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B pabore ycTaHOBIEHO, YTO SK30LEILTONIAPHBINA KprHonporekrop [190-1500 nuurubupyer aktuBHOCTh Ca’ -AT®das3bl 3pUTPOLIMTOB.
Kunetnueckuit aHamu3 mokasai, 4To TOPMOXKEHUE paboThl pepMeHTa CBA3aHO ¢ U3MeHeHuamMu V  , Ho He K yist HuskoadduHHOrO
karanutHyeckoro neHrpa Ca*-AT®assbl. Beicokoadduunsiii nentp Ca**-ATda3sl He Moauduimpyeres o BiausaueM [130-1500.
IpucyTcTBUE B Cpelie KPUOMPOTEKTOPA CHUIKAET YyBCTBUTEILHOCTh (PEPMEHTATHBHON peakiu ruapoiunsa AT® k nonam Ca?’, B
pesysbrare dero padora Ca’'-AT®da3bl 5pUTPOLUTOB B MEHBLIECH CTEIICHH aKTHBUPYETCSI B JMAa30He HU3KUX KoHIeHTpauii Ca*
OOoJIbILICH TOPMO3UTCS B 0OIACTH BBICOKHMX KOHIICHTpPALMH JaHHOTO HOHA B CPAaBHEHUH C HATUBHBIMHU 3pHUTpoLUTaMu. [loaydeHHbIe
JaHHBIC TO3BOJISIOT MPEIIIONIOKHUTh, 4TO 1of BiusHueM [190-1500 nontpancnoprupyrommas ¢yukius Ca?-ATda3pl MOKeET
HoaaBJIAThCs, U 3 dexruBHOCTh padoThl Ca-Hacoca OyaeT naaath. OueBHIHO, HHrHOMpoBaHHue akTHBHOCTH Ca?-AT®a3bl BHI3BAHO
MonuduKkanuen GU3NKO-XUMHIECKUX XapaKTePUCTHK ITa3MaTH4ecKoi MeMOpaHnsl o BiausHreM [130-1500.

Kniouesvie cnosa: spurponutsl, Ca?'-ATdaza, KpHONIPOTEKTOP, MOTMITHIEHOKCH T

VY poGoti BcTaHOBIEHO, 10 eK3oueosapauii kpionporekrop ITEO-1500 inribye akruBHicts Ca?"-ATda3u epUTPOLHTIB.
KineTnunuii aHanis 1mokasas, 10 rajbMyBaHHsA poOOTH (epMEHTY MOB’s3aHO 3i 3MiHamu V__, ane He K 11 HU3bKOadiHHOrO
karamituyaoro neHtpy Ca’-AT®aszu. Bucokoadinauii nentp Ca*-AT®a3u e moaudikyersces mig smmsoM [TEO-1500. [pucyTHicTh
y CEpe/IOBHUILI KPIOMPOTEKTOPa 3HIKYE UYTIHMBICTh (hepMeHTaTHBHOI peakuii rigponizy AT® mo ioniB Ca', y pe3ynbrari 40ro
¢byukuionysanus Ca**-AT®a3u epuTpOLMTIB y MEHIIINH Mipi aKTUBYeThCSl B Jiana3oHi HU3bKUX KoHIeHTpauiit Ca’" i B Oinbiii
rajbMy€ThCs Y MEXaX BUCOKHX KOHIIEHTpALill JAHOTO 10Ha Y MOPIBHSHHI 3 HATUBHUMH epuTpouutamu. OTprMaHi 1aHi 103BOJISIOTH
HPHITYCTUTH, 1o i BrutuBoM [TEO-1500 iontpancnoprytoua Gpyrkiis Ca?-AT®Da3u Moxe NPUTHIYyBaTHCh, 1 €EKTHBHICTH pOOOTH
Ca-nacoca Gyze nagaru. OueBuHO, iHriOyBaHHs akTuBHOCTI Ca**-AT®a3u BUKITMKaHO MOAI(BiKalli€eto (i3nKo-XiMiYHUX XapaKTEPHCTHK
iasmMaTuaHol MemOpanu mij oM [TEO-1500.

Kniouosi cnosa: epurpountu, Ca?’-ATda3a, KpionpoTeKTOP, HOJIIETHIEHOKCH L.

In the work it has been established, that the exocellular cryoprotectant PEO-1500 inhibits the activity of Ca*-ATPase of
erythrocytes. Kinetic analysis showed that the inhibition of enzyme activity was related to the V_ alteration, but not to K for
catalytic center with a low affinity of Ca?*-ATPase. The highly affinic center of Ca**-ATPase was not modified under PEO- 1500
effect. The presence of cryoprotectant in the medium reduces the sensitivity of enzyme response of ATP hydrolysis to Ca?* ions, as
the result the erythrocyte Ca’>*-ATPase functioning is activated in a lesser extent within the range of Ca?" low concentrations and is
inhibited in a greater extent for a high concentration range of this ion in comparison with the native erythrocytes. These data allow to
suggest, that under PEO-1500 effect the Ca?*-ATPase ion-transporting function can be suppressed, and the efficiency of Ca-pump
activity will decrease. The inhibition of Ca**-ATPase activity is evidently caused by modifying the physical and chemical character-

istics of plasma membrane under PEO-1500 effect.

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

IMoxnepxanue BbICOKOTO TpagueHTa Ca*” Mexmry
[UTOIIA3MOM ¥ BHEKJIETOUHOM cpelioii o0ecrieunBaeT
Ca?*-AT®a3a sputpountoB. Poib 3toro depmenra
HCKJIIOUYHUTEIbHO Ba)XXHa, MOCKOJBKY B KJIETKE
cymectByeT psaa Ca**-3aBUCUMBIX (HEPMEHTOB,
AKTUBALU KOTOPBIX IPUBOIUT K U3MEHEHUIO CTPYK-
TYPHO-(YHKLHNOHATIBHOTO COCTOSIHUSI OEJIKOB LUTO-
CKeNeTa, JUMUIHBIX KOMIIOHEHTOB IJIa3MaTHYECKON
MeMOpaHbl, MOTUPUKAINN QYHKIHOHUPOBAHUS
CHCTEM aKTHBHOTO TpaHcmopra [ 1, 4]. Bce aTo Mmoxer
MOBJIMATH Ha CTAOMIIBHOCTh KJIIETKH K OKCTPEMaTbHBIM
(hakTOpaM BHEUTHETO BO3IECHCTBHS.

Ca?-ATPase of erythrocytes provides the
maintaining of a high Ca?" gradient between cytoplasm
and extracellular medium. The role of this enzyme is
utterly important, since there are the series of Ca’"
dependent enzymes in a cell, which activation results
in a change of structural and functional state of
cytoskeletal proteins, lipid components of plasma
membrane, modification of active transport system
functioning [ 1, 4]. All this can affect the cell resistance
to the extreme factors of environmental effect.

Our investigations revealed, that the exocellular
cryoprotectant PEO-1500 was capable of inhibiting the
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B Hamumx uccienqoBanusx ObL10 00HAPYKEHO, YTO
AK30UEIIIONSIPHBIN KpuonporekTop [130-1500
crocobeH MHruGHpoBaTh akTUBHOCTH Ca?’-AT®da3b
3pUTPOUUTOB. UTOOBI MOHATH MEXaHU3M HHTH-
oupytomero Biausausa [190-1500 Ha aKTUBHOCTH
Ca?"-AT®a3bl HEOOXOAUMO ONPEACTUTH OCHOBHBIC
xapakrepucTuku ee padotel (V u K ) B npucyrt-
CTBUH KpHoIpoTekTopa. [IoCKoIbKy CyIiecTBEHHBIM
MOMEHTOM (DYHKITHOHHUPOBAHUSI TAHHOW HOHTPAHCIIOP-
THUPYIOIIEH CUCTEMBI SIBIISIETCA €€ YyBCTBHTEIHHOCTD
K aKTUBHUpYyOIIeMy jaeicTBui0 nono Ca?', aHamu3
n3meneHuii pabotel Ca’’-ATda3bl B 3aBUCHMOCTH OT
KOHIICHTPAIIH KaJIbIHs P BO3IEHCTBUH Ha KIIETKU
I[120-1500 — BaxxHOE YyCIIOBHE, MO3BOJIAIONICE
chopMupoBaTh HNpPEeACTABICHHE O MEXaHHU3ME
nerictus [190 Ha maHHYI0 OMOJIOTHYECKYO CHCTEMY.

Lenp Hamero ucciegoBaHUSA — NPOBEJECHHUE
KWHETUYeCKOro aHanm3a aktuBHocTH Ca*'-ATda3b
U U3ydeHue 0cOOEHHOCTEH perymsiuuu ee padoThl
Pa3IMYHBIMU KOHLIEHTpauusiMu Ca’’ mpu BO3IeHCTBUH
Ha SPUTPOIHTHI 3K30LEIUTIOISIPHOTO KPUOIPOTEKTOPA
I120-1500.

Matepnanbl 1 metoAbI

B pabore ucnonp3oBanu peakTuBsl: Trizma base
(Sigma), ATP disodium (Sigma), HEPES, EGTA
(Serva), CaCl, (Sigma), Saponin (Fluka), KCI,
MgClx7H,O, u npyrue peakTUBbI MPOM3BOJCTBA
VYkpaunst u Poccun (x.4. wim 0.c.4.).

OOBEKTOM HCCIEOBAHUS CIYKHUIN SPUTPOLMTHI
II(A) rpynmbl JOHOPCKOH KPOBH MY)KUHH, 3arOTOB-
JICHHOM Ha koHcepBaHTe “Tmrorunmp”. MccnenoBanus
MPOBOIWINCH Ha 3-5-e cyTkH nocie 3a0opa kposu. B
TE€YEHHE BCETO CPOKa XPAaHEHHS KPOBb HAXOAMJIACh
ipu Temreparype 2-4°C.

OPUTPOIHTHI TIepe] OMBITOM OCAXAATU IEHTPH-
¢yrupoBannem npu 900g (uentpudyra OITH-8),
TUTa3MY U JISHKOIUTAPHBIN CIION YIATISTN. DPATPOLUTHI
TPHXK/IbI IPOMBIBAJIH 3-4-KpaTHBIMH 00bEMaMH CPE/IbI
A (150 MM NaCl, 10 MM tpuc-HCI, pH 7,4). ITocne
3TOro ux nHKyouposanu rnpu 37°C B reuenue 30 MUH
B NpucyTcTBUM KpHomnporekropa 1130-1500 unu B
cpene A. B paborte ncnonszoBanu 30%-ii pacTBop
[190-1500, npuroToBIEHHBIH Ha OCHOBE Cpelbl A,
KOTOPBIH 100aBIISITN K 9PUTPOLUTAM B COOTHOILICHUH
1:1 mo o6wvemy. Ilocne naKyOaUU SPUTPOIUTHI
ocaxxnmanu npu 600g u OlEeHUBAIN aKTUBHOCTH
Ca’*-AT®a3sl M0 MeTONy, ONKUCAaHHOMY B [5].
AJMKBOTHI MHKYOUPOBaHHBIX KJIETOK JIOOaBISUIH B
cpeny, conepxxamyro 125 mM KCl, 0,25MM MgCl,,
20 MM HEPES, 20 MM Tris (pH 7,4), 0,04%-i
canonuH, 1 MM EGTA u Bappupytolye KOHIEHTpalyu
AT® (10°-10° M), ipu 3a1aHHO# KOHIIEHTPALIAH CaCl2
1,1 MM unu ero BappHUpyloled KOHUEHTpaLUU
(105-10"* M) npu korueutparuu ATO 1 MM. AkTus-
HocTh Ca?’-AT®da3bl SpUTPOLUTOB OLIEHUBAIH II0
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Ca?-ATPase erythrocyte activity. In order to
understand the mechanism of PEO-1500 inhibiting
effect on Ca**-ATPase, it is necessary to determine
the main characteristics of its activity (V___and K ) at
the presence of cryoprotectant. Since a significant
moment of this ion-transporting system functioning is
its sensitivity to an activating effect of Ca?" ions, the
analysis of changes in Ca?*-ATPase activity depending
on calcium concentration, when affecting cells with
PEO-1500, is an important condition, enable to create
the notion about PEO action mechanism on this
biological system.

The aim of our investigation was to carry-out the
kinetic analysis of Ca?*-ATPase activity and to study
the peculiarities for its functioning regulation by various
Ca?" concentrations when affecting erythrocytes with
an exocellular cryoprotectant PEO-1500.

Materials and methods

The following reagents were used in the work:
Trizma base (Sigma), ATP disodium (Sigma), HEPES,
EGTA (Serva), CaCl, (Sigma), Saponin (Fluka), KClI,
MgCLx7H,O and other reagents of Ukrainian and
Russian production (chemically pure and especially
pure).

The erythrocytes of the II(A) donor blood group of
men, procured in “Glygicir” preservative, served as
an object for investigation. The investigation was
performed to the 3-5" day following blood procure-
ment. Within the all storage term the blood was stored
under 2-4°C.

Before an experiment the erythrocytes were
precipi-tated at 900 g (OPN-8 centrifuge), the plasma
and leukocyte layers were removed. Erythrocytes were
thrice washed-out with 3-4-fold volumes of the
medium A (150 mM NaCl, 10 mM Tris-HCI, pH 7.4).
Afterwards they were incubated at 37°C for 30 min
with PEO-1500 cryoprotectant or the medium A.
PEO-1500 30% solution, based on the medium A,
which was added to erythrocytes in 1:1 ratio (v/v),
was used in the work. Following incubation the
erythrocytes were precipitated at 600 g and the Ca?*-
ATPase activity was evaluated using the method,
described in the paper [5]. The aliquots of incubated
cells were added into the medium, containing 125 mM
KCl, 0.25 mM MgCl,, 20 mM HEPES, 20 mM Tris
(pH 7.4), 0.04% saponin, ImM EGTA and varying
concentrations of ATP (10°-10- M), under a fixed
CaCl, concentration of 1.1 mM or its varying concen-
tration (10°-10- M) at the ATP concentration of 1 mM.
The Ca*-ATPase erythrocyte activity was estimated
by difference in accumulation of inorganic phosphate
in the samples with Ca* and without it (the samples
contained only EGTA). The phosphate accumulation
during the process of enzyme hydrolysis occurred within
20 min at 37°C, afterwards the reaction was stopped
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Pa3HOCTH HaKOIUICHHS HeopraHuieckoro ¢ocdara B
mpobax, comepxkammx Ca?* ¥ He COAepaIuX €ro
(mpo6rr conepxanu Tonbko EGTA). Hakonnenue
¢dochaToB B mpouecce PepMEHTATUBHOTO THIPOJIN3A
npoucxonuio B redenue 20 muH npu 37°C, mocie yero
pEaKIuo OCTaHABIMBAIHM J00aBICHUEM XOJOIHOTO
pactBopa TXY 10 KOHEYHON KOHLIEHTpALMH B Cpenie
5%.

Heopranungeckuii gpocdop (P,) B mpobax onpeze-
JSTH TIo MeTony, omucanHomy B [11]. 100 mkx
HaJ0CaZ09HOH JKUAKOCTH (ITOCIIE OCAKICHNS OSITKOB)
nob6asism Kk 2 M 1,5 M amerarHoro O0ydepa
(CH,COOH-CH,COONa, pH 4,3), conepxaniero
3,7% dopmanbaerunaa u 10 % sranona. ITocie yero
K Kax10il mpobe mociaenoBaTeIbHO A00aBISIIN 110
0,1 mx 2 %-ro pacTBopa MONIMOAaTa aMMOHUS U TIO
0,2 M 6,75 MM SnCl,. ITpoGe1 KOTOPUMETPUPOBATIH
npu AnuHe BOJHBI 660 HM Ha cnekTpodoTOoMeTpe
Jlomo C®-46. KanmubpoBka Obiia tuHeHO# 10 10 MKT
Heopra"udeckoro gocdopa B mpode.

Pe3yAbTatbl M 00Cy)xaeHue

UccnenoBanne mexanu3dMa (pepMEHTATHBHOMN
peaKIu KUHETHYECKUMH METOJaMH OCHOBAaHO Ha
yCTaHOBJIEHUU (DYHKIIMOHAIHLHON 3aBUCHMOCTH
CKOPOCTH PEaKIIUH OT Pa3InIHbIX (aKTOPOB: KOHIICH-
Tpauuu cyOcTpara, BO3AeHCcTBUS MOAU(DUKATOPOB H
T.1. Ca?’-AT®a3a 3pUTPOLHUTOB OCYIICCTBISICT
tpancopt Ca?" MPOTUB €ro 3IEKTPOXUMHIECKOTO
rpanuenTa, 1 HoHbl Ca*" SBISIOTCS OHUM M3 OCHOB-
HBIX JIUTAHJOB, HEOOXOAUMBIX IS aKTUBAIHHU
KaTaJIUTUYECKON peakluu B NaHHOW TPAHCIOPTHOMH
cucteme. M3menenus konneHtparuu Ca** B KieTke
MOTUGPHUIMPYIOT CKOPOCTH (PEPMEHTATUBHON PEAKITNN
[1, 6].CrremoBarensHO, poik HOHOB Ca?! B OTHOIIEHHH
Ca?-AT®da3b1 1BOSIKA: C OMHOW CTOPOHEBI, OHH HEOO-
XOJIMBI JUISl aKTUBAIIMY ()ePMEHTA, OCYIECTBISIOIC-
ro ruapoiu3 AT®, ¢ apyroit — nonst Ca** Tpancnop-
tupytorcsi Ca?"-ATda30ii 13 KIETKH BO BHEIIHIOK
cpeny. Usyuenue compsbkenusi Tpancmnopra Ca’' ¢
AT®a3H0ii aKTUBHOCTBIO MMO3BOJIUIIO YCTAHOBUTD, YTO
B 000oux ciyyasx paboTaeT OAWH U TOT XK€ LEHTP,
CBSI3bIBAHUE C KOTOPBHIM KaJbLMs HHULHUUPYET 0Opa-
30BaHue QocdodepmenHTa B pe3ynbTare THIPOIH3a
AT® u nepemernieHue CBSA3aBIIMXCS MOHOB Yepe3
iazMaTudeckyro MmemOpany [9]. Bausiaue Ca?' na
aKTHUBHOCTH (pepMeHTaTuBHOTO rujpoimuza ATO xa-
pakTepu3yeTcsl aKTHBUPOBAHNEM CKOPOCTH PEaKINU
[IpH HEOOJBIINX €T0 KOHIIEHTPALHAX B Cpere, a n30bI-
Tok noHOB Ca’*" BeleT K MHTHOUPOBAHUIO PabOTHI
Ca?-AT®a3n1. Ha puc. 1 mpeacraBieHbl JaHHBIE 1O
Monudumpyroniemy BiusHuro [190-1500 Ha 3aBucH-
MoCTh (epmeHTaruBHOU akTUBHOCTH Ca’’-ATda3bt
OT KOHIIeHTpanuy HoHoB Ca’’ B cperne. YCTaHOBIIEHO,
4T0 4yBCTBUTENBHOCTh Ca?'-AT®da3sl 5pUTPOIUTOB,
nHKyOnpoBaHHBIX ¢ [1D0-1500, k akTHBUpYIOIIEMY
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by adding a cold solution of tricholoroacetic acid up to
the 5% final concentration in the medium .

Inorganic phosphorus (P) in the samples was
determined using the method, described in the paper [11]:
100 pl of supernatant (after protein precipitation) were
added to 2 ml of 1.5 M acetate buffer (CH3COOH-
CH3COONa, pH 4.3), containing 3.7% of formaldehyde
and 10% of ethanol. Afterwards to each sample one added
in series by 0.1 ml of 2% solution of ammonium molibdate
and by 0.2 ml of 6.75 mM of SnCL,

The colorimetry of samples was done at the
wavelength of 660 nm by LOMO SP-46 spectro-
photometer . The calibration was linear up to 10 ug of
inorganic phosphorus in a sample.

Results and discussion

The investigation of the mechanism of enzyme
reaction using the kinetic methods is based on the
establishment of functional dependency of the reaction
rate on different factors such as: the substrate con-
centration, effect of modifiers etc. Ca*?*-ATPase of
erythrocytes realises the Ca*" transport against its
chemical gradient, and the Ca*" ions are once of the
main ligands, necessary for activating the catalytic
reactions in this transport system. The changes in Ca*
concentration in a cell modify the enzyme reaction rate
[1, 6]. Consequently, the role of Ca®*ions in respect to
Ca?*-ATPase is double: on one hand, they are neces-
sary for the enzyme activation, performing the ATP
hydrolysis, on other hand, the Ca** ions are transported
by Ca?*-ATPase out of a cells into the environment.
The study of conjugation of Ca?* transport with
ATPase activity allowed to establish, that in both cases
the same center worked, the calcium binding with which
initiated the phosphoenzyme formation as a result of
ATP hydrolysis and the transition of the bound ions
through plasmatic membrane [9]. The Ca*" effect on
the activity of ATP enzyme hydrolysis is characterised
by the activating of the reaction rate under its small
concentrations in the medium, but the Ca®" ion excess
results in the inhibition of Ca?*-ATPase work. The Fig.1
presents the data on the PEO-1500 modifying effect
on the dependency of the Ca*-ATPase enzyme
activity on Ca®" ion concentration in the medium. It
was established that the Ca*-ATPase sensitivity of
PEO-1500 incubated erythrocytes to an activating ef-
fect of Ca?" ions was lower than in the control. Cor-
respondingly the Ca*" surplus inhibits in a greater
extent a Ca?*-ATPase activity of erythrocytes, subjec-
ted to the PEO-1500 effect, in comparison with the
native cells. We can suppose, that a decrease in Ca?'-
ATPase activity of erythrocytes in the PEO-1500 pre-
sence is explained by the reduction of the enzyme
sensitivity to the main ligand: Ca** ions. The results
obtained allow to suggest, that under these experimental
conditions the efficiency of the Ca?*'-transporting
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BusHUIO HOoHOB Ca?' Hike, ueM B koHTpose. COoTBeT-
CTBEHHO, ¥ M30bITOK Ca?* B O0oJIbIIEH CTEEH MHTUOH-
pyer Ca’"-AT®a3Hy0 aKTHBHOCTbh SPHUTPOIMTOB,
noaBeprumxcs osneictauio [190-1500, o cpasHe-
HUIO C HATUBHBIMHU KJIETKaMU. MOKHO ITPETIOIOKHUTD,
410 CHWKeHHEe akTUBHOCTH Ca*'-AT®da3bl 3puTpo-
uutoB B ipucytctBun [190-1500 06bscHsAETCS CHU-
JKEHHEM YyBCTBUTEIHHOCTH (PepMEHTa K OCHOBHOMY
nuranay — uonam Ca*'. IloxydeHHbBIE pe3ylbTaThl
MO3BOJISIIOT BBICKA3aTh MPENTIOI0KEHHUE, UTO B TAHHBIX
JKCIMEPUMEHTAIBHBIX YCIOBHIX 3P(PEKTHBHOCTD
Ca**-TpaHcriopTHpyoIIei (YHKIUH, OCYIIECTBIIsIC-
Moii Ca**-ATda3o0it, 0ueBHIHO, TAKKE OyIET HIKE,
4YeM B HaTUBHBIX 3puTpouuTax. M3BectHo, 4TO COOT-
Homrenne Ca/AT®, onpezernstoniee KOTHIeCTBO HOHOB
Ca?", KOTOpble TPAHCIIOPTHPYIOTCS U3 KICTKH MPU
pacmeriennn ogHol Moiekynsl AT® Ca*-ATdaszoii
3PUTPOLUTOB, COCTaBIAET IpuMepHO 1. ITo-BuaumMomy,
B dpUTpouHTax, HHKyoupoBaHusx ¢ 1190-1500,
BO3MOJKHBI CHH)KEHHE ITOTO COOTHOIIIEHUS U TTaJICHHE
3¢ deKTUBHOCTH pabOTHI JAHHOW TPAHCHIOPTHOM cHC-
TEMBI.

Ca?-AT®da3za >puUTpOIUTOB MOXKET (hocdopu-
JIMPOBATHCS B IPHCYTCTBHUH TOJIBbKO HOHOB Ca’* (Tora
Kak (ochopmmupoBanne Ca?’-ATda3bl capkoruiaz-
MaTHYECKOTO PETHKYJIyMa HY)KIAeTCS B aKTHBALIUH
(depmenta nonamu Ca’ u Mg?") [12]. O6paszoBanue
dbochodepmenTa sBiIIeTCS PAaBHOBECHOM peakiiueH,
3areM clieyeT Mg?*-3aBUCUMBIN 3HEPTOHHYECKUT
koHpopmanmoHHbN niepexon E1~P — E2-P. Cragus
nedochopunupoBanust Ca*-AT®da3sl, cBsI3aHHAS C
BbIOpocoM Ca?" U3 3PUTPOIMTOB, AOMOJHUTEIHHO
aKTUBUPYETCs BBICOKUMHU KoHIEeHTpauusiMu ATO (umm
Mg?*-AT®). Dra akTuBanus 00ycIOBICHA HATHYHEM
BTOpOro HH3K0a(h(PUHHOTO PEaKIMOHHOTO IIEHTpa
(bepmenTa. Imenno nanmuanem Bropoii K B obmactu
koHreHTparu AT® ceeie 10 M u 00bsicHsIETCS
ToT Qakt, yto Ca?’-ATdaza He moguHMHsAETCS
KHHeTuKe Muxasnuca-MeHTEH U JIEMOHCTPUPYET
JOTIOTHUTENBHYIO aKTHBAINIO B IPHCYTCTBUH BHICOKHX
KOHLIeHTpauui cyOctpara. CiiexyeT OTMETUTh, YTO
3Ta 0COOEHHOCTH MPOSABISIETCS TOJNIBKO B OTHOILICHUH
AT®, Torna kak Ipyrue cyOCTpaThl, COCOOHBIE
dbochopunuposars Ca’*-AT®da3y,  MOITHOCTHIO
MOAYUHSIIOTCS KUHEeTHKe Muxasnuca-MenteH [12].

Me1 npoananusuposanu BausHue [190-1500 Ha
KuHeTuKy ruaponnsa AT® Ca’*'-ATda3oii. Ha puc. 2
BUJIHO, YTO HA TIEPBOM dTarie paboTsl hepMeHTa, Kor/a
ruaponn3 AT® ocymecTBiseTcs ¢ y4acTHEM BBICO-
koahhHUHHOTO PEaKIIMOHHOTO LIeHTpa (hepMEHTa, MOJTY-
mpyroiee BiausiHue [190-1500 Ha kuHETHKY hepMeH-
TaTUBHOU pPeakIi He 00HAPYKEHO, TOCKOIBKY 3TOT
Yy4acTOK Ha Tpa(uKe COBMAJAeT C KHHETHYECKUMHU
xapakrepucTukamu Ca’’-ATda3bI HaTUBHBIX SPUTPO-
IUTOB. Paznuuns mposBISIOTCS B 00JIACTH BBICOKHUX
koHIeHTpanuii AT® u MbI MOXkKeM BUIETH (pHC. 2),
uto Ca**-AT®da3a >puTporuToB B nprcyTcTBHU [190-
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BIHSTHHEM SK30LEIUTIOIApHOro Kpuomnporekropa [190-1500:
1 — xoHTpoMB; 2 - I130.
Fig. 1. Modification of Ca*-ATPhase erythrocyte activity

depending on Ca** concentration in the medium under exocel-
lular cryoprotectant PEO-1500 effect: 1 —control; 2—PEO.

function will be obviously lower, than in native eryth-
rocytes as well. It is known, that the Ca/ATP ratio,
determining the number of Ca*" ions, transported out
of'a cell during the disintegration of one ATP molecule
by Ca?*-ATPhase, makes approximately 1. In PEO-
1500 incubated erythrocytes a decrease in this ratio is
evidently possible and the activity efficiency of this
transport system will decline.

The Ca?**-ATPase of erythrocytes can be phospho-
rilated in the presence of only Ca?* ions (whereas the
Ca?"-ATPase phosphorilation of sarcoplasmatic reticu-
lum needs the enzyme activation by Ca?* and Mg?*
ions) [12]. The phosphoenzyme formation is an equili-
brium reaction, then the Mg?*-dependent endergonic
conformational transfer of E1~P — E2—P follows. The
stage of the Ca?*-ATPase dephosphorilation, related
to the Ca?" release out of erythrocytes, is additionally
activated by high concentrations of ATP (or Mg?*-
ATP). This activation is stipulated by the presence of
the second low-affinic reaction center of the enzyme.
Namely the presence of the second K within the ATP
concentration range higher than 10* M, explains the
fact, that Ca?"-ATPase is not submitted to the Michae-
lis-Menten kinetics and demonstrates an additional
activation under high concentrations of a substrate. It
should be noted, that this peculiarity is manifested only
in ATP ratio, whereas the other substrates are capable
to phosphorilate Ca?*-ATPase and to be completely
submitted to the Michaelis-Menten kinetics [12].

We analysed the PEO-1500 effect on the hydrolysis
kinetics by Ca?*-ATPhase. The Fig. 2 shows, that at
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1500 ¢pyHKIIMOHNMPYET MEIJIEHHEE IO CPAaBHEHHIO C
KOHTpoJsieM. DPPEeKTUBHOCTD paboThl pepMeHTa Olle-
HUBAETCS IByMsI OCHOBHBIMH NapaMeTpaMU: MaKCH-
MaJIbHOU CKOPOCTBIO peakuuu V W KOHCTAHTON
Muxasnuca-Menren K, oTpaxkaromieit Mepy cpozct-
Ba (hepmeHTa K cyOcTpary. UToOBl OTBETUTH Ha BOII-
poc, ¢ ueM cBsi3aHO 3aMemieHue paboTer Ca?'-
AT®a3s! B spuTponuTax B npucyrcrsun [190-1500,
BOCIIONIB30BanuCh MeTonoM Jlalinynsepa-bepka nms
Haxoxaenust V1 K Ha ydacTke, COOTBETCTBYIO-
ieM pabote Hu3koah(HGUHHOTO LeHTpa PepMeHTa, TJe
00HapYKHBAIOTCSI pa3Indusl. BbIJIO yCTaHOBIIEHO, YTO
cponcTBO (hepMeHTa K cyOcTpaTy, XapakTepru3yemMoe
K ,He usmensercs B npucyrcteuu [190-1500,aV
(hepmeHTaTHBHOM peakiuy oA rusHIeM [190-1500
CHMKAETCA. M3 pacyeTHBIX JaHHBIX BEMM4MHA V.,
onpenenennas miss Ca*-AT®asbl (11 KOHKPETHOMN
Mozenu usydeHus: Ca’’-AT®da3el B 3puUTpOLUTAX C
I1a3MaTuieckoit MeMOpaHoii, mephopupoBaHHOH Je-
TEPreHTOM CAallOHMHOM) B HaTHBHBIX 3PUTPOLUTAX,
cocranster 0,717 MkM P xmun'xmir', a B apuTpoO-
uuTax, nHKyouposanusix ¢ [130-1500 — 0,480 mxM
P >y ' XM, Takum 06pa3zoM, MbI MOKEM CKa3arth,
y1o [130-1500 unarubupyer akruBHOCcTh Ca’'-
AT®a3bl 3pUTPOIMTOB IO HEKOHKYPEHTHOMY MEXaHH3-
my (K He usmenena, V_ ymenblieHa). CHuKeHME
V__ Ca’-AT®a3p1 npu akTuBaluU HepMEHTa BBICO-
KUMHU KoHIeHTpauusaMu AT®, npoucxozsiiee mox
piussaueM [190-1500, MoXeT UMETh Ba)KHOE 3HAYe-
HHUe Ui ocymecTBieHus Ca*'-TpaHcnopTupyoomen
(YHKIMH, MTOCKOJBKY MMEHHO 3Tal, CBA3aHHBIN C
BbIOpocoM Ca’" U3 KIETKH, aKTHBUPYETCSI BHICOKUMU
koHueHTpauusmu AT [12, 1].

TakuM o00pa3oM, MHTHOHUpYIOIIEE BIUSHUE
I120-1500 ma akruBHOCTH Ca*-AT®da3sr sputpo-
LIUTOB TPOSIBISIETCA B CHUKEHUH YyBCTBUTEIBHOCTH
(bepMeHTa K aKTHBUPYIOIIEMY BIUSHUIO HOHOB Ca’*
(HavanbHBIA 3Tanm mMUKiIa paboTel GepMeHTa) H
CHIKEHMHU V  TIPU BBICOKMX KOHIIEHTPALUAX CyOCT-
para AT® (stam, cBs3aHHbI ¢ BeiOpocom Ca?' BO
BHEKJIETOUHYIO Cpely). DTO MO3BOJISIET BBICKA3aTh
MPEIIoNoKeHHe, YTO 3PPEKTUBHOCTH TPAHCIOPTHU-
pytouieil GpyHKIMK OyOeT TakKe CHHXKAThCS B NpU-
CYTCTBUHU KPHUOINPOTEKTOPA, a pe3yJIbTaTOM 3TOTO
MOJXET CTaTh NMOBBIIICHUE KOHIEeHTpanuu Ca’' B
LIUTO30JIE 10 3HAYCHNH, HEOOXOTUMBIX [T aKTHBAIHN
Ca-3aBUCHMBIX (DEPMEHTOB, YYaCTBYIOIINX B CTPYK-
TypHO-METa0OJIMYECKHUX MepecTpoiikax kieTku. [1o-
BHJIUMOMY, B TAKUX YCJIIOBHAX MPOUCXOANUT CTaOMIH-
3a1Us IPUTPOLHUTOB K JEHCTBUIO IKCTPEMAaNTbHBIX
(hakTOpOB HU3KOTEMITEPATyPHOTO KOHCEPBUPOBAHUSI.

[Tony4eHHbIe JaHHBIE AAIOT ONPEIEIEHHOE MPE-
CTaBJICHUE O XapaKTepe MHTHOMPYIOLIETO BIMSHUS
I150-1500 na padory Ca?*-AT®da3bl 3pUTPOLIUTOB,
OIHAKO O MEXaHU3ME (WJIM IPUYMHAX ) THTHOUPOBaHHS
MBI HE MOXEM CKa3aTh CTOJIb ONpeAeaeHHO. Bo3Moxk-
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Puc. 2. Monudukauus akruBHocTH Ca?'-ATdas3bl 3puTpo-
IUTOB B 3aBUCUMOCTH OT KoHIeHTpaiuu Ca*" B cpezie moxn
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1 — koHTpOIB, 2 —II1D0.
Fig.2. Modification of Ca?*-ATPase erythrocyte activity with

PEO-1500 cryoprotectant when varying the substrate con-
centration. 1 —control, 2 —PEO.

the first stage of the enzyme activity, when ATP
hydrolysis is realised with the participation of a highly
affinic reaction centre of the enzyme, the PEO-1500
modulating effect on the kinetics of enzyme reaction
was not revealed, since this site in the plot coincided
with the Ca*'-ATPase kinetic characteristics of native
erythrocytes. The differences are manifested in the
area of high ATP concentrations and we can see (Fig.
2), that Ca?*-ATPase of erythrocytes in the presence
of PEO-1500 acts slower in comparison with the cont-
rol. The efficiency of the enzyme activity is estimated
by two main parameters: the maximum rate of reaction
V__ and the Michaelis-Menten constant K _, reflecting
the affinity degree of the enzyme to substrate. In order
to answer the question what the inhibition of Ca*-
ATPase activity in erythrocytes at the PEO-1500
presence is related to, we used the method of double
reciprocal plot for V__and K_ finding at the site,
corresponding to the activity of the low-affinic enzyme
centre, where the differences are revealed. It was
established, that the enzyme affinity to the substrate,
characterised as K , did not change in the PEO-1500
presence, and V__ of enzyme reaction under PEO-
1500 effect decreased. With the calculation data the
V_ . value, determined for Ca*"-ATPase (for specific
model of Ca?"-ATPase study in the erythrocytes with
plasmatic membrane, perforated with saponine
detergent) in native erythrocytes makes 0.717 uM
P xmin"'xml", but in the erythrocytes, incubated with
PEO-1500 it does 0.480 UM P xmin'xml". Thus, we
can say, that PEO-1500 inhibits the Ca**-ATPase
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HBI HECKOJIBKO MPEIIOIOKEHUH, 0OBSACHSIOIINX B~
HUE HENPOHUKAIUIETO KpuompoTekTopa Ha Ca*'-
AT®azy sputponutos. IIpexne Bcero, I130-1500,
ancopOupysICh HAa TTOBEPXHOCTH IIJIa3MaTHYECKOM
MeMOpaHbl, CIOCOOEH HApYIIUTh CTPYKTYpPY THIApaT-
HBIX 000JI0YEK MOJIEKYJ, BXOASIINX B €€ COCTaB, B
TOM YHCJIe ¥ BBICTYNAIOIIETO Ha HAPYKHOM TOBEpX-
HOCcTH MeMOpaHnbl yuactka Ca*-AT®a3sr [2, 3, 7].
CHmxeHHe JOCTYTHOCTH BOJBI K MOJIEKyJe pepMeHTa
MOXXET NMPUBECTH K CHUKEHHUIO CKOPOCTH PabOTHI
JTaHHOW TPaHCIIOPTHOI cucTemsl [ 14].

I190-1500 obmamaer 3HaUUTENBEHOU THAPOGHOO-
HOCTBIO M MOXKET MPOHMKATh B TUAPO(OOHBIE 30HBI
MJa3MaTHYeCKON MeMOpaHbl IpHU ONpeaeIeHHbIX
00CTOSITENECTBAX, YTO BEET K HAPYIICHHUIO CTPYKTYP-
HOW YIaKOBKH KHUPHOKUCIIOTHBIX PaiuKaioB Gpocdo-
JUNHAJO0B U U3MEHEHHIO CBOWCTB 3TON 00JacTy mias-
MaTudeckoid MemOpansl [7, 10, 13]. Ca**-AT®daza
ABIIAETCSA NUMUA3aBUCUMBIM (hepmeHTOoM. [loaTomy
HapyIICHUS TUTUIHOTO OWCI0sT MEMOpaHbI SPUTPO-
LMTOB npu B3aumoneiicteuu ¢ I190-1500 moryt
noBnusaTh Ha Ca*'-ATda3nyro akTUBHOCTS [1].

[Hockonpky I190-1500 BauseT Ha pa3audHbIE
CBOMCTBA IJIa3MaTH4E€CKON MEeMOpaHBI, TO MOXKHO
MPEIION0KNTE, YTO €ro HHruoupyromui 3¢gdexr Ha
Ca*"-AT®azy 5puTpOLMTOB SBISAETCS CYMMUPYOIIAM
pe3yapTaToM MOAM(UKAINHA (HUIUKO-XUMHUECKHIX
XapaKTepUCTHK MeMOpaHsbl, BeI3BaHHBIX [100-1500.

BbiBOADI

OK301eUTIONApHBI KpuonpoTtektop 1130-1500
UHrHOUpyeT akTuBHOCTH Ca’ -ATda3bl )PUTPOLIUTOB.
Kunetndeckuil aHanus mokasani, 4To TOPMOKEHHE
paboThl hepMEHTA CBA3AHO C UBMEHEHUAMH V  , HO
He K 1151 Hu3koaGMHHOTO KaTaIMTUYECKOrO LIEHTPa
Ca?"-AT®as3s1. [IpucyTcTBHE B Cpeie KPHOIPOTEKTO-
pa CHMJKaeT YyBCTBHUTEIBHOCTh (EPMEHTATHUBHOI
peakiyu ruaponuza ATO k nonam Ca?'. [lonmydeHHble
JaHHBIE TIO3BOJISAIOT MPEAIOJIOKNAT, YTO O] BIIHS-
HueM [1250-1500 nonTpancnoptupytomas GpyHkuns
Ca?"-AT®a3bl MOXKET MOJABIATHCSA, U IPPEKTHB-
HocTh pabotel Ca-Hacoca OydeT maaarh.
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erythrocyte activity by a noncompetitive mechanism
(K, is without changes, V __ is decreased). A decrease
in V__ of Ca*-ATPase at the enzyme activation by
high ATP concentrations, occurring under PEO-1500
effect, can be important for realising the Ca**-transpor-
ting function, because it is this stage, relating to the
Ca*" release out of a cell, is activated by high ATP
concentrations [12, 1].

Thus, the PEO-1500 inhibiting effect on the
Ca?"-ATPase erythrocyte activity is manifested in a
decrease in the enzyme sensitivity to an activating ef-
fect of Ca®" ions (initial stage of the enzyme activity
cycle)andthe V__ decrease under high concentrations
of ATP substrate (the stage, related to Ca** release
into an extracellular medium). This allows to suggest,
that the efficiency of a transporting function will also
decrease in the presence of cryoprotectant, and this
can result in an increase of Ca?* concentration in cytosol
up to the values, necessary for activation of Ca-depen-
dent enzymes, participating in structural and metabolic
cell rearrange-ments. It is probable that under such
conditions the erythrocyte stabilisation to the effect of
the low temperature preservation extreme factors
occurs.

The data obtained provide a certain notion about
the character of the PEO-1500 inhibiting effect on the
Ca*-ATPase erythrocyte activity, however we can
not speak very definitely about the mechanism (or
causes) of inhibition. Several suppositions, explaining
the effect of a non-penetrating cryoprotectant on Ca?'-
ATPase of erythrocytes, are possible. First of all, PEO-
1500, being absorbed on the surface of plasmatic
membrane, is capable of impairing the structure of
hydrate layer of molecules, being its part, including the
protruding Ca**-ATPase site on the external membrane
surface [2, 3, 7]. A decrease in water accessibility to
the enzyme molecule can result in a decrease in the
activity rate of this transport system [14].

PEO-1500 has a considerable hydrophobicity and
can penetrate into hydrophobic zones of plasmatic
membranes under certain circumstances, that results
in a disorder of structural package of the phospholipid
fat acid radicals and in a change of properties for this
area of plasmatic membrane [7, 10, 13]. Ca*>*-ATPase
is a lipid-dependent enzyme. Therefore, the disorders
in a lipid bilayer of erythrocyte membrane during inter-
action with PEO-1500 can affect the Ca*-ATPase
activity [1].

Since PEO-1500 affects different properties of
plasmatic membrane, we can suppose, that its inhibiting
effect on the Ca**-ATPase of erythrocytes is a total
result of modification of physical and chemical
characteristics of a membrane, caused by PEO-1500.

Conclusions
Exocellular cryoprotectant PEO-1500 inhibits the
Ca?-ATPase activity of erythrocytes and the kinetic
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analysis demonstrated, that the inhibiting of the enzyme
activity was related to the changes in V__, butnotK
for low-affine catalytic center of Ca?*-ATPhase. The
cryoprotectant presence in the medium reduces the
sensitivity of enzyme reaction of ATP hydrolysis to
Ca?" ions. The data obtained allow to suppose, that
under PEO-1500 effect the Ca?*-ATPase ion-trans-
porting function can be suppressed and the efficiency
of Ca-pump activity will decrease.
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