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Modification of Protein Composition of Erythrocyte Membrane-
Cytoskeletal Complex Under PEO-1500 Effect

Wzyuanu momudukauun GEIKOBOTo cocTaBa MeMOpaHo—1HTOCKeneTHOro kommiekca (MIK) spurpouuToB nox BiusHUEM
kpuonpotrekropa I120-1500 u TemiepaTypbl IpU KOHTAKTE ¢ PACTBOPAMH BBICOKOW HOHHOM CHIIBI M BapbUPYIOLIUM COJEPKAHUEM
JIBYXBaJICHTHBIX KaTHOHOB. YCTaHOBJIEHO, YTO 3KCIIOHMPOBAHHUE 3PUTPOLIUTOB B PACTBOPAX KPUOKOHCEPBAHTA COIPOBOXKAAETCS
yBEJIMYECHHEM OTHOCHUTEIILHOTO COJIepIKaHuUsI aHKHpHHa, 6enkoB nosoc 4.1, 4.2, 4To, HO-BUAUMOMY, OTPAXKAET YCHICHUE BEPTHKAIBHBIX
cBsi3ell B MeMOpaHO-LIUTOCKeIeTHOM KoMIuTekce. [ToBbimenne ypoBHs OeskoB onockl 4.9 B KileTkaxX, MHKYOUPOBAHHBIX B IIPUCYTCTBUU
KPHOIIPOTEKTOPa, MOXKET CBUICTEIHCTBOBATh O GOPMHUPOBAHNH OOJIee KECTKOI, 4YeM B MHTAKTHBIX KJIETKaX, CTPYKTypPbl aKTHHOBBIX
nporoduiaMeHToB. YcuieHue 0enok-0enkoBbix B3aumoseiictBuii B MIIK, MHAYIHPOBaHHBIX THIEPTOHUYECKHUMU PacTBOPaMH
[120-1500, MmoxeT MOBBIIIATH MEXaHNUYECKYIO IPOUHOCTh 3PUTPOLIUTOB U CTAOMIIN3UPOBATh UX B IPOLlecce KPUOKOHCEPBUPOBAHHUS.
BriusiHue TemrepaTypHbIX yCI0BUi HHKYOHpoBaHus kietok ¢ [190-1500 na n3menenue 6enxosoro cocraBa MLIK BeipaxeHo ci1a6o.

Knroueswie cnosa: sputrpouutsl, [130-1500, MeMOpaHHO-IIUTOCKEIETHBIN KOMILIEKC

Busuanu mogudikamii 6i1KoBOTO CriekTpa MeMOpaHo-nuTOCKeaeTHOro Komiuiekcy (MIIK) epuTpouuTiB mix BIJIHBOM
kpionpotekropa [IEO-1500 Ta TemnepaTypy npu KOHTAaKTi 3 pO3YMHAMHU BUCOKOI 10HHOT CHJIM Ta 3 Pi3HMM BMICTOM JBOBAJICHTHHX
KaTioHiB. BCcTaHOBIIEHO, 1110 €KCIIOHYBAHHS €PUTPOLUTIB Y PO3YHHAX KPIOKOHCEPBAHTA CYIIPOBOKYETHCS 301IbLICHHSM BiTHOCHOTO
BMiCTy aHKipuHy, OinkiB cMyr 4.1 Ta 4.2, 10, MOXJIMBO, BioOpakae MOCHICHHS BepTHKaibHUX KoHTakTiB B MIIK. IlinBuineHus
OinKiB cMyru 4.9 y KiliTHHAX, IHKYOOBaHHUX 3 KPIOIIPOTEKTOPOM, MOXKE CBITYHUTH PO GOpMyBaHHS O1JIbII )KOPCTKOT, HIK y IHTAaKTHHX
KJIITUHAX, CTPYKTYPH aKTHHOBHX rpoTodinamenTis. [Tocusnenns 6inok-6inkoBux B3aemoxniit B MIIK, 110 iHayKoBaHi rinepToHIYHUMH
pozurHamu I[TEO-1500, MOXXyTh IiIBUIIlyBaTH MEXaHI4HY CTIHKIiCTh €PUTPOLUTIB Ta CTab1Ii3yBaTH iX y Mpoleci KpiOKOHCEPBYBaHHS.
Brumis TemneparypHux yMoB iHKyOyBaHHs KiiTiH 3 [IEO-1500 Ha 3MiHu 6inkoBoro ckinany MIIK BupaxeHuii cia6o.

Knruoei croea: epurponuru, [IIEO-1500, MeOpaHO-IUTOCKETETHUI KOMILIIEKC.

The research purpose was the investigation of protein composition modification in erythrocyte membrane—cytoskeleton complex
(MCC) under the effects of non-penetrating cryoprotectant PEO-1500 and the temperature at the contact with high ionic strength
solutions and various concentrations of bivalent cations. It was shown that erythrocyte exposure to cryoprotectant solution was
accompanied by increase of related content of ankyrin, protein 4.1 and protein 4.2 that probably reflected strengthening vertical links
in MCC. The increasing content of protein 4.9 in cells incubated with cryoprotectant could justify of the formation of more rigid actin
protofilament structure if compared with intact cells. Strengthening protein—protein interaction in MCC induced in hypertonic PEO—
1500 solution can increase erythrocyte mechanic resistance and their stability to cryopreservation. Effect of temperature conditions of
erythrocyte incubation with PEO-1500 on protein composition of MCC was poorly expressed.

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

KpuokoHcepBupoBanue 3puTpOLUTOB MO 3alIU-
toii [120-1500 no3BosseT COXpaHUTh UX IIETIOCTHOCTh
rocjie pasMoOpakMBaHUA Ha BBICOKOM YpoBHE [6].
CoxpaHHOCTh KJIETOK 0OecneynBaeTcsi H3MEHEHHEM
XapakTepa KpUCTaJLTU3alliu pacTBOPa, 4TO 00yCIOB-
JICHO BBIPAYKEHHOU CITOCOOHOCTHIO MOJTUMEPa CBS3bI-
BaTh BOJY, a TAK)Ke MoIupUKauel OnooObeKTa Mpu
KOHTaKTe ¢ HUM. Monuduinupymoimee BIUSHUAE
I1230-1500 Ha KJIETKH CBA3aHO, MPEXIE BCETO C
neruaparauveid. I3MeHeHus, BbI3BaHHbIE MOTEpei
BOJIbI, MOTYT JIOIOJHATHCS CTPYKTYpPHO-(OYHKIIHO-
HaJHHBIMH MIEPECTPOMKAMH TTIA3MaTHIECKOU MeMOpa-
HBI B pe3ysbTare a0COpOIMOHHON aKTHBHOCTH TIOJIH-
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Cryopreservation of erythrocytes under PEO-1500
protection enables preserving their integrity after
thawing at a high level [6]. Cell integrity is provided
by the change in the character of solution crystal-
lization, that stipulated by a manifested ability of
polymer to be bound with water as well as modification
of biological object at their contact. Modifying effect
of PEO-1500 on cells is primarily related to their
dehydration. The changes caused by water loss may
be supplemented with structural and functional re-
arrangements of plasma membrane in the result of
polymer absorption activity [5]. Since plasma
membrane and cytoskeletal protein net make the base

Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine, Kharkov, Ukraine

* To whom correspondence should be addressed: 23, Pereyaslavskaya
str., Kharkov, Ukraine 61015; tel.:+380 57 373 3034, fax: +380 57
373 3084, e-mail: pmzubov@mail.ru

PROBLEMS
40F CRYOBIOLOGY
Vol. 16, 2006, N22



Mepa [5]. [lockonbKy miua3maruyeckas MeMOpaHa U
LUTOCKENETHast OEJIKOBasi CETh COCTABIISIIOT OCHOBY
MOPGOJIOTHYECKUX U (HYHKIHOHANLHBIX CBOHCTB
JAHHOTO THUMA KIETOK [2, 3], MOXHO MPEANOI0KUTE,
YTO UX YCTOWYUBOCTH K M3MEHEHHSIM (PU3UKO-
XUMHYECKHX (haKTOPOB Cpellbl B IMpollecce 3aMopa-
YKUBAHHS-OTOTPEBA BO MHOTOM OTIPEAEISIeTCSA N3MEHe-
HUSIMH B MEMOpPaHO-IIUTOCKEJIETHOM KOMILIEKCE
(MIIK) o BiwstHEEM IETHAPATHPYIOIIETO 1 a0copo-
nuorHoro 3pdexra [120-1500. lerunparamus
SPUTPOLUTOB NpU A00AaBICHUH PacTBOpa KPUOIPO-
TEKTOpa COIPOBOXKJAETCS MOBBIIIEHUEM KOHLIEHTPA-
LHUU COJIEH, B PE3yJbTATE YETO MAKPOMOJIEKYJIBI
OKa3bIBAIOTCS B OKPYKEHHUH CPEbl BEICOKOW MOHHOMN
CHJIBI. YBEIMUYEHHUE MOHHOW CHUIIBI, MOBBIMIEHHUE
KOHLIEHTPALIMH JIByXBaJICHTHBIX KATHOHOB, & TaKKe
ancoporus mosekyn [190-1500 Ha mma3MaTHdecKon
MeMOpaHe, T0-BUIUMOMY, SIBIISIIOTCS OCHOBHBIMU
(hakTOpamu, KOTOpBIe 00YCIOBIMBAIOT TMEPECTPOHKH
B MLIK 3puTpoIMTOB Npy MX HHKYOAINH B pacTBOpE
KPHUOKOHCEPBAHTA.

ens paboTel — uzydeHne MoguduKauii OeIKo-
Boro crnektpa MIIK spurpounTos mnoa BIUAHHEM
[120-1500 u Temnepatypsl IpHU KOHTAKTE C pacTBOpa-
MU BBICOKO} HOHHOH CHJIBI M BAPBUPYIOLIUM COZlEpKa-
HUEM JIByXBAJICHTHBIX KAaTHOHOB.

Martepnaabl 1 meToAbl

UccnenoBanu spuUTPOIUTH MYXIHUH-TOHOPOB
(rpynma kpoBu A(Il)). DputpouuThl Oocaxaanu
nearpudyrupoBanuem mpu 3000 o6/mMuH (TIEHTPH-
(yra OIIH-3), ma3my u neitkoruTs! yaamsuu. [locme
ATOTO KJIETKH TPUXKIBI OTMBIBaIu 3-4 oO0bemMamu
cpenst A (150 MM NaCl, 10 MM Tpuc-HCI, pH 7,4) B
aHAJOTUYHOM pexuMe HeHTpudyruposanus. K
spuTtpouuTam gooasnsm 30%-i pacreop [190-1500
B cooTHoUIeHUH 1:1 mo 06beMy, IPUTOTOBICHHBIH Ha
OCHOBE Ccpefbl A, 1 HHKyOupoBaiu B TeueHue 40 MUH
npu 37 u 0-4°C. KoHTponeM CIyXWIH KIETKH,
3KcIoHMpoBaHHbIC B cpeae A mpu 37°C. Ilociue
WHKyOanuu B pactBope kpuorporekropa [130-1500
KJIETKH OCaXJaJIl UEHTPUPYrupoBaHUEM IpHU
1000 06/MuH B Teuerue 10-15 MuH; KOHTPOJIBHEIE —
pu 3000 06/MuH B TedeHHE 5-7 MHH.

ITocne ynaneHus cynepHaTaHTa 3PUTPOLUTEHI
HCIIONB30BaIN JI MOJYYEHHsS] TeHEH. AIMKBOTHI
SPUTPOLMTOB JU3UPOBaiH B 20 00beMax pazInyHbIX
cpex (B, C, D). lnst npurotoBieHus Bcex pacTBOPOB
HCIIOJIB30BAIN JEMOHU3UPOBAHHYIO BOLY.

Cocras cpenst B — 135 MM KCl; 10 MM Tpuc-HC1
(pH 7,6); 0,02% canoHuHa ¥ pa3IUYHbIC T00ABKU:

1-10°M CaCl, 10 * M MgCl,;

2-10°M CaCl, 10 * M MgCl;

3-10°M CaCl,, 10 * M MgCl;

4 -2 MM D/ITA.
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of morphological and functional properties of this type
of cells [2, 3] it may be speculated about their
resistance to the changes of physical and chemical
environmental factors during freeze-thawing as mainly
determined by the changes in membrane-cytoskeletal
complex (MCC) under the influence of dehydrating
and absorbing effect of PEO-1500. Dehydration of
erythrocytes when adding cryoprotectant solution is
accompanied with a rise in concentration of salts
resulted in creation of the medium of high ionic
strength around macromolecules. Increase in ionic
strength, rise in concentration of bivalent cations as
well as adsorption of PEO-molecules on plasma
membrane, may be the basic factors stipulating the
re-arrangements in MCC of erythrocytes during their
incubation in cryopreservative solution.

Research aim is to study the modifications of pro-
tein spectrum in erythrocyte MCC under PEO-effect
and temperature at the contact with solutions of high
ionic strength and varying content of bivalent cations.

Materials and methods

Erythrocytes derived from human male donors
(blood group A(II)) were under investigation.
Erythrocytes were precipitated with centrifugation at
3,000 rot/min (OPN-3 centrifuge), plasma and
leukocytes 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) under the
same centrifugation regimen. The solution of 30%
PEO-1500 in the 1:1 ratio v/v based on medium A
was added to erythrocytes and incubated for 40 min
at 37 and 0-4°C. The cells exposed to medium A at
37°C served as the control. After incubation in
PEO-1500 solution the cells were precipitated with
centrifugation at 1,000 rpm for 10-15 min; the control
ones were done at 3,000 rpm for 5-7 min.

After removal of supernatant the erythrocytes were
used to obtain the ghosts. Erythrocyte aliquots were
lyzed in 20 volumes of different media (B, C, D). De-
ionized water was used to prepare all the solutions.

Medium B comprised: 135 mM KCI; 10 mM Tris-
HCI (pH 7.6); 0.02% saponin and different additives:

1-10°M CaCl,, 10° M MgCl,;

2-10°M CaCl, 10° M MgClL;

3-10°M CaCl,, 10° M MgClL;

4 -2 mM EDTA.

Medium C comprised: 250 mM KCI; 10 mM Tris-
HCI (pH 7.6); 0.02% saponin; components 1-4;

Medium D comprised: 500 mM KCI; 10 mM Tris-
HCI (pH 7.6); 0.02% saponin; components 1-4;

At lysis stage (30 min at 2°C) all the solutions
contained the inhibitor of proteases PMSF (1 mg/ml)
and dithiothreitol (DTT) (10 mM). Erythrocyte ghosts
were thrice washed-out with 20-fold volumes of
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Cocras cpenpi C—250 MM KCl; 10 MM Tpuc-HCl
(pH 7,6); 0,02% camonnHa; KOMIOHEHTHI 1-4;

Cocras cpenst D — 500 MM KCI; 10 MM Tpuc-HCI
(pH 7,6); 0,02% canoHuHa, KOMIIOHEHTHI 1-4.

Ha stane nusuca (30 mun mpu 2°C) Bce pacTBOPBI
conepxkanu uHruourop nporeaz PMSF (1 mr/mn) u
mutrotpenton (JTT) (10 MM). Ternu 3puTporuTOB
TPWKIBl OTMBIBAJIU ABAJLUATHUKPATHEIMH O0bEMaMH
COOTBETCTBYIOIIUX PAacTBOPOB, HE COAEPKAIIUX
PMSEF, canonunn u JITT, myrem nenrpudyrupoBanus
npu 12000 g B pedpmxeparopHoil meHTpudyre.
AJIMKBOTH TE€HEH como0mIn3upoBanu B Oydepe,
coaepxkarnieM 0,05 M Tpuc-HCI (pH 6,8); 0,4 mr/min
NaN; 0,003M S/ITA; 2% SDS; 100MM ITT; 20%
rutepona; 0,01% 6pomdenonoBoro curero; 0,7 Mr/mi
PMSF B cootHomennu 1:1 no o6vemy. Konuenrparust
Oenka B mpobax coctapisuia 1-2 Mr/mi.

OnexkTpodope3 COMOOUITU3NPOBAHHBIX OCIIKOB
TEHEH 3pUTPOLMUTOB MPOBOAMIN B BEPTHUKAIBHBIX
mwiactuHax SDS-noluakpuaaMuaHOTO Tefs ¢ rpa-
muerToM rnoprctoctH (5-20)T4C B cucreme Laemmly
[12]. [ns oxpamuBaHus OEIKOB HCIIOJB30BaH
kpacutenb Coomassie BB G-250. JleacutomeT-
pPUpPOBaHUE W aHAJU3 TeJield MPOBOIIIIN C TIOMOIIBIO
nporpammuoro obecnedenus GEL, craructuueckuit
aHaJM3 — MPOrpaMMHOTO Makera Statgraphics for Win
2,0. Ins cpaBHEHUA JOCTOBEPHOCTH pPA3NUUYUN B
BbIOOpKAX MPUMEHSITN KPUTEPUI 3HAKOB.

Pe3yAbTatbhl M 00CyXXA€HHe

Ancop6uus [190-1500 Bokpyr mima3MaTHYecKOM
MeMOpaHbl U AeTHIpaTalys KIETOK Peaau3yloTcs B
FEHEPAIN30BaHHBIX CTPYKTYPHBIX M3MEHEHHUAX B
pamkax Bcero MIIK, mockonsKy MmeMOpaHa ImpeacTaB-
JgeT co00¥ CIIOXKHYIO KOOMEPATUBHYIO CHCTEMY,
MIOJIACPKUBAEMYIO YTIIOPSTOUEHHON CEThI0 MEXKMOJIe-
KYJISIDHBIX HEKOBAJICHTHBIX B3aWMOACHCTBUN THIA
0eok-0eI0K, OCTOK-JTHUITUI, JUITHI-TATHL TPU
Y4aCTHH BOABI U HEKOTOPHIX MOHOB [4]. OgHUM U3
MIPOSBIIEHHUH 3TUX IEPECTPOEK MOTYT OBITH H3MEHEHHS
Oenok-0enkoBbIX B3auMmoaeiicTBuii (bbB) B muro-
CKEJIETHOM CeTH, OXBaThIBAIOINE KaK TOPH30H-
TaJbHBIE CBA3M MEXIY OCIKOBBIMH MOJIEKYIaMHU B
paMKax IUTOCKEIETHON CETH, TaK M BEPTUKAIbHBIC
KOHTAKTBl IIUTOCKEJIETa C MHTETPabHBIMU OelTKaMH
ImIa3MaTH4ecKkoi MeMOpaHbl. AHaNW3 U3MEHEHUU
BbB, BbI3BaHHBIX HHKYOMPOBAaHHEM 3PUTPOIUTOB B
npucyTtcTBun [120-1500 pu pa3HbIX TEMIIEpaTypax,
OCHOBAH Ha CIIOCOOHOCTH OEJIKOBOI CETH HEOIuHa-
KOBO pearupoBarh Ha JIEHCTBUE PACTBOPOB Pa3IM4HON
MOHHOMW CHJIBI B 3aBHCHMOCTH OT MCXOIHOTO CTPYK-
TYPHO-(QYHKIIMOHAIBbHOTO cocTossHust MIIK.

[ToBpIIEHNE MOHHON CHIJIBI PACTBOpPA MOXKET
paccMaTpuBarhCsl KaK OAMH U3 BeAyIIuX (haKTOpOB,
OIpEAEIAIONINX EPECTPOUKH B CI0KHOM ceT bBB.
Kpome Toro, npu neruaparaliuu KJIETOK IO BIIMS-

NMPOBJIEMbI
KPUMOBMOJIOIrUM
T. 16, 2006, N22

166

corresponding solutions, free of PMSF, saponin and
DTT with centrifugation at 12,000 g in refrigerator
centrifuge. Ghosts aliquots were solubilized in the
buffer of protein preparation (0.05M 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 the ratio 1:1 v/v. Protein concen-
tration in samples made 1-2 mg/ml.

Electrophoresis of solubilized proteins of erythro-
cyte ghosts was performed on vertical plates of SDS-
polyacrylamide gel with sponginess gradient (5-20)
T4C according to Laemmly system [12]. For staining
of proteins Coomassie BB G-250 dye was used.
Densitometry and analysis of gels were performed by
means of GEL software, statistical analysis was done
using Statgraphics for Win 2.0 software. To compare
statistical differences in samples non-parametric
method was applied for paired sample, i.e. the sign
test was used.

Results and discussion

PEO-1500 adsorption around plasma membrane
and cell dehydration are realized in generalized
structural alterations within the whole MCC, since
membrane is a complicated cooperative system,
supported by an ordered net of intermolecular non-
covalent interactions of the types: protein-protein,
protein-lipid, lipid-lipid, at the participation of water
and some ions [4]. One of manifestations of these re-
arrange-ments may be the change in protein-protein
inter-actions (PPI) in cytoskeletal net, comprising both
horizontal bonds between protein molecules within
cytoskeletal net and vertical contacts of cytoskeleton
with integral proteins of plasma membrane. Analysis
of PPI changes, caused by incubation of erythrocytes
with PEO-1500 at various temperatures is based on
the ability of protein net to respond irregularly to the
action of solutions of different ionic strength depen-
ding on initial structural and functional state of MCC.

A rise in ionic strength of the solution may be
considered as one of the leading factors determining
re-arrangements in a complex net of PPIs. In addition,
during cell dehydration under PEO-1500 effect the rise
in concentration of Ca?* may significantly affect the
character of inter-protein interactions. It has been
established that PEO-1500 renders inhibiting effect
on the activity of Ca**-ATPase [1] that in combination
with the loss of water by cells leads to an increase of
Ca?* concentration inside cells. Ca** effect on PPI may
be realized both under direct participation of this ion
binding with specific sites of cytoskeletal proteins and
as a result of biochemically mediated mechanisms
(calmodulin, Ca**-activated protein kinases, proteases,
phosphatases etc.).

As the analysis of densitograms has shown under
physiological values of ionic strength in MCC of the
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auem I190-1500 mossimenne KoueHTpanun Car
MOXKET CYIIECTBEHHO MOBIHATH Ha XapakTep MeEX-
0EeJKOBBIX B3aUMOEHCTBUHN. bbII0 ycTaHOBIEHO, UTO
[130-1500 oka3piBaeT HHrHOMpYIOIIEE ACHCTBUE Ha
aktuBHOCTH Ca*-ATPa3sl [1], uTo B COYEeTaHUHU C
norepeil KJIETKaMH BOABI BEAET K yBEIUUYEHHIO
koHueHTpauuu Ca’" BHyTpH KieTok. Biusiaue Ca*' Ha
BbB Moxer peanus3oBaTbcs Kak NpPHU HENMOCPEI-
CTBEHHOM YYaCTHH JAHHOTO HOHA, CBA3BIBAIOIIETOCS
co cnenuIecKkMU caliTamMu psijia GETTKOB IUTOCKE-
JieTa, Tak U B pe3yjbTare OMOXUMHYECKH OIMOCPEI0-
BaHHBIX MEXaHNU3MOB (KasbMoayinH, Ca* -akTHBUpYye-
MbI€ MPOTEUHKHUHA3BI, TPOTea3bl, pocdaraspl U T.11.).

Kak moka3zan anaimms TeHCUTOTpaMM P (HU3HOJIO-
THYECKHUX 3HaYeHHUIX HOHHOM cuiibl B MLIK sputpo-
LUTOB, MHKYOUpOBaHHBIX B TpucyTcTBUM [120-1500,
00HApYXHUBAIOTCS OTIAMYHSA OT OCJIKOBOTO CIIEKTpa
HaTUBHBIX KJETOK (Tabn. 1), KOTOpbIe 3aBHUCAT OT
KOHLIGHTPALUU JBYXBAJIECHTHBIX KaTHOHOB, MPEXIE
Bcero ot ypoBHsa Ca*'. Bpu1o ycTaHOBIICHO, YTO MPU
kouteHTparmu Ca* 10°-10°M comeprkaHne aHKHPH-
Ha B CIIEKTPE TE€HEH IPUTPOLIUTOB, MHKYOHPOBAHHBIX
¢ [130-1500 nipu 37 u 0-4°C BhIIIE, YeM B KOHTPOIIE.
VBenuuenue comepxanust Ca®>* B cpene 1o 10° M u
XeJUTaTHPOBAHKE JBYXBaJICHTHBIX KATHOHOB B IPUCYT-
ctBuM DJITA prBOIAT K HUBETMPOBAHHIO PA3THINI
MEXJy HaTUBHBIMHU KJIETKaMH U 3PUTPOLUTAMH,
WHKyOHupoBaHHBIMH B pacTBope [190-1500. IToBsie-
HUE€ OTHOCUTEJILHOTO COAEPKAHHS aHKUPHHA MOXKET
CBHUIETENBCTBOBATh O ()OPMHUPOBAHUU OOJIE€€ MPOU-
HOTO B3aUMOJCWCTBHUSI LIUTOCKETETa ¢ MeMOpaHoii,
OMOCPEOBAHHOIO JaHHBIM OeNKOM. YIpOUYHEHHe
BEPTUKAJIBHBIX KOHTaKTOB MEXAY LUTOCKEIETOM H
WHTErpajJbHBIMU O€NKaMu MeMOpaHBI MPU YIaCTHU
AHKHMPHHA MOXET B 3HAYUTEILHON MEpEe TOBIHUATH Ha
MEXaHUYIECKYIO CTaOMIILHOCTE KIIETOK [7].

E1te onHa 0COOEHHOCTH MOAM(HUKALIMK OSIIKOBOTO
cnekrpa MUK non Bimustauem [190-1500, oOHapyxu-
BaeMasg Ipu (U3NOIOTHUECKUX 3HAYEHUSAX MOHHOU
CHUJIBI, CBSI3aHa C yBEJIMYEHHEM OTHOCHUTEIBHOTO
cojiepkaHus Oerka moyiockl (0. 11.) 4.2 o cpaBHEHUIO
C €ro ypoBHEM B HATHBHBIX KJIETKaX. DTU Pa3iIudus
BBISIBJISIIOTCSI TOJIBKO B IPUCYTCTBUH ABYXBaJI€HTHBIX
kaTuoHoB. Ilo-Bunumomy, Gosiee mpouHas CBS3b
0. m. 4.2 c GenkaMu-TIapTHEpaMU MOCJE KOHTaKTa
KJIETOK C KPHOITPOTEKTOPOM 3aBHCHUT OT MPUCYTCTBUS
B cpeme Ca?" m Mg*'. Jlo HACTOAIIEr0 BPEMEHH
(yHKIMOHATBFHAS POJTB JAHHOTO OEJIKa MaJio U3y4eHa.
O ero ponu B HHUTOCKEJIETE IPUTPOLHUTOB MOKHO
CYIWTH O KIIMHAYECKUM TPOSIBICHUSM Y TAIlIEHTOB
C aHeMHel, CBA3aHHON C aHOMAaJHSIMHU CHHTE3a
0. 1. 4.2, B pe3ynbTare KOTOPHIX OH IOJIHOCTBIO HE
CHHTE3HpYETCs MO0 CUHTE3UPYeTCsS B BUIE YKOPO-
yeHHBIX (pparmentos [11, 17]. Kak nmpaBuio, y Takux
MAIMEeHTOB U3MEHsETCs (hopMa KIETOK U OTMEYaeTCsI
TeMOJIMTHYECKAs aHEMHS CPEAHEH TSHKEeCTH. YCTaHOB-
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erythrocytes incubated with PEO-1500 there are found
the differences from protein spectrum of native cells
(Table 1), which depend on concentration of bivalent
cations, primarily at the level of Ca?*. It has been found
that under concentration of Ca** 10-%-105 M the content
of ankyrin in spectrum of ghosts of the erythrocytes
incubated with PEO-1500 at 37 and 0-4°C is higher
than in the control. An increase in Ca*" content in the
medium up to 10~ M and chelating of bivalent cations
in EDTA presence result in leveling of differences
between native cells and PEO-1500 incubated
erythrocytes. Rise in relative content of ankyrin may
testify to the formation of more stable interaction of
cytoskeleton with membrane, mediated with this
protein. Strengthening of vertical contacts between
cytoskeleton and integral proteins of membrane at the
participation of ankyrin may in a great extent affect
the mechanical stability of cells [7].

Peculiar feature of MCC protein spectrum
modification under PEO-1500 effect found under
physiological values of ionic strength is also related
to the rise in relative content of protein 4.2 in
comparison with its level in native cells. These
differences are found only in the presence of bivalent
cations. Tighter bond of protein 4.2 with the partner
ones after cell contact with cryoprotectant is probably
dependent on the presence of Ca’" and Mg*" in the
medium. Up to now functional role of this protein has
been poorly studied and about the one in erythrocyte
cytoskeleton may be judged on clinical manifestations
in patients with anemia, related to abnormalities of
the synthesis of protein 4.2 in the result of which it is
either completely non-synthesized or synthesized as
shortened fragments [11, 17]. As arule in these patients
the shape of cells is changed and hemolytic anemia of
average severity is noticed. This protein has been
shown as a mandatory component in the structure of
macrocomplex with the participation of rhesus-factor:
RhAG (Rh-associated glycoprotein)-CD47-protein 4.2
and/or ankyrin. This complicated protein association
mediates the bond of cytoskeletal net with membrane
[9, 14]. In addition, this protein may probably bind
spectrin and lipid bilayer. It is known to undergone to
myristylation [16]. Inclusion of acyl residue in protein
4.2 may contribute to hydrophobic contacts with lipid
bilayer.

Erythrocyte incubation in PEO-1500 solution
induces the changes in the structure of protein 4.1
which affect the tightness of its bonds with partner
proteins, but in contrast to ankyrin modification and
protein 4.2 are found during chelating of bivalent
cations in medium. Ca®" high concentration may
contribute to dissociation of this protein from
cytoskeletal net [15] and thereby to level differences
between control and experimental samples. During
incubation of cells in PEO-1500 hypertonic solutions
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JIEHO, YTO JaHHBIN O0€JIOK — 00513aTeNIbHbIH KOMIIOHEHT
B CTPYKTYpE MaKpPOKOMIIJIEKCA C yYacTHEM pe3yc-
(akropa: RhAG (Rh-accoruupoBaHHBIN TITUKOIIPO-
TenH)-CD47-0. 1. 4.2 u/uiau aHKUpHUH. JTa CIIOKHAS
OenkoBas accoluanys OMOCPENYET CBA3b IUTOCKENET-
HOI1 ceTu ¢ MmemOpaHnoii [9, 14]. Kpome Toro, naHHbIH
0€eJI0K MOXET, IO-BUIUMOMY, CBSI3BIBATHCS CO CIIEKT-
PUHOM M JHUIHUIHBIM OucioeM. M3BecTHO, 4TO OH
TIOIBEPTaeTCs MEpHUCTENUpoBanuio [16]. BkmtoueHune
AIUIBHOTO OCTaTKa B cocTas 0. 1. 4.2 MOXeT crioco0-
CTBOBaTh TUAPO(POOHBIM KOHTAKTaM C JUIUIHBIM
oucmoem.

NukyOupoBaHue ZpUTPOLUTOB B pacTBOpeE
I120-1500 uaaynrpyeT H3MEHEeHUS B CTPYKTYpe 0. II.
4.1, KOTOpBIE OTPaAKAIOTCS HA MPOYHOCTH €T0 CBsI3el
¢ OenkamMH-nIapTHEpaMH, HO, B OTJIMYKE OT MOIU(H-
Kauuil aHkupuHa U 0. 1. 4.2 0OHapy>XUBAIOTCS MPH
XeJaTUPOBAHUH JIBYXBAJICHTHBIX KaTHOHOB B CpeEJeE.
Beicokue konuenTpamun Ca?* MOTyT criocoOCTBOBAaTh
JMCCOLMALNY JaHHOTO OeJIKa OT LIUTOCKENETHON CEeTH
[15] 1 TeM caMbIM HHBEIHUPOBATH PASIUYHSI MEKIY
KOHTPOJIbHBIMH M AKCIEPUMEHTAJIbHBIMHA ITPOOaMHU.
[Ipn mHKYOMpPOBaHUM KIETOK B THIIEPTOHHYECKOM
pactBope I120-1500 m3menenns BbB xoHTpompyioT-
Cs HE TOJBKO pocToM KoHIieHTpamuu Ca?’, HO U
3HAYUTEIFHBIM TOBHIIIEHNEM HOHHOW CHIIBI BHYTpPHU
KJIETOYHOU cpenpl. B Takux yciaoBuUsX, OYEBUAHO,
MIPOUCXOIAT ONPEEIIEHHBIE CTPYKTYpHBIE HAPYILIEHUS
0. 1. 4.1, Ho 0OHaPYKUTh X MOXKHO TOCJIE 3JTMMHUHA-
LM IBYXBaJICHTHBIX KaTHOHOB. Bo3moxxHo, Moandu-
Kauus 0. 1. 4.1, BbI3BaHHAsE MHKYOUPOBaHUEM SPUT-
pountos ¢ [I20-1500 u npossnstoniasics B yCHICHUH
B3aumozeicteus B D[ TA-conepxaiueii cpeze, Takke
OTpakaeT yIpoYHEHUE BepTUKaIbHbIX cBsizeid B MIIK.

MOXHO TPEANONOKNATh, YTO YIIPOYHEHNE BEPTH-
KaJIbHBIX KOHTakTOB B MIIK sputpouutoB non
prusHUEeM [190-1500 ocymecTBisieTcs mo-pasHOMY,
B TOM YHCJIE Yepe3 ON0CpeioBaHNe CBA3M MeMOpaHa-
IIUTOCKETIET C yIacTHEM aHKUpHHA, 0. 1. 4.1 m 6. 1. 4.2.
CnenctBueM 0oJiee )KECTKUX KOHTAKTOB MEXAY
OenKaMHU-IIapTHEPAaMU MOXKET OBITh yBEJIHYEHUE
MEXaHUYEeCKOM MPOYHOCTH KJIEeTOK [10] u cBsI3aHHOE
C 3THM MOBBILICHHE CTAOMIBLHOCTH 3PUTPOLUTOB K
IecTBUIO (haKTOPOB KPHOKOHCEPBUPOBAHUSI.

NukyobupoBanue kietok ¢ [1930-1500 takxe
BBISIBUJIO 0COOEHHOCTH m3MeHeHus1 bbB B cTpykrype
MIIK, xoTopast 0OHapyKXuBaeTcs B (PU3MOTOTHIECKOM
JIUana3oHe MOHHOM CHIIBI MPU YMEPEHHO BBICOKHX
kounentpaiusax Ca?* (10°-10° M) u BeIpaxkaercsi B
MOBBIIICHUH ypoBHS 0. 1. 4.9. B 30He 6. m. 4.9 ¢
MIPUMEHEHHEM HMMYHOOJIOTHHTa OBUIO BBISBICHO 2
pa3nuYHBIX Oeika (TPOMOMOAYIWH M JEMAaTHH),
KOTOpBIE B Pa3IMUYHBIX MO3HLHUAX JIOKAJIN30BaHbI Ha
aKTHHOBBIX MpoTodunamentax [8, 13, 18] u cmocob-
CTBYIOT cTaOMIM3allUU UX CTPYKTYpPHl. MOXHO
MPEAIONOoKNUTh, YTO N3MeHeHus B cnekTpe MIIK
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of the changes of protein-protein interactions in MCC
are controlled not only by the growth of Ca*
concentration but also significant increase of ionic
strength of intracellular medium. Under these
conditions probably certain structural changes in
protein 4.1 take place, but it is possible to reveal them
after elimination of bivalent cations. Modification of
protein 4.1 is apparently connected to erythrocyte
incubation with PEO-1500 and manifesting in the
strengthening of interaction in EDTA-containing
medium, also reflects the tightening of vertical bonds
in MCC.

It could be supposed that strengthening of vertical
contacts in erythrocyte MCC under the effect of
PEO-1500 is performed in different ways including
those via mediated bonds of membrane-cytoskeleton
with participation of ankyrin and proteins 4.1 and 4.2.
The consequence of tighter contacts between partner
proteins may be the increase in mechanical rigitity of
cells [10] and associated with this rise in erythrocytes
stability to cryopreservation factors.

Cell incubation with PEO-1500 has also shown one
more peculiarity of PPI change in MCC structure
which is found within physiological range of ionic
strength under moderately high concentrations of Ca?*
(10%-10-° M) and manifests in an increase of the level
of protein 4.9. In the zone of protein 4.9 with using
immune blotting there were found 2 different proteins
(tropomodulin and dematin) which under various
positions were localized on actin protofilaments [8,
13, 18] and contributed to stabilization of their
structure. We may speculate about the changes in
spectrum of MCC of PEO incubated erythrocytes as
those reflecting the formation of more rigid structure
of key complex of cytoskeletal net.

As the results of densitometric analysis show the
temperature conditions of cell incubation with PEO-
1500 do not very likely affect the character of PPI
modification. The only nuance found in the solutions
with physiological level of ionic strength in the
presence of 10-10° M Ca*" consists in insignificant
rise in actin level in PEO-1500 incubated erythrocytes
at 0-4°C.

Application of the solutions of high ionic strength
gives the possibility to more adequately reproduce the
effect of intracellular medium on the state of
erythrocyte MCC after incubation with PEO-1500.
Analysis of densitograms has shown that in media with
high ionic strength there are found less differences in
protein spectrum of MCC of native erythrocytes and
PEO-1500 incubated cells. Proteins in all studied
groups respond practically in the same way to
environmental changes. The noted distinction was an
increase in protein in the zone of post band 5 in the
presence of 10°-10° M Ca?" in PEO-1500 incubated
erythrocytes.
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3PUTPOUUTOB, HHKyOHUpoBaHHBIX ¢ [[D0-1500,
OTpakaroT popMHpOBaHHE OOJIEE KECTKOU CTPYKTYPHI
Y3J0BBIX KOMIIJIEKCOB LINTOCKENIETHON CETH.

Kak cBuaeTensCTByOT pe3ynbTaTsl JEHCUTOMETPH-
YEeCKOro aHalln3a, TeMIepaTypHbIe YCIOBUS HHKYOU-
poBanusa kiaetok ¢ [I1D0-1500 He oka3bIBaIOT,
OYEBHIHO, 3aMETHOTO BIMSHUS Ha XapakTep Moxuu-
kauun BBB. EnnHcTBeHHBIN HI0OaHC, 00HAPYKEHHBIH
B pacTBOpax ¢ (hU3HOIOTHYECKUM YPOBHEM HOHHON
cunbl B mpucyterBun 10°-10° M Ca*, coctout B
HE3HAYMUTEIbHOM IMOBBIIICHUN YPOBHS aKTHHA B
IpUTpoIUTaX, HHKyOupoBaHHbIX ¢ [190-1500 mpu
0-4°C.

IIpuMeHeHHE pacTBOPOB BBICOKOM MOHHOM CHJIBI
JaeT BO3MOXHOCTh OoJiee aJjleKBaTHO BOCIIPOU3BECTH
BIIMSIHUE BHYTPHUKJIETOUYHOW Cpeabl HA COCTOSIHUE
MIIK >puTpouuToB mocie HHKYOHMPOBaHUS C
[190-1500. AHanu3 neHCUTOTpaMM IOKa3all, YTo B
Cpeax ¢ BBICOKOM HOHHOM CHJION BBISIBISIETCS TOPa3ao
MeHblIe pa3nuuuidl B OenkoBoMm crnektpe MK
HaTUBHBIX SPUTPOIIUTOB H KIETOK, HHKYOHPOBAaHHBIX
¢ II30-1500. benku Bo Bcex MCCIEAYEMBIX TPyMITax
pearupyor MpakTHYECKH OIWHAKOBO Ha M3MEHEHHE
OKpY’Karolleh ux cpenpl. EQMHCTBEHHBIM YCTaHOB-
JICHHBIM OTJINYHEM ObILJIO TIOBBINIICHNUE OEJIKa B 30HE
post band 5 B mpucyrctBuu 10°-10° M Ca’* B
SPUTPOLHTAX, UHKYOHpoBaHHBIX ¢ [ID0-1500.

Bwmecte ¢ Tem uzyuenue ocoOeHHOCTEH OSITKOBBIX
CIIEKTPOB IpPH Pa3HbIX 3HAUYCHUSAX MOHHOM CHIIBI,
BKJItOUas (Gusnonoruueckue 3HaueHus [4], maer
BO3MOKHOCTB IPEICTaBUTh OO XapaKTep H3MeHe-
Huii bbB npu moBbIIIeHUN KOHIIEHTpAIUU COJel B
cpene. Heobxonumo oTMeTUTH, YTO B cpenax ¢
BBICOKOM HOHHOW CHJIOHN, BKJTIOUast (PH3HUOTOTHUECKUE
3Ha4eHus [4] orcyTcTByeT 0. 1. 6 (Tabdm. 2, 3) BO Bcex
9KCMEPUMEHTAJIBHBIX YCIOBHUSAX.

DOKCIIOHUPOBaHHE MEMOpPaH PUTPOIHUTOB B
pacTBOpe BHICOKOW HOHHOM CHIIBI (B IpUCYTCTBUH 250
u 500 MM KCl) Beger k notepe (puc. 1) ocHOBHOTO
HWHTETPaJIbHOTO OeJKa MIa3MaTudecKoi MeMOpaHbl —
6.11.3. B nesom copepskanue 0. 1. 3 magaer ¢ 17-18%
B cpedax ¢ (U3MOJOTHYECKUM YPOBHEM COJIEH 110
14-15% B pacTBOpax BEICOKON MOHHOM CHJIBL, IPHYEM
OTMEUYEHHbIE U3MEHEHMSI HE 3aBUCST OT COAEPKaHUS
JBYXBAJICHTHBIX KaTHOHOB. OUeBUIHO, MOTU(PHUKALIHS
CBsI3eH B JUIUAHOM OMCIIOC M M3MEHEHUsl OeloK-
JIMIUATHBIX B3aUMOJIEWCTBUM MPY MOBBIIIIEHUH HOHHON
CHJIBI pacTBOpa CIOCOOCTBYIOT BE3UKYIISIIIUH MEM-
Opansl u toTepe 0. 1. 3. Emre oxra o01mmas 3akoHoMep-
HOCTh M3MEHeHu B 6esikoBoM criektpe MK sapurpo-
LIMTOB MIPH MOBBIIIEHNH HOHHOM CHJIBI — OBBIIIIEHHE
ypoBHs Oelka B 30HE post band 5. Dta ocobeHHOCTH
MIPOSIBIISIETCS TAKXKe HE3ABUCUMO OT YPOBHS JAByXBa-
JICHTHBIX KaTHOHOB B cpeze. [losBienue storo Oenka
HE KOPPENUPYET C YMEHBIIEHHEM COICPKAHMUS aKTUHA
(6. 1. 5) 1, HO-BUAMMOMY, CBA3aHO C IEPEXOIOM HEU3-
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At the same time the study of peculiarities of
protein spectra at various values of ionic strength
enables to conceive the general character of PPI
changes during rise in the concentration of salts in the
medium. It should be noted that in the media with high
ionic strength, including physiological values [4], there
is absent band 6 (Table 2, 3) under all experimental
conditions.

Erythrocyte membrane exposure in the solution of
high ionic strength (in presence of 250 and 500 mM
KCl) leads to the loss (Fig. 1) of the main integral
protein of plasma membrane, band 3. In a whole the
content of band 3 reduces from 17-18% in the media
with physiological level of salts down to 14-15% in
the solutions of high ionic strength, moreover the noted
alterations do not depend on the content of bivalent
cations. Modification of the dynamics of bonds in lipid
bilayer and changes in protein-lipid interactions during
a rise in ionic strength of the solution contributes to
membrane vesiculation and loss of band 3. One more
general regularity of changes in protein spectrum of
erythrocyte MCC at a rise of ionic strengh is an
increase of protein level in post band 5 zone. This
peculiarity is also manifested independently on the
level of bivalent cations in the medium. Appearance
of this protein does not correlate to the decrease in
actin content (band 5) and is likely associated with
the transition of unknown protein from cytosol fraction
into membrane-bound state at increased salt content.
When comparing the composition of erythrocyte MCC
in the media of high ionic strength containing bivalent
cations and chelators there has been revealed the
appearance of protein in the zone of post band 3 in the
presence of Ca*", Mg*" (Fig. 2). In this case there is
not found a correlating change in the content of band
3 itself, since its level in Ca?*, Mg?*- containing media
does not differ from that in EDTA ones. Therefore,
activation of Ca*"-dependent proteases is not the cause

~>X

B

Puc. 1. JlencutorpaMmbl O€IKOB Te€HEeH HATHUBHBIX
3pUTpOLNTOB: A — M30TOHMYECKas cpena; B — cpena ¢
BBICOKOW MOHHOH cmioi. [ludpamu 0003HaYCHBI OETTKU B
COOTBETCTBUHU C Kiaccupukarmei [12].

Fig. 1. Densitograms of proteins of native erythrocyte
ghosts: A — isotonic medium, B — medium with high ionic
strength. Proteins are labeled with figures according to clas-
sification [12].

PROBLEMS
OF CRYOBIOLOGY
Vol. 16, 2006, N22



"S0°0 >d M [0NUOd I WOIJ IJJIP BIBP ) — 4 “HSFIN Se pAjuasald ore ejep oy :SJON
"60‘0>d woHg0dA 9 KIrodLHON 10 BOLOIBRHILLO QI9HHEY — , "JS+JA OUHd 4 I9HOIge1oadil o19HHR]! :BHHehaWwHd]]

€1'0F0'T V01T 17'0%6'€ L1'0F6'T SE'0FY'Y VZ'0F6'y - 11'1F6'91 Pr0F9Y 88'0F0'CT 18'0F£'6 €
91'0%6'0 12°0%€' 620 1'% £0'0%9'T TC0=6'E 81'0FE'S - 1L'0FS'S] ST0FLY 60'19'21 £8'0%0'11 z MR
ST'0+0'T 61'0%0'C ¥2'0F0'7 €2'0%0'C 1T0F17 (AAIEIRY - I1S'0F¥'91 8€'0F6'Y SY'0F0'CT 19'0F0'01 I
PI'0FE'T £0'0FE'T TE0FEY P1'0F0'C 19'0F€Y SE'0FSY 7€'0F8'E ST'IFP'ST 87'0F9'F 98'0FF'11 ¥Z'1¥6'6 €
1oyl V2059 0TIy £1'0F8'T VEOFEY 1209 VZ0FT'E L0861 or'o=LT | 280%L01 | $0T=00I ¢ Wﬁ e
81'0FC'T 81'0FE'C £2'0FS'e 97'0F6'T ¥2'0F0'S LT'0F1Y yE'0FEE 70'TF1'91 8Z'0F1'7 1205’01 18'0¥€'6 I
€I'0FT'T TI'0F.2'T €1'0F8'C EI'0FL'T 9€'0F8'e S0'0F6'c YT'0FEE 18'0F8'71 €€'0F8'E L7'0FCT'TT ¥9'TF0'TT €
ST'0FS'l €I'0F.£'C yE'0F0'Y v1'0+0'C 8E'0FV'E 81'0FEY 1€'0F0'E 1£'0F0'S1 roFYY €L0FL'TT €8'0+0'11 ¢ m_\_\/m ﬂm WHMUU _\& Mu%
11'0F0'1 ST'0FL'T I€0F1'7 1105 7e'0FSY EI'0FV'Y ST'0FV'E Zr'0F8'Y1 1E'0F7'7 99'0F0'C1 16'0+8'6 !
CT0FTT S0'0F.8'1 LT'0F1'E IT0FL'] ve'0FI'S ¥1'0F0'S TT'0F9'E ST'0F6'G1 I7'0FV'7 61'0F9'T1 [HAESA €
——— 0'0F T | 6T0FLE £1'0F6'T 90T 2 0TE's eroFry | £5'078'91 120%0% | 690%L11L | zL0F0'01 ¢ e L e ot
10'0%6'0 61'0F7'T ST'0F6'E 2I'0F9'1 Ge'0F8'E 80'0F L 60'0FS'E £8'0F£'ST vE'0FEY 66'0FC'01 1€'1%0'6 I

Mwwww& G pueq G pueq 6'% utejord 'y uejord 'y uejord € pueq € pueq urhsyue EMMM@HWME\U@‘_ cMMu%MWwwﬂuc

mM&.mw 1sod G Qg 6% I 0 7y 1o 1'y1o 1sod [l 1 S Hudmine —d _p dnorn mgnocoﬁwﬂﬂ%umﬁmmz%?x

ermAd | 19VodD 19LHOHOIINOM

DDIN 214D0I)1AID JO SU0Id
gorunnodinde MTN wiveqg

QITHIVO.LUHVOIIOY

€ — DoL€ Je UONN[OS OOS [-Odd Ul pareqnoul g — D, -0 18
uonnjos 00S [-Odd Ul payeqnout 1] — s[[20 daneu :(9°L Hd ‘TOH-SHL W 01 IO AW 0$T) D Wiipaw gy ut JON 2140013410 jo uonisodwo) g dqeL
€ — DoL€ 1dl 00S1-O€]] 2dodaroed g xigHHEREOdUQANHY (7 — D -0 UdU 00S-O€]] odogaroed €
XI9HHREOAUQANHH ¢ ] — MOLaI XI9HaHIeH (9, Hd TOH-oud ], INW 01 ‘IO TN 0527) D orado g goinnodiude YN 981000 *7 eNHUIQR ],

PROBLEMS
OF CRYOBIOLOGY
Vol. 16, 2006, N22

171

NMPOBJIEMbI
KPUMOBMOJIOIrUM
T. 16, 2006, N22



'S0°0 >d Im [0nU0d JY) WO IJJIP BIRP Y} — 4 “HSFIN St pAjudsaild are vjep ay ], :S9J0N
"60‘0>d woHg0dA 5 KIrodLHOM 10 EJLOIBhHILLO JIIHHRY — , “JS+JA OME g I9HIrge1orddu J19HHR]! :BHHehIWH]]

60'050'1 S10F2T 8I0F4Y LI0F1T £7'050'9 97056’ - 860 V'S y10F8'c 9605211 17'0+8' €
e e . . et . . e e e VLA Ww g
£10%C'T 90'0F24T L1'0FET $T'0+8T 98072’ PP0F0' - 16'ZFE'ST E0FLY 29011 7S'0F6'L z VIVe Wi e
£10F2'1 80'0F24C r0FEY 200581 7C0F6' P18 - 8605671 62052’ PE0F1'01 19'0FE'L I
90050 ST0=0' €506y 91'0=E'T P70F'9 7205y S10+8'T £9'0FL'71 L20FT'E 89'0=€01 e0F1'8 £
b w 'R -
11'0%9'] 60'0F0'C 8C0FL'E 50'050C PE0FS'S £E0FTY 62050 SEIRY Pr0F9'e ¥S'0FH 01 29'056'% z BIN IR T+ o N 01
11'0%9'] 1078 pE'0F0'Y P1'0F0'T 6£'08' 7078 sro=e's P50 L'EL £20FL'E 69'09'01 290FL'L I
£10F¢"T 12'0%.6'C £T'0F0'7 110781 £70FLY TC0FTy 81'0FC's 8L0FV'SI 10T’ £9'052'11 TL0FS6 £
b 2P -
£20%2T 1'0%.0' LT0FLE 110FH'T o=y 81'0+8'7 11059 80'1FG'71 V5'0FT'S 2£'0%801 9116 z NSRS
ST0FC'T 620F8C 70T 12°0%2'C $5'0F8's 81'0F9'c 9g'0FF'E 68'08'71 LT0F6'T 0T 80FE'L i
£205CT 610587 L1'0%6'E 10591 £T0FE'S 9C0FLY £2'076' 1£'0FE'T 67'0F8'c ££0F9'01 VEOFL'L £
b w e
11058'1 1'0FET 97'0+9' 60'0F£'1 91'0+8' 61'0%C7 wosTT | 85'0F6'El 6C0F1T | 690F£TI 5L'0F7'8 z B o o
80'0F¥'T 80'0FG'T 1T'0FL'E €1'0F9'l €1'0FS'S SE'0F1Y 81'0F€'e 9€'0F1'ST ST'0F97 1£'0F2'T1 78'0F1'8 I
ax oy ) uwpoeds —g | uigoads —p
urejord c UEMQ ¢ pueq 6% uejord 7% uejord 1'% utejord ¢ U:MQ ¢ pueq EM%%E Ao i disom S
oM&.mv 190 gumo 67 19 (A 1ymo 150 eno HudmIEe -9 -0 dnoin E:o:omﬁ.oo [RUOTIIPPY
ermid | 19vodd 19.LHOHOIINOM
QIIHIVOLUHVOIIOY
DDIA 2140011419 JO Ssurej0Id
goruniodinde TN wIvegq

PROBLEMS
OF CRYOBIOLOGY
Vol. 16, 2006, N22

172

€ = D,LE 12 uonN[0s 0OS1-Odd Ul PARANOUL 57 — ) -() I8
uonn|os S [-OHd Ul pareqnout ] — s[j9d daneu :(9°L Hd TOH-SUL W 01 IO AW 00S) @ wnrpau oy ur HOA 2342013419 o uonisodwo)) ¢ Aqe],
€ — DoL€ 1dl 00S1-O€]] 2dodaroed g xigHHREOdUQANHY (7 — D -0 Udl 00S-O€]] odogaroed €
XI9HHRAOdHQANHH ¢ | — MOLAI X19HgHIeH (9, Hd TOH-oud] NWOT IO INW 00S) ( 2rodo a gornnodiude M 98100)) *€ BIHIQR ],

NMPOBJIEMbI
KPUMOBMOJIOIrUM
T. 16, 2006, N22



BECTHOTO O€JTKa U3 IUTO30IBHOM (PpaKImy B MeMOpaH-
HO-CBSI3aHHOE COCTOSIHUE NPH MOBBILIEHUH COAEpAKa-
Hus coneil. [Ipu cpaBaenun cocrtasa MIIK sputponu-
TOB B Cpeax, COJAEPKAIINX IByXBaJICHTHBIE KATHOHBI
U XeIIaTopbl, OOHAPYKEHO MOSBIECHUE OeNKa B 30HE
post band 3 B mpucyrctBuu Ca?' u Mg** (puc. 2). [Ipu
3TOM He 00HaAPY)KMBAETCS KOPPEIHPYIOLIETO H3MEHE-
HUS COJIep KaHus caMoro 0. I. 3, TOCKOJNBKY YPOBEHb
ero B Ca*", Mg*'-coziepkalux cpeaax He OTIINYaeTCsI
oT ypoBH1 B cpenax ¢ D{TA. CnenoBarenbHO, aKTUBA-
st Ca?’-3aBUCHMBIX IPOTEa3 HE SBISCTCS MPHIMHON
MOsIBJICHUs OeIKOB B 30He post band 3 u post band 5.

Amnanns n3menennii B MLIK sputponnToB B cpeax
Pa3IMYHON MOHHOHN CHIIBI TOKA3aJl, YTO 0COOEHHOCTH
Monudukanuu bbB, nuHIyMpoBaHHbBIE B 3pUTPOLIHU-
tax Kpuomporektopom [120-1500, mposBusaroTcs,
[JaBHBIM 00pa3oM, pu (PU3HONOTHYECKOM ypOBHE
cojeil, a B cpefnax BBICOKOW MOHHOW CHJIBI OHHU
MOTJIOMIAIOTCS O0JIee MOIIHBIM BO3/ICHCTBHEM CPEIbI,
KOTOpAasi BBI3bIBACT 3HAYUTENLHBIC KOH(POPMAIIMOHHEIE
H3MEHEHHUs1 OENKOB, B pe3yJIbTaTe Yero OLEHUTh UCXOI-
HOE COCTOSIHHE OEIKOBOM CETH MPaKTUUYECKH HEBO3-
MOKHO. OZIHAaKO ¥ B JaHHOM CJIy4ae MO>KHO TIOITY9IHTh
oTpeieNIeHHOE MPEICTaBICHNE O XapaKTepe n3MeHe-
Huid B MK spuTponuToB npu aeruiparaiuu KIeTok.
[To-BuanMOMy, OCHOBHAsl TEHIEHLUSA U3MEHEHUH B
MIIK npu 5KCTIOHUPOBAHUHU SPUTPOLIUTOB C KPUOTIPO-
TEKTOPOM cBsA3aHa ¢ yrnpouHeHueM bbB B MIIK, uro
3aTparuBacT BEPTHUKAJIBHBIE CBSI3M LIUTOCKEIETAa U
[U1a3MaTH4eCKON MeMOpaHbl, OIOCPEJOBAHHbIE AHKHU-
puHOM, 0. 1. 4.2 1, BO3MOXHO, 0. 1. 4.1. Kpome Toro,
[0-BUJIUMOMY, YCHJIMBAIOTCS B3aMMOAEHCTBHS B
CTPYKTYp€ aKTHHOBBIX IPOTO(UIAMEHTOB MPH y4ac-
tun 6. 1. 4.9. B nanspix ycnosusax ycuienue bbEB
MOJKET CTI0COOCTBOBATH MOBBIIICHUIO MEXaHUYECKON
MIPOYHOCTH KJIETOK M MX CTAOWIN3alNU B YCIOBHIX
KPHOKOHCEPBHPOBaHU. B TO jxe BpeMsi yBenuueHue
MOHHOM CWJIBI pacTBOpa, MOJEIUPYIOLIEE YCIOBUA
JIEeruapaTanuu KIeToK B mpucytctBuu [190-1500,
CBHUJIETENIHCTBYET O moTepe 0. m. 3, 9TO MOXET
OTpPHULATENHHO TOBIUATH HA CTAOMIBHOCTH MEMOPaHBI
[19]. TlosiBneHue B cpeaax BHICOKOW MOHHOM CHUIIBI
HOBBIX OenikoB — post band 3 u post band 5 (uto
00HApYKUBAaETCS B NMPUCYTCTBUHU JABYXBAJICHTHBIX
KaTHOHOB) MOXET OTPa)kaTb Iepexo] B MEMOpaHHO-
CBSI3aHHOE COCTOSIHME HEKOTOPBIX LHUTO30JbHBIX
KOMITOHEHTOB. He HCKiIIodeHo, 4To OHM 00sagaroT
IanepoHONoA00HOH QYHKIMEH U MOTYT CTa0MIIN3H-
poBath KoH(popMamuio oTaebHbIX O0enkoB MIIK,
YyBCTBUTEIBHBIX K CTPECCY.

BbiBOADI

N3meHeHnus xapakTepa MeKOEIKOBBIX B3aUMO-
nercteuit B MUK nog Biustauem [120-1500 nposis-
JISIIOTCS B YBETTUUCHUH COZEpKaHUs OSIIKOB, OTIoCcpe-
JIYIONTUX KOHTAKTHI ITMTOCKEIIETHOU CETH ¢ MeMOpa-
HOW — aHKUpHWHa, 0. 1. 4.2, m 0. 1. 4.1.
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Puc. 2. [leacuTorpaMMBbI OSITKOB TeHEH HATUBHBIX D)PUTPO-
[IUTOB, TIOJIyYEHHBIX C HCMOJIB30BaHreM Ca’ -comepikanux
cpen (A) u O[ATA — conepxamux cpexn (B).

Fig. 2. Densitograms of proteins of native erythrocyte ghosts
obtained using Ca**-containing media (A) and EDTA-con-
taining media (B).

of appearance of proteins in the zone of post band 3
and post band 5.

Analysis of the changes in erythrocyte MCC in the
media of various ionic strength has shown that the
peculiarities of PPI modification induced in erythro-
cytes by PEO-1500 cryoprotectant are manifested
mainly at physiological level of salts and in the media
with high ionic strength they are absorbed by more
powerful effect of medium causing significant
conformational changes of proteins, as a result of that
it is hardly possible to estimate an initial state of
protein net. However even in this case it is possible to
have a certain notion about the character of the changes
in MCC of erythrocytes at cell dehydration. The basic
tendency of changes in MCC during exposure of
erythrocytes to cryoprotectant is likely associated to
strengthening of PPI in MCC, concerning vertical
bonds of cytoskeleton and plasma membrane,
mediated with ankyrin, protein 4.2 and probably
protein 4.1. In addition the interactions in the structure
of actin protofilaments at the participation of protein
4.9 are likely getting stronger. Under these conditions
the strengthening of PPI may contribute to a rise in
mechanical rigidity of cells and their stabilization
during cryopreservation. At the same time the increase
in ionic strength of the solution modeling the
conditions of cell dehydration in the presence of PEO,
testifies to the loss of band 3 that may negatively affect
the membrane stability [19]. Appearance in the media
of high ionic strength of new proteins, post band 3
and post band 5 (in presence of bivalent cations) may
reflect the transition into membrane-bound state of
some cytosol components. It is not inconceivable that
they possess chaperon-like function and can stabilize
the conformation of some MCC stress sensitive
proteins.

Conclusions
Changes in the character of protein-protein interac-
tions in MCC under PEO-1500 effect are manifested
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YBenndenue conepxanus 0. 1m. 4.9 B apuTponuTax,
WHKYOMPOBAHHBIX B THIEPTOHUYECKOM pPacTBOPE
[190-1500, cBuAETENBCTBYET O MOBBIIIEHUN SHEPTUN
CBsI3el MEXAY OelIKaMH-TIapTHEPaMHU U CTA0MITH3aLIH
CTPYKTYPBI aKTHHOBBIX ITPOTO(QUIAMEHTOB.

[Ipn NoBBIIEHNN MOHHOM CHJIBI pacTBOpa Kak B
HOpME, TaKk U MOCJIe dKCIIOHUPOBAHUS KIETOK C
I[190-1500 oTmMeuaeTcs TeHIEHIUS K motepe 0. 1. 3,
YTO MOJKET OBITH CBSI3aHO C BE3UKYIIAIHECH MEMOPaHEHI.
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in a rise in content of the proteins mediating the
contacts of cytoskeletal net with membrane: ankyrin,
proteins 4.2 and 4.1.

Increase of protein 4.9 content in the erythrocytes,
incubated in PEO-1500 hypertonic solution testifies
to arise in the energy of bonds between partner protein
and stabilization of structure of actin protofilaments.

With a rise in ionic strength of the solution both in
the norm and after cell exposure to PEO-1500 there is
a tendency to the loss of band 3 that may be related to
membrane vesiculation.
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