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HccnenoBanu noctruneproHndeckuit auzuc sputpountos (I117]) B ycnoBusX 0TCYyTCTBUS BXOASIIETO IOTOKA aHUOHOB XJIOpUa (B
NPUCYTCTBUH LIUTPATa HATPHs), @ TAKXKE BIMSHHE MOAN(DHUKATOPOB LUTOCKENIETa HA MOCTTHIIEPTOHUYECKYIO YyBCTBHTEILHOCTD
IPUTPOLMTOB. BBIJIO MOKa3aHO, YTO YyBCTBUTEIBHOCTH 3puTpouuToB K IITJ] 3aBucuT OT B3amMomeWcTBUs Oeika MOIOCH 3 ¢
IIUTOCKEJIETOM, a YCTOHYHUBOCTb — OT B3aUMoJieiicTBUS Oeika nojocsl 4.1 ¢ MeMOpaHOH.

Knioueevie cnosa: OPUTPOLUTHI, HOCTFI/IHepTOHI/I‘leCKI/Iﬁ JIU3UC, HUTOCKECIICT.

Hocnimkysanu moctrinepronivani gizuc (I11J1) eputponutie B yMoBax BiZICYTHOCTI TOTOKY aHIOHIB XJIOPUY, IO CTIPSIMOBAHHIHA
10 KITITHHHY (Y IPHCYTHOCTI IIUTPATy HATPiI0), a TAKOXK BILTHB MOAU(IKATOPIB IUTOCKEIIETAa HA IIOCTTINEPTOHIYHY Yy TIIHBICTh EPUTPOIIUTIB.
Byno nokazaHo, mo gytimBicTh eputpouuTiB no I1IJ1 3amexuts Bix B3aemomii Oiika cMyTH 3 i3 IIUTOCKEIETOM, a CTIHKICTh — BiJl

B3aeMoii Oinka cmyru 4.1 i3 MeMOpaHO¥O.

Knrouogi cnosa: eputpouuTH, NOCTTINEPTOHIYHUH JII3HC, IIATOCKEIET.

Posthypertonic lysis (PHL) of erythrocytes under conditions of the absence of chloride anion entering flux at sodium citrate
presence), as well as the effect of cytoskeletal modifiers on the erythrocyte posthypertonic sensitivity were investigated. It was
demonstrated, that the erythrocyte sensitivity to PHL depended on the band 3 protein interaction with cytoskeleton, and the
resistance did on the band 4.1 protein interaction with the membrane.

Key-words: erythrocytes, posthypertonic lysis, cytoskeleton.

OpHOI 13 TPUYHH MOBPEKACHUS SPUTPOLIUTOB IIPH
3aMOpPaXUBAHUH SIBIISETCS HapyIIEHWE CTPYKTYpPHI
LUTOCKEIET-MEMOPaHHOTO KOMIIJIEKCA BCIEACTBHE
HapacTaHUsl OCMOTHYECKOTO IpaiueHTa Ha MeMOpaHe
[1]. UsmMeHeHHE OCMOTHYECKOTO COCTOSIHUS KJIETKU
[IpU CMEHE OCMOTHYECKHX YCJIOBHUH CpelIbl KOHT-
poaupyeTcs, Npexae BCEro, NOTOKaMu BOJABI H
COOTBETCTBYIOIIUM IEpepacupeeeHueM HOHOB
XJIOpa. DTH MPOIECCH UMEIOT OOIIYIO0 CTPYKTYPHYIO
OCHOBY, IPE/ICTaBIECHHYIO OEITKOM MOJIOCHI 3, KOTOPBIi
o0ecrieynBaeT KOHTPOJb IBIKEHHS BOABI U XJOpa
yepe3 MeMOpaHy SpPUTPOLUTOB. YCTAaHOBJIEHO, YTO
pPa3BUTHE YyBCTBUTEIBHOCTH 3PUTPOILUTOB K XOJO-
JIOBOMY ¥ THIEPTOHHYECKOMY IIOKY OIpeAesercs
OCHOBHBIMH CHEUN()UIECKUMH KOHTAKTaMU OEJIKOB
nUTOCKeNneTa ¢ MeMOpanoit [3, 5]. OgHako HEsCHO,
MPUHUMAET JIM y4acTHE LUTOCKEIET 3PUTPOLUTOB B
peTyIsNU YYBCTBUTEIHHOCTH KJIETOK K TaKOMY
noBpexaammemy (akropy, kak IIIJI — sBnenue
reMoJIN3a, HHIYLIUPOBaHHOE HHKYOAIMe! SpUTPOLIUTOB
B JIETUAPATUPYIOIIEH, a 3aTEM B peruApaTHPYIOIIeH
cpenax. B MoMeHT m3MeHEHHS OCMOJIPHOCTH
BHEKJIETOUYHOU Cpezbl MHKYOAIIH MPOUCXOANT PE3KOe
YBEJIMYEHUE MOTOKA BOJBI B KIETKY, YTO BBI3BIBAET
00BEMHBIE CABUTH, KOTOPbIE MOTYT WHIYIHPOBATh
HapylIeHHe IeJOCTHOCTH IUTOIIa3MaTHIeCKON

One of the causes of erythrocyte damage during
freezing is the structure disorder in cytoskeleton-
membrane complex due to an increase in osmotic
gradient on the membrane [1]. The change in cell
osmotic state under the change in the medium osmotic
conditions is, first of all, controlled by the water flow
and corresponding redistribution of chloride ions. These
processes have the common structural base,
representing by the band 3 protein, which provides the
control of water and chlorine movement through the
erythrocyte membrane. It was established, that the
development of erythrocyte sensitivity to cold and
hypertonic stress was determined by the main specific
contacts of cytoskeletal proteins with membrane [3,
5]. Butitis not clear whether erythrocyte cytoskeleton
takes part in regulating cell sensitivity to such a
damaging effect as PHL, phenomenon of hemolysis,
induced by erythrocyte incubation in dehydrating and
then in rehydrating media. In the moment of the
osmolarity change in the extracellular medium of
incubation a sharp increase in water flow into a cell
occurs, resulting in the volumetric shifts, which can
induce the impairment of cytoplasmic membrane
integrity. That is why to investigate the effect of non-
penetrating citrate anion, as well as some other
modifiers on cell sensitivity to PHL, is of our interest.
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MeMOpaHbl. B 3TOH CBSI3W MpeacTaBIsieT WHTEPEC
BBISIBUTH BIIMSTHAC HEMIPOHHUKAIOIIETO AaHWOHA IIUTPATA,
a TaKXXe Pa3IMYHbIX MOAU(UKATOPOB HA YYBCTBU-
TenbHOCTh KieTok K ITITJL

Martepuanbl n metoanl

B skcnmepuMeHTax MCMOIb30Bald 3PUTPOLIUTHI
noHopckoil kposu Il rpynmsl. IIIJI sputponuros
OCYUIECTBIISUIA TEPEHECEHUEM aJTMKBOT KIIETOYHOMN
cycrien3uu u3 3 M NaCl (skcriozumus 10 c)nuz 1,5 M
NaCl (akcmo3unusg 45 MUH) B U30TOHHYECKYIO
PETHAPATUPYIOMIYIO CPENY,COAePIKALYI0 MUTPAT
Hatpus (106 mmons/n, pH 7,4). Ins oOpadoTku
LIUTOCKENIETa MOTU(PHUKATOpaMH SPUTPOIUTHI ¢ 20%-M
reMaTOKpPUTOM CYCIIEHIMPOBAJIH B CpeJie, CoAepKaIleil
(Mmonbe/m): KCI — 90, NaCl — 45, caxaposst —4, Tpuc —
10 (pH 7,4, 37°C) [13]. B pabore ucnonab30Bain
cieayomue Moau(UKATOPbl LUTOCKeNeTa: Hoxaa-
uneramun (MAA) [6] B koHneHTparuu 15 mmons (149),
napaxyopmepkypuiidenzoar (IIXMB) B konnieHTpanum
Immone/n (14), N-atunmaneumuyg (N-ODM) B
KoHIeHTpanuu 12 mmouns/n, (14) [20], reMuH B
koHmeHtpanuu 300 MmxM (10 mun) [16]. IIpu
KoMOMHHpOBaHHOW 00padoTke MAA/IIXMbB monu-
¢uxanus MAA npousBomunace 15 MuH c mocie-
nytomumM gob6asnerneM [IXMb no koHedHOU KOH-
uentpauuu 1 mmonb Ha 1 4 [7,20]. B skcnnepumenTtax
HCHOJIb30BaIM HHTHOUTOPHI aHHOHHOTO TPaHCIOpTa
JUJIC B xoHueHTpauuu 5 MkM [4]u nunupuaamon B
koHueHtpauuu 20 MkM [2]. YpoBeHb remonusa u
OCMOTHUYECKOE TOBEJEHUE IPUTPOLUTOB PErUCTPHU-
pOBAJIM METOJOM CBETOpacCedHHs, T. €. YPOBEHb
reMOJIM3a OTIPEACIISUTH Iy TEM N3MEHEHHUS OTITHYECKOM
mwiotHOCTH (OI1) cycrieH3nn SpuTPOIUTOB MIPH IJTHHE
BosHBl 720 HM. KOHIEHTpaInus KIEeTOK B KIOBETE
coorBeTcTBOoBana 0,3 exn. OIl. YMeHbllleHEe UHTEH-
CHBHOCTH CBE€Ta, NMPOIIEJIIETO Yepe3 KIOBETY C
00pasmoM, 00yCIIOBICHO pacCessHUEM CYCIICH3UeH Ha
MaJllple YTJBI, ONpeesioneMcs KOINIeCTBOM
reMOTJIOOMH-COACPKAIIMX KIETOK, COXPaHSIIOUINX
3aMETHYIO Pa3HOCTh MOKa3aTelel NpeoMICHUS
cpezbl BHYTPH M CHapyku sputponuta (An). Beiopoc
reMOrIO0MHA M3 OOUHOYHON KIIETKH OOBIYHO 3aBep-
maetcs 3a 5-10 ¢ u B macmTabax MUHYTHOTO
sKcIepuMeHTa An aJis OXMHOYHOH KIIETKH H3Me-
HsieTcst ckadkoM. O0 M3MEHEHUH (POPMBI SPUTPOLIUTOB
cynmin mo pazmaxy ¢aykryanuit OIl (mmpune
“mrymMoBoOi” mopoxkku). UeM Ooublle KIETOK MpH-
HuMaT GopMmy, OIU3KYI K chepudeckol, Tem
MEHBIIIE ITUPYHA “IIyMOBOM ™ JOPOXKKH.

Pe3yAbTaThl M 00Cy)XA€HHe

Ha puc.1 npeacraBiens! nanHeie 00 U3MEHEHUH
OII KOHTPOJIBHBIX ¥ MOAU(UIIMPOBAHHBIX 3PUTPOLIUTOB
B OTBET Ha BHeceHHe B cpexy nHKyOarmu (0,15 Momb/n
NaCl) uaruburopos anunonnoro tpancrnopta JA1J1C u
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Materials and methods

Erythrocytes of the II group donor blood were used
in the experiments. The erythrocyte PHL was
performed by transferring the cell suspension aliquots
out of 3M NacCl (10 sec exposure) and out of 1.5 M of
NaCl (45 min exposure) into the isotonic rehydrating
medium, containing sodium citrate (106 mmol/l, pH 7.4).
For the treatment with cytoskeletal modifier the
erythrocytes with 20% hematocrit were suspended in
the medium, containing (mmol/1) 90 KCl, 45 NaCl, 44
for sucrose, 10 for tris (pH 7.4, 37°C) [13]. The
following cytoskeletal modifiers were used in the
work: iodacetamide (IAA) [6] in 15 mM con-
centration (1 hr), p-chloromercuribenzoate (PCMB)
in 1 mmol/l concentration (1hr), N-ethylmaleimide
(N-EM) in 12 mmol/l concentration (1 hr) [20], hemin in
300 uM concentration (10 min) [16]. At a combined
treatment with [AA/PCMB the IA A modification was
performed during 15 min with the following adding
PCMB up to the final concentration of 1mM/I for 1 hr
[7,20]. The inhibitors of anion transport DIDS in 5 pM
concentration [4] and dipyridamol in 20 pM
concentration [2] were used at the experiments. The
level of hemolysis and osmotic behaviour of
erythrocytes were recorded using the method of light
scattering, i.e. the level of hemolysis was determined
using the change in optical density (OD) of erythrocyte
suspension at the wave length of 720 nm. Cell
concentration in a dish corresponded to 0.3 units of
OD. A decrease in the intensity of light, passed through
the dish with the sample, was stipulated by the
suspension scattering into small angles, being
determined with the number of hemoglobin-containing
cells, preserving a visible difference of indices of the
medium refraction inside and outside of erythrocyte
(An). Usually hemoglobin release from a single cell
finishes for 5-10 sec and An for single cell changes by
a jump within the scale of one-minute experiment. The
change of erythrocyte shape was judged on the range
of OD fluctuations (width of “noise” track). The more
cells gain the shape, being close to a spherical one, the
less is the width of “noise” track.

Results and discussion

The Fig.1 demonstrates the data about OD change
in the control and modified erythrocytes as a response
to the introduction into the incubation medium
(0.15 mol/l NaCl) of anion transport inhibitors DIDS
and dipyridamol. It is seen, that the control erythrocytes
preserve the capability to respond to DIDS and
dipyridamol effect. Certain OD increase is observed
when introducing DIDS into the flask with suspension,
at the same time the “noise” track width reduces
(Fig.1,a, curve 1). When introducing dipyridamol a
certain OD increase in cell suspension is noted as well,
and the range of its fluctuations is more manifested,
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Puc. 1. U3menenue OII cycnieH3un SpUTPOIMTOB B Cpeie,
coneprkareii 0,15 mons/n NaCl, npy BHeCceHUM HHTHOMTOPOB
annonHoro tparcnopta JJNJIC (a) u nunupunamona (6).

Fig. 1. OD change in erythrocyte suspension in the medium
with 0.15 M/l NaCl when introducing anion transport
inhibitors DIDS (a) and dipyridamol (b).

Junpuiamona. BUnHO, 4To KOHTPOIBHBIE 3PUTPOLIUTEI
COXPaHSIOT CIIOCOOHOCTH OTBEYATh Ha JAciCTBHE
AUAC u nunupunamona. IIpu Buecenuun JUJC B
KIOBETY C CYCIE€H3MEeH oTMeuaeTcs HEKOTOpOe
nossimienne OII, mpu 3ToM mupuHa “nrymoBon”
IOpOKKK yMeHbmaercsa (puc.l, a, kpuas 1). Ilpu
BHecennn JIMJIC Taxxe HaOmOMaeTCs YBEIUUEHUE
OIl cycrneH3uu KIETOK, a pa3Max ee (QUIyKTyaruii
OoJiee BHIpaXX€H, HO BEJIWYHWHA HaOJIIOIaEMOTO
s dexra MmeHsbITIe, YeM B cirydae mpumenenws [JUC
(puc. 1, 6, kpuBas 1). DputponuTsl, 00paboTaHHBIE
NAA, pearupyror Ha BHeceHue JAMNJC kak u
KOHTPOJIbHBIE KJIETKH, TONBKO LIMPHHA “IIyMOBOI”
JOPOXKKH HECKOJBbKO OOJbIIE MO CPaBHEHHUIO C
KOHTPOJIbHBIMU KJiIeTKamH (puc. 1, a, kpusas 2). [lpu
HCIIOJIb30BaHUU AUNIMpHAaMolia u3MeHenue kak Oll,
TaK M MUPUHBI “IIyMOBOH” TOPOKKH MEHEE BbIpa-
JKEHHOE 110 CPABHEHHIO C OTBETHOM peakuuei
KOHTPOJIBHBIX KJIEeTOK (puc. 1, 6, kpuBas 2). Jput-
POLUTHI, IpeABapUTEIbHO 00paboTanHbie [IXMB,
Takxke oTBedaroT Ha BHecenue [IMJIC nopwimeHneM
OIl, ogHaKo PH ATOM HIMPUHA “UTYMOBON” TOPOKKH
YBEIIMYUBACTCSI TI0 CPABHEHUIO C KOHTpoJieM (puc. 1, a,
kpuBas 3). Cinegyer OTMETHTb, YTO 3PUTPOLHUTEHI,
MmoaupuuupoBanusie [IXMB, npakTuuecku He
pearupyroT Ha BHeceHue nunupuaamona (puc. 1, 0,
kpuBas 3). Kietku, moaupuuupoBaHHble Mocie-
nosatenbHo MAA u IIXMB, He pearupyroT Ha
BHecenue JJU/JIC (puc. 1,a, kpuBas 4) u tunupuaamona
(puc. 1, 6, xpuBas 4) uzmenennem kak OIl, Tak u
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but the effect value is less, than at DIDS usage (Fig.1,b,
curve 1). IAA-treated erythrocytes respond to the
DIDS introduction in the same way as the control cells,
only the “noise” track width is slightly bigger in
comparison with the control cells (Fig. 1,a, curve 2).
When using dipyridamol the change in both OD and
“noise” track width is less manifested in comparison
with the control cell response (Fig. 1,b, curve 2).
PCMB-pretreated erythrocytes also respond to DIDS
introduction by the OD increase, but at the same time
the “noise” track width augments comparing to the
control (Fig. 1,a, curve 3). It should be noted, that the
PCMB-modified erythrocytes do not practically
respond to dipyridamol introduction (Fig.1,b, curve 3).
The cells, successively modified with IAA and PHMB
do not respond to DIDS (Fig. 1,a, curve 4) and
dipyridamol (Fig.1,b, curve 4) introduction by the
change in both OD and “noise” track width. The similar
response of erythrocytes to both DIDS and dipyridamol
is observed in the erythrocytes, modified with N-EM
(Fig. 1,a and 1,b, curves 5) and hemin (Fig. 1,a and
1,b, curves 6).

The Fig. 2 shows, that the OD level of rehydrated
erythrocytes after exposure in the solution, containing
1.5 mol/l of NaCl under conditions when cells were
pretreated with cytoskeletal modifiers, differed from
the OD level of the control erythrocytes. Post-
hypertonic hemolysis of the control cells, transferred
after hypertonic incubation into isotonic rehydrating
medium, containing sodium citrate is practically absent,
no visible changes of OD level of cells are observed
under these conditions (Fig. 2, curve 1). In this case
the width of “noise” track is the same that as for the
control erythrocytes, incubated in the solution,
containing 0.15 mol/l of NaCl. There is observed some
decrease in OD of erythrocyte suspension, preliminarily
treated with [AA, at the rehydration after hypertonic
effect (Fig. 2, curve 2). The behaviour of PCMB-
modified cells (Fig. 2, curve 3) is similar, i.e. there is a
decrease in the suspension OD during rehydration.
Considerable differences in cell reaction on rehydration
are noted in the erythrocytes, successively modified
with TAA and PCMB (Fig. 2, curve 4). In all three
cases mentioned above the width of “noise” track is
similar to the same in the control erythrocytes in the
solution, containing 0.15 mol/l NaCl. In contrast to the
IAA or PCMB-treated erythrocytes there are
observed a complete absence of OD change in
erythrocytes in a citrate rehydrating medium and a
decrease in the “noise” track width. At the rehydration
of N-EM-modified erythrocytes (Fig. 2, curve 5), there
is noted a decrease in the suspension OD, similar to
that in the erythrocytes, treated separately with IAA
and PCMB. In this case the “noise” track width is at
the control level. The most manifested (almost down
to zero) decrease OD of rehydrated erythrocytes in a
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IUPUHBL “IryMoBoi” mopokku. [lomoOHas peakuuns
sputporuToB kak Ha JJMJIC, Tak n Ha AUITUpUIAMOIT
HaOII0aeTCs Y SPUTPOLUUTOB, MOAU(PUIIMPOBAHHBIX
N-OM (puc. 1, a, 0, kpusble 5) u remuHoM (puc. 1,a,
0, KpuBBIE 6).

Kak Bugno Ha puc. 2, yposenp OII peruapa-
THPOBAHHBIX SPUTPOLUTOB IOCIE SKCIO3UIUU B
pactBope, coaepxkaiieM 1,5 mons/n1 NaCl, B ycrnoBusx,
KOTJIa KJIETKH OBUIM MpeIBapUTelbHO 00pabOTaHbI
Moau(pUKATOPaMH LHUTOCKEJIETa, OTIUYAETCS OT
ypoBHS OIl KOHTpONBHBIX 3puUTpOnUTOB. [locTrH-
MEePTOHUYECKUH TeMONN3 KOHTPOJbHBIX KIIETOK,
[I€PEHEeCEHHBIX MOCTIE TUIIEPTOHNYIECKON NHKYOarnu B
HN30TOHUUYECKYI0 PErHIpaTUPYIOILYI0 CPedy, COAep-
KAy OUTPAT HATPHs, MPAKTUUYECKH OTCYTCTBYET,
B JaHHBIX YCJIOBHUSAX HE HAOJNIOOAETCS 3aMETHOTO
n3meHenus: ypoBHs OIl knetok (puc. 2, kpusas 1).
[Ipu sTOM mKpHHa “HIyMOBON” NTOPOKKH Takas ke,
KaK U y KOHTPOJIbHBIX SPUTPOLIUTOB, UHKYOUPYEMBIX B
pactBope, conepxauiem 0,15 mons/n NaCl. Habmro-
naetcs HekoTtopoe cHukeHue OIl cycmeHsuu
SPUTPOLIMTOB, MPEIBAPUTEIBHO 00paboTaHHBIX AA,
[IPU pEerHApaTaliy Mocje TUMEePTOHUYECKOTO BO3-
nevctBusa (puc. 2, kpuBasg 2). Knerku, moau-
¢unposannsie [IXMBb (puc. 2, kpuBast 3), BegyT ce0s
moo0HBIM 00pa3oM, T.e. cHIkaerca Oll cycnenzun
[IPY perupaTayy. 3HaYuTeIbHbIE OTINYNS B pEaKIN
KJIETOK Ha peruaparanuio HaOIoAaTcs B cilydae
SPUTPOLUTOB, OCIIEI0BATENEHO MOAN(PHUIIMPOBAHHBIX
UAA u IIXMB (puc.2, xpusas 4). Bo Bcex Tpéx
yKa3aHHBIX BBINIE ClydasX MHUpPHUHA “IIyMOBON”
JOpPOXKKH aHAJOTHYHA TAaKOBOM y KOHTPOJIBHBIX
SPUTPOLIMTOB B pacTBope, conepxamiem 0,15 Monb/n
NaCl. B otiruue oT 3puTpOLUMTOB, 00pabOTaHHBIX
HNAA wm [TXMBb, HaGIIroqat0TCs MOTHOE OTCYTCTBUE
m3MmeHeHus Ol 3puTPOIUTOB B MIUTPATHOM peruapa-
TUPYIOIIEH Cpe/ie M YMEHBIIIEHHE M PUHBI “TIIyMOBOM™
nopoxkd. [Ipu perunpararym SpuTpoUTOB, MOTUDH-
uupoBaHHBIX N-OM (puc. 2, kpuBas 5), numeercs
TeHneHuus K cHkeHuto Ol cycnensuu, aHanoru4Ho
TAKOBOH y 3PUTPOLMTOB, 0OpAOOTaHHBIX OTHACIBLHO
NAA un IIXMBb. llnpuna “nryMoBoil” TOpOKKH IpU
3TOM HaXOOUTCS Ha ypoBHE KOHTpousa. Hambonee
BbIpaXKEHHOE CHIKeHHE (TpakThdecku 10 Hyist) OI1
peruapaTUpPOBAHHBIX 3PUTPOLUTOB B LUTPATHOMH
peruapaTupymomen cpene HabIIOAaeTCS Y KIETOK,
MIpeABapUTEIHHO 00pabOTaHHBIX TEMHHOM (pHC. 2,
KpuBag 6), MHUpHUHA “IIyMOBOI~ ITOPOXXKH IO CPaB-
HEHHUIO C KOHTPOJIEM CHJIBHO YMEHBIIIAETCS.

Amnanoruunsie u3menenus OIl ormeuatorcs u y
KOHTPOJIGHBIX ¥ MOJU(UIIMPOBAHHBIX dYPUTPOIUTOB,
JIerH/IpaTHPOBAHHBIX B PaCTBOpE, COZEPKaIeM 3 MOJIB/TT
NaCl (puc.3).

Bce ucnonp3oBaHHBIE BBIIIE MOJIU(PUKATOPEI
SIBIISIIOTCS. CeM(PUUECKUMH peareHTaMu, KOTOpbIe
crocoOHBI B3aumozeiictBoBaTh ¢ SH-rpynmamu Oenka
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Puc. 2. Bimsiare Moqu¢uKaTopoB LIMTOCKENETa Ha K3MEHEHUE
OII cycneH3un 3pUTPOLMTOB, TIEPEHECEHHBIX M3 PacTBOpa,
cozmepxamero 1,5 mons/n NaCl, B pactBop ¢ 0,106 mMonb/n
LUTPATa HATPHSL.

Fig. 2. Effect of cytoskeletal modifiers on OD change in
erythrocyte suspension, transferred from the solution with
1.5 M/I NaCl into the solution with 0.106 M/l sodium citrate.

citrate rehydrating medium is observed in hemin —
pretreated cells (Fig. 2, curve 6), the “noise” track
width considerably reduces in comparison with the
control.

The similar OD changes are observed in the control
and modified erythrocytes, dehydrated in the solution,
containing 3 mol/l NaCl (Fig. 3).

The all used above modifiers are specific reagents,
capable to interact with SH-groups of band 3 protein.
IAA is a sulfydryl acetylating agent, which blocks the
SH-group cytoplasmic pool and up to 50% of the
membrane SH-groups [8], but does not interact with
PCMB-specific SH-group, localised on the 17 kDa
chemotriptych fragment of band 3 protein, which
localises in lipid membrane bilayer [19]. As it was
demonstrated in the paper [3], the results of
electrophoretic analysis testify to the fact, that the
protein spectrum of the [AA-treated erythrocyte
membranes does not qualitatively change, there is a
slight change in quantitative composition. The
mechanism of N-EM action is similar to IAA, as well
as it is a sulfydryl reagent, blocking 80% of the
membrane SH-groups [8, 25]. Studying the electro-
phoresis data of membrane proteins after N-EM
treatment demonstrated the absence of quantitative
and qualitative changes in protein spectrum, that as
with IAA testified to the absence of N-EM effect on
protein spectrum of membranes [3]. At the same time
the N-EM blocking of specific SH-groups on spectrin

PROBLEMS
OF CRYOBIOLOGY
2003, N23



mosiocsl 3. MAA - cyns(QpriipriibHbIH alle TPy O
areHT, OJOKHMPYIOMINH TUTOILUTa3MaTHIecKuit myn SH-
rpynm ¥ 10 50 % memOpannsix SH-rpymm [8], HO He
B3aumozercTayromuii ¢ [IXMB-cnenmnduueckoit SH-
IpyIIoH, Jokanu3oBaHHod Ha 17 x/la xumoTpuI-
THYeCcKoM (parmeHTe Oenka MoJoChl 3, KOTOPHIH
JIOKAJIM3YETCS B JIMITUTHOM Oncioe meMOpaHnsl [19].
Kak 0put0 MOKa3aHo B [3], pe3ynbTaThl IEKTPO-
(hopeTnueckoro aHaiam3a CBUIAETEIbCTBYIOT, YTO
OCIIKOBEIN CIIEKTP MEMOpaH SPHUTPOIIUTOB, 00pado-
taHHBIX MMAA, kauecTBeHHO He MeHseTcsa. Komm-
YECTBEHHBIH COCTAaB M3MEHSETCS HE3HAYUTEIHHO.
Mexanusm geiictBusg N-DM cXxomeH ¢ IEWCTBUEM
NAA, a Takxe sBASETCS CYJIbPrUAPUIBHBIM
peareHTOM, KoTOpHIi Onmokupyer 80 % SH-rpynn
MeMOpaHs [8, 25]. MccnenoBanue NaHHBIX AJIEKTPO-
(hope3a MeMOpaHHBIX OeTKoB 1mociie 00padoTku N-OM
MOKa3aJ10 OTCYTCTBHE KOJIMUECTBEHHBIX U KAYECTBEHHBIX
M3MEHEHHH CIieKTpa OeIKoB, uTo, Kak 1y MA A, Takke
CBHUJIETENBCTBYET 00 OTCYTCTBUH BiusHUSA N-OM Ha
OexkoBbBIN criekTp MemOpan [3]. B To xe Bpems
onokaga N-OM cnenuduueckux SH-rpynn Ha
CIIEKTPUHE TOPMO3HUT PEaKIUI0 JOCTHKEHHUS PaB-
HOBECHUS MEXJAYy AUMEPHBIM WU TETPaMEPHBIM
cocrosiHueM crekTpuHa [ 16, 23]. [IXMBb, aBnssce mo
cBOeM mpupojie THAPOPOOHON U 3apsSHKEHHON Moute-
KyJIOH, IpH AEWCTBUM HA MeMOpaHBl SPUTPOLIUTOB
HapylaeT CTPYKTYPHbIE B3aUMOACHCTBHS OCJIKOB B
MeMOpaHe 3THUX KJIETOK, Urpas Ba)XHYIO POJIb B
JIICCOILMAITIH U CONTFOOMIM3aIMu IuTockenera [ 14, 18].
[IXMB BbI3bIBacT H3MEHEHHUE CBSA3U MEMOpaHa-IIUTO-
CKeJIeT B 00J1acTH O€JI0K MOJIOCH 3-aHKUPUH-CIIEKTPHH
[11]. Onnako 6e3 mpenobpaboTku MAA, KOTOpBIi
O0oxkupyeT muTomiIazMatTudeckuit nya u 50 %
MeMOpaHHbIX 0enkoB, [IXMbB He nocturaer [IXMBb-
cnenupuveckoit SH-rpymmsl, CBA3BIBASCH C APYTHUMH
MeMOpanabiMu SH-rpynmamu (B ToMm uncie ¢ SH-
rpynmnamu Genka nosnocsl 3) [8, 11, 27]. [loaTomy B
JAHHOM cllydae MONHBIN 3((eKT aercTBus MepKy-
puara Ha OEJOK HE HMPOCIEKUBAETCS, UTO TAKKE
MOITBEPKIAIOT JaHHBIE 31ekTpodopesa [3].

B skcnepumenTax ans nmoBwlmeHHus 3P dek-
tuBHOCTU AevicTBusa [IXMB sputpouuts ObuIN
npenodpaboTansl Cyab(QruIApUIBHBIM PEareHTOM
HUAA [11, 17]. Jannas oOpaboTka OKa3bIBaeT
MOBpEeKAaroIIee AeiicTBIe Ha MEMOpaHy, TOCKOIbKY
MIPOUCXOAUT moTeps OenkoB monoc 4.1, 4.3, 4.9, 2.1
(aHKMpPHH, KOTOPBIA CBSI3BIBAET CIEKTPUH C OEIKOM
noJsiockl 3) [3]. B Hamie#t pabote ObLT HCIIOJIB30BaH
cnenupuueckuii MOaUPUKATOP TeMHH, KOTOPBIH
HapymiaeT B3anmMOJIEHCTBHE OEJNKOB LIHTOCKEJIEeTa
Mexay coboi. ['emuH, cBOOOIHO MPOHHMKAs depes
JUNUIHBIN OMcTIol MeMOpaHbl 3PUTPOLIUTOB, CBS3bI-
BaeTcs ¢ 0eIKOM Noi0ck 4.1, aKTHHOM, CLIEKTPUHOM
[11, 22, 24, 26]. YuuTsiBas TO, YTO MEPBUYHBIM
caiiToM B3aUMOJIECHCTBHUS FeMHHA C LUTOCKEIETOM
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OII cycneH3nn 3pUTPOLIMTOB, IIEPEHECEHHBIX U3 PacTBOpa,
conepxkarero 3 mons/11 NaCl, B pactsop ¢ 0,106 Monb/i1 1mTpata
HaTpHSL.

Fig. 3. Effect of cytoskeletal modifiers on OD change in
erythrocyte suspension, transferred from the solution with
3 M/I NaCl into the solution with 0.106 M/l sodium citrate.

inhibits the reaction of balance achievement between
the dimer and tetramer state of spectrin [16, 23].
PCMB, being on its nature hydrophobic and charged
molecule, when affecting erythrocyte membranes,
impairs structural interactions of proteins in membrane
of these cells, playing an important role in cytoskeletal
dissociation and solubilisation [14, 18]. PCMB causes
the change in the membrane-cytoskeleton bond in the
area of band 3 protein-ankyrin-spectrin [11]. However
without IAA treatment, which blocks cytoplasmic pool
and 50% of membrane proteins, PCMB does not
achieve the PCMB-specific SH-group, being
connected with other membrane SH-groups (including
SH-groups of band 3 protein) [8, 11, 27]. Therefore in
this case a complete effect of mercuriate action on
protein does not traced, that is confirmed by
electrophoresis data as well [3].

In the experiments in order to increase the
efficiency of PCMB action the erythrocytes were
pretreated with IAA sulfydryl reagent [11, 17]. This
treatment causes a damaging effect on a membrane,
since the loss of bands 4.1, 4.3, 4.9, 2.1 proteins
(ankyrin, connecting spectrin with band 3 protein)
occurs [3]. Specific modifier hemin, impairing the
interaction of cytoskeletal proteins between themselves
was used in our work. Hemin, easily penetrating through
lipid bilayer of erythrocyte membranes, is bound with
band 4.1 protein, actin, spectrin [11, 22, 24, 26]. Taking
into account the fact, that the first site of hemin
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SaBIsIeTCST 0eJlok moJsiockl 4.1, 00paboTka KIETOK
JAHHBIM PEareHTOM IT03BOJISIET MOJAHQUIIUPOBATH
Y4acTKH, B KOTOPBIX LIUTOCKEJIET NMPUKPEIIAETCA K
Ooucnoro [21], yTo MOATBEPKAAETCS NaHHBIMU
aneKTpodopesa: MPOUCXOAUT MOTePst OeIKoB nonoc 2. 1
(askupuHa), 4.3,4.9, 6.

Kax uzBectno, III7JI, runepToHUYECKUN U XOJIO-
JOBOM IIOK MMEIOT pa3Hylo npupordy. B ornuume ot
III'JI, mpyr X0J0A0BOM M THMIIEPTOHMYECKOM ILIOKE
00paboTKa PPUTPONUTOB TEMHUHOM BBI3BIBACT
3HAYUTEIHHYIO MMOTEPIO0 TYBCTBUTEIHHOCTH KIIETOK K
CTpeccoBOMYy BoO3IeWcTBUIO [5]. OTO cBHIe-
TENbCTBYeT 00 y4acTHH LIUTOCKEIeTa B KOHTPOJIE
XOJIOAOBOW W OCMOTHYECKOH YyBCTBUTEIHHOCTH
KJIETOK.

JNC nHeoOpaTiMOo MHTHOWpPYET AaHMOHHBIN KaHaJ
[12], a qunupunamon obpatumo [15], mpu 3TOM OHH
005a1a10T cmoCOOHOCThIO OJIOKMPOBATH Mepepac-
npeneneHne annoHoB xnopuna. [Ipumenenne AN/1C
U IUIHPUIAMOJIA TIO3BOJSET BBIACHUTH POJIb IEpe-
pacmpeneieHnus aHMOHOB XJIOpUJA B KOHTpOJE
OCMOTHYECKOM YyBCTBUTEIBLHOCTH KJIETOK. Mcnonb-
30BaHUE PAa3HOTO KJlacCa MHTMOMTOPOB aHUOHHOTO
TpaHCIOpTa MOKa3ajo, YTO IepepacrpeaeeHne
AHMOHOB XJIOPUJA Yepe3 aHMOHHBINH MEPEHOCUHUK
BIIASIET Ha OCMOTHYECKYIO YyBCTBHTEIBHOCTHh KaK
KOHTPOIIBHBIX, TaK ¥ MOIU(PUIIUPOBAHHBIX SPUTPO-
LHUTOB B YCIOBHUAX, KOTJa B CpPeAEC MPUCYTCTBYIOT
aHUOHBI XJnopuna. boxee BripaxeHHOE HeiicTBUE
JUNJIC Ha 0CMOTHUYECKYIO UyBCTBUTEIBHOCTD KJIETOK
k [1IJI oObsicHsETCS, TO-BUANMOMY, TEM, YTO TAHHBIN
WHTUOUTOP KOBAJICHTHO CBSI3BIBAETCS C YYACTKOM
Oeka MOJIOCHI 3 BOJIM3M OT TPAHCIIOPTHOTO caiiTa
naHHoro Oenka [9], a AMNUPUIAMOIl CTEPUUECKHU
IEPEKPHIBAECT TPAHCIOPTHBIA CaMT, 3amMeniIsas
JBIDKEHUE aHHOHOB XJopuza [10].

Hetictue JIMJIC Ha 0CMOTHYECKOE TTOBEICHUE
3PUTPOLUTOB, MOTUGUITMPOBAHHBIX N-OM, reMuHOM
u kombOunanueinr MAA/IIXMB, cormacyercs ¢
JEWCTBUEM ITHUX Jke MOU(HKaTopoB Ha n3meHenue Ol 1
sputpouuros npu I1I7J], onHako, ecnu Bce ykazaHHbIE
Moaudukarops! cauMmarot 3pdexr JUC Ha noBwI-
menue OIl, To ux nmerictere Ha I1IJ] HeomHa3HAYHO:
koMOnHUpoBaHHass o0pabotka MAA/IIXMbB n N-OM
CHUJKAET YYBCTBUTEIbHOCTh KjieTok K IIIJI mo
CPaBHEHUIO C IPUTPOITUTaMH, 00paboTanHpiMu A A 1
IIXMb otnenpHO, a TeMHH, HA000POT, BBHI3LIBACT
MpakTUYECKHU MONHBIN nu3uc. B coywgae ¢ N-OM
HabOonaeMble 3)(HEKThl MOXKHO OOBACHUTH TEM, YTO
o6nokana N-OM cnenuduueckux SH-rpynn Ha
CHEKTPUHE TOPMO3HUT PEAKIHNIO JOCTHKEHHS PaBHO-
BeCHs MEXIYy TUMEPaMU U TeTpaMepaMH CIeKTPHUHA
[16, 23]. Takas obpabotka caumaet 3¢pdexr AU/IC,
ipu 3ToM u3meHenus Ol He HaOIrOMaeTCs B OTIM4LE
OT YCIIOBHH, TIPH KOTOPBIX KJIETKH 00pabaThIBAINCh
HUAA u [IXMBb otnensHo, koraa 3ddexr AUJIC nve
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interaction with cytoskeleton is the band 4.1 protein,
the cell treatment with this reagent allows modifying
the sites, where cytoskeleton is attached to bilayer [21],
that is confirmed by the data of electrophoresis: the
loss of bands 2.1 (ankyrin), 4.3, 4.9, 6 proteins occurs
[3].

As itis known, the PHL, hypertonic and cold stress
have a different nature. In contrast to PHL, during
cold and hypertonic stress the erythrocyte treatment
by hemin causes a considerable loss of cell sensitivity
to stress effect [5]. This fact testifies to the
cytoskeleton participation in the control for the cold
and osmotic cell sensitivity.

DIDS inhibits irreversibly the anion channel [12],
but dipyridamol does this reversibly [15], at the same
time they have the capability for blocking the anion
chloride redistribution. DIDS and dipyridamol
application allows to find out the role of chloride anion
redistribution in the control of cell osmotic sensitivity.
The usage of different class inhibitors of anion transport
demonstrated, that the redistribution of chloride anions
through the anion carrier affected the osmotic
sensitivity of both control and modified erythrocytes
under conditions, when the chloride anions are present
in the medium. Most manifested DIDS effect on cell
osmotic sensitivity to PHL is, apparently, explained by
the fact, that this inhibitor is covalently bound with the
site of band 3 protein close to this protein transport site
[9], but dipyridamol blocks sterically the transport site, by
inhibiting the chloride anion movement [10].

The DIDS effect on the osmotic behaviour of
the erythrocytes, modified by N-EM, hemin and
IAA/PCMB combination correlates with effect of
the same modifiers on the change in erythrocyte
OD at PHL, however if all modifiers remove the DIDS
effect on OD augmentation, their action on PHL is
not simple: a combined treatment with [AA/PCMB
and N-EM reduces the cell sensitivity to PHL in
comparison with the erythrocytes, treated with IAA
and PCMB separately, but hemin, in contrast, causes
practically complete lysis. In case with N-EM the
observed effects can be explained with the fact, that
the N-EM blockage of specific SH-groups on spectrin
inhibits the reaction of balance achievement between
the spectrine dimers and tetramers [16, 23]. Such
treatment removes the DIDS effect, at the same time
no changes in OD were observed, in contrast to the
conditions, when cells were treated with IAA and
PCMB separately, when DIDS effect is not removed.

The results obtained allow to speak about the fact,
that the balance of dimer-tetramer in cytoskeletal
spectrin can be responsible in the certain extent for
the development of cell sensitivity to osmotic effect.
Hemin treatment reduces the mechanical stability of
erythrocytes [24, 26], therefore a practically complete
erythrocyte lysis in citrate medium during PHL occurs
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CHUMAaeTCH.

[TomydeHHbI€ pe3yabTaTh MO3BOJISIOT TOBOPUTH O
TOM, YTO PaBHOBECUE AUMEP-TETpaMEpP B CIIEKTPHUHE
LUTOCKENEeTa B ONPEAeIEHHON CTENEHN MOXKET OBITH
OTBETCTBEHHO 3a pa3BUTHE UYBCTBUTEIBHOCTH
KJIETOK K OCMOTHYECKOMY Bo3zelcTBHI0. OOpaboTka
FeMHUHOM YMEHBLIAET MEXaHUUECKYIO CTA0MIBHOCTD
3pUTPOLHUTOB [24, 26], TOITOMY IPOUCXOAUT NPAKTH-
YECKH MOJIHBIH JIM3UC SPUTPOLIMTOB B IUTPATHOM Cpejie
B npouecce IITJI (puc. 2, 3) u omHOBpEMEHHO
HaOJI0/1aeTCsl OTCYTCTBHE OCMOTHYECKOTO OTBETA Ha
BHecenune JJUJIC (cm. puc. 1).

KombOunupoBannas oopadorka MAA/IIXMB
MPUBOANT K U3MEHEHHUIO KOH(OpPMaIMu MUTOIIa3-
MaTH4ecKoro (yparMenTa Oesika moJaoCk 3, MPHU STOM
HapylmaeTcsi HaTUBHOE B3aMMOJAEHCTBHUE €ro ¢
AHKMPHUHOM M CIIEKTPUHOM. Bo-IepBBIX, 3TO MOXKET
OOKMpOBATh MPOXOKJAEHUE CUTHama 00 OCMOTH-
YEeCKOM BO3JEHCTBHUHM B IOCJIEIOBATEIBHOCTH
JIUTIUIHBIN OUCIION — OeNOoK MOJIOCH 3 — aHKUPHH —
CIEKTPHH, YTO MPHUBEAET K 3aMEJICHUIO PEaKIuu
pacmajga TeTpaMepoB CHEKTpPHUHA Ha AUMEPHl H
COOTBETCTBEHHO TOPMOKEHHUIO PA3BUTHS TeMOJIH3a.
Bo-BTOpBIX, 00pa3oBaHue TEMOITUTUIECKONU MOPHI
BKJIIOYAET mepepacmpenenacHue 0enka mojockl 3 B
MeMOpaHe 3puTpouuToB [20], AMHAMHUKa KOTOPOTO
OyZeT 3aTOpMOXKEHa BCIEACTBUE M3MEHEHHS CTPYK-
TypHlI 1aHHOTO Oenka npu B3aumoeiicteuu [IXMb B
ero runpohooHoit obmactu. [1pu cBs3piBanuu [IXMbB
co cnenuduueckord SH-rpynmnoii 6enka mosocs 3
naTepajbHOE IepepacnpeneieHue JaHHoro Oenka,
BEPOSITHO, OTCYTCTBYET.

BbiBOADI

TakuMm o0pa3oMm, MONy4YEHHBIE PE3YyIbTaThI
[TO3BOJITIOT MPEAIONIOKNUTh, YTO Pa3BUTHE YYBCTBH-
tenpHocTH K IITJI B ycnoBusx, xorna rpaiueHT
XJOpHUJa HampaBieH U3 KIETKH, a B Cpeae Mpu-
CYTCTBYET HETTPOHHUKAIOIINI aHUOH (ITUTPAT), 3aBUCUT
OT B3auMoJeHcTBUA Oelika MoJoch 3 ¢ OenkaMu
nUTOCKeNnera. B To ke BpeMs Ha yCTOMYMBOCTH
kietok Kk IIIJI Bauser B3amMomelcTBUe OellKa
noJiockl 4.1 ¢ MeMOpaHOH.
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(Fig. 2, 3) and simultaneously there is observed the
absence of osmotic response on DIDS introduction
(see Fig. 1).

Combined IAA/PCMB treatment results in a
change of conformation of cytoplasmic fragment of
band 3 protein, at the same time there is the impairment
of its native interaction with ankyrin and spectrin.
Firstly, this can block the passage of signal about
osmotic interaction in the sequence of lipid bilayer —
band 3 protein — ankyrin — spectrin, that will result in
the deceleration of the decay reaction of spectrin
tetrameres in dimeres and the hemolysis development
inhibition, correspondingly. Secondly, the formation of
hemolytic pore includes the redistribution of band 3
protein in the erythrocyte membrane [20], which
dynamics will be inhibited due to the change in this
protein structure when interacting with PCMB in its
hydrophobic area. During the PCMB binding with the
specific SH-group of band 3 protein the lateral
redistribution of this protein is probably absent.

Conclusions

Thus, the data obtained allow to suppose, that the
development of sensitivity to PHL under conditions,
when the chloride gradient is directed from a cell, and
a non-penetrating anion (citrate) is present in the
medium, depends on the interaction of band 3 protein
with cytoskeletal proteins. At the same time the
interaction of band 4.1 protein with the membrane
affects the cell resistance to PHL.
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