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Changes of Protein Composition in Membrane-Skeleton Complex
of Erythrocytes Cryopreserved Under PEO-1500 Protection

IIpu m3yuenun Monudukanuu 6eakoBoro cocraBa MeMOpano-nurockeneTrHoro kommiekca (MIUK) spurpouutos,
KPHOKOHCEPBUPOBAHHBIX 110 3auuToi [130-1500, ycTaHOBIEHO H3MEHEHHE OTHOCUTEIIBHOTO cofepikanus 0. 1. 3, aHkupuHa, 6. 1. 4.1,
6.1.4.2 1 6. 1. 4.9 B pacTBOpax ¢ BBICOKOM HOHHOMN CHJIOI M BapbUPYIOIINM COCPIKaHUEM JIBYXBAJICHTHBIX KATHOHOB. OTMEUYEHO, YTO
u3menenuss MK B spurpouurax, kpuokoHcepBupoBaHHbIX ¢ [190-1500 u 3aMOpOKEHHBIX 03 MPUMEHEHHsI KPHOIIPOTEKTOPOB,
XapaKTEePU3YIOTCS HEKOTOPHIMU OOLIMMHU YepTaMHU, YTO MOXET OBbITh OOYCJIOBJICHO OTCYTCTBHEM BHYTPH KIJIETOK BEILECTB,
CTaOMIM3UPYIOIIUX CTPYKTYpY OCJIKOB IpH HU3KUX Temieparypax. Viamenenns B MLIK spuTpoLuToB, KpHOKOHCEPBUPOBAHHBIX 110]]
3amuToi [190-1500, MOryT OBITE YaCTHYHO OOPATHMBI IIPH NIEPEHOCE KIETOK B (PH3HOJIOTHYESCKUE YCIOBHS.

Knrouesvie cnosa: xpuokoncepsuposanue, [190-1500, MeMOpaHO-ITUTOCKEIETHBIH KOMITIIEKC SPUTPOIMTOB.

[Ipu BuB4eHHI MoaudiKkarii 61IKOBOTO CKIIaxy MeMOpaHO-IUTOCKeNeTHOTO KomIniekey (MLIK) eputponunTis, KpioKOHCEPBOBaHUX
mig 3axuctom [IEO-1500, BcTaHOBIEHA 3MiHA BiTHOCHOTO BMICTY 0. €. 3, aHKipHHY, 0. . 4.1, 0. c. 4.2 Ta 0. c. 4.9 y po34nHaX 3 BHCOKOIO
10HHOIO CHJIOIO Ta 3MIHHMM BMICTOM JBOBAJICHTHHX KaTioHiB. BcTanoBieHo, mo 3mMinn MLIK y eputponnTax, KpioOKOHCEPBOBaHHX 3
I[TEO-1500 Ta 3amoposxeHHX 0€3 BUKOPUCTAHHS KPiOMPOTEKTOPIB, XapaKTePU3YIOTHCS NSIKUMU CIIILHUMU pucamiu. Lle moxe Oytu
3YMOBIICHO BiJICYTHICTIO YCepeAUHI KIITHH PEUOBHH, IO CTA0LII3YIOTh CTPYKTYPY OUTKIB MPH HU3BKKX TemIieparypax. 3miau B MLIK
CPUTPOLUTIB, KpiokoHCepBoBaHHX i 3axucTtoM [TEO-1500, MoxyTh OyTH Y4aCTKOBO OOOPOTHHMH IIPH MEPEHECEHHI KIITHH 0
(i310JIOTIYHAX YMOB.

Knrouoei cnosa: xpioxoncepysanHs, [IEO-1500, MeMOpaHO-IIATOCKEIETHUI KOMILIEKC CPUTPOLIHTIB.

When investigating the modification of protein composition of membrane-cytoskeleton complex (MCC) of the erythrocytes
cryopreserved under PEO-1500 protection the change of relative content of band 3 protein, ankyrin, protein 4.2 and protein 4.9 in the
solutions with high ionic strength and variation of the content of bivalent cations was found. It has been noted that MCC changes in
the erythrocytes cryopreserved with PEO-1500 and frozen with no use of cryoprotectants are characterized with some common
features. This may be stipulated by the absence inside cells of the substances stabilizing the protein structure at low temperatures.
Alterations in MCC of erythrocytes cryopreserved with PEO-1500 protection may be partially reversible if the cells are transferred

into physiological conditions.

Key-words: cryopreservation, PEO-1500, membrane-cytoskeletal complex of erythrocytes.

JeicTBIE HU3KHUX TEMIEpaTyp Ha OMOJIOTHIECKHUE
OOBEKTHI MIPUBOJUT K CYIIECTBEHHBIM HAPYIICHUSIM
CTPYKTYPHI IJTa3MaTHIECKUX MEMOpaH U THOeNH Kiie-
ToK [1]. Mcmonp30BaHne KPUOTPOTEKTOPOB MPEAOT-
BpallaeT pa3BUTHE MHOTHX HETATHBHBIX MPOIIECCOB B
KJIETKaxX IPH 3aMOpaXuBaHUI-0TOTpeBe [ 7]. Kprokon-
CEPBHUPOBAHKE SPUTPOIHUTOB 1o 1 3amuToi [190-1500
obecneynBaeT MX BBICOKYIO COXPAHHOCTH IOCIIE
pasmopaxuBanus [2]. MeMOpaHO-IIUTOCKENETHBIN
komiuteke (MLIK) urpaer BaxkHyro posib B momaaep-
JKaHUHU CTPYKTYPHBIX M (DYHKIIMOHAIBHBIX CBOWCTB
JAHHOTO THIIA KJIETOK [5, 6, 8]. [losTomy 1t Gonee
MOJIHOT'O NOHUMAaHUSl MEXaHHU3MOB CTaOUIU3aLNH
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Effect of low temperatures on biological objects
results in significant impairments of plasma membrane
structure and cell death [1]. Use of cryoprotectants
prevents the development of many negative processes
in cells during freeze-thawing [7]. Cryopreservation
of erythrocytes under PEO-1500 protection provides
their high post-thaw integrity [2]. Membrane-
cytoskeletal complex (MCC) plays an important role
in maintaining structural and functional properties of
this cell type [, 6, 8].

Therefore for more profound understanding of the
stabilization mechanisms of biological structures to
stress effects under the action of low temperatures
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OMOJIOTUYECKUX CTPYKTYP K CTPECCOBBIM BO3AEHCT-
BHSIM TIpY IEHCTBUHU HU3KUX TEMIIEPATyp U KPUOIIPO-
TEKTOPOB HEOOXOAMMO H3y4YEeHHE MOAU(PUKAIUU
Oenok-0enkoBrIX B3aumogeiictsuil (bbB) B aToit
CJI0)KHOM HaJIMOJIEKYJIIPHOU CHCTEME.

Huskue TtemmnepaTypsl CyIIECTBEHHO BIUSIOT Ha
KoH(OpManuio OETKOB BCIIEACTBUE HAPYIICHHUS TH/I-
paTHBIX 000JI0YEK MaKPOMOJIEKYH MPH KPHUCTAIUIIA3a-
LMY BHYTPUKJIETOUYHOTO cofepxumoro [1, 3]. [Toteps
CBSI3aHHOM BOJBI, SIBIISIFOIIEHCS BaKHBIM 3JIEMEHTOM
HaTUBHOM CTPYKTYPBI, MOKET BBI3BATh MOJHBIA HIIN
YacTUYHBINA aHQOITUHT OenkoB. B pesynbsrare Taknx
MPOLIECCOB OENKH YTPauMBaIOT CIe(pUIecKUe CaiThl
JUTsL B3aMMOJICHCTBUS CO CBOMMU MapTHEPAMHU, YTO
BEJIET K MX JUCCOIUAINH OT CJIOXKHON OSIKOBOW CeTH
MIIK »spurponuroB. Bmecte ¢ Tem HapywmeHus bbB
MOTYT COIIPOBOXJATHCS YBEINYEHUEM OTHOCHUTENb-
HOTO COZIEP>KaHHUs HEKOTOPHIX OEJIKOB, (PUKCcaLHUs KO-
TOPBIX B COCTaBE HAAMOJIEKYISIPHBIX CTPYKTYp 00yc-
JIOBJIEHa aHOMAJIbHBIMU CBSI3IMH, B YaCTHOCTHU
KOBaJICHTHBIMH CIIMBKaMH, (POPMHUPYIOLIUMUCS MIPH
okucieHuu SH-rpymm nucTenHa coceTHUX MakKpoMO-
JIeKyJ, PKCIIOHUPOBAHHBIX Ha OJM3KOM pPacCTOSHUU
opyr ot apyra [15].

B nanHoi#i pabote npennonaraioch MpoOBECTH CPaB-
HuUTeNnbHOE uccnenoBanue MK sputponuTos, kpuo-
KOHCEpBUPOBAHHBIX B mpucyrtcrBuu 1190-1500 ¢
WHTaKTHBIMU KJIETKaMHU U 3PUTPOIUTAMH, 3aMOpPO-
XKEHHBIMH 0€3 MPUMEHEHHs] KpuonpoTeKTopoB. C
YYETOM BasKHOCTH 00paTUMOCTH MOIU(HKALUH, IPO-
WCXOMAIINX ITOJ] BIUSHAEM KPUOIIPOTEKTOPA U CIIOCO0-
CTBYIOIIMX CTAaOMIM3AIHN KIIETOK B YCIOBHAX KPHOKOH-
CEpBHUPOBaHMS, IUTAHUPOBAJIOCH OLIEHUTh COCTOSIHUE
MIK nocne nepeHoca KpUOKOHCEPBUPOBAHHBIX KIIE-
TOK B (QH3UOJIOTHYECKHE YCIOBHS.

Lenp paboThl — M3ydYeHUE MOAM(UKAILIUN Oeli-
koBoro cocrasa MIIK »puTpouuToB, KpuoOKOHCEP-
BUpOBaHHBIX oA 3amurtor [1290-1500, B cpenax c
BBICOKOM HOHHOM CHJION 1 BAPBUPYIOLIUM COZIEPKaHUEM
JByXBAJICHTHBIX KaTHOHOB; OIleHKa 00pPaTMMOCTH
WM3MEHEHU, BBI3BaHHBIX IEHCTBUEM KPHOIIPOTEKTOPA
Y HU3KUX TEMIIEpPATYp.

Matepnanbl 1 metoAbI

OOBEKTOM HCCIEOBAHUS CIYKHUIN SPUTPOLMTHI
MyX)4uH-10HOpoB (rpynna A(Il)). Dpurpounts
ocaxxpanu Ha uenrpudpyre (OIIH-3,“/lacTan”,
Keipreieran) npu 3000 06/MuH, TU1a3MY U JISHKOIIUTEI
yaansuid. [locne 3Toro KiaeTku TprKabl OTMbIBANIU 3-4
obowvemamu cpenpl A (150 MM NacCl, 10 MM Tpue-HCI,
pH 7.,4) B aHAIOrMYHOM peXXUMe IIEHTPU(PYTUPOBAHUSL.

Jna nzydenns Mmonupukanuy 6€IKOBOTO COCTaBa
MIIK nox BnustareM [190-1500 u Temnepatypsl 3pH-
TPOLMTHI MOJBEPTaUCh 3aMOPAKUBAHUIO-OTOTPEBY.
[epen kproKOHCEPBUPOBAHUEM K KIIETKaM JTOOABIISLTH
30%-i1 pactBop I190-1500 B cooTHOmeHnu 1:1 1o
00beMy, IPUTOTOBIICHHBIN Ha OCHOBE Cpeanl A, U
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and cryoprotectants it is necessary to study the
modification of protein-protein interactions (PPI) in this
complicated supra-molecular system.

Low temperatures significantly affect the protein
conformation due to the damage of hydration sheaths
of macromolecules at crystallization of intracellular
content [1, 3]. The loss of bound water being an
important component of native structure may cause
either complete or partial unfolding of proteins. As a
result of these processes the proteins lose the specific
sites for interaction with their partners that leads to
their dissociation from a complicated protein net of
erythrocyte MCC. In addition the impairments of PPI
may be accompanied with an increase in relative
content of some proteins, the fixation of which in a
complex of supra-molecular structures is stipulated
with abnormal bonds, in particular covalent cross-
linking, forming during oxidation of cysteine SH-groups
of adjacent macromolecules exposed at a short
distance from each other [15].

This research comprises a supposed comparative
study of MCC for cryopreserved with PEO-1500
erythrocytes with intact cells and the erythrocytes
frozen with no cryoprotectants. Taking into account
an importance of reversibility of modifications
occurring under cryoprotectant effect and contributing
cell stabilization under cryopreservation we also
planned to estimate the MCC state after transfer of
cryopreserved cells into physiological conditions.

The research aim was to investigate the modi-
fication of protein composition of MCC for the
erythrocytes cryopreserved under PEO-1500 protec-
tion in the media with high ionic strength and varied
content of bivalent cations; to assess the reversibility
of changes caused by cryoprotectant and low
temperatures.

Materials and methods

The research objects were donor’s erythrocytes
of men (group A (I)). Erythrocytes were sedimentated
with centrifuge (OPN-3, “Dastan”, Kyrgystan) at 3000
rot/min and buffy coat were removed. Afterwards the
cells were thrice washed-out with 3-4 volumes of
medium A (150 mM NaCl, 10 mM Tris-HCI, pH 7.4)
with the same protocol of centrifugation.

To study the modification of protein MCC
composition under PEO-1500 and temperature effects
the erythrocytes were frozen-thawed. Prior to
cryopreservation to the cells 30% PEO-1500 was
added in 1:1 ratio (v/v) prepared with basing on medium
A and incubated for 40 min at 37 and 0-4°C. Cell
suspension and cryoprotectant solutions prior to mixing
were levelled to corresponding temperatures.

The samples were frozen down to —196°C at rapid
plunging of metal containers into liquid nitrogen, thawed
at 42-44°C in water thermostated bath with constant
shaking.
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nHKyOupoBanu B Teuenne 40 muH npu 37 u 0-4°C.
CycneH3uu KJIETOK U paCTBOPBI KPHOMIPOTEKTOPA T1e-
pen cMemmMBaHueM ObUIM JOBEIECHBI 10 COOTBETCT-
BYIOILIUX TEMIIEparyp.

OO0pa3upl 3amopaxuBanu 10 —196°C npu OsicTpoM
MOTPY>KEHHH METAIUIMYECKUX KOHTEHHEPOB B JKUIKUMA
a30T, orTorpeBasnu npu 42-44°C B BOASHON TepMoO-
crarupyeMoii OaHe py MOCTOSHHOM MOKaYMBaHHH.

[Tocne nexoHCEpBUPOBAHUS KIETKH Pa3AEIIIIN HA
2 yactu. OHy 4acTh OCaX 1AM IEHTPU(YTHPOBaHHUEM
npu 1000 06/Mun B Teuenue 10-15 muH, ypamsiu
CYTIEPHATAHT, a 3PUTPOLUTHI HCTIONB30BANIH JIS MOy~
YeHHs TeHEeH, IPYTyI0 — UCIIOIb30BAN IJISl OLEHKH
obparumoctu n3menennii B MLIK kprokonceppu-
POBaHHBIX SPUTPOLMTOB IPH MOAETUPOBAHNH TPAHC-
¢by3un. st 3TOro SpuTpOLHTEI IEPEHOCHIIN B CPELY
A (1:9 no o6bemy) ¢ moaaep>kaHUEM TEMIIEPATYPHI
37°C B Teuenue oaHoro vaca. [locne 3aBepiieHus
HMHKYOAIMOHHOTO MIEPUOAA 3PUTPOLIMTHI OCAK AN TIPH
1500 06/M¥H ¥ KCTIONB30BAIIN JUIS TIOTYYCSHHSI TCHEH.

AJHKBOTHI 3pUTPOLUTOB TM3KUPOBaiH B 20 00bemax
cpea B, C, D ¢ pa3nuyHbIM COAEpXKAHHUEM JIBYX-
BAJICHTHBIX KaTUOHOB. [IJIsl MPUTOTOBJICHHUS BCEX
PacTBOPOB HCITOIB30BANIN JEHOHU3NPOBAHHYIO BOAY.

Cocras cpenst B — 135 mM KCl, 10 MM Tpuc-
HCI (pH 7,6), 0,02% carornHa u ceIyrontie 100aBKH:
1-10°M CaCl, 10° M MgCl; 2 - 10° M CaCl, 10° M
MgClL;3-10°M CaCl, 10° M MgCl; 4 -2 MM D/ITA.

Cocras cpenst C — 250 MM KCl, 10 MM Tpuc-
HCI (pH 7,6), 0,02% canonuna, no6aBku 1-4.

Cocras cpensl D — 500 MM KCI, 10 MM Tpuc-
HCI (pH 7,6), 0,02% canonuna, no6aBku 1-4.

Ha srane nmusuca (30 mun npu 0-4°C) Bce pacrt-
BOpBI coziepskaiit HHruouTop nmporeaz PMSF (1mr/min)
u gutnotpentorn (ATT) (10mM). Ternun sputporuToB
TPHIKIBI OTMBIBAIM JIBAIIATUKPATHBIMH O00beMaMH
COOTBETCTBYIOIIHX PAacTBOPOB, HE COAEPKAIIUX
PMSF, canmonun u ATT, ocaxnanu neHTpudy-
rupoBanueM rpu 12000 g B pedpukepaTopHOH IICHT-
pudyre (K-24, “VEB MLW Zentrifugenbau”, I'epma-
HUs1). ATTMKBOTHI TEHEH COTIOOMIU3NpOoBaIn B sample
Oydepe (0,05 M Tpuc-HCI (pH 6,8); 0,4 mr/mn NaN_;
0,003 M DATA; 2% SDS; 100 MM ATT; 20%
rnmunepona; 0,01% Opom¢peHOIOBOTO CHHETO;
0,7 mr/mn PMSF) B cootHomenuu 1:1 o oosemy. Kon-
HeHTpanus Oeyka B mpodax cocramisia 1-2 Mr/mi.

DnexTpodope3 COMOOMITN3NPOBAHHBIX OCIIKOB
TEHEW SPUTPOLUTOB MPOBOJMIN B BEPTHUKAIBHBIX
miactuHax SDS-ITAAID ¢ rpagueHTOM MOpPHUCTOCTH
(5-20)T4C B cucreme Laemmly [14]. dus okparnu-
BaHHS OEITKOB MCIOJIb30BaM kKpacurenb Coomassie
BB G-250. JlencutoMeTpupoBaHHE U aHAIU3 renel
MIPOBOJMIIH C TOMOIBIO TPOTPaMMHOTO 00€CTICUEeHHSI
GEL, cratuctuuecknil aHanus — ¢ IpUMEHEHUEM
porpaMMHoro nakera Statgraphics for Win 2.0. ns
CPaBHEHHS JOCTOBEPHOCTH Pa3lW4Mi B BBHIOOpKaX
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After thawing the cells were divided into 2 parts.
One part was centrifuged at 1000 rot/min for 10-15
min, supernatant was removed and erythrocytes were
used for obtaining ghosts, another one was used for
estimation of reversibility of changes in MCC of cryo-
preserved erythrocytes during transfusion simulation.
With this aim erythrocytes were removed into medium
A (1:9 v/v) with keeping the temperature of 37°C for
an hour. After finishing the incubation period the
erythocytes were sedimentated at 1500 rot/min and
used for obtaining ghosts.

Erythrocyte aliquots were lysed in 20 volumes of
media B,C,D with different content of bivalent cations.
To prepare all the solutions deionized water was used.
Medium B comprised 135 mM KCI, 10 mM Tris-HCI
(pH 7.6), 0.02 saponin, additives: 1 — 10°* M CaCl,,
10° M MgCl; 2—10° M CaCl, 10° M MgCL;3-10° M
CaCl, 10° M MgCL; 4 — 2 mM EDTA

Medium C comprised 250 mM KCI, 10 mM Tris-
HCI (pH 7.6), 0.02% saponin, additives 1-4. Medium
D contained 500 mM KCI, 10 mM Tris-HCI (pH 7.6),
0.02% saponin, additives 1-4.

At lysis stage (30 min at 0-4°C) all the solutions
contained the inhibitor of proteases PMSF (1mg/ml)
and ditiotreitol (DTT) (10mM). Erythrocyte ghosts
were thrice washed-out with 20-fold volumes of
corresponding solutions containing no PMSF, saponin
and DTT, sedimentated with centrifugation at 12000g
in refrigerating centrifuge (K-24, “VEB MLW Zentri-
fugenbau”, Germany). Aliquots of ghosts were solubi-
lized in a sample buffer (0.05 M Tris-HCI (pH 6.8);
0.4 mg/ml NaN; 0.003 M EDTA; 2% SDS; 100 mM
DTT; 20% glycerol; 0.01% bromphenol blue; 0.7 mg/ml
PMSF) in 1:1 ratio (v/v). Protein concentration in samp-
les was 1-2 mg/ml.

Electrophoresis of solubilized proteins of erythrocyte
ghosts was performed in vertical plates SDS-PAAG
with porosity gradient of (5-20)T4C in Lammly system
[14]. For protein staining there was used the dye
Coomassie BB G-250. Densitometry and analysis of
gels were carried out using GEL software, and the
statistical analysis was performed with the Statgraphics
for Win 2.0 software. To reveal the statistical signi-
ficance in the samples non-parametric method for
paired samples, the sign test, was used.

Results and discussion

Study of protein and erythrocyte MCC interaction
modification under cryopreservation effect in
PEO-1500 presence is based on the analysis of changes
in protein spectrum of ghosts at the contact with the
media of different ionic strength. Since a protein net is
associated by weak non-covalent bonds sensitive to
the changes on physical and chemical environmental
factors [4, 21], behaviour of supra-molecular structure
modified under the effect of cryoprotectant and low
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MIPUMEHSITH HeTlapaMeTPHUYECKHI METO/, JIsl apHBIX
BBIOOPOK — KPUTEPUH 3HAKOB.

Pe3yAbTaTbl M 00CyXXAeHHe

Uzyuenne Mmonudukanuy B3auMoAeHCTBHS OEIKOB
B MIIK spuTponuToB noa Bo3AeCTBUEM KPHOKOHCEP-
BHpoBaHus B npucyTcTBUM [120-1500 ocHOBEIBaeTCs
Ha aHaJIN3€e U3MEHEHHS OEJIKOBOTO CIIEKTpa TeHEH npu
KOHTAaKT€ CO CPEAAMM C PA3IUMYHON MOHHOM CHUIIOH.
[TockonbKy GenkoBasi CeTh aCCOLMUPOBAHA ITOCPECT-
BOM CJ1a0BIX HEKOBAJICHTHBIX CBS3€i, UyBCTBUTEIb-
HBIX K U3MEHEHUSM (PU3HKO-XUMUYECKUX (aKTOPOB
BHeIIHEH cpenpl [4, 21], moBeeHe HaAMONEKYISAPHON
CTPYKTYPbI, MOAU(DUIIMPOBAHHOM O] BO3ACHCTBHEM
KPHOIIPOTEKTOpa U HU3KUX TeMIeparyp, OyleT OTiIu-
4aThCsl OT PeaKH HaTUBHBIX OCJIKOB Ha aHaJOTHY-
HbIE TapaMeTpsl cpeapl. KpoMe moBbIlIeHNUs] HOHHON
CUJIBl PacTBOPOB, ISl BBIABJICHHUS OCOOCHHOCTEH
moaudukaru bbB 8 MLIK spuTtpouutoB BapsrpoBa-
JIM COCTaB JIByXBaJICHTHBIX KATHOHOB.

Kak BugHO w3 mamHeix Tabn. 1, B Ca*'- Mg?'-
CoJleprKallnX cpefax ¢ (PU3NOJIOTHIECKIM YPOBHEM
MOHHOM CHJIBI 00IIlee OTINYHE OT HATUBHBIX KIETOK,
JEMOHCTPUPYEMOE BCEMH TpyHIaMu KPHOKOHCED-
BHPOBaHHBIX 3PUTPOIMTOB — CHI)KEHHE YPOBHA 0. 1. 3.
Orta TeHACHIMS OOHApy)XUBaeTCsl B DPUTPOIUTAX
HE3aBUCHMO OT HCIIOJIb30BaHMSI KPUONPOTEKTOpa B
IpoLecce 3aMopaxuBaHus-oTorpesa. Kpome Toro, B
cpenax, He COJEepIKaIllMX JBYXBAJICHTHBIX KaTHOHOB,
U B cpefax ¢ Huskoi koHreHtpanueit Ca?t (10 M)
OTMeuaeTcs yBelIHuYeHue cofepkanusg 0. m. 4.2 u
0. 1. 4.9 B criekTpe TeHEll KPHOKOHCEPBUPOBAHHBIX
sputporuToB. OTHOCHTENFHO HU3KHUIT ypoBeHb Ca*"
(10°M, 10-°M) mo3BOJISET BHISBUTH €IIIe OJUH y4ac-
TOK MOIM(HUKAITIN MEKOEITKOBBIX B3aNMOIEHCTBHU B
MIIK KpHOKOHCEPBHUPOBAHHBIX KJIETOK, KOTOPBII
ACCOIMHUPYETCS C yBETUUIEHUEM COACP KaHUS aHKUPH-
Ha ¥ CHIDKEHUEM ypoBH O. 11. 4.1, B CpaBHEHHUU C Ha-
THUBHBIMHU.

[NoBbienne koHueHTpanuu conu o 250 MM KCl1
B Ca**-, Mg -comeprKalux cpeax BbISABISET TOIBKO
OJHY 0COOEHHOCTh MoIU(HUKAIUKN MEKOETKOBBIX
B3aumojeicTeuii B MIIK kprnokoHcepBHpOBaHHBIX
SPUTPOLIUTOB — CHUIKEHHE coAaepkaHus 0. m. 3 mo
CpaBHEHUIO ¢ KOHTpojeM (Tab. 2). [Ipu nansHeiimem
TIOBBIINIEHUH KOHIIEHTpAHUK coyier (Tadm. 3) ObLan
yCcTaHoOBJIEHbI pa3ianuud Mexay MUK HaTuBHBIX U
KPHOKOHCEPBHPOBAHHBIX KJIETOK, OOJBITHHCTBO U3
KOTOPBIX aHaJOTHYHBI U3MEHEHUSM, 3aUKCUPOBaH-
HBIM paHee B cpefax ¢ (PU3UOJOTHIECKIM YPOBHEM
HOHHOU cuibl. IIpexne Bcero 3To KacaeTcsi yMeHb-
LIEHUS coAepkaHust 0. . 3 B KJIETKaX, MOABEPrHY THIX
3aMOpaXMBaHUIO-0TOTPEBY HE3ABUCHMO OT IIPUCYTCT-
Bus [190-1500 npu Bcex Bapuausax cocTaBa cpeibl
(Ca*', Mg*, DJITA). Takxe B aHAJIOTHYHBIX YCIOBHSIX
OTMEYaJIOCh MOBBIIIEHNE OTHOCUTEIBHOIO COIEpKa-
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temperatures will differ from the reaction of native
proteins under the same medium parameters. In addition
to increasing ionic strength of the solutions for revealing
the peculiarities of PPI modification in erythrocyte
MCC the composition of bivalent cations were varied.
The data of Table 1 show that in Ca?-, Mg?'-
contaning media with physiological level of ionic
strength the general distinction for native cells, demon-
strated by all groups of cryopreserved erythrocytes is
a reduced level of band 3 protein. This tendency is
found in erythrocytes independently on cryoprotectant
use in freeze-thawing. In addition in the media non
containing bivalent cations and in the media with low
Ca?" concentration (10° M) there is observed an
increased content of protein 4.2 and protein 4.9 in the
spectrum of ghosts of cryopreserved erythrocytes.
Quite low level of Ca?* (10°M, 10° M) enables the
revealing in MCC of cryopreserved cells one more
region with modified protein interaction which is
associated with an increased content of ankyrin and
reduced level of protein 4.1 with native ones.
Increased salt concentration up to 250 mM KCl in
Ca*-, Mg*-containing media reveals only one
peculiarity of modification of the interactions between
proteins in MCC of cryopreserved erythrocytes: a
decrease in the content of band 3 protein if compared
with the control (Table 2) . With further rise in salt
concentrations (Table 3) there were established the
differences between MCC of native and cryopreserved
cells, the majority of which are the same as for the
changes fixed earlier in the media with physiological
level of ionic strength. First of all, this concerns the
reduction in of the content of band 3 protein in cells
subjected to freeze-thawing independently on PEO-1500
presence in all the variations of the medium composition
(Ca*, Mg*, EDTA). Also under the same conditions
there was noticed a rise in relative content of protein
4.2 in erythrocytes subjected to freezing under
PEO-1500 protection and with no cryoprotectants.
Chelating of bivalent actions revealed the modification
of PP1in MCC of cryopreserved erythrocytes resulting
in a rise in the content of protein 4.1 and protein 4.9.
Thus, the effect of low temperatures on human
erythrocytes cause some modifications of PPIin MCC
which mainly touch on band 3 protein, protein 4.2,
protein 4.9 and ankyrin. Used in this research expe-
rimental approach did not reveal any significant
differences in the character of protein modifications
of erythrocyte MCC frozen under protection of
PEO-1500 and with no cryoprotectants. Nevertheless
in some cases the modifications of PPI in MCC of
cells frozen with no cryoprotectant have other type of
the changes in protein spectrum of compared with the
parameters obtained during cryopreservation under
PEO-1500 protection. So, in frozen with no cryoprotec-
tant erythrocytes at physiological level of ionic strength
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HUs 0. 1. 4.2 B )pUTPOIHTAX, TOABEPTHYTHIX 3aMOPaKH-
BaHu1o noj 3amuron [190-1500 u 6e3 KprHOnpPOTEKTO-
poB. XenaTupoBaHUE JBYXBaJEHTHBIX KaTHOHOB
BbIsIBIII0 Monudukauuio bbB B MLIK kprokoHcepBu-
POBAaHHBIX IPHUTPOIUTOB, KOTOpass MPUBOAUT K
MOBBIILIEHUIO coepkanud 0. 1. 4.1 u 6. 1. 4.9.

Taxum 00pa3zom, nericTBIE HU3KKUX TEMIIEpaTyp Ha
SPUTPOLMTHI YETOBEKA BBI3BIBACT Psii MOAUDUKALIUIA
BBEB B MIIK, KOTOpBIC 3aTparuBaroT IJIaBHBIM 00pa-
30M 0. 11. 3, 0. 1. 4.2, 6. 1. 4.9 u ankupuH. Vcions3ye-
MBIl B pab0OTe 3KCTIEPUMEHTATBHBIN ITOIXO/T HE BBIS-
BHJI KAKUX-JTHOO CYIIECTBEHHBIX OTJIMYMH B XapaKTepe
Monudukanuu 6eaxoB MIIK sputporuros, 3amopo-
JKeHHBIX 1101 3antuToi [190-1500 u ipu oTCyTCTBUHN
KpHOIIPOTEKTOPOB. TeM He MEHee B psifie ClIydyacs
monudukanmuu bEB B MIIK knetok, 3aM0OposkeHHBIX
0e3 KpHOIPOTEKTOpa, MIMEIOT HHOW TUI U3MEHEHUH B
0EJIKOBOM CIIEKTpE MO CPaBHEHHIO C XapaKTEPHUCTH-
KaMH, MOJy4YEHHBIMU NPH KPHUOKOHCEPBUPOBAaHUHU
kietok noj 3amuron [130-1500. Tak, B 3aMOpoKeH-
HBIX 0€3 KPHOIPOTEKTOPA IPUTPOLIUTAX MPH (PH3HOIIO-
TMYECKOM YPOBHE HOHHOH CHITbI U coneprkannu Ca*' B
cpene 10°° M oTmedaeTcs CHIXKEHHE YPOBHS aKTHHA
(0. . 5). B cpene, conepxameii 250 MM KCl, npu
TaKoii ske KoHueHTpanuu Ca>* HaOMomaeTcs najieHue
ypoBHs 0. 1. 4.1, a B cpeae 500 MM KCl B mpucyTcT-
Bun JJITA conmepkanme Oenka B 30He post 0. m. 5
CHIDKAeTCA, B OTIMYUE OT KIETOK, KPHOKOHCEPBUPO-
BaHHEBIX ¢ [I90-1500. CxoactBo Mmopudukanmii BB
B MUK spuTpouuToB npu UX 3aMOpakuBaHUU 0e3
KpUONPOTEKTOPOB U oA 3amuroii [190-1500 moxer
OBITH CBSI3aHO C HapyLIEHHEM CTPYKTYPHI Makpo-
MOJIEKYJI B ITPOLIECCE KPUCTAIUIN3ALUH BHY TPUKIIETOY-
HOTO pacTBOpa M KOHLUEHTpUPOBaHHUs coiield. ITockoib-
Ky [130-1500 He npoHukaeT B kieTku, 6eaxu MIK
OKa3bIBAIOTCSI B CPEJIE C BBICOKOM KOHLIEHTpaLueH co-
JIeH TIPY OTCYTCTBUM BEIIECTB, CIOCOOHBIX CTAOMITH3H-
poOBaTh CTPYKTYPY BOJIBI THAPATHBIX 000JOYEK B
MOTPaHUYHBIX 30HAX MAaKpPOMOJIEKYJ NMPU HUZKHUX
temmneparypax. IlomoOHbIe 3aKOHOMEPHOCTH HAOIIO-
JAl0TCs IPU 3aMOPaKMBAHUM KJIIETOK 0e3 KpHOIpo-
TeKTopoB. HecMOTpst Ha TO, YTO IPUTPOLMTEHI, 3aMO-
poxeHHble nox 3amuToi [190-1500, coxpansror
LEJ0CTHOCTh, OTMEUYAIOTCS CTPYKTYPHBIE U3MEHEHUS
oenxoB B MILIK. ®dynkironansHoe namenenue B MIIK
SPUTPOIUTOB HA MOJIEKYJISIPHOM YPOBHE IPH 3THX
YCIIOBUSX, OYEBUAHO, BO MHOTOM OTIPEEINseT alb-
HelIee OBEJACHUE KIIETOK.

AHanmu3upys MONy4YeHHBIE Pe3yIbTaThl, MOKHO
BBICKa3aTh HEKOTOPHIE MPEIIOIOKEHH OTHOCHTEIEHO
MIPUYWH U TIociencTBri Moaudukanun bbB, Bexymmx
K u3MeHeHusM OenkoBoro cnekrpa B ITAAI. Tak,
yYMEHbIIEHHUE 0.11.3 MOXKET OBITh 00YCIOBIEHO ABYMS
IpoleccaMu: BE3UKYISMe MeMOpaHbl W/UIU pac-
menjeHneM Oenka nmpoteasamu. Ilon BnusHUEM
I[190-1500 nnu puznko-xMMHUUECKUX (PAKTOPOB
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and Ca’" content in the medium of 10°M the reduction
of actin level is noticed (band 5 protein). In the medium
containing 250 mM KCI at the same concentration of
Ca?, the fall in the level of band 4.1 protein is observed
and in 500 mM KCIl in EDTA presence the protein
content in the zone of post band 5 protein reduces in
contrast to cells cryopreserved with PEO-1500.
Similarity of PPI modifications in MCC of erythrocytes
at their freezing with no cryoprotectants and under
PEO-1500 protection may be related to the impairment
of macromolecule structure during crystallization of
intracellular solution and salt concentrating. Since
PEO-1500 does not penetrate into cells, the MCC
proteins are turned out to be in the medium of high salt
concentrations at the absence of the substances
capable of stabilizing the water structure of hydrate
shells in boundary zones of macromolecules under low
temperatures. Similar regularities are observed during
freezing of cells with no cryoprotectants. In spite of
erythrocytes frozen under PEO-1500 protection pre-
serve integrity, structural changes of proteins in MCC
are noted. Functional alterations at molecular level in
erythrocyte MCC under these conditions likely
determine further behaviour of cells.

When analyzing the obtained result it may be
suggested as for the causes and consequences of PPI
modifications, leading to the change in protein spectrum
in PAAG. So, the decrease in band 3 protein may be
stipulated by two processes: membrane vesiculation
and/or its proteolysis by proteases. Under the effect
of either PEO-1500 or physical and chemical envi-
ronmental factors accompanying to freeze-thawing
membrane dehydration can be observed that affects
the dynamics of associations in ordered system of lipid
bilayer and integral proteins. These processes may be
accompanied with membrane vesiculation and loss of
main erythrocyte membrane protein: band 3 protein.
These changes are likely characteristic primarily for
band 3 molecules not associated with cytoskeleton.
The loss of integral proteins may result in a reduced
resistance of membrane, since the functions of integral
proteins in maintaining of membrane stability are
determined by their capability to bind and stabilize the
lipids as well as regulate a local flexion of membrane
[20]. Decrease in relative content of band 3 protein
may be also the result of its partial cleavage by Ca?'-
activated proteases that should be accompanied with
arise in the protein content with slightly lower molecular
weight in the zone of post and 3. Though no statistically
significant differences in the content of post band 3
were found these two processes by adding each other
may likely take place in frozen-thawed erythrocytes.

The role of protein 4.2 which level increases after
low temperature effect, has been slightly studied till
now [13]. It has been established that this protein is
mandatory component of the macrocomplex structure
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CpPEeIbl, COMMyTCTBYIOIINX 3aMOPaKHBAaHUIO-OTOTPERY,
MOJKET HaOIIOAaThCs eTuaparanus MeMOpaHsl, 4To
BIIMSIET HA AMHAMUKY CBA3EH B yIOPSIOUEHHOM CHCTe-
M€ JIMIIUAHOTO OUCIOS M MHTETPaJbHBIX OCJIKOB.
Taxue mporeccs! MOTYT CONIPOBOXKIATHCS BE3UKYIISA-
e MeMOpaHbl ¥ NOTepeil OCHOBHOTO MEMOPAaHHOTO
Oenka spurpountoB — 0. m. 3. O4eBUAHO, AaHHBIE
W3MEHEHMS XapaKTEPHBI, B MEPBYI0 O4YEPeab, A
MOJIEKyJ 0. 1. 3, KOTOpBIE HE CBSI3aHBI C IIUTOCKEe-
toM. [ToTepst MHTErpaTbHBIX OETTKOB MOXKET IPUBECTH
K CHHXCHHIO YCTOWYHBOCTH MEMOpaHBI, TIOCKOIBKY
(byHKIIUM MHTErpaidbHBIX OCIKOB B MOAAEPKAHUHU
MeMOpaHHOW CTaOMIBHOCTH ONpENeNsloTCs, B
YaCTHOCTH, HX CIIOCOOHOCTBIO CBSI3bIBATH U CTAOWIIU-
3UPOBATh JINIHIB, @ TAKXKE PETYINPOBATH JIOKATBHYIO
KpuBHu3Hy MeMmOpansl [20]. CHIKEHHE OTHOCUTENb-
HOTO conepxanus 0. 1. 3 MOXeT OBITh TaK¥Ke Pe3yJib-
TaTOM €ro 4acTH4HOro paciueruieHus Ca’’-akTHBH-
PYEMBIMHU IIPOTEA3aMH, YTO JOJDKHO OBLIO OBI COIPO-
BOXKJAaTbCsl yBEIHUUYEHHEM colepkaHus Oeika C
HECKOJIbKO MEHBIIINM MOJIEKYJIIPHBIM BECOM B 30HE
post band 3. XoTs qOCTOBEPHBIX OTIMYUI B COIEp-
kaHuu post band 3 B MHTAKTHBIX ¥ KPHOKOHCED-
BHPOBAaHHBIX KJIETKaX HE OTMEYAJIOCh, BOZMOKHO, 00a
MIpoIIeCCca, TOTIOMHSASA APYT APYTa, MOTYT MMPOUCXOIAHNTD
B DPUTPOLHTAX, TOABEPTHYTHIX 3aMOpPaKNBAHUIO-
OTOTPEBY.

Ponb 6. 1. 4.2, ypoBeHh KOTOPOTO TOBBIIIACTCS
[OCJIE HU3KOTEMIIEPATYPHOTO BO3AEUCTBHS, 1O
HACTOSIIEr0 BpeMEeHH Maiio u3ydeHa [13]. YcraHos-
JICHO, YTO AaHHBII O€JIOK — 00s13aTeIbHBI KOMIIOHEHT
CTPYKTYpPBl MaKpOKOMIUJIEKCA C YyYacTHEM pe3yc-
¢axropa: RhAG (Rh-acconuupoBaHHBIH TTHKO-
nporeun) — CD47-6enok 4.2 u/vau ankupus [11, 16].
Ota cioxHast 0eIKoBasi accoIUaImusi OMOCpeayeT
CBSI3b ITUTOCKENICTHOM ceTr ¢ MeMOpaHoii. Ere oo
BO3MOKHOCTHIO OTIOCPEAOBAHHBIX BEPTUKAIBHBIX
KOHTAKTOB 4epe3 0. 1. 4.2 MOKET ObITh CBSA3b IAHHOTO
0eyika CO CIEKTPHUHOM U JHMHUIHBIM OHCIIOEM.
W3BecTHO, 4TO 0. 11. 4.2 MOABEPraeTCst MEPUCTEITHPO-
Banuto [17]. KoBajeHTHOE BKJIIOYEHHE ALMIBHOTO
oCTaTKa B COCTaB JAaHHOTO Oelka MOXKET o0yeryarb
€ro CBS3b C JIMIUAHBIM OncioeM. MOXXHO IPEAToIIo-
KUTbh, YTO BEpTUKaIbHbIE KOHTAKTBI B MIIK spurpo-
uutoB noj BausHueMm I[120-1500 ycunuBaroTcs
Pa3TUYHBIMH My TSIMH, B TOM YHUCIIE YePE3 OTOCPEIO0-
BaHHE CBA3W MEMOpaHAa-IMTOCKENET C y4acTHEM
ankupuHa u 0. 1. 4.2 [18]. TlomoOHbIe 3aKOHOMEPHOCTH
MOTYT NPOCIIEKHUBATHCA U B OTHOmEHWHU 0. m. 4.1.
CrnenctBrueM 0oJiee JKECTKIMX KOHTAKTOB MEXTy Oell-
KaMH-TTapTHEPaMHU MOKET ObITh YBEIHMUEHNE MEXaHH-
YECKOH MPOYHOCTH KIETOK [12] U CBsA3aHHOE C 3TUM
MOBBILICHNE CTAOUIBHOCTH 3PUTPOLIUTOB K ICHCTBHIO
(haKTOPOB KPHOKOHCEPBUPOBAHMSL.

KproxoHCcepBHpOBaHHE SPUTPOIIMTOB MPOJIEMOH-
CTPUPOBAIO BO3MOXHOCTh Monudukanuu 6B B
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with the participation of rhesus factor: RhAG (Rh-
associated glycoprotein) — CD 47-protein 4.2 and /or
ankyrin [11, 16]. This complicated protein association
mediates the bond of cytoskeleton net with a
membrane. One more possibility of mediated vertical
contacts via protein 4.2 may be the association of this
protein with spectrin and lipid bilayer. It is known that
protein 4.2 is subjected to myristilation [17]. Covalent
inclusion of acyl residue into the composition of this
protein may facilitate its bond with lipid bilayer. One
may suppose that vertical contacts in erythrocyte MCC
under PEO-1500 effect are strengthened by different
ways, including via mediated bonds of membrane-
cytoskeleton with ankyrin participation and band 4.2
protein [18]. Similar regularities may be traced in
respect of protein 4.1. The consequence of more rigid
contacts between partner proteins may be an increased
cell mechanical resistance [12] and associated with
this rise in the stability of erythrocytes to the effect of
cryopreservation factors.

Cryopreservation of erythrocytes demonstrated the
possibility of PPI modification in MCC structure related
to the change in the content of protein 4.9. In the zone
of protein 4.9 with the application of immune blotting
there were revealed 2 cytoskeletal proteins (tropomo-
dulin and dematin) which under different positions are
localized on actin protofilaments [10, 19] and contribute
to stabilization of their structure. It may be supposed
that changes in MCC spectrum of cryopreserved ery-
throcytes reflect the formation of more rigid structure
of junction complexes of cytoskeletal net.

Temperature conditions of cell incubation with
PEO-1500 do not evidently and strongly affect the
character of modification of protein-protein inte-
ractions. Only in the solutions with physiological level
of ionic strength in EDTA presence and the medium,
containing 250 mM KCI1 (10> M Ca?") there were no
statistically significant changes in the content of band
3 protein in cryopreserved erythrocytes pre-incubated
with PEO-1500 at 0-4°C.

Changes in the structure of MCC of the erythro-
cytes cryopreserved with PEO-1500 protection may
significantly affect the cell viability. To estimate the
reversibility of these changes after cell coming back
to physiological conditions the experiments on trans-
fusion simulation were done. It has been established
that under these conditions about 20-30% of cells may
die. Herewith subpopulation composition of erythro-
cytes after transfusion simulation may differ from the
cell spectrum in thawed suspension. The state of MCC
of erythrocytes preserved the structure integrity after
turning back into physiological conditions may appa-
rently reflect the changes stipulated with structural re-
arrangements of proteins in frozen-thawed erythro-
cytes and the alterations of subpopulation composition
of cells involved into the analysis. In table 4 the densi-
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cTpykrype MIIK, cBsi3aHHYIO C H3MEHEHUEM COJEp-
xkanus 6. m. 4.9. B 30ue 6. m. 4.9 ¢ mpuMeHEHHEM
HMMYHOOJIOTHHTA OBLIO BBISIBJICHO 2 IMTOCKENETHBIX
Oenka (TpOIOMOIYJIMH U IEMaTHH ), KOTOPBIE B pa3iny-
HBIX TIO3ULIHSX JIOKATN30BaHbl Ha aKTHHOBBIX POTO(H-
nameHTax [ 10, 19] 1 cnocoOCTBYIOT CTAOMITU3AINH X
CTPYKTYpbl. MOKHO IIPENON0KUTE, YTO U3MEHEHUS
B criekTpe MIIK KprnoKoHCEpBHUPOBaHHBIX 3PUTPOLIH-
TOB OTpakaroT GopMHupoBaHHE OoJIee JKECTKOH CTPYK-
TYPHI Y37OBBIX KOMITJIEKCOB IIUTOCKEJIETHON CETH.
TemmeparypHble yCIOBUS MHKYOUPOBaHUS KIETOK
¢ I[I1D0-1500, oueBHAHO, HE OKA3BIBAIOT 3aMETHOI'O
BIUSTHUS Ha XapakTep MOIuGUKAITIN OeTTOK-OSITKOBBIX
B3auMoieiicTBuil. Tonbko B pacTBope ¢ GU3NONIOTH-
YECKUM YPOBHEM HOHHOM CHIIBI B TpUCYTCTBUH D[ TA
u cpene, coaepxkaieit 250 MM KC1 (10° M Ca*),
OTCYTCTBOBAJIM TOCTOBEPHO 3HAUMMBIE W3MEHEHUS
coneprkanusi 0. 1. 3 B KpHOKOHCEPBUPOBAHHBIX SPUTPO-
muTax, npeMHKyouposanHbIx ¢ [130-1500 mpu 0-4°C.
N3smenenus B ctpykrype MLIK sputponuros,
KPHUOKOHCEPBUPOBAaHHBIX mox 3ammuTtoit [130-1500,
MOTYT CYIIIECTBEHHO ITOBIIUATH Ha )KU3HECTIOCOOHOCTh
KJIETOK. J[7151 OTIeHKH 00paTHMOCTH ITUX NU3MEHEHUH
ocJie BO3BpaTa KJIETOK B (PH3UOJIOTHIECKHE YCIOBHUS
OBUTH TPOBEIEHBI SKCIIEPUMEHTHI IT0 MOJICTTHPOBAHUIO
TpaHCQy3UH. YCTAaHOBIEHO, YTO B 3THX YCIOBHUAX
MoxeT norudars okono 20-30% kierok. B cBs3u ¢
3THUM CyOHOMY/SIIMOHHBIM COCTaB 3PUTPOLUTOB MOCIE
MOJETUPOBAHUS TPaHC(PY3HUH, TO-BUAUMOMY, 3HAUHU-
TENBbHO OTIMYAETCSA OT CHEKTpPa KIETOK B pa3Mopo-
skeHHo cycnen3uu. Coctostnue MUK sputponuTos,
COXPaHMBIIMX LIEIOCTHOCTb CTPYKTYPBI ITOCTIE BO3BPA-
LIeHus1 B (PU3HOJIOTHYECKHE YCIIOBUS, MOXKET OTpa-
KaTh U3MEHEHUs, 00yCIOBJIEHHbIE CTPYKTYPHBIMHU
nepecTpoiikaMu OENKOB B JIEKOHCEPBUPOBAHHBIX
SPUTPOIUTAX, U U3MEHEHHUS CyONMOMyIsIIIMOHHOTO
cocTaBa KJIETOK, BOBJICUEHHLIX B aHainu3. B Tadmi. 4
MIPEICTABIIEHBl JaHHBIE JEHCUTOMETPHH OEITKOBOTO
CHEKTpa TeHeH KPUOKOHCEPBUPOBAHHBIX SPUTPOIIUTOB
1ocie MoAenupoBaHus TpaHcdy3un. OCHOBHOE OTIIH-
Y€ KPHOKOHCEPBUPOBAHHBIX A)PUTPOLIUTOB OT HATHUB-
HBIX KJIETOK, CBSI3aHHOE CO CHM)KEHHEM 0. . 3, He
00Hapy»KeHO B KJeTKax rnocie Tpancdysun. [lo-Bunu-
MOMY, KJIETKH, ONpeAeNsIBIINE 3Ty OCOOCHHOCTD
6enxoBoro criekrpa MUK pa3sMopokeHHBIX 3pUTPOLIHU-
TOB, OTJIMYAIOTCS 3HAYUTENHbHON HECTAOMIBHOCTHIO
Y THOHYT IpH TIepeHoce B (PU3UOTIOTHIECKHE YCIIOBHSL.
BwMmecre ¢ TeM HEKOTOpbIEe OOIINE YEPTHI, XapaKTepH-
3yIOIIHE CTPYKTYPY OENKOB B KJIETKaxX MOCIIE pa3Mopa-
KUBAHUS U TpaHC(Y3HUH, BCE K€ MOKHO KOHCTaTH-
poBaTh. JTO KacaeTcs MOBBIIICHHUS 10 CPAaBHEHUIO C
HOpMOH coaepkanus 0. 1. 4.9 B cpene ¢ Gpuznonoru-
YECKHM YPOBHEM HOHHOM CHJIBI (B IPUCYTCTBHHU KaK
Ca?, rak u JJITA), a taxxe ankupuna (135 MM KCl,
10°M Ca?"). [IpoTHBOIOJIOKHBIE TEHACHIIUH OTMEYE-
HBI B OTHOLIEHHUH 0. 1. 4.2, ypoBeHb koToporo B MLIK
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tometry data for protein spectrum of the ghosts of
cryopreserved erythrocytes after transfusion simulation
are given.

The main distinction of frozen-thawed erythrocytes
from native cells related to a reduction of band 3 protein
was not revealed in cells after transfusion. The cells
determining this peculiarity of protein spectrum of MCC
of thawed erythrocytes are probably notable for signi-
ficant instability and dye when being transferred into
physiological conditions. Along with this some general
features characterizing protein structure in cells after
thawing and “transfusion” anyway can be stated. This
concerns an increase of protein 4.9 if compared with
the norm in the medium with physiological level of ionic
strength (in presence both of Ca?>* and EDTA) as well
as ankyrin (135 mM KCI, 10°M Ca?*"). Contrast
tendencies were found in respect of protein 4.2, the
level of which in MCC declines after transfusion both
in the medium with physiological and high salt level.
Chelating of bivalent cations in the solution of high ionic
strength is accompanied also by the reduction of ankyrin
content and band 4.1 protein mediating the contacts of
spectrin-actin net with integral proteins of plasma
membranes.

The tendency to weakening the bonds of protein
4.1, protein 4.2 and ankyrin in frozen-thawed cells after
transfusion may testify to the weakening of vertical
contacts in MCC of the erythrocytes that principally
results in destabilization of membrane and reduction
of mechanical resistance of cells [9], especially in stress
conditions at shift deformations when passing through
the capillaries of blood bed. Under these conditions
there is found an increase of relative content of actin
that likely testifies to the preserving of tight contacts
in junction complexes of spectrin-actin net.

Conclusions

Cryopreservation of erythrocytes under PEO-1500
protection leads to modifications of PPI in MCC that
is accompanied with the change in relative content of
band 3 protein, ankyrin, protein 4.1, protein 4.2 and
protein 4.9, revealed in the solutions with high ionic
strength and varied content of bivalent cations.

Cryopreservation of erythrocytes under PEO-1500
protection and freezing of cells in the medium contai-
ning no cryoprotectants have common regularities refle-
cting the effect of low temperatures on MCC proteins
at the absence of stabilizing substances inside cells.

Changes in the MCC of erythrocytes cryopreserved
under PEO-1500 protection may be partially reversible
at cell transfer into physiological conditions.
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najaeT nocie Tpancy3uu Kak B cpesie ¢ pU3nooru-
YECKHM, TaK 1 C BBICOKMM YPOBHEM COJIEi. XenaTupo-
BaHHE JBYXBAJIEHTHBIX KaTHOHOB B pacTBOpE C
BBICOKOW MOHHOW CHJION CONPOBOXKAAETCS TaKkKe
CHIDKEHHMEM COJep KaHus aHKupuHa u 0. 1. 4.1, Koto-
pble ONMOCPEAYIOT KOHTAKTHI CIIEKTPUH-aKTHHOBOM
CeTH C MHTErpaJIbHBIMU OeNKaMM I1a3MaTH4YeCKOU
MeMmOpansbl. TenneHuus ocinadnenus ceszeit 0. . 4.1,
6. m. 4.2 U aHKUPUHA B KPUOKOHCEPBUPOBAHHBIX
KJIeTKaX Mocie TpaHC(PY3UU MOKET CBHIIETEIHCT-
BOBaTh 00 Ocia0JIeHUH BEPTHKAIBbHBIX KOHTAKTOB B
MIIK >puTpoUXTOB, YTO B INPUHUMUIIE IPUBOIUT K
JieCTa0MIM3aIi MEMOPaHBI U CHIPKEHUTO MEXaHJec-
KOHM TIPOYHOCTH KJIETOK [9], 0COOEHHO B CTPECCOBBIX
YCIIOBHSAX MIPU CABUTOBBIX AeopMalusx B mpouecce
MIPOXOXKIECHUS Yepe3 KaWIISIPbl KPOBEHOCHOTO pycia.
B naHHBIX ycIOBUAX OTMEYAETCS YBEINIEHUE OTHOCH-
TEJIBHOTO COAEpkKaHMs aKTUHA, YTO, O-BUINMOMY,
CBUJETENLCTBYET O COXPAHEHUH IPOYHBIX KOHTAKTOB
B Y3JIOBBIX KOMITJIEKCAX CHEKTPUH-aKTHHOBOW CETH.

BbiBOADI

KpunoxoHcepBUpOBaHUE SpUTPOLIMTOB IO 3aLIUTON
I190-1500 Benet k Mmonudukarusm bbB 8 MIIK, aro
COTIPOBOXAAETCS N3MEHEHHEM OTHOCUTEIBHOTO CO-
neprkanust 0.11.3, aHkupuHa, 6.1m.4.1, 06.1m.4.2 1 6.11.4.9,
00Hapy’KMBaeMbIX B PacTBOpax C BBHICOKOH MOHHOM
CWJION U BapbUPYIOLIUM COJAEPKAaHUEM JBYXBaJICHT-
HBIX KATHOHOB.

KpnokoHcepBHpoBaHHE SpUTPOLIUTOB MO 3ALUTON
[120-1500 u 3amopaxuBaHuE KIETOK B Cpejlie, HE
coeprkaliell KpHOPOTEKTOPOB, UMEET OOIIUE 3aKO0-
HOMEPHOCTH, OTPAXKAIOLIUE AEHCTBUE HU3KHUX TEMIIE-
patyp Ha 6enxu MK npu oTCyTCTBHM BHYTPH KIIETOK
CTaOUIM3NPYIONINX BEIIECTB.

N3menenua B MUK sputpouutoB, KpUuOKOHCEP-
BHpOBaHHBIX NoJ1 3amuToi [190-1500, MmoryT OBITH
YaCcTUYHO OOpaTUMBIMH IPHU MEPEHOCE KIETOK B
(pmznomornvecKue ycuoBHs.
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