOUUTOB. DTOT pacyeT MpeJICTABIAETCS He
COBCEM BEPHBIM, MOCKOJBKY OH HE YYHUTHIBAET
W3MEHCHHUS 00bheMa KJIETOK NMPH WHKYyOaruu c
[JIMIEPOJIOM, B pe3yibTaTe 4ero B eIWHUIE 00beMa
KpOBH, OTOOPAaHHOM AJISl U3MEPEHUS HCCIENLyEeMbIX
XapaKTEPUCTHUK, OKAKETCS MEHBIIE (DYHKIIMOHATBHBIX
equHul. IIpoBeneHHble nccnenoBanus (Tadsinna)
[IOKa3bIBAIOT U3MEHEHUS pANa IapaMeTpoB IOcie
HWHKYOaluy 3pUTPOLIUTOB C IIIMLEPOTIOM. DTH AaHHbIE
MOATBEPXKAAI0T HEOOXOAUMOCTD NMPUMEHEHHSI HHOTO
cnocoba pacdera yaeJdbHOH aKTUBHOCTH, OCHOBY
KOTOPOTO COCTAaBIISIET KOJMYECTBO KJIETOK B TIPoOe.

Kpowme Toro, paznuuans Mexay HAIIMMU JaHHBIMU
W pe3yibTaTaMu, IpeICTaBICHHBIMU B pabote [2],
MOTYT OBITH CBSI3aHBI C MCIOJb30BaHWEM WHOMN
MOJICJIBHOM CHCTEMBI (CarmoHUH-TIep(HOPUPOBAHHBIX
3PUTPOLUTOB) [5], 9TO TO3BOJISIET COXPAHUTH B CPEIE
(epMEHTAaTUBHOTO THUJPOJIN3a BCE JHAOTCHHBIE
peryisiTopbl, BIUSONIME HAa aKTUBHOCTH Ca’'-
ATPa3pl. TeM camMbIM CcO3Ja0TCSl YCIOBUS IJIs
BOBJICUEHHSI SHOTEHHBIX MOAYNIATOPOB B PETYIALUIO
aktuBHOCTH Ca?’-ATPa3bl npu M3MEHEHHH Tapa-
MeTpoB cpeapl. HeoOxonmumocTs yueTa ocoGeHHOCTEH
MOJIEIbHONH CHCTEMBI MPH OIEHKE MOJTYyYEeHHBIX
pe3yiasTatoB B xome ucciaenoBanus Ca’'-ATPasbl
SpuUTponuTOB [3] mo3BoNsAeT M30EKATH HENPH-
MHUPUMBIX TPOTUBOPEUHH ITPH COMTOCTABIICHUH TaHHBIX
Pa3IMYHBIX padoT.

AxTuBHpyolee BiusHue ruiepoia Ha Ca’'-
ATPa3y ObIJI0 TPOJEMOHCTPUPOBAHO MIPU TUAPOIIH3E
ncesgocyoctpata — P-uutpodenundocdara [8].
ABTOpBI MTOKa3ajd, YTO B MPUCYTCTBHM IIIMILIEpOJa
Ca?" cunbHO cTMyIHpYyeT (ocdarazHyro aKTUBHOCTh
70303aBHCUMBIM criocoOoM. Imumepon- u Ca*'-
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potentially feasible due to the glycerol perturbation in
a plasma membrane structure. And if at the same time
the activation of Ca**-ATPase activity is observed, an
increase in rate of Ca*" entrance into a cell will be
compromised by the growth of Ca?*-ATPase activity,
oriented to the a certain balance recovery between
these counter-current cation flows through a
membrane. Further inhibition of Ca?*-ATPase activity
rate approximately by 20-25% at an increase in glycerol
concentration in the medium is evidently not able to
significantly affect the growth of Ca®" intracellular
concentration at the background of previous changes.
Thus, one should expect that if there is an increase in
cytosol calcium level before cryopreservation, it does
not overstep the limits of physiological ranges.
Biochemical modification and a change in physical and
chemical medium parameters are thereby appeared
to contribute to erythrocyte stabilisation during freeze-
thawing.

Of note is that the revealed by us regularities do
not quite correlate with previous results [2]. When
estimating the specific ATPase activity the calculation
was performed per 1 1 of erythrocytes or restored
erythrocyte ghosts. This calculation appears to be not
quite a correct, since not taking into account a change
in cell volume during incubation with glycerol, resulted
in the fact that the less number of functional units will
occur in the blood volume unit, selected to measure
the studied characteristics. The investigations
performed (Table) show a change in some parameters
after erythrocyte incubation with glycerol. These data
confirm the necessity to apply a different way for
calculating the specific activity based on cell amount
in a sample.

In addition, the differences between our data and
the results presented [2] can be related to the usage
of different model system (saponin-perforated eryth-
rocytes) [5], that enables to preserve in the medium of
enzyme hydrolysis all endogenous regulators, affecting
the Ca?*-ATPase activity. The conditions for endo-
genous modulator involvement into the Ca**-ATPase
activity regulation at a change in medium parameters
are thereby created. The necessity to take into account
the peculiarities of model system when estimating the
results obtained during erythro-cytes’ Ca?'-ATPase
study [3] allows to avoid the irreconcilable differences
when comparing the data of various works.

An activating glycerol effect on Ca**-ATPase was
demonstrated at hydrolysis of pseudosubstrate: P-
nitrophenylphosphate [8]. The authors showed that at
glycerol presence Ca?" strongly stimulated the
phosphatase activity by a dose-dependent way.
Glycerol and Ca*-induced increase in the activity
correlated with a change in emission wavelength of
own fluorescence of enzyme. Glycerol and Ca?**
synergic effect is considered as related with dehyd-
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N3menenue XapaKTCPUCTUK CYCIICH3UN SPUTPOILUTOB IMOCJIC I/IHKY6aI_H/II/I C NI EPOJIOM, KPUOKOHCEPBUPOBAHUSA U
JIETTTMIIEPUHA3AIMH KJIETOK
Change in characteristics of erythrocyte’s suspension after incubation with glycerol,
cryopreservation and cell deglycerolisation

YcroBus SKCIIepuMeHTa

Experiment conditions

Hccaepyembre
TIIapamMeTphl ACKOMCCpBMpOBaUMaﬂ CyCIIeH3Us
Studied parameters OPUTPOLUTH BpacTBOpe SPUTPOLUTOBBCPEAL OPUTPOILUTHI IIOCAE
OpUTPOIUTEL BCpeae A KPHUOKOHCEpBaHTa KPHUOKOHCEPBaHTa AETAUIIePUHU3AI NI
Erythrocytes in medium A Erythrocytes in Frozen — thawed erythrocyte Erythrocytes after
a cryopreservative solution suspension in a cryopreservative deglycerolisation
medium
YUCAO KAETOK
B1 MrA (%10 °)
Cell number in 1 I 4,5%+0,35 4,5%+0,29 3,8+0,32 4,5%+0,38
(x10°)
Temaroxpur 46%2,2 53+2,8 42%3,0 45%2,1
Hematocrit ' ' ' :
YpoBeHB reMoAmn3a
B Hap0CaAKe, % - - 183,0 1722,
Hemolysis level in ! !
supernatant,%

IIpumeyaHue: IpH BCeX YCIOBHSAX IKCIIEPUMEHTA PACTBOPHI J00ABIISIIM K KJIETOYHOM CyCIICH3HU B pABHOM 00BEMeE.

Notes: under all experimental conditions the solutions were added to cell suspension in equal volume.

WHAYIUPOBAHHOE YBEIMYEHHE aKTUBHOCTH KOp-
penupoBallo ¢ U3MEHEHUEM JUIMHBI BOJHBI IMUCCHH
coOctBeHHOM (yopecnennuu pepmenTa. [lomarator,
YTO CHHEPrHYecKui ekt rmunepoia u Ca** csizan
¢ 3¢ dekToM aeruapartanuu Ha cyOCTpaT-CBA3bI-
Barolui U Ca*'-CcBA3BIBAIOIIMI JOMEHBI JaHHOMN
HOHTPAHCIIOPTUPYIOLIEH CHCTEMBI.

Takum oOpa3om, CTpYKTypHas MOIHPUKAIUS
0eIKOBOM MOJIEKYJTBI ITOJ] BIMSHUEM IJIHIIEPOJIa MOXKET
ObITh OHO# M3 npuynH u3MeHenus: Ca?*-ATPa3Hoit
aKTUBHOCTU APUTPOUUTOB. Ellle 0HON M3 NMpUYUH
pocra ckopocTd (hepMEHTATUBHON PEaKIMU IO €0
BJIMSHUEM MOXET ObITh MOAu(UKAIUI (HU3UKO-
XUMHUYECKUX MapaMeTpoB IJIa3MaTHUYEeCKOH MeMO-
paHsl. [IH1eposn B HE3HAYUTEIbHBIX KOHIIEHTPALUIX
CIOCOOCTBYET POCTY MOPSAIKA B CTPYKType MEMOPaHBbI
[6]. U3MeHEeHNE yNOPAAOYEHHOCTH JUINHUIAHOTO
MUKpOOKpykeHus: Ca**-ATPa3bl B 3THX yCIOBHIX
MOKET o0JyierdaTb KOH()OPMAaLMOHHBIE TEPEXObl B
cTpykrype Ca*'-TpaHCHOpPTUPYIOIIEH CHCTEMBI B
KaTaJINTHYECKOM ITHKIIE. FI3BECTHO, YTO TNUIIEPOI IPH
YBEJIMYEHNN €T0 KOHIEHTPAIlMH B Cpele CIOCOOeH
HU3MEHSTH MOABMKHOCTH MEMOpaHHbIX OemkoB [7]. Kak
OBIJIO YCTAaHOBJIEHO HAa BE3WKYJIax CapKOILIa3MaTh-
YECKOTO PETUKYIyMa, CPETHHIHI pa3sMep OITMTOMEPHBIX
komiuiekcoB Ca?*-ATPa3bl B IPUCYTCTBHHU TITHLIEPOIIA
YBEJIUYMBAETCA 34 CUET arperalid MOHOMEpPOB
¢depmenTa. IIpu stom nmepexon depmenta u3 El1- B
E2-xondopmannio conpoBoxkIaeTcsi 00pa3oBaHHEM
KOPOTKOXXHBYILUX OJINTOMEPHBIX KOMILJIEKCOB [ 7], 4TO
MO3BOJISIET PaccMaTpUBaTh CIIOCOOHOCTH TIIUIEpoa
BIIHMSITH Ha arperaTHOE COCTOSTHUE MOJIEKY (hepMeHTa
Kak OJMH U3 MEXaHHW3MOB €r0 aKTHBH3UPYIOLIETO
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ration effect on the substrate-binding and Ca**-binding
domains of this ion-transporting system.

Thus, a structural modification of protein molecule
under glycerol effect can be one of the reasons of
change in the erythrocytes’ Ca?*-ATPase activity. One
more cause for the rate increase in the enzyme reaction
under its effect can be the modification of physical
and chemical parameters of plasmatic membrane.
Glycerol in slight concentrations contributes to the order
increase in membrane structure [6]. The change in
ordering of Ca?*-ATPase lipid microenvironment under
these conditions can facilitate the conformational
passages in the structure of Ca?"transporting system
in catalytic cycle. It is known that glycerol with an
increase in its concentration in the medium is capable
to change the membrane protein mobility [7]. As it
was revealed on the vesicles of sarcoplasmic reticulum,
an average size of Ca?*-ATPase oligomeric complexes
augmented at glycerol presence due to the enzyme
monomers’ aggregation. At the same time the enzyme
transfer from E1 to E2- conformation is accompanied
with the formation of short-living oligomer complexes
[7], that enables to consider the glycerol capability to
affect an aggregate state of enzyme’s molecules as
one of the mechanisms of its activating effect on Ca?'-
ATPase. It appears to facilitate the certain confor-
mational transfers in a reaction cycle and accelerate
the ATP hydrolysis.

The Ca**-ATPase of erythrocyte’s plasmatic mem-
brane is known to be structurally presented by two
isoforms: PMCA1b and PMCAA4b [14]. Both isoforms
possess two autoinhibitor domains, enabling the
performance of a delicate regulation of ATPase and
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neiicteust Ha Ca**-ATPa3y. Bo3MO)KHO, 3T0 obOieryaer
orpe/eNieHHbIe KOHPOPMAITHOHHbBIE TIEPEXOJIbI B XO/IE
PEeaKkLMOHHOI0 UKIA U ycKopsieT ruaponus ATP.

HW3BecTHO, 4TO B CTPYyKTypHOM OTHOmIeHHH Ca?'-
ATPa3a mna3Marnyeckoil MeMOpaHbl 3PUTPOIIUTOB
npeacTtaBieHa AByMs uzopopmamu - PMCAlb u
PMCA4b [14]. Ob6e n3zodopmbl 001a1a0T ABYMS
ayTOMHTMOUTOPHBIMU JOMEHAMH, KOTOPHIE TTO3BOJISIOT
OCYIIECTBIISITH TOHKYO peryssinuio ATPasHoit u Ca?'-
TPAHCIONUPYIONIEH aKTUBHOCTH (pepmenTa. MoKHO
TaK)Xe MPEeaNOoJOKUTh, YTO MHOTOYHUCIECHHBIE
MOIYJISATOPBl MOTYT aKTHBHUPOBATh JHOO WHTH-
oupoBath Ca**-ATPa3y HedTpanuszaunueir wiu
aKTUBAIMEH ATHX ayTOMHTHOUTOPHBIX TOMEHOB IPH
HU3MEHEHHH (PU3NKO-XUMHUYIECKHUX TapaMETPOB CPEABI.
Ecnu npennonoxure, 4To akTUBUpYOLUH 3¢dext
runepona Ha Ca**-ATPa3y cBsi3aH C BIMSHHEM Ha
CTPYKTYpY ay TOMHTHOUPYIOIINX TIOMEHOB, TO, CKOpee
BCETO, 3TOT 3()PEeKT peanusyeTcs ¢ ydyacTHEM
moxyisitopoB Ca*-ATPa3Ho#l akTHBHOCTH.

3aMopaXuBaHHUE IPUTPOIMTOB MOJ 3aMUTON
TIIMIEepoJa MOoKa3ajio, YTO B CYyCIEH3UWH KIETOK,
COXPaHMBIIUX IEIIOCTHOCTH MOCIIE 3aMOPaKNBAHUS-
ororpesa (puc.2), aktuBHocTh Ca?*-ATPass! moguep-
JKUBAETCSl HA YPOBHE HIKE KOHTPOJIBHBIX BETUYHH.
[ocne yaanenus mmiieposa i MHOTO3TAITHOM OTMBIBKH
aktuBHOCTH Ca**-ATPa3bl B 3pUTPOLMTAX BBIILIE, YEM
B HaTUBHBIX KIETKax. JDTOT (aKT HE UMEET YETKOTO
00bsicHeHHs1. MOXHO MPEANOI0XHUTh HECKOJIbKO
MPUYHH, onpeaenstonux noseaeHue Ca*-ATPa3bl B
3TuX yciaoBusax. Ilockoneky B mpoiecce 3amopa-
KUBaHHUS U OTMBIBKH THOENb KIETOK COCTABISAET
npumepHo 30%, To cocTaB CyOnomyIsAuii B HATUBHOM
CYCIIEH3HH U B CyCIICH3UH MOCIIE NETITHIIepUHU3AIINT
KJICTOK, 04EBHIHO, OyeT oTinyarhest. CyOnomyssius
CTapbIX IPUTPOIUTOB XapakTepusyercsa Oomee
BBICOKUMH KOHIICHTPAIIMSIMH BHY TpUKiIeTogHOro Ca**
u3-3a cHkeHus aktuBHoctd Ca’*-ATPa3wl u Gosee
YyBCTBHUTENbHA K Pa3IMYHBIM CTPECCOBBIM BO3ZEH-
ctBusM [12]. OueBuIHO, YTO 3HAYMTEIbHAS YacTh
KJIETOK, HOTMOIINX B TPOLIECCE KPUOKOHCEPBUPOBAHUS,
OyzmeT mpeacTaBieHa UMEHHO CTapbIMH 3PHUTPO-
uramu. CieoBaTeabHO, CpeJHNMN okaszaTenb Ca?'-
ATPa3HOll aKTUBHOCTH B CyCIEH3UH, COCTOSLICH U3
0oJyee MOJOABIX KIETOK, OKa)KETCs BBIIIE, YEM B
HATHBHOM spuTpomacce, rae Bkian Ca’'-ATPasnoi
AKTUBHOCTH CTapbIX KJIETOK CHWXKAaeT CpeaHHe
3Ha4enus1. OHaKo 0oJiee BRICOKME 3HAUYEHUS JAHHOTO
rapaMeTpa B IPUTPOLMTAX MOCIE 3aBEPIICHUS BCEX
3TaroOB OTMBIBKH OT TIIMIIEPOIa B KPHOKOHCEPBHPO-
BAHHOM KJIETOYHOM CYCIIEH3UU MOKHO pacCMaTpUBaTh
Kak KOMIIEHCAaTOPHBIM MeXaHHM3M, CBA3aHHBIN C
BpPEMEHHBIM yrHETeHHEM paboThl GepMeHTa Ha
MIPEeAUIECTBYIOLINX 3TAMaX.

[Tocne pasmopaxrBaHuUs S3pUTPOLUTOB, KPHOKOH-
CEepPBUPOBAHHBIX MOJ 3aIIUTOHN IJIHIeposa, 00s3a-
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Ca?-translocating enzyme activity. We can also
assume that numerous modulators can activate or
inhibit Ca**-ATPase by neutralising or activating these
autoinhibitor domains under change in physical and
chemical parameters of medium. If supposing, that an
activating glycerol effect on Ca*-ATPase is related
to the effect on the autoinhibiting domains’ structure,
this effect is mostly realised with participation of Ca?*-
ATPase activity modulators.

Erythrocyte freezing under glycerol protection
demonstrated that in cell suspension, kept the integrity
after freeze-thawing (Fig. 2), the Ca?>*-ATPase activity
was maintained at the level lower the control values.
After glycerol removal and multi-step washing-out the
Ca?-ATPase activity in erythrocytes is higher than in
native ones. This fact has no distinct explanation. Some
causes, determining the Ca**-ATPase behaviour under
these conditions can be assumed. Since during freezing
and washing-out the cell death makes approximately
30%, the subpopulation composition in native
suspension and in that after cell deglycerolisation will
be obviously different. The subpopulation of old
erythrocytes is characterised by higher concentration
of intracellular Ca*" due to a decrease in Ca**-ATPase
activity and is more sensitive to different stress effects
[12]. Evidently, a considerable part of dead cells at
cryopreservation will be presented namely by old
erythrocytes. Consequently, an average index of Ca?*-
ATPase activity in the suspension, consisting of younger
cells, will be higher, than in native erythromass, where
the contribution of Ca?*-ATPase activity of old cells
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Puc. 2. Bnusiaue 3aMopakBaHUSA-OTOIPEBa M OTMBIBKH Ha
cocrosiuue Ca*-ATPa3bl s3puTpounTOB: 1— HaTHBHBIE
KJIETKH; 2 — KJIETKHU T0CJIE 3aMOPaXHUBaHU-0TOrpeBa; 3 —
KJIETKH TOCJIe 3aBEPIICHUS] MHOT'OATAITHONH OTMBIBKH
TIHLepona.

Fig. 2. Freeze-thawing and washing-out effect on erythro-
cyte Ca’’-ATPase state: 1 —native cells; 2 — cells after freeze-
thawing; 3 — cells after completing the multi-step glycerol
washing-out.
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TeNbHA JeTIUIepUHU3aIM KieTok. Hanbomnee yacto
U 3TOHM 1eNnu HCHoNb3yloTcs pacTtBopsl NaCl,
obecreunBarONIue MOAACPKAHUE OCMOTHYECKOTO
0anaHca M OJHOBPEMEHHO IMpEeIHAa3HAYCHHBIC IS
CHIKCHUS KOHIICHTPAIIMH TIIAIIEPOJIa B cpefe. B atux
YCIIOBHUSIX BO3MOYKHO M3MEHEHHE KOHIICHTPAITHH COJICH
BHYTpH KJIETKU. VI3MEHEHUE NOHHOU CUIIBI CPEbL, B
KOTOpO¥ (hyHKIIMOHUPYIOT HOHTPAHCIIOPTHPYIOITHE
CHUCTEMBI TUIa3MaTHIeCcKOil MeMOpaHbl, MOXKET OBITh
B&KHBIM MOMEHTOM B PETYJISIINN NX aKTUBHOCTH. Ha
puc.3 mpeacTaBiCHBl pe3ylbTaThl, OTPaXKaIoIIue
n3MeHeHus aktuBHocTH Ca*'-ATPa3bl npu noBkiiie-
Huu koHleHTpanuu NaCl B cpene hepMeHTaTHBHOTO
TUJPOIU3a B KIETKAaX, HOABEPTHYTHIX 3aMOpPaKu-
BaHUIO-OTOTPEBY NOA 3amuTol rnunepona (1), B
HaTUBHBIX dpUTpoLuTax B cpene ¢ 15%-i koHIeHTpa-
nmel mmrepona (2) u B cpefie, ero He comepxaniei (3).

Heo0xomumo oOparuTh BHUMaHUE Ha HAYAJIbHYIO
TOUYKY, OTPAKAIOMIYIO OTIUYUI MEXIY CpPaBHH-
BAGMBIMH TPYIIIIAMH B YCIOBHUSIX (PU3UOIOTHICCKUAX
3HAUEHUN MOHHOM CHUJIbI. BBUIO yCTaHOBIIEHO, YTO B
HaTUBHBIX DPUTPOIUTAX O€3 IIUIEePOoJia U B IPUTPO-
uutax ¢ 15%-i KoHLeHTpaluel ruueposa B cpeae
He 00HaPYKUBASTCSI IOCTOBEPHO 3HAYMMBIX P3Nl
B aktuBHOCTH Ca?*-ATPasel. B To ke BpeMs mocie
KPUOKOHCEPBUPOBAHUS SPUTPOLUTOB MO 3aIUTON
mMLeposa ypoeHb ATPa3HOI akTUBHOCTH HHXKE, YEM
B KoHTpoje. CnenoBaTeabHO, NEUCTBUE HHU3KUX
TEMIIEpaTyp B OMPECICHHOW CTETICHH 3aTparuBaeT
nmubo cTpyKTypy (hepmenTta, mub0 ero JUMHIHOE
MHUKpOOKpyx)eHue. OMHaKo MajJeHue aKTUBHOCTH
MOXET OTpakaTh TaKXKe BKJIAJl OJTHON U3 CyOJIeTalb-
HBIX MOMYJISIIANA SPUTPOITUTOB, KOTOPHIE HEMHUHYEMO
OTUOAIOT B MPOIIECCE OTMBIBKH, O YEM CBHUJICTEIb-
CTBYET YPOBEHb I'€MOJIM3a IO 3aBEPILICHUHN BCEX
ATAIoB ACTIUICpUHI3AINY (Ta0nuIa).

Kax BuHO 13 NaHHBIX, IPEACTABICHHBIX HA PUC. 3,
C YBEJIMYECHHEM MOHHOU CUJIBI paCTBOPA aKTUBHOCTD
Ca’*-ATPa3sl HauumHaeT manarh. Kaxymeecs
MMOBBIIICHUE (EPMEHTATHUBHONH aKTUBHOCTHU IMPHU
BBEJICHUH B cpeny nomnosauTensHO 150 MM NaCl
HEIOCTOBEPHO B CPAaBHEHHHU C KOHTPOJIHHBIMHU
3HaueHUsIMH. JIOCTOBEpHO 3HaUNMOE CHIKeHe Ca?'-
ATPa3HO#l aKTHBHOCTH OTMEUYaeTcs JHIIb MPHU
npesbiiernn 350 MM konnenTpanuu NaCl B cpene B
JIOTIONTHEHUE K (PU3HOJIOTMYEeCKUM 3HAYCHUSM HOHHON
CHJIBI pACTBOpa, ONpEAeIsieMOl COCTaBOM peak-
IIMOHHOW Cpejibl, MPUMEHsIeMol s anamuza Ca*'-
ATPa3Ho#t akTuBHOCTHU. B 00macTu BBICOKHX
KOHIEHTpalUuil CHOBAa HAYMHAIOT MPOSBISATHCS
ocobennoctu nmosenenust Ca>*-ATPa3Hoii aKTHBHOCTH
KPHOKOHCEPBHUPOBAHHBIX S)PUTPOITUTOB. B iprcyTCTBUN
600 MM NaCl karamutudeckas akTuBHOCTH CaZ'-
Hacoca B TAKUX 3PUTPOIUTAX HIDKE, YeM B HATUBHBIX
KJIETKAX, 9TO, TTO-BHIUMOMY, OTPaKAET CTPYKTYPHYIO
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reduces the average values. However, higher values
of this parameter in erythrocytes after completing all
these steps of washing-out of glycerol in a cryo-
preserved cell suspension can be considered as a
compensatory mechanism, related to a temporary
suppression of enzyme activity at previous stages.

After erythrocyte freeze-thawing, cryopreserved
under glycerol protection, the deglycerolisation
procedure is mandatory. The NaCl solutions, providing
the maintenance of osmotic balance and simultaneously
designated to reduce the glycerol concentration in the
medium, are most frequently used for this purpose.
Under these conditions a change in salt concentration
inside a cell is possible. A change in the medium ion
strength, where ion-transporting systems of plasma
membrane are functioning, may be an important
moment in their activity regulation. The Fig. 3 shows
the results, reflecting the changes in Ca?*-ATPase
activity at an increase in NaCl concentration in the
enzyme hydrolysis medium in cells, subjected to freeze-
thawing under glycerol protection (1), in native
erythrocytes in 15% glycerol medium (2) and in
glycerol-free one (3).

The attention should be paid to the initial point,
reflecting the differences between the compared
groups under conditions of physiological values of ion
strength. It was established that in native glycerol-free
erythrocytes and in those with 15% glycerol con-
centration in the medium, no statistically significant
differences in Ca*-ATPase activity were observed.
At the same time after erythrocyte cryopreservation
under glycerol protection the level of ATPase activity
is lower than in the control. Consequently, the low
temperature influence affects under certain extent
either enzyme structure, or its lipid microenvironment.
However the activity decrease may reflect the cont-
ribution of one of the sublethal erythrocyte populations,
which inevitably die during washing-out, testified by
the hemolysis level after completing all steps of
deglycerolisation (Table).

The data in Fig.3 show that with an increase in the
solution ion strength the Ca**-ATPase activity starts
to fall. An apparent increase in the enzyme activity
during an additional introduction of 150 mM NaCl into
the medium is not statistically significant in comparison
with the control values. Statistically significant decrease
in Ca?*-ATPase activity is observed only at exceeding
350 mM of NaCl concentration in the medium, as
addition to physiological values of the solution ion
strength, determined by the composition of a reaction
medium, applied for analysis of Ca?*-ATPase activity.
In the field of high concentrations the behaviour
peculiarities of Ca?"-ATPase activity of cryopreserved
erythrocytes restart their manifestation. At the
presence of 600 mM NaCl a catalytic activity of Ca**-
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Fig. 3. Dependence of erythrocytes’ Ca**-ATPase activity
rate on salt concentration in medium: 1 — glycerol-contain-
ing frozen-thawed erythrocytes; 2 — native erythrocytes in the
medium with glycerol; 3 — glycerol-free native erythrocytes.

MoauduKauuo (GepMeHTa MoJ BIUSHHEM HHU3KUX
TeMITepaTyp.

B nanHoOl cepun 3KCIEPUMEHTOB JIJ151 IOJIaBJICHUS
aKTUBHOCTH Na-Hacoca HCIOIb30BaJI HHTHOUTOD —
1 MM oyabauna. [lokazano [4], 9To oyabauH mpu
HU3KHUX KoHmeHTpamusx Ca?" akruBupyer Ca?'-
ATPa3y, a mpu Oosnee BBICOKHX — HHTHOUpYyeT. UToOBI
yOeauThCs, UTO B HANIMX DKCIEPUMEHTAIBHBIX
ycnoBusax uaMenenus Ca?-ATPa3HON aKTHBHOCTH
OTpaXkaroT JEHCTBUTENIBHO BIHMSIHUE MOHHOM CHIIBI
pPacTBOpOB, a BIMSHUE HHTHOUTOpa OyabarnHa He OBbIIIO
apTedakToM, CIIOCOOHBIM TOBIUSATH HA PE3YIBTATHI,
MIPOBENHU €Ill€ CEPUI0 IKCIIEPUMEHTOB, B KOTOPBIX
aKTUBHOCTH Na-Hacoca OJI0KMpoBajach OTCYTCTBUEM
B cpesie HeOOXOMUMBIX AJIs €ro padoThl muranaoB. C
3TOM LENbI0 MOHHYIO CUJIY pacTBOpa U3MEHSIN
BBEJICHHEM B CpEITy aHATOTHIHBIX KoHIIeHTparuii KCIL.
Jlannble, IpeacTaBlIeHHBIE HA pUC. 4, TOATBEPXKIAIOT
peanpHOE BIMSAHUE WOHHOW CHIIBI PacTBOPOB Ha
noBezienne Ca?’-ATPa3bl 3pUTPOLMTOB U HE OTpa-
K0T crie(OUKY MO(DUIUPYIOIIETO BIUSIHUS HOHOB
Na" u K' B yclI0BHSX 3HaUUTENBHOTO IPEBBIIICHUS
1X PU3UOTIOTHUECKON KOHLIEHTPAIIUH B CPEIE.

Taxum o6pazom, Mmoaudukaius aktuBHocTr Ca?'-
ATPa3 non BMusiHUEM TIIULIEPOJIA, HU3KHUX TEMIIEPATyp,
BBICOKOM MOHHOM CHJITBI CBHJIETENILCTBYET 00 y4acTHH
noHoB Ca?" U cucTeM, PeryIupyIoIInX X YPOBCHb B
KJIEeTKax, B Mpoleccax cTabuIu3aluu U aecTa-
OMIM3alMN KJIETOK K CTPECCOBBIM BO3JICHCTBUSIM.
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Fig. 4. Dependence of erythrocytes’ Ca?"-ATPase activity
rate on KCl concentration in medium: 1 —KCl; 2 -KC1+15%
glycerol.

pump in such erythrocytes is lower than in native cells,
that, apparently, reflects the enzyme structural
modification under low temperature effect.

In these series of experiments we used the ImM
ouabain inhibitor to suppress NA*-pump activity. It was
shown [4] that ouabain under low Ca?" concentrations
activated Ca**-ATPase, but inhibited it under higher
ones. In order to make certain that under our
experimental conditions the changes in Ca**-ATPase
activity really reflect the effect of ion strength of
solutions and the influence of ouabain inhibitor was
not the artefact, capable to affect the results, we
carried-out one more experimental series where Na-
pump activity was blocked by the absence of ligands
in the medium, necessary for its work. With this purpose
we measured the solution’s ion strength by introducing
the same KCI concentrations into the medium. The
data in Fig. 4 confirm a real effect of solutions’ ion
strength on Ca?*-ATPase erythrocyte behaviour and
do not reflect the specificity of Na" and K" ion
modifying effect under conditions of a considerable
excess of their physiological concentration in the
medium.

Thus, the modification of Ca?*-ATPase activity
under the effect of glycerol, low temperatures, high
ion strength testifies to the participation of Ca*" ions
and systems, regulating their level in cells, in the
processes of cell stabilisation and destabilisation to
stress effects.
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BbiBOADI

N3menenne aktuBaoctu Ca?-ATPas3bl B carloHHH-
nepHOpUPOBAHHBIX IPUTPOLUTAX O] BIHSHUEM
mmLeposia umeet OudasHelii xapakrep. HeOomnbmue
KOHIIEHTPalUH TIULEPOoSia aKTUBUPYIOT paboTy
(epMeHTa, HOCTHrasi MaKCUMAIILHOTO 3¢ deKTa mpu
10%-M copepkaHHU KPUOMPOTEKTOPA B CpEJe.
Bricokne ero KOHUEHTpaluu BBI3BIBAIOT MHTUOU-
posanme. OueBnano, moaudukanus Ca’ -ATda3wr
SPUTPOLMTOB MO BIMSHUEM IJIHIIEPOJIa CBsI3aHa KaK
C M3MEHEHUSMHU (HU3HKO-XUMHUUECCKUX TapaMeTpOB
Cpeasl, TaK M C BOBJIEYEHHEM JHIOTCHHBIX MOMY-
JIATOPOB B PETYIISIHIO €€ aKTHBHOCTH.

HuzkoremneparypHoe KOHCEpBHPOBAaHHUE, BRICOKAS
WOHHAs1 CHJIA ¥ IIPOLIECC ACNTUIEPUHNA3AIMN H3MEHSIOT
napamerpbl pabotsl Ca**-ATPa3bl SpUTPOLIMTOB, YTO
MOJKET MOBIHATH Ha CTA0OMIIBHOCTh KJIETOK B CTpec-
COBBIX YCIIOBUSX.
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Conclusions

Change in Ca?-ATPase activity in saponin-
perforated erythrocytes under glycerol effect is of
biphase character. Low glycerol concentrations
activate the enzyme activity, by achieving the maximum
effect at 10% cryoprotectant content in the medium.
Its high concentrations cause the inhibition. Modification
of erythrocyte Ca**-ATPase under glycerol effect is
obviously related to both the changes in physical and
chemical medium parameters and to the involvement
of endogenous modulators into its activity regulation.

Low temperature preservation, high ion strength
and deglycerolisation process change the parameters
of Ca*"-ATPase erythrocyte activity that may affect
cell stability under stress conditions.
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