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Cryoprotectant Effect on Erythrocyte Resistance to Detergents
Under Band 3 Protein Aggregate State Modification

HccnenoBan remonu3 aputporutos nox Boaeiicteuem noHHBIX (LITAB, ICH) n HenonHsIx (TBHH-20, TpuToH-X-100) NeTepreHToB
B MPHUCYTCTBHU KPHUOMPOTEKTOPOB (caxaposa, mekcrpaH, [19-1500) u MomudukaTopa arperaTHOro COCTOSHHS OelKa MOJIOCH 3
(ANAC). ITokazaHo, YTO KPHOMPOTEKTOPHI CYIIECTBEHHO CHUKAIOT YyBCTBUTEIBHOCTH SpUTponToB K neiicteuto LITAB n JJCH.
[pucyrcreue B cpene ANAC HeWTpanu3yeT 3alIUTHOE ACHCTBHE KPHOTPOTEKTOPOB 0T remonu3a LITAB. Onrako mpu HCHONb30BaHUN
tBuH-20 JJUJIC mposBisier GoKupyromee NeiCTBHE Ha JIM3UC SPUTPOILUTOB HE3aBUCHMO OT COCTaBa CPEAbl. YCTAaHOBJICHO, YTO
TeMOJIA3 dPUTPOLUTOB oA neiicTBueM TpuToH-X-100 6moxupyercs [19I-1500, a He caxaposoii, u npucyrctBue B cpene JUJC ve
BIIUSET HA CTENEeHb remonn3a. [Ipu cpaBHeHNn neiictBust TBHH-20 1 TpUTOH-X-100 MOXKHO TPEAIONOKUT, YTO 3AIMUTHEIN 3 ekt
caxapo3bl OTpaHIueH e€ MOAU(UIUPYIONINM AeHCTBUEM Ha OEIIKOBBIE KOMIIOHEHTHI MeMOpPaHbI. AHAJIN3 MTOTYIE€HHBIX Pe3yIbTaToOB
MI03BOJISICT MPEATIONI0XKUTb, YTO KPUOMPOTEKTOPHI CTAOMIM3UPYIOT TeTpaMepHbIe (POPMBI O€NIKa MOJIOCH 3.

Kniouegvie cnoea: SpuTpOLUTEHL, KPUOIPOTEKTOPEI, I€TEPIeHTHI.

Hocnimkeno remonis epurpouuntiB mix smuBoM ioHHUX (UTAB, ICH) i meionnux (TBiH-20, TpuToH-X-100) nerepreHTiB y
MIPUCYTHOCTI KPIOIIPOTEKTOPIB (caxapo3a, aekctpad, [IE-1500) Ta MogudikaTopa arperatHoro crany 6inka cmyru 3 (AIJ1C). [Tokazano,
10 KPiOMPOTEKTOPH ICTOTHO 3HWXKYIOTh Uy TIUBICTh eputporutie a0 aii LITAB i JICH. IlpucytHicts B cepemoBui JIJIC ycysae
3axucHy Airo kpionporekropiB Bix LITAB. [Ipore npu Bukopucransi TBiH-20 JIJC BusiBIsie O10Kyr0Uy [0 Ha J3HC CPUTPOLIUTIB
HE3aJIe)KHO BiJI CKJIay cepeioBHIa. BcTaHOBIIEHO, IO 'eMOITi3 €pUTPOLHTIB ITifl BILTHBOM TpUTOH-X-100 6mokyeThes [IET-1500, a He
caxapo3oro, i mpucytHicTh J{IIC He BrtnBace Ha ctyminb remounisy. [Ipu nmopiBusHHI mii TBiH-20 i TpuTOH-X-100 MO’KHA TPUITYCTHUTH,
10 3aXUCHUH e(EeKT caxapo3u 0OMEKY€EThCS i1 MOIU(DIKYFOUOFO JTi€t0 Ha OLTKOBI KOMIOHEHTH MEeMOpaHu. AHalli3 OTPUMAaHHX pe3yJIbTaTiB
JIO3BOJISIE IPUITY CTUTH, IO KPIOMPOTEKTOPH CTA0ITI3YIOTh TeTpaMipHi (hopMu Oika cMyTH 3.

Kniouosi cnoga: epuTponNUTH, KPIOIIPOTEKTOPH, JETEPTEHTH.

The erythrocyte hemolysis under the effect of ionic (CTAB, SDS) and non-ionic (Tween 20, Triton X-100) detergents in the
presence of cryoprotectants (sucrose, dextran, PEG-1500) and band 3 protein aggregate state modifier (DIDS) was investigated.
Cryoprotectants were shown as significantly decreasing erythrocyte sensitivity to CTAB and SDS effect. Protective effect of
cryoprotectants against CTAB hemolysis is neutralised by DIDS presence in the medium. However when using Tween 20 DIDS
manifests a blocking effect on erythrocyte lysis independently on medium composition. Erythrocyte hemolysis under triton X-100
effect was established as blocked by PEO-1500 but not sucrose, with no influence of DIDS presence in the medium on hemolysis
extent. If comparing the Tween 20 and Triton X-100 effects, a protective effect of sucrose may be assumed as limited by its modifying
effect on protein membrane components. The analysis of the results obtained enables the concluding about a stabilising effect of
cryoprotectants on band 3 protein tetrameric forms.

Key-words:erythrocytes, cryoprotectants, detergents.

[Ipu ocMoTHYECKOM JHM3HCE SPUTPOLIUTOB 0Opa3o-
BaHHE TE€MOJHUTHYECKON MOPBI COMPOBOKIAETCS
JarepanbHON KacTepu3anreii Oenka nosocsl 3, Torna
KaK MPH IETEPTeHTHOM JIN3HUCE PAa3pyIIaeTCs JTNTHA-
HBII 6ucolt MemOpans! [ 14]. B pabote ucmonb3oBanu
anuoHHbl pereprent JCH (momeumn-cynbdar
HaTpHsi), KOTOPBIH B OTJIMYNE OT OCMOTHYECKOTO JIH3H-
ca HE BBI3BIBAJ aCCOIMATHUBHBIX M3MEHEHWH Oeika
MIOJIOCHI 3 TIpH JIEHCTBUHU Ha MeMOpaHy. DKCTpaKIus
6enxoB 3 MmemOpan JICH mpoucxoaut no paspyuie-
Hus 6ucnos [5], npu stom JACH skcTparupyer

MHCTUTYT npobAem KprobUOAOTMM U KPUOMEANLIMHDI
HAH YkpauHbl, r. Xapbkos

* ABTOp, KOTOPOMY HEODXOAMMO HanpPaBASiTb KOPPECTOHAEHLMIO:
yA. lNepeacaasckas, 23, r. Xapbkos, YkpanHa 61015; Tea.:+38
(057) 373-41-35, cpakc: +38 (057) 373-30-84, srekTpoHHas noyTa:
cryo@online.kharkov.ua

NMPOBJIEMbI
KPUOBMOJIOIUM
T. 17, 2007, N24

Under erythrocyte osmotic lysis the hemolytic pore
formation is accompanied with band 3 protein lateral
clasterisation, meanwhile membrane lipid bilayer is
destroyed during detergent lysis [14]. In research we
used the anion detergent SDS (sodium dodecyl sul-
phate), that, in contrast to osmotic lysis, when affecting
membrane caused no associative changes in band 3
protein. Protein extraction from SDS membranes
occurs before bilayer destruction [5], SDS thereby
extracting a greater number of proteins from
membrane, than non-ionic detergents [10]. Of note is
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OoJpliee KOJIMYECTBO OENKOB M3 MEMOpaHBI, YeM
HeuoHHble aetepre’Tsl [10]. BaxxHo oTMeTuTh, 4TO
MIpU TOJYYCHUH U3 MEMOpaH IPUTPOLUTOB Oenka
TIOJIOCH 3 ¢ ucmoib3oBanueM TputoH X-100 coxpa-
HSIOTCS TPAHCTIOPTHBIE CBOKMCTBA OeKa ociie BKITIO-
yeHus B nunocomsl [8]. Takum oOpa3om, ycTaHOB-
JIEHBI CYIIECTBEHHBIE PA3INYHUS B AEHCTBUN NOHHBIX
1 HEUOHHBIX JIETEPTeHTOB Ha MEMOpaHHBIC OENKH.
Bbenok nmonockl 3 BEICOKO CTPYKTYpPUPOBaH U IPOHU3bI-
BaeT MeMOpaHy 1o 14 pa3, oOpasys O-crnupajibHbIE
ruapodoOHbIe yyacTku [3], 0ObequHEHHBIE THAPO-
(bMIBHBIMU BHYTPH- M BHEKJIETOYHBIMH ITOBEPXHOCT-
HBIMU TeTisiMu [4], onHA U3 KOTOPBIX CBs3aHa C
YIJIEBOIHON KOMIIOHEHTOHN M SIBIIETCS aHTUTCHHBIM
nerepmuHaHTOM [ 11]. OcTaabHBIE TETIN BRITOIHSIIOT
Heonpenenennpie Gyuaknuu [3, 4]. B memOpane 6emox
MOJIOCHI 3 CYIIECTBYET B AUMEPHBIX U TETPaMEPHBIX
¢dopmax [12]. duccounamnus TeTpaMepoB Ha TUMEPHI
npu cBsa3eiBanuu JUJC (4,4-nuu3oTuonuano-
CTUNBOEH-2,2’-1uCcynbQOHAT JUHATpPUEBAsT COJIb)
MPUBOAUT K YBEIWYCHHUIO IJIOMALN TUAPO(GOOHOTro
KOHTaKTa OeJKa IOJIOCHI 3 C JIMMUIaMH, YTO TpaK-
TUYECKH HE BIHSACT Ha 1ehOpMaIIio ¥ CTa0MIBHOCTD
MeMOpansI [16].

YuuteiBas MpUBEACHHBIE (aKThl, MOXKHO HCCIIE-
JIOBaTh BIMSHUE MOAU(DUKAINH THIPO(GOOHBIX B3aUMO-
JeHCTBUI Oelika MmoJIockl 3 B MeMOpaHe Ha IreMOJIH-
THYECKOE JCHCTBUE JETEPreHTOB B MPUCYTCTBUU
Pa3IMYHBIX KPUOTIPOTEKTOPOB.

Lens paboTsl — UccieiOBaHNE BIUSHAS MOIUDU-
katopa 6enka monockl 3 JIMJIC 1 KpruonpoTeKTOpoB
Ha 9yBCTBUTEJIHHOCTH IPUTPOIUTOB K JIEHCTBUIO
VMOHHBIX ¥ HEMOHHBIX JETEPreHTOB.

Matepnanbl 1 metoAbI

B pabote ncmons3osanu NaCl (x.4.), caxaposy
(a.1.a.), mommdTrieHrvKoIb ([1917) ¢ MonekynsapHoi
Mmaccoii 1500 (Merck) n pekcTpaH ¢ MOJIEKYJISIPHON
maccoii 10000 (Serva), JUJIC (Sigma) neTepreHTh:
HUTAB (uetuntpumeruniaMMoHHHOpoMET), (Sigma),
JCH (Sigma); tputon X-100 (Serva); TBuH-20
(Ferak).

OPUTPOIUTHI YeI0BEKa MOTyYall U3 JOHOPCKOU
KPOBH IIPU YE€THIPEXKPATHOM OTMBIBAHHU PACTBOPOM,
conepxamum 0,15 M NaCl, 10 MM tpuc, pH 7,4.
PacTBOpBI KpHONPOTEKTOPOB B KOHIEHTpauuu 15%
TOTOBWJIM Ha CPE/Ie JIJIsl OTMBIBAHUS KIIETOK.

OpUTPOIHTHI TOJIBEPTAIH JICHCTBUIO IETEPTEHTOB
npu temneparype 17£1°C B Tteuenue 10 MuH.
KoHIeHTparws KIeTok B 3KCIIepUMEHTaIbHBIX Cpeax
(1 mi) coctasnsna 0,35%. OcTaBuinecss KJIETKH
ocaxJany eHTpuyrupoBaHreM B TCUCHHE 3-X MU-
HyT ipu 3000 06/MuH.

Pacteop JIN/IC B koHIIEHTpaIuu 4 MMOJIB/JI TOTO-
BWJIM Ha IMCTUUTMPOBAHHOM BOJIE ¥ BHOCHIIM 33 2 MUH
110 T0OABJIEHUS JETEPTeHTOB B AKCIIEPUMEHTAIBHYIO
Cpey ¢ KOHEYHOH KoHIeHTpamuen 20 MKMOJIB/JI.
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the fact that when obtaining the band 3 protein from
erythrocytes membranes with Triton X-100 use the
protein transport properties are kept after inclusion into
liposomes [8]. Thus, the significant differences in ionic
and non-ionic detergent effects on membrane proteins
were established. Band 3 protein is highly structured
and penetrates membranes up to 14 times by forming
a-spiral hydrophobic sites [3], united by hydrophilic
intra- and extracellular surface loops [4], one of which
is related to hydrocarbon component and is an antigen
determi-nant [11]. The rest loops accomplish uncertain
functions [3, 4]. Band 3 protein exists in membrane in
dimeric and tetrameric forms [12]. Tetramer
dissociation into dimers during DIDS (4,4’-diisothio-
cyano-stilbene-2,2’-disulfonic acid) binding results in
an increase in hydrophobic contact area of band 3
protein with lipids, that does not practically affect the
membrane deformation and stability [16].

Taking into account the mentioned facts the effect
of modifications in band 3 protein hydrophobic inter-
actions in a membrane on hemolytic effect of deter-
gents at the presence of different cryoprotectants may
be under study.

The research was aimed to investigate the effect
of band 3 protein modifier DIDS and cryoprotectants
on erythrocyte sensitivity to the effect of ionic and
non-ionic detergents.

Materials and methods

NaCl (chemically pure grade), sucrose (chemically
pure for analysis grade), polyethylene glycol (PEG)
with 1500 molecular mass (Merck) and dextran with
10000 molecular mass (Serva); DIDS (Sigma),
detergents: cetyltrimethylammonium bromide (CTAB)
(Sigma); SDS (sigma); Triton X-100 (Serva); Tween
20 (Ferak) have been used in the research.

Human erythrocytes were procured from donor
blood with a fourfold washing-out with solution,
containing 0.15 M NaCl, 10 mM Tris, pH 7.4.
Cryoprotectant solutions of 15% concentration were
prepared with medium for cell washing-out.

Erythrocytes were undergone the detergent effect
at 17+1°C for 10 min. Cell concentration in experi-
mental media (1 ml) was 0.35%. The rest cells were
precipitated with 3 min centrifugation at 3000 rot/min.

DIDS solution in 4 mmol/l concentration was
prepared with distilled water and introduced 2 min
before detergent adding into experimental medium with
20 pumol/1 final concentration.

Erythrocyte hemolysis (%) was determined after
spectrophotometric analysis of optical density of
supernatant liquid at 543 nm wavelength: Hemolysis =
[A1/A2]%100, where A1 is optical density of super-
natant liquid of experimental sample; A2 is an optical
density at a complete hemolysis of control sample.

The results are presented as mean + standard
deviation. The Mann-Whitney’s non-parametric
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I'emonu3 sputponutoB (%) ONpenensuid mocie
CIEKTPO(OTOMETPHUUECKOTO aHATN3a ONTHYECKOM
IUIOTHOCTH HAI0CAA0YHOM KUAKOCTH TIPH JJTUHE BOJI-
Hbl 543 uMm: ['emonus = [A1/A2]%100, rne Al —
OIITUYECKAs TNIOTHOCTH HAJTOCAJOYHOM KUIKOCTH IKC-
MepUMEHTaIbHOr0 00pasna; A2 — onTudecKas IIoT-
HOCTB IIPY TIOJIHOM I'€MOJIM3€ KOHTPOJIBHOTO 00pasia.

Pesynbrarel mpencTaBieHbl Kak CpeiHee 3HaUCHUE
+ cpengHee KBaaparndeckoe OoTKIoHeHue. Jls ompe-
JeJeHUsI CTAaTUCTUYECKON JOCTOBEPHOCTH PE3YJIb-
TaTOB HCIIOJIb30BAIM HETMapaMeTPpUUEeCKU METOJ
Manna-Yutau npu P < 0,05 (n=5).

Pe3yAbTatel M 00Cy)xaeHue

[Ipu uccnenoBanum nu3uca MoA BO3AEHCTBHEM
katuoHHoro aetepreHta LITAB ycranoBieHo, uto
caxaposa, iekcTpad wiu [ 101 cylecTBeHHO CHIKAOT
YyBCTBUTEIBHOCTH KJIETOK K IETEPreHTY, 8 HHTHOUTOD
aHnoHHoro kaHana /IMJIC moBbImaeT 4yBCTBU-
TEJIBHOCTH IPUTPOLUTOB K neicTBuio LITAD Hesa-
BUCHUMO OT cocTaBa cpennl (puc. 1). B pesynsrare
WCTIONIb30BaHuUs aHnoHHoro neteprenrta JJCH ycranos-
JIeHo, 4To caxaposa u [ID0I momaBisioT remonns
SPUTPOIUTOB, a TeMOIN3, Be3BaHHbIN [|CH, ycumu-
Baercs B npucytctBun JIUJC B coneBoit cpene
(puc. 2). OmHako B cpeax ¢ yKa3aHHBIMU HEAIEKTPO-
JUTaMU UHTMOUTOP aHMOHHOTO KaHajia ciiabo BIuseT
Ha remonus. JIuzuc ¢ ICH, no cpaBuenuro ¢ [ITAB,
MeHblIe ycunupaercd B npucyrcrsun JUJC, uto,
BO3MOKHO, OOYCJIOBJIIEHO OTPHULATEIbHBIM 3apsiioM
JACH. B nannom caywyae JUJC kak oTpunateabHO
3apspKeHHas MOJIeKyJa HEHTpanu3yeT NMpHU CBA3BI-
BaHUU MOJIOKUTENBHBIE 3apsA bl Y BXOAAa B AHHOHHBIN
KaHaJ, TEM CaMbIM YMEHbIIIasl TIOJI0KUTEIbHBIHN 3apsT
6enka mosockl 3. B cBs3M ¢ 3TUM MOXHO TpEAro-
N0XuTh, uTo KoHIeHTpauus JICH y moBepxHoctn
memOpans! B nmpucytctBun JMJIC monmsutcs, a B
npucytctBuu LITAB — noBeicuTcs.

B namreii pabote uccienoBaHO JeiCTBIE HEMOH-
HBIX JleTepreHToB TBUH-20 1 TpuToH X-100, KOTOpBIE
OTHOCSITCS K PSIAY MOJMOKCUITHUIIEH — IPOU3BOIHBIX
nerepre’ToB [7]. IIpu ucnons3oBanuu TBUH-20
YCTaHOBJIEHO, YTO caxapo3a M JEKCTPaH, MO CpaB-
Henuio ¢ IO, He3HAUUTENbHO BIUSIOT HA YYyBCTBU-
TEIBbHOCTh KIETOK K AeTepreHTy. [IpucyrcrBue B
cpene narnduTopa annonnoro kanana JJMJ1C camwkaer
YYBCTBUTEIBHOCTh KJICTOK K JHU3UCY C TBUH-20
HE3aBHCHMO OT cocTaBa cpexasl. Ilo cpaBHeHHIO ¢
TBUH-20 (puc. 3) musuc ¢ TputoH X-100 cymecTBeHHO
He u3Mmensercs B mpucyrcrBuu JAUJIC (puc. 4).
Hanmuwme B cpene caxapo3bl HE OKa3bIBa€T MPOTEK-
TUPYIOLIETO AEHCTBUS U HECKOJIBKO YCHITUBAET JIU3HUC,
B TO e Bpems [13I" 3HaunTenbHO OJI0KUpYyeT aeicT-
Brue TputoH X-100 (puc. 4) u BuH-20 (cM. puc. 3).
Bo3moxxHo, yTo Takoe aeiictBue IIDIT Ha nam3mc
3puTpouuToB ¢ TpUuToH X-100 cBsI3aHO C yMEHblIe-
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method at P < 0.05 (n=5) was used to determine a
statistical significance of the results.

Results and discussion

When investigating lysis under CTAB cation
detergent effect the sucrose, dextran or PEG were
established as significantly decreasing cell sensitivity
to detergent, but the anion channel inhibitor DIDS
increases the erythrocyte sensitivity to CTAB effect
independently on medium composition (Fig. 1). As a
result of SDS anion detergent use the sucrose and PEG
were established as suppressing erythrocyte hemolysis,
but SDS-caused hemolysis strengthened at DIDS
presence in saline medium (Fig. 2). However in the
media with the mentioned non-electrolytes the anion
channel inhibitor slightly affects hemolysis. The lysis
with SDS compared to CTAB strengthens in a less
extent in DIDS presence, that is possibly stipulated
with DSD negative charge. In this case DIDS as a
negatively charged molecule neutralises the positive
charges at the entry into anion channel during binding,
thereby reducing positive charge of band 3 protein.
Due to this fact we may assume that SDS concentration
will decrease near membrane surface at DIDS
presence but will increase in CTAB one.

In our research we have investigated the effect of
Tween 20 and Triton X-100 non-ionic detergents,
referred to the polyoxyethylene-derivative detergent
series [7]. When using Tween 20 the sucrose and
dextran were established as slightly affecting cell
sensitivity to detergent compared to PEG. The presence
of DIDS anion channel inhibitor in the medium reduces
cell sensitivity to lysis with Tween 20 independently
on medium composition (Fig. 3). If comparing with
Tween 20 (Fig. 3) the lysis with Triton X-100 does not
significantly change in DIDS presence (Fig. 4). The
sucrose presence in the medium has no protective
effect and slightly strengthens lysis, meanwhile PEG
significantly blocks the Triton X-100 (Fig. 4) and Tween
20 effects (Fig. 3). This PEG effect on erythrocyte
lysis with Triton X-100 is possibly associated to a
decrease in detergent molecule number inclusion into
membrane. Probably, with PEG use the detergent
solubility increases, but the sucrose presence in the
medium was established as reducing non-ionic and
zwitterionic detergent solubility and consequently
decreasing critical concentration of micelle formation
(CCM) [18]. These literature data enable the assuming
that the sucrose inhibiting effect on lysis with ionic
detergents (see Fig. 1, 2) is stipulated with its
interactions with membrane.

Thus, the direction of cryoprotectant and DIDS
effects during erythrocyte lysis depends on detergent
type. The lysis suppression by cryoprotectants is
revealed when using ionic detergents. As a result of
Tween 20 effect the cryoprotectants insignificantly
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Puc. 1. BnusiHue KpHOIIPOTEKTOPOB Ha YyBCTBUTENBHOCTB 3puTpouuToB K nevictButo LITAD B mpucyrcreuun AUJIC B cpenax:
a) 0,15 M NaCl+10 MM tpuc (pH 7,4); 6) 0,15 M NaCl+10 MM tpuc (pH 7,4) + 15% caxapo3sr; B) 0,15 M NaCl + 10 MM tpuc
(pH 7,4) + 15% nexcrpana; ) 0,15 M NaCl+ 10 MM tpuc (pH 7,4) + 15% I12T'-1500; 1 — kouTposns; 2 — ANJIC (20 MxM).

Fig. 1. Cryoprotectant effect on erythrocyte sensitivity to CTAB in DIDS presence in the media: a) 0.15 M NaCl + 10 mM
Tris (pH 7.4); b) 0.15 M NaCl + 10 mM Tris (pH 7.4) + 15% sucrose; ¢) 0.15 M NaCl + 10 mM Tris (pH 7.4) + 15% dextran;

d)0.15 M NaCl + 10 mM Tris (pH 7.4) + 15% PEG-1500; 1 — control; 2 — DIDS (20 uM).

HUEM BKJIIOYEHMs KOJIMUYECTBA MOJIEKYN AETEpPreHTa
B MeMOpaHy. BepostHo, npu ucnonaszoBanuu 191
MTOBBIIIAETCA PAaCTBOPUMOCTD JI€TEPTEHTOB, OJHAKO
YCTaHOBJIEHO, YTO MPHUCYTCTBHE B CPE/E Caxapo3bl
CHIDKAeT pacCTBOPUMOCTh HEHMOHHBIX U IIBUTTEPHOH-
HBIX JIETEPTeHTOB M COOTBETCTBEHHO YMEHBIIAET
KPUTHYECKHE KOHIIEHTPAI[MH MUIEIII000pa30BaHus
(KKM) [18]. OTn naHHBIE JIUTEPATypHl MO3BOJSIOT
MPEIONI0KNUTE, YTO HHTHOUpYIOIIee eiicTBre caxa-
PO3bI Ha JTU3HC C HOHHBIMHU JIETePreHTamMu (CM. puc. 1,
2) 00ycnoBieHO €€ B3auMOAEHCTBIEM C MEMOPaHOii.

Takum oOpa3oM, HampaBJIEHHOCTb NEHCTBUSA
kpuonporekropos u JJNJIC npu nu3nce spuTpoLUTOB
3aBUCHUT OT BHMJA JeTepreHrta. I[Ipum mcnonap3oBaHUN
HMOHHBIX JIETEPTEHTOB BBISIBIIACTCS ITOIABICHHE JIM3HCA
KpUOnpoTeKkTopamMu. B pesynbrare nelcTBUsST TBUH-
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reduce lysis with this non-ionic detergent. DIDS
presence in the medium eliminates an inhibiting effect
of cryoprotectants on CTAB, but not SDS. When using
Tween 20 DIDS manifests an inhibiting effect on lysis
independently on medium composition, but at Triton
X-100 presence its effect is insignificant.

There are known two models of membrane
solubilisation and fragmentation with detergents. The
first one is a cooperative binding of detergent mole-
cules with membrane at following transfer inside a cell
and binding with internal monolayer; the second one is
lipid extraction from external membrane monolayer by
a direct transfer into detergent micelles [7]. In both
cases the membranes are fragmented with forming
mixed vesicles, containing detergent and lipid molecules
or detergent and proteins ones [7].
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20 KpHOMPOTEKTOPHl HE3HAYNTEIHLHO YMEHBIIAIOT
JIU3HUC C TaHHBIM HEMOHHBIM JieTepreHToM. I IpucyrcT-
Bue B cpene JMNJC ycrpanser mHrubupyroiiee
nericreue kpuonporekropoB Ha LITAB, o me JICH.
ITpu ucnons3oBanuu TBUH-20 JAWNJIC BBISIBISAET
HHTHOMpYIOlIee ACHCTBHE HA JIN3UC HE3aBUCHMO OT
cocTaBa Cpefipl, a B MPUCYTCTBUHM TPUTOH-X-100 oH
BIIUSIET HE3HAYUTEIBHO.

W3BecTHBI 1BE MOzenH coMoOOMIN3auu U Qpar-
MEHTAallMl MEeMOpaH IeTepreHTaMu: mepBas — KOo-
[IEpaTUBHOE CBA3BIBAHUE MOJIEKYJ AETEPIEHTOB C
MeMOpaHO# MpHU MOCIEAYIOIeM MepeHoce BHYTPb
KJIETKH ¥ CBSI3bIBAHWUU C BHYTPEHHUM MOHOCIIOEM;
BTOpas — 3KCTPAKIHA JIMITHI0B U3 BHEITHETO MOHOCTIOSN
MeMOpaHbl NPSIMBIM IIEPEHOCOM B JIETEPTeHTHBIE
Mutiesutsl [7]. B oboux cinydasx MmeMOpaHbl (parmMeH-
TUPYIOTCS C 00pa30BaHHEM CMEIIAHHBIX BE3WKYIL,
cofiepKalluX MOJIEKYJIbI I€TEPreHTOB U JIUIHUI0B HIIN
JETEPreHTOB U OeKoB [7].

CymiecTByeT MHEHHE, YTO JIN30(oCchHaTUANIXOIHH
(JI®X) mposiBisieT CBOe ITUTHUYECKOE NEHUCTBHUE B
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Puc. 2. BimsiHue KpHOIPOTEKTOPOB Ha YyBCTBUTEIBHOCTh
sputpouutos k aeiicreuro JJCH B npucyrcreun JUJIC B
cpenax: a) 0,15 M NaCl+10 MM tpuc (pH 7,4); 6) 0,15 M
NaCl + 10 MM Ttpuc (pH 7,4) + 15% caxapossr; B) 0,15 M
NaCl+ 10 MM tpuc (pH7,4) + 15% II3I'-1500; 1 — koHTpOID;
2 - UAC (20 MxM).

Fig. 2. Cryoprotectant effect on erythrocyte sensitivity to
SDS at DIDS presence in the media: ) 0.15 M NaCl + 10 mM
Tris (pH 7.4);b) 0.15 M NaCl + 10 mM Tris (pH 7.4) + 15%
sucrose; ¢) 0.15 M NaCl+10 mM Tris (pH 7.4) + 15%
PEG-1500; 1 —control; 2 —DIDS (20 uM).

There is an opinion, that lysophosphatidyl-choline
(LPC) manifests its lytic effect in monomer form [1],
but LPC monomers cause no hemolysis when including
into erythrocyte membrane, since it is possible under
LPC concentration higher than CCM [15]. Lipid
membrane solubilisation with SDS and Tween 20 was
established as realising via detergent micelle forms [7].
Under 0.015% Triton 100 concentration, corresponding
to CCM, the protein extraction and membrane lipid
bilayer liquefaction occur, herewith the detergent does
not change the polarity of membrane hydrophobic areas
[20]. Lipid bilayer destruction into mixed micelles with
dividing lipids and proteins begins after Triton X-100
monomer inclusion into membranes [9]. The maximum
binding of Triton X-100 with Ca*-ATPase in
membranes is noted under detergent concentrations
lower than CCM, that indicates an non-micelle
mechanism of detergent interaction with proteins [6].
Tween 20 and Trtiton X-100 were shown to solubilise
less proteins from erythrocyte ghosts than SDS [10].
Non-ionic detergents in concentrations lower than CCM
mostly interact with Ca?'-ATPase-containing
membrane lipid components, meanwhile SDS extracts
the Ca?*-ATPase prior to lipid solubilisation. Non-ionic
detergents when passing to a cooperative binding induce
the small unilamellar liposome fusion with forming large
vesicles before solubilisation. The solubilisation of Ca*-
ATPase-containing membranes is mostly accompanied
with membrane fragmentation and aggregation of its
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Puc. 3. BrusHue KpuonpoTeKTOpoB Ha YyBCTBUTEILHOCTE 3pUTPOLUTOB K AeiicTBuio TBUH-20 B mpucytctBun JUJIC B
cpenax: a) 0,15 M NaCl + 10 MM tpuc (pH 7,4); 6) 0,15 M NaCl + 10 MM tpuc (pH 7,4) + 15% caxapo3sr; B) 0,15 M NaCl +
10 MM tpuc (pH 7,4) + 15% nexcrpana; r) 0,15 M NaCl + 10 MM tpuc (pH 7,4) + 15% I12I'-1500; 1 — xkonTpois, 2 — JJUJIC
(20 MxM).

Fig. 3. Cryoprotectant effect on erythrocyte sensitivity to Tween 20 in DIDS presence in the media: a) 0.15 M NaCl + 10 mM
Tris (pH 7.4);b) 0.15 M NaCl+ 10 mM Tris (pH 7.4) + 15% sucrose; ¢) 0.15 M NaCl + 10 mM Tris (pH 7.4) + 15% dextran;

d)0.15 M NaCl + 10 mM Tris (pH 7.4) + 15% PEG-1500; 1 — control; 2 — DIDS (20 uM).

MoHOoMepHOH (opme [1], omHako MoHOoMepsl JIDX,
BKJIFOYASICh B MEMOpaHy 3pUTPOIIUTOB, HE BBI3BIBAIOT
TEMOJIN3, IOCKOJIbKY OH BO3MOYKEH ITPH KOHLIEHTpaLuu
JI®X Beime KKM [15]. YcranoBieHo, 9TO COMOOH-
nu3zanus nunugoB memo6pan ¢ JACH u tBuH-20
OCYILECTBIISIETCS MOCPEACTBOM MULCIUISIPHBIX (POpPM
netepreHToB [7]. IIpu xoHneHTpauuu TputoH X-100
0,015%, xotopas coorBerctByeT KKM, npoucxonsar
SKCTPAKIHS OEITKOB U pazKKEHUE JTUITHIHOTO OHCTION
MeMOpaHBbI, IPHU 3TOM JAETEPreHT HE M3MEHSET I0-
JAPHOCTH TUAPOoOHBIX oOnacTtelt MmemOpans! [20].
Pazpymierune MUmUIHOTO OHMCIIOSN B CMEIIaHHBIE
MUILIEIUIBI C pa3JesIeHneM JIUMHUI0B U OEITKOB HAYH-
HaeTcs Mociie BKIIOYEHNS B MEMOpaHbl MOHOMEPOB
TputoH X-100 [9]. MakcumanbHOE CBSI3BIBAHHUE B
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components, than vesicle fusion. At the same time the
SDS slowly destroys the liposome membranes without
any fusion [5].

Thus, during membrane solubilisation and memb-
rane protein extraction the non-ionic detergents may
act in monomer and micelle forms. The SDS ionic
detergent solubilises membrane lipids in micelle form,
but protein extraction from membranes occurs before
lipid bilayer destruction. In addition, SDS extracts more
proteins from membranes, than Triton X-100 and
Tween 20.

Taking into account a difference in action mecha-
nisms of ionic and non-ionic detergents, as well as struc-
tural changes in membrane and anion channel during
DIDS binding, we may assume the following, since
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memOpanax TputoH X-100 ¢ Ca*-AT®a30ii otme-
YyaeTcs IpU KOHIEHTpanusax getepreHta Hke KKM,
YTO YKa3bIBA€T HA HEMULEIUISIPHBIN MEXaHU3M B3au-
MojiericTBus NieTepredTa ¢ Oenkamu [6]. Tloka3zaHo,
yto TBUH-20 1 TpUTOH-X-100 COMOOMIN3UPYIOT U3
TEHEH SPUTPOIUTOB MEHBIIIEE KOIMYECTBO OCIKOB,
yem JICH [10]. Henonnsle geTepreHTh B KOHIIEHTPA-
nusx, kortopele Huxke ux KKM, nmpeumyiiecTBeHHO
B3aUMOJICHCTBYIOT C JIMMTUIHBIMA KOMIIOHCHTaMH
MemOpaH, comepxamux Ca?’-AT®da3y, Torma Kak
JICH skcrparupyer Ca*-AT®da3y mepen comoOu-
J3anuen munua0B. HemoHHbIE IeTepreHThl PU Nepe-
X0ZIe K KOOIEPaTUBHOMY CBSI3BIBAHUIO MHAYLHUPYIOT
CIUSIHUE MaJICHbKUX YHUJIAMEJUISIPHBIX JIUIIOCOM C
oOpa3oBaHreM OOJBIINX BE3UKYJ MEPe]] COMOOMIN-
3anueit. Comrobunuzanust MeMOpaH, cCoaepKalIux
Ca?*-AT®da3y, conpoBoKaeTCsl B OONbIICH CTENCHN
(bparmMeHTanmeit MeMOpaH u arperanyeii €€ KOMIOHEeH-
TOB, 4eM ciusiHueM Be3ukyi. [Tpu atom JICH memen-
HO pa3pymiaeT JINIMOCOMATbHBIE MEMOPaHbI, HE BBI3BI-
Basi MX CJIUSHHES [5].
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Puc. 4. YyBCcTBUTEIIEHOCTD SPUTPOLIUTOB K IEHCTBHIO TPUTOH
X-100 B cpenax: a) 0,15 M NaCl + 10 MM tpuc (pH 7,4); 6)
0,15 M NaCl + 10 MM tpuc (pH 7,4) + 15% caxapo3sl; B)
0,15 M NaCl + 10 MM Tpuc (pH 7,4) + 15% I12I'-1500; 1 —
koHTponb; 2 — JINJIC (20 MKM).

Fig. 4. Erythrocyte sensitivity to Triton X-100 effect in the
media: a) 0.15 M NaCl + 10 mM Tris (pH 7.4); b) 0.15 M
NaCl + 10 mM Tris (pH 7.4) + 15% sucrose; ¢) 0.15 M NaCl +
10 mM Tris (pH 7.4) + 15% PEG-1500; 1 — control; 2 — DIDS
(20 uM).

DIDS causes the band 3 protein tetramer dissociation
into dimers [17] when binding with erythrocyte
membranes, it contributes to the ionic detergent effect,
which solubilises membrane proteins [10]. With
augmentation of the protein-lipid contact area [16] the
effect of non-ionic detergent on membrane is
weakened. Since DIDS strengthens the effect of ionic
detergent not only in isotonic medium, but in
cryoprotectant-containing ones as well, herewith the
lysis suppression by cryoprotectants (see Fig. 1), we
may assume that the latter stabilises the band 3 protein
tetramer forms to CTAB effect, that insignificantly
affects the Tween 20 non-ionic detergent effect. In
last case DIDS in contrast weakens a lytic effect (see
Fig. 3). According to the results obtained we may assu-
me the following. When stabilising band 3 protein tetra-
mer forms with cryoprotectants, there is not permanent
increase in erythrocyte resistance to the effects, resul-
ting in a change of hydrophobic interactions in mem-
brane. Owing this of note is the fact that during band 3
protein tetramer disintegration into dimers under DIDS
binding there is an increase in hydrophobic contact area
of this protein and lipids in a membrane [16]. In one
case this stabilises cells (see Fig. 3), in another one it
destabilises them (see Fig. 1). However the mecha-
nism of a protective effect in cryoprotectants is not
associated to their direct contact with proteins. With
temperature decrease there are a change in hydro-
philic-hydrophobic balance of cryoprotectants and their
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Taxum oOpazom, IpH COTFOOMTU3AITUN MEMOpaH 1
IKCTPAKIIK MEMOpaHHBIX OETTKOB HEMOHHBIE JIeTEP-
TEHTHI MOTYT JI€HCTBOBATh B MOHOMEPHBIX M MULIEN-
nsapHbix popmax. Monnsrit nereprent JCH comnrobu-
JU3UPYET MU MeMOpaH B MULIEIUTSIPHOH (opme,
OJTHAKO 3KCTPAKIMA OEIKOB U3 MEMOpaH NPOUCXOIUT
nepen pazpyieHneM JunugHoro oucios. Kpome toro,
JCH skctparupyer u3 MmeMOpaH OoJbIiie OSJIKOB, 4eM
TputoH X-100 u TBUH-20.

Y4uutreiBas pa3inuue MEXaHU3MOB JIEHCTBUS
VMOHHBIX 1 HEBMOHHBIX IETEPTEHTOB, a TAKXKE CTPYKTYP-
HbIE I3MEHEHHS B MEMOpaHe ¥ aHKOHHOM KaHaJie TIpu
cesi3piBanuy 11 JIC, MOKHO MIPEATIONOKUTE CIIETYTO-
mee. IlocKombKy TIpu CBSI3BIBAHUHM ¢ MeMOpaHaMHu
sputporuToB J{MJIC BbI3bIBaCT AUCCOLUALIUIO TETPA-
MepoB OeJka moiock 3 Ha qumepsl [17], oH croco6-
CTBYET AEHCTBUIO MOHHOTO JE€TEpreHTa, KOTOPHIN
comobunusupyetr memOpannsie Oenku [10]. [Ipu
YBEJIMYEHUU TUIOIIAIH KOHTAKTOB OeoK-umu/ [16]
JIelicTBHE HEMOHHOI'O NeTepreHTa Ha MeMOpaHy
ocnabnsercs. [Tockonbky JUJIC ycunusaet apdexr
HMOHHOTO JIETEPTeHTa HE TOIBKO B U30TOHUIECKOM cpe-
1€, HO U B Cpelax, CoAep Kallux KPHOMPOTEKTOPHI,
[IPH 3TOM KPHUOIIPOTEKTOPHI MOJABISIOT JIU3UC (CM.
puc. 1), TO MOXXHO TIPEATONOKHUTH, YTO TOCIETHNE
CTaOMIM3UPYIOT TeTpaMepHbIe (GOPMBI OeIKa MOJ0-
cbl 3 k peiictuio LITAD, a 370 cymecTBeHHO HE BIIHA-
€T Ha JeiicTBUE HEHOHHOro AeTtepreHTa TBUH-20. B
nociaeguem cinyuae JWJIC nanporus ocnabmuser
mutrdeckoe aeiictue (M. puc. 3). Ilo momyyeHHbIM
pe3ynbTaraM MOXKHO CAejiaTh mnpeanonoxkenue. [lpu
cTa0MIM3aluu KPUONPOTEKTOPaMHU TETPaMEpPHBIX
(opm Oelka OJIOCH 3 HE BCETAA ITOBBIIIACTCS YCTOM-
YUBOCTH IPUTPOLUTOB K BO3IEHCTBUIM, KOTOPHIE
MIPUBOJIAT K K3MEHEHUIO THAPO(GOOHBIX B3aUMOIeHCT-
BUH B MeMOpaHax. B cBsI3u ¢ 3TUM clielyeT OTMETHT,
YTO TPHU pacraje TeTpamepoB Oeika MoJoch 3 Ha
numMepsl npu cBszsiBanun JAMJIC yBenuuuBaeTcs
II0IIaAb TUAPOPOOHOr0 KOHTAKTa JAaHHOTO OeJiKa 1
nunuaoB B MeMOpaHne [16]. B ogHOM cityuae 3T0
cTabMWIN3UPYET KIEeTKU (CM. puc. 3), B APYroM —
necrabunusupyet (cMm. puc. 1). OnHako MeXaHHU3M
3aLIUTHOTO ACHCTBUS KPUOIIPOTEKTOPOB HE CBSA3AH C
WX MPSMBIM KOHTAaKTOM ¢ Oenkamu. [lpu cHMKeHUH
TEeMIEPaTypbl U3MEHAETCS THIPOOUIBLHO-THIAPO(HOO-
HBII OaJlaHC KPHOMPOTEKTOPOB M MPOUCXOAUT HUX
OTJeNIeHNE OT OEJIKOBBIX JOMEHOB, YTO CIIOCOOCTBYET
MOA/IepKAHUIO OCJIKa B HATUBHOM COCTOSTHUU [2].

OtcyrcrBue Baustaus JAWJIC Ha n1u3nC TPUTOH
X-100, mo cpaBHeHUIO ¢ TBUH-20, CBUACTECIIBCTBYET O
TOM, YTO COTFOOMIU3AIUS MEMOpaHbI ¢ TPUTOHX-100
HE 3aBHCHT OT arperaTHOr0 COCTOSTHUS OeIKa IOJIOCH
3. Paznuuue aeiicteust AN/IC na nuzuc tputon X-100
1 TBHH-20 00yCIIOBJICHO WX JICUCTBYIOIIUMHU KOHIICH-
TpamusimMu (cM. puc. 3, 4). Biusaue tpuron X-100
NposABIsAeTCS ONpU KOoHIeHTpauusx Huxe KKM
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exclusion from protein domains, contributing for protein
maintenance in native state [2].

No DIDS effect on Triton X-100 lysis, compared
to Tween 20 testifies to the fact that the membrane
solubilisation with Triton X-100 does not depend on
the band 3 protein aggregate state. Difference in DIDS
effect on Triton X-100 and Tween 20 lysis is stipulated
by their current concentrations (see Fig. 3, 4). Triton
X-100 and Tween 20 effects are manifested under
concentrations lower (250 mmol/l) and higher
(50 mmol/l) than CCM, correspondingly (see Fig. 3,
4)[7]. During membrane solubilisation the protein state
is known as dependent on molecular or micelle form
of acting detergent. If the lipid solubilisation occurs
under detergent concentration lower than its CCM,
the isolated membrane proteins may preserve their
enzyme or transport properties [19]. Therefore during
lysis with Triton X-100 the band 3 protein as a part of
formed vesicles with this detergent will stay in a native
state.

Triton X-100 is the detergent, used for band 3
protein isolation from erythrocyte membranes with the
aim of transport function preservation [8]. These data
correlate well with the absence of DIDS effect on
lysis with Triton X-100 (see Fig. 4). This detergent
effect in molecular form is directed to lipid bilayer
destruction, therefore during DIDS binding with it the
change in aggregate state of band 3 protein does not
significantly affect the erythrocyte lysis curve (see
Fig. 4). Of note is that the elimination of DIDS effect
when passing from Tween 20 (see Fig. 3) to Triton
X-100 (see Fig. 4) the sucrose protective effect is lost.

When analysing the results obtained we may
conclude the following. Since sucrose does not
manifest its protective property in case of lipid matrix
solubilisation under lysis with Triton X-100, its effect
will be directed to membrane protein components. If
passing from Tween 20 (see Fig. 3) to Triton X-100
(see Fig. 4) PEG preserves its action, its effect should
be determined not only by the influence on membrane
protein state, but lipid bilayer as well. The results
obtained are stipulated by the fact that Triton X-100 is
the most optimal detergent for isolating band 3 proteins
form erythrocyte membrane [8]. Thus, the erythrocyte
lysis under Tween 20 and Triton X-100 effects depends
on aggregate state of band 3 protein and lipid matrix
state, correspondingly.

The results obtained shown a differently directed
DIDS effect as the band 3 protein aggregate state
modifier on lysis with detergents dependently on the
mechanism of their effect. The experimental data
confirm a different action mechanism of ionic and non-
ionic detergents. Structural state of band 3 protein
determines cell sensitivity to detergent and cryopro-
tectant effects, since a change in aggregate state of
this membrane protein eliminates a protective effect
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(250 MxMoOIB/1), TOTIa KaK TBUH-20 — MPH KOHIIEHTPa-
nusx Beime KKM (50 Mmxmomns/m) (em. puc. 3, 4) [7].
W3BecTHO, uTO NIpH coMOOMIM3annl MeMOpaH cOCTOs-
HUE OCTKOB 3aBUCHUT OT MOJICKYIAPHON MM MUIIET-
JApHON (OPMBI JEHCTBYIOIIEro AeTeprenta. Eciu
COMIOOMIIM3AIHSA JTNIMIOB IIPOUCXOINT TIPH KOHIIEHTpa-
uuu aereprenra Huxe ero KKM, To Bwiaensiembie
MeMOpaHHBIE OEKN MOTYT COXPAaHATH CBOM DH3MMa-
TUYECKHE WU TPAHCTIOPTHEIE cBoticTRa [ 19]. [TosTomy
pu Iu3uce ¢ TpuToH X-100 Gerrok momock! 3 B cocTaBe
00pa3yIoIuXCs BE3UKYI C TaHHBIM JETEPreHTOM Oy-
JIeT OCTaBaThCs B HATUBHOM COCTOSTHHH.

Tputon X-100 siBiseTcs AeTEPreHTOM, KOTOPBIi
UCTOJB3YEeTCsl AJISl BBIACICHUS U3 MEMOpaH SpHUTpPO-
LUTOB OEJIKa MOJIOCH 3 ¢ LENbI0 COXPaHEHHS TPaHC-
noptHo# ¢yHkuunu [§]. Takne gaHHBIE XOPOIIO COIJIa-
cytorcs ¢ orcyrcTBrueM dddexra JJN/C Ha mm3uc ¢
tputoH X-100 (cm. puc. 4). [leiicTBue sToro merep-
TeHTa B MOJIEKYJISIPHOU JOpME HaIIpaBIIEHO Ha pa3py-
[IEHUE JIUITUTHOTO OUCIIOSL, TOATOMY TPH CBS3BIBAHUH
¢ auM JIMJIC m3MeHeHne arperaTHOTO COCTOSHUS
Oernka moiockl 3 CyIIECTBEHHO HE BIHSIET Ha KPUBYIO
JU3UCa 3PUTPOLUTOB (cM. puc.4). BaxHo oTMeTHTS,
yro ycrpanenue 3¢p¢exra ANAC npu nepexoxe ot
TBUH-20 (cM. puc. 3) k TputoH X-100 (cm. puc. 4)
3alIUTHOE JCHCTBUE Caxapo3bl YTPaunBaeTCH.

Ha ocHoBe ananusa mony4eHHBIX PE3yJIbTATOB
MOXKHO CHAeNaTh Cenylouire BbIBOABI. [10CKOIBKY
caxaposa He BBISBJISET CBOE 3al[UTHOE CBOMCTBO B
Clly4ae COJIOOMIM3AlMY JUIMUIHOTO MaTpUKCca MpH
nusuce ¢ TputoH X-100, To ee ad ekt Oyner Hanpas-
JieH Ha OeNTKOBBIE KOMITOHEHTHI MeMOpaHsl. Ecin pu
nepexone oT TBUH-20 (cM. puc. 3) k TputoH X-100
(cm. puc. 4) [13I" coxpansieT cBoe ACHUCTBUE, TO €T0
3G ¢eKT T0KEH ONPEACISATHCA HE TOIBKO BIUSIHUEM
Ha COCTOSIHIE MEMOPaHHBIX OEJIKOB, HO U Ha JINTTUAHBIHI
oucnoii. [loiydeHHsle pe3ynsrarsl 00yCIOBIEHBI TEM,
4T0 TpUuToH X-100 siBisieTcst HanOoee ONTUMATLHBIM
JETePreHTOM JUIS BBIACICHHUS U3 MEMOpaH SpUTPOLIHU-
ToB Oenka mosiockl 3 [8]. Takum oOpazoMm, JTH3HC
SPUTPOIUTOB TPH AECUCTBUU TBUH-2(0 3aBUCHUT OT
arperaTHoro COCTOSIHUS OeITka IOJIOCH! 3, a IPH ISHCT-
BHH TPUTOH X-100 — OT COCTOSHUS JIMTTUTHOTO MaTPHK-
ca.

[lomyuenHble pe3ynbpTaThl MOKa3ald pa3HO-
HanpasieHnHoe aerictue JANJIC kak MonudukaTopa
arperaTHOTO COCTOSTHUS OeJIKa MOJIOCH 3 Ha JIM3UC C
JeTepreHTaMu B 3aBUCHMOCTH OT MEXaHHM3Ma HX
JeicTBUS. DKCIIepUMEHTAbHBIE TaHHbIE TTOATBEPK-
JAI0T pa3IUYHBIA MEXaHU3M AEHCTBUS MOHHBIX H
HEHOHHBIX AeTepreHTOB. CTPYKTypHOE COCTOSHUE
0ellKa TMOJIOCHI 3 OMPEAeIsIeT YyBCTBUTECIHLHOCTD
KJIETOK K JIEMCTBUIO IETEPTEHTOB U KPHOIPOTEKTOPOB,
MMOCKOJIbKY M3MEHEHHE arperaTHOTO COCTOSHUS
JAHHOTO MEMOpPAaHHOTO Oelika YCTpaHIET MPOTEKTH-
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of cryoprotectants during lysis with ionic detergent (see
Fig. 1). The similar experiments with non-ionic
detergent correlate well with DIDS effect on anion
channel aggregate state. In this case the cryo-
protectants slightly block detergent lysis (see Fig. 3).

Mechanisms of hemolytic pore formation under
osmotic and detergent lysis are shown as different
[14]. Using CD-spectroscopy no SDS effect (at 0—
250 umol/l concentration) on erythrocyte ghost
membrane proteins was revealed, but an increase in
lipid bilayer hydrophobic fluidity was noted [ 14]. Under
osmotic lysis no change in membrane fluidity was
established, but conformational and/or associative
protein changes were revealed. At the same time the
band 3 protein modifiers were demonstrated as
increasing the erythrocyte osmotic fragility [ 14]. Basing
on the results obtained we assumed that under osmotic
and detergent lysis there were occurred the associative
changes in band 3 proteins and membrane lipid bilayer
destruction, correspondingly [14]. According to the
closed erythrocyte ghosts, labelled with eosin maleimide
and placed under hypertonic conditions a two-phase
change in fluorescence intensity due to the band 3
protein lateral clusterisation was revealed. This two-
phase intensity change testified to the hemolytic pore
formation with following its closing and lateral
distribution of band 3 protein inside membrane. After
the band 3 protein cytoplasmic domain splitting with
trypsin or SH-group blocking in it with N-ethyl-
maleimide the fluorescence intensity remained un-
changed. Consequently, the association and dissociation
of band 3 protein under hypotonic medium are
controlled with cytoplasmic domains. The revealed
growth and fall in eosin maleimide fluorescence
intensity as a part of erythrocyte ghost under hypotonic
conditions are well explained with a sequence of
hemolysis mechanism response: increase in cell volume;
band 3 protein clusterization; hemolytic pore formation
and its closing, accompanied with band 3 protein
redistribution [13].

In the papers [13, 14] the effect of band 3 protein
modifiers was not under study, but their usage is
indispensable for more complete study of detergent
lysis mechanism. The results obtained enable assuming
that the erythrocyte sensitivity to detergents and
protecting effect of cryoprotectants determine an
aggregate state of band 3 protein.

Conclusions

1. Cryoprotectants (sucrose, dextran, PEG-1500)
significantly suppress the erythrocyte lysis under ionic
detergent (CTAB, SDS) effect. DIDS presence in the
medium increases cell sensitivity to detergents in
isotonic medium and eliminates protective properties
of cryoprotectants to CTAB effect.
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pyrolee AelcTBHE KPUOIIPOTEKTOPOB IIPH JIU3HUCE C
HWOHHBIM JleTepreHToM (cM. puc. 1). IlogoOHbIe 3KC-
MIEPUMEHTHI C HEHOHHBIM J€TEPIreHTOM BIIOJIHE COIJIa-
cytorcs ¢ aeiictBueM JAMJIC Ha arperatHoe cocTos-
HHUE aHMOHHOTO KaHana. B TaHHOM ciy4ae KpHOIpoTeK-
TOPBI HE3HAYUTEIHHO OJOKUPYIOT JETepreHTHBIH
n3uc (cm. puc. 3).

[TokazaHo, 4T0 MEXaHU3MBI 0Opa30BAHUS T€MOIIH-
TUYECKOU TTOPHI IPU OCMOTHUYECKOM U JIETEPTeHTHOM
nmsuce pazmuudbl [14]. C momomero KJI-ciekTpo-
ckormuu 3¢dpdexr JCH (npu xonuentpamuum 0—
250 MmkMonb/n) Ha MeMOpaHHbIe OCNKH TeHEH
SPUTPOLMTOB HE BBHISBICH, OAHAKO OTMEYEHO IMOBBI-
LIEHUE TeKy4ecT! THAPOoPOoOHOI 00IaCTH TUIHIHOTO
oucnos [14]. [Ipu ocMOTHYECKOM JIM3UCE U3MEHEHUE
TEKy4eCTH MeMOpPaHbl HE YCTaHOBJICHO, HO OTMEYEHBI
KOH(OPMAITHOHHBIE 1/WJIN aCCOIIMATUBHBIC U3MEHECHUSI
6enkoB. IIpu 3TOM mMOKa3zaHO, YTO MOAM(PUKATOPHI
Oenka TOJO0CHl 3 TOBBIIIAIOT OCMOTHYECKYIO XPYII-
KOCTh »puTponuToB [14]. Ha ocHOBe MONyYEHHBIX
pe3yapTaToB OBLIO CAETAHO MPEAIOI0KEHHE, YTO MTPH
OCMOTHYECKOM JIM3HCE MPOUCXOAAT aCCOINATHBHBIE
HU3MEHEHHs OeJKa MOoJIOCHl 3, a MpH AETEPreHTHOM
JU3HCE — pa3pylIeHHe JUMUAHOTO OMCIIOS MEMOpaHEbI
[14]. ITo 3aMKHYTBIM TE€HSIM 3PUTPOLIUTOB, MEYEHHBIX
503UHMAJICMMHJIOM 1 TIOMEIICHHBIX B THTIOTOHUYECKHUE
YCIIOBUSI, BBISIBIICHO ABYX(hpa3HOE H3MEHEHNE NHTEHCHB-
HOCTH (prryopeclieHUIHH BCIEACTBUE JIaTepaJIbHOI
KJIacTepu3anuu Oenka moiocsl 3. JT1o nByxdazHoe
M3MEHEHNE MHTEHCHBHOCTH CBHJIETEIHCTBOBAIO O
(hbopMHUpPOBaHUN TEMOJUTHYECKONW MOPHI C TOCTe-
OyIOIIAM €€ 3aMbIKaHHEM W JlaTepajbHBIM pacrpe-
JeJIeHreM OeJTKa MoJIOCH! 3 BHyTpr MeMOpaHnsl. [locie
paciiernyieHus UTOIIa3MaTHIeCKoro ToMeHa Oerka
MOJI0CHI 3 TPUIICHHOM WK OJIoKupoBanust SH-rpynmsl
B HeM N-3THIManenMHI0M HHTEHCHUBHOCTS (ryopec-
LEHLUH He n3MeHsnach. ClenoBaTebHO, aCCOLUALINIO
U IMCCOLMANNIO OeJIKa MOJI0Ckl 3 B THIIOTOHUYECKOM
cpeze KOHTPOJIUPYIOT HUTOMIIa3MaTHYECKIE TIOMEHBI.
BrIsIBI€HHBIH pOCT U MajJ€HUE MHTEHCHUBHOCTH
(hayopecteHIINN 303WHMANIENMUA B COCTaBe TEHEH
SPUTPOLHTOB B THIIOTOHMYECKUX YCIOBHIX XOPOIIO
00BSICHAET TIOCIIEIOBATENBHOCTD PEAKIINI MEXaHU3Ma
reMoJin3a: yBelndeHne o0beMa KIIETKH; KIACTepH-
3arms OeIrka ImoJIoChl 3; 00pa3oBaHKE TEMOUTHICCKOM
MOpHI U €€ 3aMBIKaHHE, KOTOPOE COMPOBOXKAACTCS
nepepacnpeneneHueM oenka noiocst 3 [13].

B pabotax [13, 14] He ObLIO UCCIICIOBAHO BIHSHUE
Moau(duKaTOpOB OenKa MOJI0CH 3, HO UX UCHOJb-
30BaHHe HEOOXOAMMO AJisl Oojiee MOTHOTO U3yUYeHHs
MeXaHu3Ma JeTePreHTHOro yimsuca. [loxyueHHble
PE3yABTATHI TO3BOJISIOT IPEATIONIOKUTH, YTO TyBCTBH-
TEIHHOCTh IPUTPOIUTOB K NETEPreHTaM H IPO-
TEeKTHPYIOIIee IEHCTBHE KPUOTIPOTEKTOPOB OTIpeie-
JITIOTCSL arperaTHBIM COCTOSIHHEM Oellka MOJIOCH! 3.

NMPOBJIEMbI
KPUOBMOJIOIUM
T. 17, 2007, N24

2. Erythrocyte lysis under Tween 20 non-ionic
detergent effect is slightly suppressed by sucrose and
dextran, but inhibited by PEG-1500. DIDS presence
in the medium reduces the cell sensitivity to this lytic
agent not only in isotonic medium, but cryoprotectant-
containing ones as well.

3. Erythrocyte lysis under Triton X-100 effect is
considerably suppressed with PEG-1500, but slightly
strengthened with sucrose. DIDS presence in the
media does not practically affect the lysis with this
detergent.
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BbiBOADI

1. KpuonporekTophsl (caxapo3a, AEKCTpaH,
[12T°-1500) 3HAYUTENHHO MONABISIOT JIM3UC SPUTPO-
LUTOB IOJ BO3JCHCTBUEM HOHHBIX JETECPreHTOB
(ITAB, ACH). Ilpucyrcreue B cpene A1JIC BbI3bI-
BaeT MOBBHIIIEHUE YYBCTBUTEIBHOCTH KJIETOK K
JeTepreHTaM B U30TOHMYECKOW Cpelle U yCTpaHseT
3alllUTHBIE CBOMCTBA KPUOMPOTEKTOPOB K NEUCTBUIO
LTAB.

2. JI3uc SpUTPOITUTOB 110, BO3ACHCTBHEM HENOH-
HOTO JeTepreHTa TBUH-20 HECYIIECTBEHHO IOIaB-
JIAETCS Caxapo30i U ACKCTPAHOM, HO HHTUOMPYETCs
[121°-1500. ITpucyrcrue B cpene AMN/IC Br3bIBaeT
CHIDKCHHE YyBCTBUTEIHHOCTH KJIETOK K JICHCTBHUIO
JAHHOTO JUTHUYECKOTO areHTa HE TOJbKO B U30TOHU-
YeCKOH cperne, HO U B Cpeliax, COAepKallUX KpUOIpPO-
TEKTOPBHL.

3. JIuzuc >pUTPOLUTOB MOJ JEUCTBUEM TPUTOH
X-100 cymectBeHHo nogasnsercs [I3I-1500, no
HECKOJIBKO ycuiuBaeTcs caxaposoi. [IpucyrcTBue B
cpemax JAMJC mpakTudecku HE BIUSET Ha JIU3HC C
JIAaHHBIM JIETEPTEHTOM.
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