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Interaction of Cryoprotectants with Model Membranes
with High Cholesterol Content

C nomompio (uryopecueHTHOro 30H1a 4-(N-IUMETHIaMIHOCTUPILI)- | -MeTUNnupuIuHui-N-Tosyoncynbsdonara (JCM)
HcciIenoBaHo B3anMozelicTeue kpronpotektopos (KIT) paznuaHbIx knaccos (IHIEpHHA, STHICHIINKON, AUMETHICYIb(poKkenaa, N,N-
mumertwidopmamuna, 1,2-npormananoia) ¢ MOAEIbHBIME MEMOpaHaMu, COPMHUPOBAHHBIME U3 SHUHOTO hocharnannxonuna (OX) u
€T0 CMECH C XOJIECTEPHHOM. YCTaHOBJIEHO, YTO BEICOKAsl KOHIIEHTpanus xonectepuna ([#5 moi. %) cmoco6cTByeT BOSHIKHOBEHHIO B
oucnoe ydacTkoB cBsizbiBaHUs JICM ¢ moBbIIeHHON THAPOPOOHOCTHIO. BhIsiBICHO, uTO 3pdexTrBHOCTh B3aumoxpencTeus KII ¢
JIUIIOCOMAaMH 3aBHCUT OT XUMHUeCKoH Tprpos! 1 KoHneHTpanuu KI1 n Hanbomnee BEIpaxxeHa B IPUCYTCTBUH XOJIECTEPHHA.

Kniouegvie cnosa: munocoMsl, X0JIeCTEPHH, KPHOIIPOTEKTOPHI, Giyopecuennus, JCM.

3a nonomororo ¢uryopectieHTHOro 30H1a 4-(N-uMerunaminoctupun)- 1 -metunnipuantiii-N-tonyoncynsdonara (JICM) pociimkeno
B3aeMo/iro kpionporekropis (KII) pi3Hux kiacis (DIiepHHy, eTHICHIIIKOMIO, AuMeTHICYIbpokcury, N,N-qumernindopmaminy, 1,2-
HPOMAHIONY) 3 MOACIBHUMU MeMOpaHaMu, cHOpMOBAaHUMH 3 sieqdHOro (ochaTHIUIXOTiHY 1 HOr0 CyMILINIIO 3 XOJECTEPUHOM.
BcTaHOBIEHO, 1110 TPUCY THICTH BUCOKOT KOHIIeHTpawii xonectepuny ([45,4 moi. %) npu3BOauTh 110 MOSIBH B Oilapi JiISTHOK 3B' 13y BaHHS
JICM 3 miaBuieHoo TigpodooHicTio. Busieieno, mo edpexrusHicTh B3aemoii KI1 3 mimocomMaMu 3aeuTh Bifl XiMiYHOT IPUPOAH 1
xoHueHtpauii KIT i Hali0ib11 BUpaXKeHa B IPUCYTHOCTI XOJIECTEPHHY.

Kniouosi cnoea: ninocomu, XonectepuH, Kpionporektopu, Giyopecuenuis, JCM.

Using the fluorescent probe 4-(N-dimethylaminostyryl)-1-methylpirydinium-N-toluene-sulfonate (DSM) the interaction of
cryoprotectants (CPs) of different classes (glycerol, ethylene glycol, dimethylsulfoxide, N, N-dimethyl formamide, 1,2-propane diol)
with model membranes formed of egg phosphatidylcholine (FC) and its mixture with cholesterol was studied. High concentration of
cholesterol (~45 molar %) was found to promote the appearance of DSM bounding sites with increased hydrophobic properties. It
was revealed, that CP influence on synthetic membranes with or without cholesterol was of similar nature, specified only by CP
chemical structure and rising with their ability to build into lipid bilayer. It was established that the CP’s interaction efficiency with

liposomes depended on CP chemical nature and concentration and was more expressed in the cholesterol presence.
Key-words: liposomes, cholesterol, cryoprotectants, fluorescence, DSM.

JlununHbI cocTaB OMOMeMOpaH BIMSET HA UX
CTPYKTYPHO-(QYHKIIMOHAILHBIE CBOHCTBA U OIpee-
JISIeT yCTOWYMBOCTD K BHEITHUM (PU3UKO-XHUMHUYECKUM
BO3JIEHCTBUSAM, B TOM YHCIIE K TOHIKEHUIO TEMITepa-
TYpBI, ¥ COMyTCTBYIOmMUM (axtopam [9, 17], neiict-
BHIO XMMHYECKHX BEIIECTB U T. A. [Ipn 3ToM BakHyIO
OB WUTPAIOT HE TOJIBKO WHIWUBUAYATbHBIE OCOOCH-
HOCTU CTpOCHHs (PochonunuaoB (3apsi, CTeIeHb
HEHACHIIIEHHOCTH, JUTNHA YIIIEBOAOPOIHBIX LIETIOUEK),
HO ¥ COOTHOILIEHHUE Pa3JIMYHBIX BUIOB JUIHAOB B
MeMOpaHax, a TaKke IPUCYTCTBHE XonecTepuHa [ 12],
COZIepKaHue KOTOPOTo B IIa3MaTHYeCKUX MeMOpaHax
MoxeT nocturarb 50 moia. % [5]. B mocneanue roast
MOJTYYEHBbI JOKa3aTeIbCTBA MPOSBICHUN IHUTOTOK-
cuueckoro 3¢ dekxra kpuonporekropos (KII) mo
OTHOIIIEHHIO K OMoMeMOpaHaM Ha JTare uxX UHKyOa-
LMW C KJIETKaMHU Tepes 3amopaxuBaHuem [14, 15].
OpHaKo poib X0NeCTEPHUHA B ITPOSBICHUH [TATOTOKCH-
yeckoro apdekra KII mano uccnenopana.
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Lipid composition of biological membranes
influences their structure and function properties and
determines the resistance to outer physical and
chemical effects, including temperature increase [9,
17], action of chemical agents etc. Of great importance
for this process are the individual peculiarities of
phospholipid structure (charge, degree of unsaturation,
carbon chain length), as well as the ratio of various
membrane lipids, and also presence of cholesterol [12],
which content in plasma membranes may reach 50
molar % [5]. Recently the evidence of cryoprotectant
(CP) cytotoxic effect on biological membranes during
cell exposure before freezing has been shown [14, 15].
However, the role of cholesterol in development of
CP cytotoxic effect is virtually not investigated.

Cholesterol in biological membranes can cause the
rise in phospholipid segregation [31]; an increase of
lipid polar head hydration [19]; a decrease in content
of acyl chain gauche conformation [32]; rise of lipid
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XonecTtepuH B OmomMeMOpaHax MOXET WHIYIHU-
poBath yBenuueHue cerperauu Gocdonunuaos [31];
MOBBILIEHUE THAPATALMH MOJISIPHBIX TOJIOBOK JIUMUIOB
[19]; cHmxeHHMe comepsKaHHs rom-KOH(pOpMaLun
aluIbHBIX Heneil [32]; yBeauueHue aMILTUTYAbI
JBIKEHUN TUNUIO0B [28]; yIIIOTHEHUE JaTepalbHON
YTAKOBKH YIJIEBOIOPOIHBIX LIETIeH (KOHACHCH-PYIOLIUHA
addext) [24]. Opnako nepeuncieHHble 3Q(EKTH B
3HAYUTEIBHOM CTETIEHU 3aBUCAT OT (HOCHOIUTTHIHOTO
cocTtaBa MeMOpaH W COOTHOIICHUSI XOJEeCTepHH/
dochomunune [21]. UMeroTcst JaHHBIC, YTO MPUCYT-
CTBHE B MeMOpaHax XOJIECTEPHUHA B YMEPEHHBIX
KOHIIGHTPAIMSIX MOXKET CIIaKUBaTh (pa3oBBIE IEpe-
xonpl munuaosB [11, 12], moBeImare UX yCTOHYHBOCTD
K JCHCTBUIO MOBEPXHOCTHO-aKTUBHBIX BemiecTs [ 18],
ANeKTpUIecKoro Toka [27]. B To e BpeMs croco6-
HOCTb XOJIECTEpPHHA K B3aUMOZEHCTBUIO C ONPEAETICH-
HBIMU BUJaMHU TUOUI0B [29, 33] unayuupyer ux
narepajbHOE pa3aeicHue B OnomeMOpaHax, KOTopoe
0COOEHHO BBIPa)XXEHO NPH BBHICOKOM COIEpPKAHUU
cTepounzia, OJTU3KOMY K €ro MPEeIeNbHONH pacTBOPHU-
moctH [22, 26], yacTo HAONMIOMaeMOM B ILTa3MaTH-
yeckux MemOpanax [23]. [logoOHbIe M3MEHEHUS
MOTYT OBITh MPUYUHON CHUKEHUS YCTOUYHMBOCTH
KIIETOK K JIEHCTBUIO HE(PUIUOIOTHYECKUX YCIOBUH,
BHEUTHUX (PU3NKO-XUMHYECKHUX (DAaKTOPOB (OXIJIaXIe-
HUS, 3aMOPaKMBaHUsA, OTOTPEBa U Jp.), a TaKKe
BJIMSIHUIO 3K30T€HHBIX XMMHUYECKHX BELIECTB, K
KOTOpBIM MOTYT ObITh oTHeceHbl KII. Iloatomy
aKTYyaJlbHO BBISICHEHUE POJIN T€TEPOreHHOCTH JIUIH-
HOTo OMCIIOsI, HMHAYLIUPOBAHHOM BBICOKHM COJAEPIKa-
HUEM XOJIECTEPUHA, BO B3aumonencTBuu ¢ HUM KII.

OnxuMm u3 Hamboisiee 3PPEKTUBHBIX METOJOB
W3y4eHHUsI CTPYKTYPHOTO COCTOSIHHS MeMOpaH u
OTICHKY X TUAPO(HOOHOCTH SBIISIETCS UCITOJIH30BAHIIC
MOTPYKECHHBIX B Oucioit guryopodopor [10]. Drot
METOJI TO03BOJSET HCCIEN0BATH OCOOCHHOCTH
MOJIU(PUKAIMH CTPYKTYPBI OMOJIOTHUECKUX MEMOpaH
MO/ BIUSTHUEM DPa3lIMYHBIX (QU3UKO-XUMHYECKUX
BO3CHUCTBUI, B TOM YUCIIC U OPTaHUYECKUX JOOABOK
[1, 6, 25]. B xauectBe (hrryopecueHTHOTO 30HAa OBbII
BbIOpaH JICM, KOTOpHIii TOKaIN3yeTCsl B MOJISIPHON U
Ha rpaHule ¢ TuapodoOHoit obnacteio Oucnos [10].
Ocobennoctu xuMuueckoro crpoerns JJCM o0ycnos-
JIMBAIOT €T0 BBICOKYIO YyBCTBUTEIBLHOCTH K IOJIIPHOC-
TH U IOABMYKHOCTH MUKPOOKPY>KEHHUS B MEMOpaHax.

ens paboThI — HCcce0BaHIE METOIOM (hITyopec-
LIEHTHBIX 30H/I0B BIIMSHUS MPEACTaBUTEICH pa3iny-
HBIX KJIACCOB KPHO3AIIMTHBIX BEIIECTB: AMOJOB —
srunerrmukons (D), 1,2-npomanguona (1,2-111);
amuoB — N,N-nmumetmindopmamuga (AMDA); Tpu-
0JIOB — IJIMLEPUHA U CYIb(OKCHIOB — TUMETHII-
cynepokcuna (JAMCO) Ha CTPYKTypHOE COCTOSTHHE
MOBEPXHOCTHONH 007aCTH MOJENbHBIX MeMOpaH
nunocoM, copmupoBaHHbix u3 OX U ero cMmecu c
XOJIECTEPHHOM.
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motion amplitude [28]; condensation effect in lateral
packing of carbon chains [24]. Nevertheless the stated
effects considerably depend on membrane phospho-
lipid composition and cholesterol/phospholipids ratio
[21]. There are some data indicating that presence of
moderate cholesterol concentration in membranes may
smooth the lipid phase transitions [11, 12], as well as
increase their resistance to action of surface-active
agents [18] and electric current [27]. At the same time
ability of cholesterol to interact with certain lipid types
[29, 33] induces their lateral separation in biological
membranes, which is particularly expressed at high
steroid content, close to its limit dissolubility [22, 26],
commonly observed in plasma membranes [23]. Similar
changes can cause a decrease of cell resistance to
effect of non-physiological conditions, external physical
and chemical factors (cooling, freezing, warming etc.),
as well as influence of exogenous chemical agents,
e. g. CPs. Therefore it is of current concern to elucidate
the role of lipid bilayer heterogeneity, induced by a high
content of cholesterol and its interaction with CPs.

One of the most effective methods investigating
membrane structure state as well as estimating their
hydrophobic properties is the use of the fluorophores
immersed into bilayer [ 10]. This method allows studying
the features of biological membrane structure mo-
difications under influence of various physical and
chemical agents, including organic additives [1, 6, 25].
We have selected DSM as a fluorescent probe, loca-
lized in polar area and hydrophobic zone border [10].
Peculiarities of DSM chemical structure specify its
high sensitivity to polarity and motion properties of
membrane microenvironment.

The work aim was to study using the method of
fluorescent probes the influence of CPs of different
classes: diols — ethylene glycol (EG), 1,2-propane diol
(1,2-PD); amides — N, N- dimethyl formamide (DMF);
triols — glycerol and and sulfoxides — dimethyl sulfoxide
(DMSO) on surface structure of model membranes
of liposomes, formed from phosphatidyl choline (PC)
and its mixture with cholesterol.

Materials and methods

We used egg yolk phosphatidyl choline and
cholesterol of Sigma production (USA). All CPs used
in the work (Reakhim, Russia) were of “chemically
pure” and “pure for analysis” grades and additionally
purified: glycerol and DMF by double vacuum
distillation [4], DMSO, EG and 1,2-PD — by the same
way, but with preliminary exposure above aluminium
oxide or absorbite of A grade. CP solutions were
prepared by weighing and their concentrations were
expressed in mass percents (% w/w). Due to high
viscosity of pure glycerol, complicating the specimen
preparation, we used its 50% solution. DSM probe was
synthesized at State Scientific Enterprise “Science and
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Matepnanbl 1 metoAbI

dochaTHIUITXOTNH U3 SIMYHOTO JKEJITKA U XOJIeC-
TepuH OBLIM MpeaocTaBieHbl Gupmon “Sigma”
(CIIA). Bee ucronsiyemsie B pabote KII (“Peaxum”,
Poccus) umenn mapky “x4” wam “gmga” m nepen
HCIIOJIb30BAHUEM AOMOJHUTEIBHO OUYUILATIUCH:
muuepud U JIM®A — aByKpaTHOM BakyyMHOH
neperonkoii [4], AMCO, 2OI' u 1,2-I1J]] — Tem xe
croco0oM, HO ¢ MPEABAPUTEITHHON BBIIEPIKKOM HAJ
OKHCBIO aJIOMHUHUS WU aKTHBUPOBAHHBIM yTJIEM
mapku “A”. PactBopsr KII roToBmin myTem B3BemIH-
BaHWS ¥ BRIpa)KaJId B MACCOBBIX IpoIIeHTax (Mac. %).
B cBs3u ¢ BBICOKOI BSI3KOCTBIO YUCTOTO 111, 3aTpyn-
HAIOMIEH TOJIrOTOBKY OOpPAa3IoB, B OMBITAX HCIIONb-
3oBan ero 50%-ii pactBop. 3oHa ICM ObL1 cuHTE3U-
posad B 'HY “HTK “HMHcTUTYT MOHOKpHUCTAIIOB”
HAH Vkpaunsr” (1. XapbKoB).

JIunocomsl oIy4Yanu MeTooM 3KcTpy3uu [30] B
5 MM Hatpuii-pocparnom Oydepe (pH 7,4) u3 uuc-
Toro ®X u ero cMecH ¢ X0JIeCTEPUHOM (TIpH COAepIKa-
Huu nociendero 30 mac. %, 9TO COOTBETCTBYET
45,4 mon.%). DKCIIepUMEHTH MPOBOJAUIN Ha 9
HE3aBHCHMO MPUTOTOBIIEHHBIX 00pa3iax JHUIIOCOM
KaxJoro Buja. Mcronb3ys KOB(I)(I)I/IHI/ICHT MOJISIPHOM
SKCTHHKIUH €, = 44700 M-cm', onpenensnu
koHuenTpanuto JJCM Ha cnekrpodoromerpe Lambda
35 (Perkin Elmer, CIIIA). 3081 TOTOBWIN B BUIE
ciupTtoBoro pacteopa (1,7%107 M), kotopslii 3aTeMm
n00aBIANM K CyCHEH3UH JUIOCOM A0 KOHEYHOU
KoHIeHTparuu 1x10° M.,

Crextpsl payopecuenimu JJCM peructpupoBanu
Ha criekTpodyopumerpe Varian Cary Eclipse (CILA)
¢ aBTOMaTHuyeckon koppexuuei. [llnpunHsl BXOAHOH 1
BBIXOJHOM I[€I€ MOHOXPOMAaTOPOB COCTABIISIIN S HM.
Crekrpsl Bo30Oyxaenus JJCM peructpupoBain Ha
JUTMHE BOJIHBI 565 HM, a CHEeKTpPHI (IyopecleHnnn
30H71a BO30YK/1aJId CBETOM C JJIMHOM BOJIHBI 460 HM.
Bce cnekTpanbHbIe M3MEpEHUS BBIMOJIHSIIN TPU
(20+1)°C B kBapIeBbIX KoBeTax 1x1X3 cM.

Hnst onpenesieHHus] KOMMYECTBA CHEKTPAIbHBIX
KOMIIOHEHT, COOTBETCTBYIOIINX Pa3InYHBIM hopMam
30H/12, JIOKAJIM30BAaHHOTO B MeMOpaHax u OydepHoM
pacTBope, a TakKe MapaMeTpoB WX HEOTHOPOAHOTO
ymupenust (ITHY) ucnons3oBanu monens ¢popmu-
pOBaHUA IIEKTPOHHO-KOIEOATENbHBIX CIIEKTPOB
MHOTOATOMHEIX MOJEKy [2, 3].

Crekrpsl payopecuenuun (CD) JICM, cBs3zan-
HOTO ¢ MeMOpaHaMH JINTIOCOM, OMUCHIBAIIN YpaBHe-
HueM [7, 8]:

n ] rv,)
ZIH(V v) +I'(v)><

H_ll:b“—v d

" 28 o 1

S(v,{C,vf,o}n)

N 2(v )kC
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Technology Corporation “Institute of Single Crystals”
of the National Academy of Sciences of Ukraine”
(Kharkov, Ukraine).

Liposomes were obtained by extrusion method [30]
in 5 mM Na-phosphate buffer (pH 7.4) from pure PC
and its mixture with cholesterol (with content of the
latter of 30% w/w, that corresponds to 45.4 molar %).
The experiments were conducted in 9 separately
prepared samples of each liposomes’ type. Using coef-
ficient of molar extinction €,,,= 44700 M'cm™', we
have determined the DSM concentration with Lambda
35 spectrophotometer (Perkin Elmer, USA). The probe
prepared as alcoholic solution (1,7%x103 M) was added
to liposome suspension for final concen-tration of
1xX107¢ M.

DSM fluorescence spectra were recorded with
Varian Cary Eclipse spectrofluorometer (USA) with
an automatic correction. Width of monochromator input
and output slots was 5 nm. DSM excitation spectra
were recorded by 565 nm wave length, and probe
fluorescence spectra were excited by a light with 460
nm wavelength. All spectra measurements were
performed at (20+1)°C in 1x1x3 cm quartz cuvettes.

To determine the number of spectrum components
corresponding to the different probe forms localized in
membranes and buffer solution, as well as their inhomo-
genous broadening parameters (IHBP) we used the
model of electronic oscillation spectra of polyatom
molecules [2, 3].

DSM fluorescence spectra (FS), associated with
liposome membranes, are described by the following
equation [7, 8]:

. vl (V)
sw.cve.a},)= Y
WEOkC H 1 -v,
e O zﬁ%%‘v’

where n is number of spectra components; k; is the
contribution of probe i-form to total spectrum; V<, G,
are the center and dispersion of inhomogeneous
broadening of i-component, correspondingly.

FS deconvolution for components, and also
calculation of IHBP for every component were
performed using the specially designed program in
Turbo Pascal 7.0. Number of processed points for each
experimental spectrum was 220. Results were
statistically processed by Student’s method [13] using
Statgraph software.

Results and discussion

At the first research stage we investigated the
cholesterol influence on a structure of bilayer surface.

When transferring the probe from a buffer solution
into PC-liposomes its fluorescence intensity in Fy,
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IJe N — KOJIMYECTBO CHEKTPaJIbHBIX KOMIIOHEHT; K; —
BKJIAJT i-i1 KOMIIOHEHTHI B CYMMapHBIH CIEeKTp; VS, O, —
LEHTp M TUCHEPCHS HEOTHOPOAHOTO YIIMPEHHUs i-i
KOMITOHEHTHI COOTBETCTBEHHO.

Paznoxenne C® Ha cocraBidroniue, a Takxke
pacuet ITHY s kaxqoilt KOMIIOHEHTHI MPOBOAUIIN
0 CTIeUaNbHO pa3padOTaHHOM MporpaMMme B cpele
Turbo Pascal 7.0. KonnuectBo 006pabaThiBaeMBIX
TOYEK I KaXKIOTO IKCIIEPUMEHTAIBHOTO CIIEKTpa
coctarisuio 220. CtaTUCTHYECKYIO 00paboOTKy pe-
3yJIBTaTOB BBIMONHAIN 110 MeToxy CthromenTa [13] ¢
WCIIOJIb30BaHMEM IIPOTPAMMHOT0 TlakeTa “Statgraf”.

Pe3yAbTatel M 00Cy)xaeHue

Ha nepBom 3Tane paboTsl Hccaen0Baal BIUSIHUE
XOJIECTEPHHA Ha CTPYKTYPHOE COCTOSHHE MOBEPX-
HOCTHOH 00J1acTH OUCIIOA.

[Ipu nepexoxe u3 OydepHoro pactBopa B OX-
JIUIIOCOMBI HHTEHCHUBHOCTD (DIyOpECLEHIINH 30H/1a B
makcumyme F, Bo3pactaer Gonee uem B 30 pas, a
MOJIOKEHHE MAaKCHMyMa A, CMEIIaeTcss B KOPOTKO-
BOJHOBYIO obOnacth Ha 4345 HM (kK 565+5 HM). B
MIpUCYTCTBUU Xonectepuna F,, cHmkaercs Oonee uem
B 3 pasa, a A, cIBUTaeTCs B KOPOTKOBOJHOBYIO
cTopoHy erie Ha 35+5 uM (k 530£5 HM) 110 CpaBHEHHUTO
¢ ©X-nmunocomamu. [pu sTom nonymrpuna (AA,,)
crieKTpoB cHmkaetcs Ha 5% (ot 111+2 am B OX-
nmunocoMax 10 107+1 M B mumocomax dX/xonecre-
PHH), YTO OTpaKaeT HEKOTOPOE yBEIMUECHUE OHOPOI-
HOCTHU MHUKPOOKPYKEHHS 30HAAa B JUIOCOMAx,
cogepxamux xojectepuH. CreKkTpsl Bo30yXACHUS
JACM npu nepexone u3 Oydepa B TUIHIHOE OKpYKe-
HUE MPETEPIIEBAIOT KOPOTKOBOJIHOBEIN CABUT Ha 8 U
14 1M B ©X- u ®X/x0necTepuH JIMOCOMaX COOTBET-
CTBEHHO.

Takxum 006pa3oM, HI3MEHEHHSI OCHOBHBIX TTapaMeT-
poB duyopecuennuu JICM (F,, A, AA,,) cBume-
TEIBCTBYIOT O BBICOKOW UyBCTBUTEIHHOCTH 30HJA K
HapyIIeHUSIM MOBEPXHOCTHOM 0o0macTtu mMeMOpaH,
MoaudupoBaHHOH XonecTepuHoM. OOHapyKeHHbIE
cnekTpanbHble n3MeHeHus [JCM oTpakaroT noBbIIIe-
Hue ruaApooOHOCTH OKPYKEHHUS 30Ha IIPH BCTPau-
BaHMU B JIMIMIHBIN OUCIIOH, KOTOpast Ooiee BeIpakeHa
B siunocomax @ X/xonecreput. B To ke Bpemst MeHb-
1ast ”HTEHCUBHOCTH (uryopecueHnn JJCM, nabio-
Jaemasi B IPUCYTCTBUHU XOJIECTEpHHA, MOXKET OBITH
Pe3yabTaTOM yMEHBIIEHUS KOTHIECTBA MOJIEKY 30H-
na, cBsizaHHOro ¢ MmeMmOpanamu. Kpome toro, ¢popma
C® 30na2a B unocomax DX/xoaecTeprH acCHMMET-
pUYHA, C XOPOLIO BBIPAXKEHHBIM KOPOTKOBOJIHOBBIM
MaKCHMYMOM H TJIEYOM B IJTMHHOBOJIHOBOM 001acTu
(puc. 1). [lpuaumMas Bo BHUMaHHE MOJyYEHHbBIE
9KCIIEpUMEHTANIBHBIE TOKA3aTEIbCTBA CYIIECTBOBA-
Hus B ©X-memOpaHax, 1o KpaliHe# Mepe, IByX popm
(hnyopecuentm JICM (“kpacuoit” u “3enenoir”) [10],
HaOJIonaeMble B IPUCYTCTBHH XOJECTEpHUHA U3Me-
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maximum increases more than in 30 times, and the
position of A, maxima shifts towards shortwave
interval by 43.5 nm (to 565.5 nm position). At
cholesterol presence F,; diminishes more than thrice,
and A, shifts towards the shortwave interval by 35.5
nm more (to 530.5 nm) comparing to PC-liposomes
case. Halfwidth (AA,,,) of spectra diminishes by 5%
(from 111.2 nm in PC-liposomes down to 107.1 nm in
PC/cholesterol liposomes) and that reflects some rise
of probe microenvironment homogeneity in cholesterol-
containing liposomes. DSM excitation spectra from
buffer solution to lipid environment transferring
undergone a shortwave shift by 8 and 14 nm in PC
and PC/cholesterol liposomes, correspondingly.

Thus, the variations of DSM fluorescence main
parameters (Fy;, Ay, AA,,) testify to a high sensitivity
of the probe to disturbances of cholesterol modified
membrane surface. The detected spectral variations
for DSM show a rise of probe microenvironment
hydrophobicity when being build into the lipid bilayer,
and this is more expressed in case of PC/cholesterol
liposomes. At the same time, the lower intensity of
DSM fluorescence, observed in the cholesterol
presence, can result from reduction of number of
membrane bound probe molecules. Moreover the
probe’s FS shape in PC/cholesterol liposomes is
asymmetric, with clearly expressed shortwave ma-
ximum and arm in long wavelength interval (Fig. 1).
Considering the experimentally shown existence in PC-
membranes at least of two forms (“red” and “green”)
of DSM fluorescence [10], the observed in cholesterol
presence variations of fluorescence parameters can
be interpreted as alteration of these components
contribution in a probe total spectrum.

To determine the individual components in DSM
fluorescence spectra we have used the approach based
on separation in spectrum of two parts: homogeneous
component, depending on probe intramolecular
properties, and distribution of inhomogeneous broa-
dening, which parameters depend on physical and
chemical peculiarities of the probe molecule
environment [2, 3]. This approach allows to separate
from the total spectrum the individual components,
corresponding to its membrane localization sites, and
to determine IHBP as well as v¢ and 0. Thereat the
parameter V° reflects the probe microenvironment
hydrophobicity more adequately, comparing with
traditionally used parameter A,;, and parameter 0 allows
to describe the environment dipole motility, directly
associated with microviscosity.

Resulting from membrane titrating by the probe we
retrieved the DSM saturating concentration (probe/
PC molar ratio of 1.4), where we observed the maximal
filling of all types of probe sorption centres (SCs) in
membrane with both strong and weak affinities to DSM.
Such an approach allowed to study the CP influence
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HeHUs mapametpoB (ayopecueHiuu JICM MoxHO
HMHTEPIPETUPOBATH C YUETOM Pa3IMIHOTO BKIIaJ[a THX
KOMIIOHEHT B CYMMapHBIH CIIEKTpP 30HAA.

Jns HaXOXKACHUS OTHENbHBIX KOMIOHEHT OBLI
HCIONB30BaH MOAX0J, OCHOBAaHHBII Ha BBIJICIICHUH B
CIIEKTpax 30HJa ABYX 4acTei: OMHOPOIHOMN cOCTaB-
AfouIel, 3aBUCAIEd OT BHYTPUMOJEKYISIPHBIX
CBOMCTB 30HJa, U paCNpeeIeHNs] HEOAHOPOIHOTO
YIIUPEHHS, TapaMeTpPbl KOTOPOTO OMPEAeNSIoTCS
(M3HKO-XMMIYECKUMU XapaKTEPHUCTHKAMHU OKPYKESHHS
MOJIEKYJ 30HAa [2, 3]. DTOT mOAXO0A MO3BOJISIET
BBIWIEHATh U3 CYMMapHOTO CIIEKTpa 30HAa KOMIIO-
HEHTHI, COOTBETCTBYIOIINE Pa3HbIM MECTaM €ro
JIOKamu3anuy B MeMOpane, u HaxonuTs [THY ve u 0.
[Ipu sTOoM mapamerp V¢ oTpaxkaeT THIPO(HOOHOCTD
MHKPOOKpPYKEeHHUs 30HAA Oojee aJeKBaTHO, YeM
TPaJAMLHMOHHO HMCHOJB3YEMBI mapaMmeTp A,, a
napameTp O MO3BOJISIET OXapaKTepU30BaTh IOABHK-
HOCTb AUMOJEH OKpPYXEHUs, HEMOCPEACTBEHHO
CBS3aHHYIO C MUKPOBSI3KOCTBIO.

[To pesynpraTaM THTpOBaHUS MeMOpaH 30HAOM
Opla HalieHa Hachlmaromas KoHueHtpamus JACM
(MonspHOE OTHOMIEHUE 30HA/(HOChaTHAMIXONUH,
paBHOE 1,4), 7151 KOTOPOM OTMEYATIOCH MAKCUMATHHOE
3aroHeHue Bcex TUIoB 1eHTpoB copOimm (LIC) 3012
B MeMOpaHax, IMEIOINX Kak 00JbIIoe, TaK U ciiaboe
cpoactBo Kk JJCM. Takoil moaxo MO3BOMISIET U3y4YaTh
Brusinue KI1 Ha ygacTkn MmeMOpaH, pacriosio;KeHHBIS
B Pa3NIUYHBIX O0JIACTSAX OWCIOs, HE OTPaHUYUBAsCH
Hau0oJjee crenuUIHBIMA JJIs1 TAaHHOTO 30Ha [16].

Brawane naxomqumu [THY cniekrpos dayopeciieH-
uu ICM B pactBoputene (5 MM Hatpuii-pochaTHom
oydepe, pH 7,4, mn60 B pacTBOpax COOTBETCTBYIOIIHMX
KII, npuroToBieHHbIX Ha 3TOM Oydepe), Iocie 4ero
HalJICHHbIE TIAPaMETPhI Vi U O, UCIOIb30BAIH VIS
BBIIENIEHUS IBYX cocTapistonmx CP 30H1a, CBA3aH-
HOTO ¢ MeMOpaHaMH. ANMTPOKCHUMAIINIO BBITIOTHSIIA
JI0 COBIA/ICHUS TEOPETHYECKH TIOTYIEHHOTO CyMMap-
HOTO CIIEKTpa C IKCIEPUMEHTAIBHBIM C TOYHOCTHIO
10 2%. PesynbTaThl MpUMEHEHHS 3TOTO MOAXO0Aa K
cnekTpam ¢uyopecuennuu JJCM, cesazannoro ¢ X u
dX/xonectepu MeMOpaHamMu, IOKa3aHbl Ha puc. 1.

Pacuernble 3HaueHHs mapaMeTpOB HEOIHOPOI-
Horo yuupenus 15 JJCM, Haxopsierocst B CycreH-
3usax ®X u GX/xonecTeprH JIMIOCOM, IPEICTABICHEI
B Tabxn. 1 u 2 (xononku “koHTposp”). Kak BumHO U3
puc. 1 u rabnuil, kpome “OyhepHOi” cocTaBIsrOIICH
(n1s xoTopoit Vi=16000 cm' u 0,=850 cm™), s
JCM, cBsi3aHHOTO C JIMIIOCOMaMH, 00OHMX BHJOB,
yIaeTcs BRIICIUTH ABE cocTaBisttomue (tumna I u 1),
OTIIMYAIONINECS [0 CBOMM CIIEKTPAIBHBIM XapaKTe-
PUCTHKAM U COOTBETCTBYIOIIHME PAUYHON JIOKATH-
3auuu 30HAa B MeMOpaHax. [IoCKONbKYy BETHYMHBI
[MHY nns nentposB tuna I B dX-nunocomax
(v§=16850 cm' u 0, =1100 cM™') OrM3KHM K HAMIEHHBIM
Ut 30Haa B OypepHOM pacTBOpe, oueBUIHO, 31U [1C
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TEOPETUYECKN pacCUMTaHHble cocTaisonme: 0 — 30H1 B
Oydepe; I — “kpacnass” kommnoneHnra; Il — “zemenas”
KOMITOHEHTA.

Fig. 1. Experimental spectra of DSM fluorescence in PC (a)
and PC/cholesterol (b) liposomes and their calculated
components: 0 — probe in buffer solution; I — “red”
component; Il — “green” component.

on membrane sites in different bilayer areas with no
restriction to the most specific sites for the given probe
[16].

Using this approach at first we found the IHBP of
DSM fluorescence spectra in solvent (5 mM sodium-
phosphate buffer solution, pH 7.4) or in buffered
solutions of corresponding CP, then the retrieved
parameters Viand 0, were used to separate two
components of membrane bound probe fluorescence
spectra. Approximation was performed until the
theoretically obtained total spectrum fitting the
experimental one with the 2% accuracy. Results of
application of this approach to spectra of DSM bound
with PC and PC/cholesterol membranes are shown in
Fig. 1.

The calculated values of inhomogeneous broadening
parameters for DSM, located in PC and PC/cholesterol
liposome suspensions, are given in Table 1 and 2 (the
control column). It can be seen from Fig. 1 and Tables
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pacmoJioKeHsl BOJIU3M MOBEPXHOCTH, B MOJSIPHOM
oOmacTtu OUCIIOs, U CBS3bIBAHUE KATHOHHOT'O KPacH-
tenss ICM ¢ HUMH HOCHUT 3JIEKTPOCTATHUECKUU
XapaxkTep. YdyacTku cBs3biBaHusi tuna Il umeror
MEHBIIYIO TOISPHOCTh (OOJbIINE 3HAYCHUS T1apa-
MeTpa V5) U COOTBETCTBYIOT Oojiee IiIyOOKOH JOoKa-
JU3aly 30H]la — B Hayalie HeMmoJISpHOW o0nacTH
oucnos [7, 8]. Ana IIC tuma Il 3mauenus [THY
coctapisoT: V5=18500 e 1 0,=1150 cm™. [Ipuuem,
KaK 3TO U HaOJIoaeTcs SKCIIEpUMEHTAIILHO, HanOoiee
WHTEHCUBHOW Quryopectennuei B ®X-nmunocomax
o0JaaeT KOMITOHeHTa I, BK1a1 KOTOpO# B CyMMapHBIi
cunektp Hambosbmuil (k,=0,62). B mpucyrcrBun
XoJecTepuHa B crekTpax ¢uyopecueHuuu JCM,
CBSI3aHHOTO C MeMOpaHaMmu, MpeobsagaeT KOPOTKO-
BotHOBas coctasisomas (k,=0,56), B To Bpems Kak
BKJaJ cocTaBistomiei tuna I B cpaBHenuu ¢ OX-
TUTIOcOMaMHu CHIpKaeTcs bonee yem Basoe (k,=0,28).
Oxkpyxenue L[C tuma Il B mumocomax, comepkantux
XOJIECTEPUH, CTAHOBHTCS Oosiee THAPOGHOOHBIM
(v5=19050 cm™') mo cpaBHenuto ¢ dX-meMOpaHaMH.

[TonydeHHble pe3ynbTaTsl CBUAETEIBCTBYIOT O
TOM, YTO IPUCYTCTBHE BHICOKOM KOHLIEHTPAIINH XOJIeC-
tepuHa B OX-0ucioe mpuBOIUT K U3MEHEHHUIO TOIIO-
rpaduu MOBEPXHOCTHOM o0siacTH MeMOpaH, BbIpa-
KaoUeMycs B MOSABICHUU B OHUCIIOE yYaCTKOB
cs3biBanus JJICM ¢ MOBBIIICHHOM THAPOPOOHOCTHIO.
Jlanee B CpaBHUTEIBLHOM acCIeKTe OBLIO M3YYEHO
Biusaue KII mHa ®X-1unocOMBI U JTHIIOCOMBI,
MOAM(UIMPOBAHHBIE XOIECTEPUHOM.

Kak BumHO m3 puc. 2 u 3, xapakTep BIUSHHUSA
nccaenoBadHbIX KIT Ha MHTEHCUBHOCTB U MOJIOKEHUE
cnekTpoB ¢uryopecueniuu JJCM, accomupoBaHHOTO
¢ MmeMOpanamMu ®X- nu OX/X01eCTEPUH JIUIIOCOM,
OJIMHAKOB: 10 Mepe yBennueHus koHueHTpannu K11 B
CYCIIEH3WH MHTEHCHUBHOCTH (DIyOpECIeHIINH 30H/a,
CBSI3aHHOTO C MOJEJILHBIMU MeMOpaHaMH, CHUXKAET-
Cs, a MAaKCUMyM CIIEKTPOB CMEUIAeTCA B JJIUHHO-
BOJIHOBYI0 cTopoHy. CpaBuenne BiausHus KII na
criekTpsl JICM B cycrieH3un MEMOPaH C X BIUSHAEM
Ha CIIEKTPHI 30H1a B Oydepe NoKa3bIBaeT, 4YT0 HaOIIO-
JaeMoe Tociie TOCTHKEHNSI MUHUMYMa BO3pacTaHHe
WHTeHCUBHOCTH Qryopecueniu JICM o0ycnoBieHo
pOCTOM BKJajaa B CyMMapHBIH CIEKTp 30HIA
“OyepHoil” coCTaBIAIOMIECH, KOTOPHIA COIYTCTBYET
BBIXO/ly 30HIA M3 MEMOpaH B PacTBOPHUTENb BCIE.-
CTBHE KOHKYpeHIIMHU MoJieKy1 30H1a 1 K11 3a yuactku
cBsi3pIBaHUS Ha Oucnoe. [lpuuem Hambomee pesko
addexr KII Beipasken B munocomax O X/xonecTepuH.

[pumep Bausuua 1,2-11J1 Ha BUA CHEKTPOB
¢dnyopecueniuu JICM, ceszanHoro ¢ ®X- u ®X/xo-
JIECTepUH JTUTIOCOMaMHU, IPUBEJIEH Ha puC. 4.

B uenom rmunepun, 3I' u 1,2-I1]] oka3biBaroT
MeHbIlIee BIMSHUE HA HHTEHCUBHOCTh U TIOJI0KEHHUE
crexkTpoB ¢payopecnennuu JCM B MmemOpaHax B
cpasuenuu ¢ JIMCO u [IM®DA, omHako B TUITOCOMAX,
COZEpIKAIIMUX XOJECTEPUH, 3TH OTIUUYHS Ooyee
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1 and 2, that in spectra of DSM bound with both types
of liposomes it is possible to separate two components
(of types I and II) being different by their spectral
characteristics and correspondent to different
localization of probe in membrane. The latter does not
concern the “buffer” component where vi=16000 cm™
and 0,=850 cm™'. Considering the IHBP values for
centers of type I in PC liposomes (vV¢=16850 cm™ and
0, = 1100 cm™) are close to the ones retrieved for the
probe located in buffer solution, it is apparent, that these
SCs are situated close to surface, in polar area of
bilayer, and the binding of cationic dye DSM with them
is of electrostatic nature. The SCs of type II have
weaker polarity (bigger values of V§) and correspond
to a “deepper” localization of the probe, in the edge of
bilayer non-polar area [7, 8]. For SC of type Il IHBP
values make v$=18500 cm™' and 0,=1150cm™).
Moreover, as it has been experimentally shown, the
most intensive fluorescence in PC liposomes is
experimentally observed to be posessed by component
I, which contribution in total spectrum is the greatest
(k,=0,62). In cholesterol presence the membrane
bound DSM fluorescence spectra show the dominance
of shortwave component (k,=0,56), while the contri-
bution of type I component is dropped more than twice
(k,=0,28) comparing to the case of PC liposomes. The
environment of type II SCs in cholesterol containing
liposomes is more hydrophobic (vi=19050 cm™)
comparing to PC membranes.

The obtained results testify to the presence of high
cholesterol concentration in PC bilayer results in
variation of membrane surface topography, manifested
in appearance in membrane of DSM binding sites with
elevated hydrophobia. Hereafter we studied compa-
ratively the CP effect on PC liposomes and cholesterol
modified liposomes.

Fig. 2 and 3 show the nature of studied CP effect
on intensity and position of fluorescence spectra of
DSM, bound with membranes of PC and PC/
cholesterol liposomes is identical: in rising of CP
concentration in suspension the fluorescence intensity
of the membrane bound probe decreases, and
maximum of spectra shifts into long wavelength
interval. The comparing of CP effect on DSM spectra
in membrane suspension with the effect on spectra of
the probe in buffer solution shows, that the rising of
DSM fluorescence intensity observed after reaching
the minimum is determined by a rise of the “buffer”
component contribution in probe total spectrum, that
accompanies a release of the probe from membranes
into a solvent due to a competition of the probe and
CP molecules for binding sites on bilayer. Moreover
the most significant effect of CPs is observed in PC/
cholesterol liposomes.

The example of 1,2-PD effect on fluorescence
spectra pattern of PC and PC/cholesterol liposome
bound DSM is shown in Fig. 4.
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Tabéauua 1. Boustaue 15 mac. % pacTBOpOB KpHONIPOTEKTOPOB HA MapaMeTPhl HEOAHOPOAHOTO YIIMPEHUS CIIEKTPOB
¢ryopecuenunu JJCM B ®X-numocomax

Table 1. Effect of 15% w/w cryoprotectant solutions on parameters of inhomogeneous broadening
of DSM fluorescence spectra in PC-liposomes

ITapameTpsl
THUIBI IeHTPOB HEOAHOPOAHOTO
copOIuH 30HAQ YIIUPEeHUS KouTtpoan I'runepun or 1,2-TTA AMCO AM®DA
Type of probe Parameters of Control Glycerol EG 1,2-PD DMSO DMFA
sorpion centre inhomogeneous
broadening
\‘,’:v;ﬁjl 160008 1610010 1605012 1610010 15985%5 159955
o
0 Oy eM! 8505 8506 8404 9207 840%5 8353
o,cm
k, 0,040,005 0,07=+0,01 0,06+0,01 0,05+0,01 0,15%+0,01 0,83+0,02
\\;Cl g\:{: 168507 1645012 164509 16450=10 16850=10 16350+6
o
I gi';l;{r: 11009 9506 98019 950==14 1100+10 1000+4
"
k, 0,62=+0,02 0,60=0,01 0,61=0,02 0,60=+0,01 0,59=0,01 0,63+0,02
\\;:1;1:[1:11 1850015 1832013 18150=11 1815010 185708 182508
P
1I gZ'gI“I‘l 11 11507 10004 1050=+5 10008 1160+6 1050=+7
o
k. 0,34=+0,01 0,33=+0,01 0,33%+0,02 0,35=+0,01 0,26+0,01 0,14=+0,01

Ipumeuanue: 3xech 1 B Tab. 2 ommbKa pacyera mapaMeTpoB HEOAHOPOIHOTO yIIUPEHUsI 171t Oy pepHOIi COCTABIISIONIEH He MPeBbIIIaia
1%, a U1 KOMIIOHEHT 30H]1a, CBA3aHHOTO ¢ MeMOpaHamu, —2%.

Note: Here and in Table 2 the calculation error for parameters of inhomogeneous broadening for buffer solution component did not
exceeded 1%, and for components of membrane bound probe — 2%.

Tabéuauua 2. Boustaue 15 mac. % pacTBOPOB KPHONIPOTEKTOPOB HA MapaMeTPhl HEOAHOPOAHOTO YIIMPEHUS CIIEKTPOB

¢yopecuenuun JICM B ©X/xonecTeprH-IIMIIOCOMaX

Table 2. Effect of 15% w/w cryoprotectant solutions on parameters of inhomogeneous broadening

of DSM fluorescence spectra in PC/cholesterol liposomes

TTapamerpsl
Tuns eHTpoB HEOAHOPOAHOI'O
copOnuu 30HAQ YIIMpeHnus KouTtpoab T'aunepun or 1,2-TIA AMCO AM®A
Type of probe Parameters of Control Glycerol EG 1,2-PD DMSO DMFA
sorption centre inhomogeneous
broadening
\\)}:(),:::11\141:1‘ 160008 1610010 1605012 1610010 159855 15995+5
o
0 Oyen 850%5 850=6 840%4 920%7 840=5 835%3
0, cm
k, 0,16=+0,02 0,16+0,01 0,20+0,01 0,15+0,02 0,25+0,04 0,79+0,04
\\;Ccl' gflfl 16850+ 14 1630022 1630515 16220+10 16264+15 16240+18
o
I glgfl 11 1150+5 99011 990=+7 99010 970=+5 975+5
It
k, 0,28=+0,01 0,44=0,01 0,38=+0,02 0,41=+0,03 0,49=+0,05 0,060=0,001
\‘}’}fﬁj 1905023 1878017 18775=19 18750=10 1874514 1838021
2
i grg‘:lfl 1200+8 1159+15 1150%+9 10505 1053+7 1070=+13
o
k, 0,56=+0,02 0,40=+0,01 0,42+0,02 0,38+0,01 0,26=0,01 0,15+0,01
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Fig. 2. Cryoprotectant effect on normalized intensity (a) and position of maximum (b) for DSM fluorescence spectra in PC-
liposome suspension: 1 — glycerol; 2—EG; 3 —1,2-PD; 4 — DMSO; 5 — DMFA.

3aMEeTHBI: IepepactpeesieHre 30H1a B PACTBOPUTEIb
Habmonaercs mpu kouteHTpanusix KI1, cymecrBeHHO
MeHbpIINX, yeM B dX-nmumocomax (tabxa. 2). Tax, B
nunocomax DX/xomecTepuH POCT 3aBUCHUMOCTH
HOPMHUPOBAaHHOMN HHTeHCUBHOCTHU (utyopecueHnuu F/F,,
oT xoHueHTpauuu KII, cooTBeTCTBYIOIIMI TIEpexoay
30H7a U3 MEMOpaH B pacTBOPUTEINb, HAOIIONAJICS B
obnactsax koHuentparuii: O — 25, 1,2-11]] — 22,
JIMCO — 14, AIM®A — 7 mac. %. B 1o Bpems kak B
dX-numocomax M3MeHeHHUs 3aBHcUMOCTH F/F, oT
koHuentparuu KII umeror Oonee TutaBHBIN X0 U €€
POCT HauMHaEeTCs NpHu KoHUeHTpauusax: 1,2-I111 —42,
O — 34, IMCO — 32, IM®A — 20 mac. %. Hdus
WCCIIEIOBAHHBIX KOHIIEHTPAIMH IIUIIEpUHA B 000X
ClIydasix M3JIOM KpUBBIX He HaOmtomascs. CXOmHBIH
XapakTep MMEIOT M 3aBUCHMOCTH mapamerpa A, OT
koHueHTpauuu KII B aMnocomax pazinyHoro cocrasa
(cM. puc. 2, 6 u 3, 6). Benuuuna casura A, B
JUTHHHOBOJTHOBYFO CTOPOHY OTpaskaeT 3pheKTHBHOCTD
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Generally, glycerol, EG and 1,2-PD cause lower
effect on intensity and position of fluorescence spectra
of DSM in membranes comparing with DMSO and
DMFA, however in cholesterol-containing liposomes
these differences are more visible: the re-distribution
of probe into solvent is observed at lower CP
concentrations comparing to PC liposomes (Table 2).
For example, in PC/cholesterol liposomes the rise in
dependence of normalised fluorescence intensity F/F,,
from CP concentration, corresponding to probe
transition from membranes into solvent, was observed
at the following concentrations: EG — 25, 1,2-PD -2,
DMSO - 14, DMFA — 7% w/w. While in PC liposo-
mes the variation of F/F,; dependence from CP
concentration have smoother change and its rise was
observed at following concentrations: 1,2-PD — 42,
EG — 34, DMSO - 32, DMFA — 20% w/w. For the
studied glycerol concentrations there was no curve kink
in both cases. The similar pattern is also observed in
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Fig. 3. Cryoprotectant effect on normalized intensity (a) and position of maximum (b) for DSM fluorescence spectra in PC/
cholesterol-liposome suspension: 1 — glycerol; 2 —EG; 3 —1,2-PD; 4 —DMSO; 5 — DMFA.
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Fig. 4. Effect of rising concentrations of 1,2-PD (shown with arrows) on fluorescence spectra of DSM, bound with PC (a)

and PC/cholesterol (b) liposomes.

BBITECHEHHMS 30Ha U3 MEMOpaH B paCTBOPUTEIb ITOJ
BrusiHueM KII. OmHako HEOOXOAMMO YUHUTHIBATE, YTO
OLIEHKH, BKJIFOYAIOIIME TOJIBKO aHaIN3 napaMeTpoB F,
U A, HE COOTBETCTBYIOT B TOYHOCTH Havaily mepexosa
KII B pacTBOpuUTENS U MO3BOJSIOT HA KAYECTBEHHOM
ypoBHE cpaBHUBATH d(pexTuBHOCTS BiusHuA KII Ha
MeMOpaHBbI, CO/IepIKaIHe 1 HE CONEPIKaIIIIe XOIeCTe-
pHH.

[Mockonbky HH(pOpMaLUs, MOTydyaeMas U3 OCHOB-
HBIX MTapaMeTpoB criekTpoB ¢uryopecuenunu ICM F,
U A, OTPaHUYCHA, JTOTOIHUTEIIHHO IPUBIICKAIH aHATIN3
[THY cnextpoB ¢uryopectiennnu 30H1a. B tadm. 1 u 2
MpecTaBleHbl pe3yibraTsl pacueTos IIHY cnextpos
¢nyopecuenunn JCM B ©X- nu ®X/xonecrepun
Jurnocomax, BeloHeHHsle s 15 mac. % KII. [pu
9TOM KOHIIEHTPAIH 3aMETHO MPOSABISAIOTCS pa3IHyuns
B AeiicTBuM KII Ha TUIIOCOMBI U B TO %€ BpEeMS 0CTa-
TOYHOE KOJMYECTBO 30H/a €Il OCTaeTcs B Oucioe.
Ha puc. 5 u 6 mokazan oO1wii BUI CIIEKTPOB (hiryopec-
neniuu JJCM B ®X- u ®X/xonecTeput Iumnocomax u
X TEOPETUYECKH PACCUUTAHHBIE COCTABJISIONINE B
npucytctBuu 15 mac. % JAMCO u [IM®DA.

Kak BunHO u3 Ta6n. 1, B ®X-nmunocomax mnpu
conepxanuu 15 mac. % rnmunepuna, OI" u 1,2-11]]
Habronaercs: HesHaunTenbHoe (Ha 2—3%) mepepac-
npenenenne JJCM n3 meMOpaH B pacTBOpPHUTENb O€3
JOCTOBEPHOTO M3MEHEHMS pacHpeleseHns 30H1a
mexay tunamu LIC (p>0,05). To ectp nanusie KII B
koHMeHTpanuu 15 mac. %, cBa3wpBaich ¢ OX-
MeMOpaHaMH, HE OKa3bIBAIOT CYIIECTBEHHOTO
BIUSHUS Ha CTPYKTYpy Oucioda. M3 mccnemoBanHBIX
KII toaeko JIMCO u JIM®A cHHXAIOT OTHOCH-
TenpHOE coaepxkanue 30Haa Bo 11 ture LIC (AMCO
Ha 9 u JIM®A Ha 11%) u yBeaum4yuBaioT €To
coneprxkanue B pacteoputene Ha 11 u 19 % coorser-
ctBeHHO (p<0,05). Ananornyno Biwsarot 3ty K11 u Ha
MeMmOpanbl ®X/xonectepu (Tadmn. 2). B nocnennem
ciydae 3ddext MDA okas3piBaeTcs HAUOONBLINM:
B pacTBOp nepexoaut 79% 30814, a konudectBo JACM,
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Ay dependences on CP concentration in liposomes with
a different composition (see Fig. 2 b, and Fig. 3 b).
The value of A shift into the long wavelength interval
reflects the efficiency of the probe chasing from
membranes into the solvent under CP effect. However
it is necessary to take into account that estimation,
based only on analysis of F,, and A,, parameters, does
not reveal precisely the initial moment of CP transition
into solvent and allows to compare qualitatively the
effect of different CP on membranes with or without
cholesterol presence.

As the information retrieved from the main para-
meters of DSM fluorescence F,, and A, is incomplete,
we used additionally the analysis of IHBP of probe
fluorescence spectra. Tables 1 and 2 show the results
of IHBP calculations for DSM fluorescence spectra
in PC and PC/cholesterol liposomes performed for 15%
mass of CP. At this concentration the differences in
CP action on bilayer are clearly exhibited and at the
same time the sufficient amount of probe molecules
has still remained in bilayer. Effect of 15% mass of
DMSO and DMFA on general pattern of DSM
fluorescence spectra in liposomes and their theo-
retically calculated components is presented in Fig. 5
and 6.

Table 1 shown that in PC liposomes in presence of
15% w/w glycerol, EG and DMSO there is an
insignificant (for 2—3%) re-distribution of DSM out of
membranes to solvent without a significant changes in
probe distribution among SC types (p>0.05). These
CP under 15% w/w concentration did not affect
significantly the bilayer structure when binding with
PC-membranes. Among the studied CPs only DMSO
and DMFA diminish a relative content of the probe in
type 1I SC (DMSO by 9 and DMFA by 11%) and
increase its content in solvent by 11 and 19%,
correspondingly (p<0.05). The similar effect of this
CPs is observed in PC/cholesterol membranes (Table
2). In the latter case DMFA effect appears to be the
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Puc. 5. Bausaue 15 mac. % JIMCO (a) u AM®PA (0) Ha skciepuMeHTanbHbIe crieKTpsl (hiayopecterunn ICM B OX—
JMUTIOCOMAaX M UX TEOPETUUYCCKU pacCUYUTaHHbBIC cocTaBisttonie: 0 — 30Ha B Oydepe; I — “kpacHas” kommonenta; 11 —

“3esreHas’’ KOMIIOHEHTA.

Fig. 5. Effect of 15% mass of DMSO (a) and DMFA (b) on experimental spectra of DSM fluorescence in PC liposomes and
their calculated components: 0 — probe in buffer solution; I — “red” component; II — “green” component.

cea3anHoro ¢ LIC I u Il tunos, ymensmaercs Ha 22 u
41% COOTBETCTBEHHO B CPaBHEHHUM C KOHTposieM. B
JIUTNIOCOMAX, COAEPKALINX X0JIECTEPHH, NULEpuH, O,
1,2-II11 1 AIMCO, BBI3BIBAIOT MOYTH JBYKPaTHOE
BO3pacTaHUE OTHOCHUTENbHOTO KoanuectBa JICM,
cBa3anHoro ¢ IIC tuna I, u cHMXkeHHe KonuuyecTBa
ACM, cBsazannoro ¢ I[C tuma II. [Ipuuem, B
BeITecHeHnH 30842 u3 1IC tuma II I'n, OI' u 1,2-T1]]
MOYTH OJJMHAKOBO 3 dexTHBHHI (K, CHUX)aeTcs Ha 13—
15% B cpaBHEHHH ¢ KOHTpOeM, p<0,05), B To Bpemst
kak B npucyrcrsun JJMCO (k,=0,26) u MDA
(k,=0,15) BBITecHEHHE (QIIyOpPECHEHTHOTO 30HIA U3
“ruapodobusix” LIC nporcxoaut 6o1ee HHTEHCUBHO
(p<0,05). Hapsiny ¢ Bertecaennem JICM u3 MmeMOpaH,
KII yBennuuBaloT Takxke MOJIPHOCTH MUKPO-
OKPY>KEHHSI 30H/1a, HAXOMAIIETOCS B JIMIIOCOMAX 000UX
TUIOB (CHW)KEHHUE MapaMeTpa V°).
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highest: 79% of the probe transits into the solution,
and the amount of DSM, bound with SCs of types |
and II decreases by 22 and 41%, correspondingly,
comparing to control values. In cholesterol-containing
liposomes glycerol, 1,2-PD and DMSO cause almost
a twofold rise of relative amount of DSM, bound with
SC of type I, and decrease of the amount of DSM,
bound with SC of type II. Moreover, glycerol, EG and
1,2-PD efficiencies are quite the same in chasing of
the probe from SC of type II (k, decreases for 13—
15% comparing to the control values, p<0.05), while
in presence of DMSO (k,=0.26) and DMFA (k,=0,15)
the chasing of the fluorescent probe from hydrophobic
SCs is more intensive (p<0.05). Alongside with DSM
chasing from membranes, CPs also increase the
polarity of probe microenvironment, located in
liposomes of both types (decrease of parameter v©).
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Puc. 6. Baustane 15 mac. % JIMCO (a) u IM®A (6) Ha sKkcnepuMeHTanbHble crieKTphl ¢uryopecueHn JCM B
OX/x01eCcTepUH-ITUIIOCOMaX U X TEOPETHYECKH paccuuTaHHble cocTasistonme: 0 — 30H1 B Oydepe; I — “kpacHas”
koMmnoHeHTa; [ — “3eneHas” KOMITIOHEHTA.

Fig. 6. Effect of 15% w/w of DMSO (a) and DMFA (b) on experimental spectra of DSM fluorescence in PC/cholesterol
liposomes and their calculated components: 0 — probe in buffer solution; I — “red” component; II — “green” component.
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Takxum 06pa3oM, XapakTep BIUSHUS HCCIIET0BaH-
HbIX KII Ha ®X-— u dX/XonecTepuH JTUIOCOMEI
OJMHAKOB U MPOSIBIAETCS B KOHKYPEHTHOM B3aHUMO-
OeHCTBUM ¢ (DIYOPECUEHTHBIM 30HAOM 3a LIEHTPHI
CBA3BIBAaHUA Ha MeMmOpane. OZHAKO 3TO BIHUSHUE
3aBUCHT OT XUMUYECKOM MPHUPOJIbI M KoHLeHTparu K11
1 HanOoJee BBIPaXEHO B JIMIIOCOMAax, MOIU(PUIH-
poBaHHBIX 45,4 Mon1. % XosecTepuHa.

WNaTepnpeTHpoBaTh MOJYy4YE€HHBIE PE3yIbTaThI
MOXXHO C YYETOM COBPEMEHHBIX IPEJCTaBICHUN 00
OpraHu3alii XOJEeCTepHHa B OHCIIOe, KOTOphIe B
HacTofAIIee BpeMsl NUCKyTHUPYIOTCS B JUTEpaType.
[Ipu conepxaHum XoaecTeprHa B MeEMOpaHax OKOJIO
0,40 1 0,50 MmonpHBIX HOJEH [22] SKCTIEPUMEHTAIBHO
00HaApyXEHBl PE3KHE M3MEHEHHS! CTPYKTYyPHOTO
COCTOSIHUSA OMCIIOS, CONMPOBOXKIAAIOIINECS YBEIUYe-
HUEM YTIOPAJOYEHHOCTH ALWIBHBIX LIENEH JINTUAOB U
CHMXEHHEM YMOPSAIOYEHHOCTH YNMAaKOBKH (WU
YBEJIMYECHUS TUApATAlHH) B 00JacCTH MOISPHBIX
TOJIOBOK JIMMTUJOB. JIaHHBIN qrana3oH KOHIEHTpalui
ONMU30K K “KpUTHYECKOMY ’ THANa3oHy, TEOPETUIECKU
MpeacKa3aHHOMY B paMKaxX TakKk Ha3bIBaeMOU
THITOTE3bI CyTIEPPEIETKH, COINIACHO KOTOPOH XOJecTe-
puH criocobeH K m30upareaIbHOMY 00pa30BaHHIO
KOMIIJIEKCOB € OTpeAeieHHBIMU BUgaMu (Gocdo-
JUNUAO0B ¢ (pOPMHPOBAHHEM JOMEHOB, PABHOMEPHO
pacnpenenéHHbIx B Oucnoe. [Ipennonaraercs takxe
BO3MOXHOCTH 00pa3oBaHus Je(PeKTHBIX 30H B OHCIIOE
1 UX COCYILIECTBOBAHMS C YIIOPSIIOUEHHBIMH IOMEHA-
MH.

B pabote ncronbp3oBaH NUNKL OZHOTO BHUIA —
suyHbld @X. OgHako npu BHIOPAHHOM B JKCIEpH-
MEHTaX MOJISIPHOM COOTHOILIICHUH JIUIU/XOJIECTEPHH,
paBHOM 1,2:1, 04EBHUAHO, UYTO XOJECTECPUH HE
pacmpenenes B OUcCIOoe paBHOMEPHO W MOXKET HE
TOJIBKO HaxOAUThCSA B Bue KoMmiuiekcoB ¢ OX, HO
Takke 1 00pa30BBIBATH CAMOCTOSATENBHBIE KJIACTEPHI,
yBEINYNBasi TEM CaMBIM I'€TePOTe€HHOCTh OMCIIOS.
Kpome toro, nockonbky npupoasslii @X spisercs
TeTEPOTEHHBIM I10 KUPHOKUCIOTHOMY cocTaBy [12],
B OHMCI0€ MOXET UMETh MECTO M30HpaTenbHOE
B3aUMOJICHCTBUE XOJECTEPUHA C ONPENCIECHHBIMU
MosekyiraMu DPX, K )KMPHOKHCIOTHBIM OCTaTKaM
KOTOPBIX OH UMeeT Oolbliee cpoacTtBo. Ominuus B
CPOJCTBE XOJECTEpHHA K JUNUJAM, COIEpKaLIUM
[TOJINHEHACHIIIICHHBIE U HACHIIIICHHBIE YKUPHOKHUCIIOT-
HBIE OCTATKH, a TAK)KE UMEIOIINM Pa3IHIHYIO JUTHHY
YIJIEBOJOPOMHON memnu, omucansl B [21]. MoxHO
MIPEAIOI0KUTH, YTO XOJIECTEPUH B BBHICOKOI KOHIICH-
Tpauuu obOpasyer B Ouclioe pa3iUYHBIE CTEXHUO-
MeTpHUYecKre KOMIUIeKchl Tuna dX/xomecrepuH u
XOJIECTEPHH/XOJIECTEPHH, (POPMHUPOBAHNE KOTOPBIX
MPUBOJUT K JIATEPAIbHOMY Pa3fesICHUIO JINIIUIOB B
IUIOCKOCTH OUCIIOSI U BOZHUKHOBEHUIO “‘Ie(EeKTHBIX
30H”’ Ha rpaHUIlaX YIOPSAI0YCHHBIX JoMeHOB. Halmro-
JAEMO€ YBEIIMYEHUE COIEPKaHNS HEMOIAPHON KOMITO-
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Thus, the nature of investigated CP effect on PC
and PC/cholesterol liposomes is identical and is exhibited
in competitive interaction with the fluorescent probe
for binding sites on membrane. However this effect
depends on CP chemical nature and concentration and
is the most expressed in liposomes, modified with 45.4
molar % cholesterol.

It is possible to explain the obtained results when
considering the literature data on cholesterol
arrangement in membrane being recently discussed.
There are experimental observations of sharp changes
of bilayer structural state at cholesterol content of 0.40
and 0.50 molar fractions, and these are accompanied
with arise in lipid acyl chain ordering and decrease in
packing order (or increase of hydration) in lipid polar
head area. The given range of concentrations is close
to “critical” range, theoretically predicted by so-called
hypothesis of superlattice, postulating cholesterol ability
to form selectively the complexes with certain
phospholipid types. The formed domains are thought
to be uniformly distributed in bilayer. The hypothesis
considers also the possibility of defect zones formation
in bilayer and their co-existing with the ordered
domains.

In this work the lipid of one type, egg PC, was
used. However at the lipid/cholesterol molar ratio of
1.2:1, selected in the experiments, it is obvious, that
cholesterol is not uniformly distributed in bilayer, as
well as it can be not only being as the complexes with
PC, but also form the independent clusters, increasing
in such a way the bilayer heterogeneity. Furthermore,
as natural PC is heterogeneous by fatty acid
composition [12], it is possible to have in bilayer the
selective interaction of cholesterol with certain PC
molecules, which fatty acid residues have higher
affinity to cholesterol. The differences in cholesterol
affinity to lipids containing poly-unsaturated and
saturated fatty acid residues, as well as having different
length of carbon chain, are shown [21]. It is possible
to suppose, that high concentrated cholesterol forms
in bilayer various stoichiometric complexes such as
PC/cholesterol and cholesterol/cholesterol with
subsequent lateral separation of lipids in a bilayer plane
and appearing of “defect zones” on the edge of the of
ordered domains. The observed increase in non-polar
content in fluorescence spectra of DSM, bound with
PC/cholesterol liposomes, is apparently a result of probe
infiltration into such “defect zones” with the maximal
hydrophobia. This fact is testified particularly by the
greater relative contribution of the “hydrophobic”
component in DSM fluorescence spectra in PC/
cholesterol membranes (k,=0.56) comparing with PC
membranes (k,=0.34). The bulk of DSM sorption
surface centers in PC/cholesterol membranes is
occupied by either cholesterol or its complexes with
PC. This reflects almost two time smaller contribution
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HEHTHI B criekTpax ¢uryopecuerunu JICM, cBsi3aHHOTO
¢ nmunocomMamu ®X/xonectepuH, N0-BUAUMOMY,
ABIISIETCS CIIEZICTBHEM MPOHUKHOBEHUS 30H/1a B TAaKHE
“nedeKTHBIC 30HbI”, XapaKTePU3YIOIIHeCsS Han0O0IIb-
mel runpopoOHocThI0. OO 3TOM CBUAETEIBCTBYET,
B YAaCTHOCTHU, OONBIIMH OTHOCHUTENbHBIH BKJAj
“ruapodoOHOI” COCTaBIAIONIEH B CHEKTPHI Iryopec-
uenin JJICM B memOpanax ®X/xonecrepun (k,=0,56)
B cpaBHeHUM ¢ D X-memOpanamu (k,=0,34). OcHOBHas
e Macca MOBEPXHOCTHHIX LeHTpoB copOiuu JJCM B
MeMOpanax DX/XolecTeprH 3aHATa XOJIECTCPHUHOM
6o ero komruiekcamu ¢ @X. ITo oTpakaeT MOYTH
B 2 pa3a MEHBLINH BKIAJ “HOISAPHON” COCTABIAIOIIEH
B crnektphl ¢uayopecuenuuu JCM (k,=0,28) B
cpasaeann ¢ ®X-membpanamu (k,=0,62). B 10 *Xe
BpeMs TIOBBIIICHHUE THAPATAlUY MOJSPHON obnacTu
Oucios B MpHCYTCTBUM XonecTepuna [19], mpoucxo-
JIIee B pe3ybTaTe YBEIMUEHUS PACCTOSTHUS MEXAY
roJOBKaMHu coceqHux Monekya @X npu BHEIpEHUU
THAPOKCHIIBHON T'pynmbl xonectepuna [12], moxer
YBEIUYUTH JOCTYITHOCTH IIOBEPXHOCTH OMCIIOS TAKKe
st Mmostekyn JICM, ¢uryopecueHiust KOTOpsIX Oyaer
B 3HAYNUTEIHHOMN CTENIEHU MOTYIIEHa BOJOH.

YuuTeIBas pacCMOTPEHHBIE BBINIE MEXaHU3MBI
BIIMSIHUS XOJIECTEPHHA Ha JIUITUAHBINA OHCIION, MOXKHO
ouaath, uto 3¢ dexruBHOCTL B3aumoneiictus KII
¢ 6uciioem, MOTU(HUITNPOBAHHBIM BHICOKOH KOHIIEHT-
parieii xonecTeprna, OyaeT 3aBUCETh OT THIAPO(UIIb-
HO-THAPO(QOOHBIX CBOWCTB MOJIEKYJ KPHO3AIIUTHBIX
BEIIECTB, KOTOPBIE MOTYT OBITH OXapaKTepU30BAHBI
¢ oMok KodpduienTa ux pacnpenenenus (K,) B
cucteMe Boaa/okTtaHous (tabia. 3) [15]. B cooTBer-
CTBUH C 3TUM KputepueM uccnenyemsle KII Mmoxno
PacloyIOKUTh B MOPSAKE BO3pacTaHUsl rUApodoO-
HOoCcTH: TuTepuH<21'<1,2-TITJI< JIMDPA<JIMCO. Kax
BHJAHO M3 Taba. 3, miug o0OWX THUIOB JIMIIOCOM
HaOJogaeTcs: BBICOKMI OTpULATENbHBIN KO QUITEHT
KOppeJsiuu napaMeTpa k,, oTpa)karomero oTHOCH-
TeIbHOE KOJIMYECTBO 30HAa, cBsizaHHoro ¢ L[C tuma
II, ¢ kospdunmentom pacnpenenenus K, B cucreme
BOJA/OKTAHOJI U HE OTMEYAETCS KOPPEJSALUN MEXIY
napamerpamu Kk, u K. DTo CBUIETENBCTBYET O TOM,
gto B cBs3biBannu KII ¢ IIC tuma II Bexymryro pois
WrpaeT UX CHOCOOHOCTHh K THAPO(POOHBIM B3aMMO-
JIercTBUsIM, B TO Bpemst Kak B cBsi3biBanuu KII ¢ LIC
tuna | mpeobnagarT MHBIE MEXaHU3MBI, CpElH
KOTOPBIX MOKET OBITh BBIJEJIEHA BOJOPOIHAS CBS3b
(Tabm. 3).

W3 nonayyeHHBIX pe3ynbTaToB CIENYET, UTO B3aU-
MozaericTBue uccienoanubix KII ¢ uckyccTBeHHBIMU
O X-mMeMOpaHaMH IIPOUCXOIUT B ITMPOKOM KOHIIEHTPa-
IHOHHOM HHTepBaie, gocruraromiem 40 mac. %, B TO
BpeMsl Kak B iunocomax @ X/xonecteput yKe Mpy KOH-
uentpauuu KII 25 mac. % naunnaeTcs pe3kuil BBIXO[
(dbiryopecuieHTHOTO 30HAa U3 MeMOpaH B pacTBO-
puTenh. OTO CBHIETEIBCTBYET B IIEJIOM 00 YMEHB-
mennn BcTpanBanus KII B aunuanHblil Oucioi B
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of “polar” component in DSM fluorescence spectra
(k,;=0.28) comparing to PC membranes (k,=0.62). On
another hand the increase in hydration of bilayer polar
area [19] under cholesterol presence occurring as a
result of enlargement of space between heads of
neighbouring PC molecules after cholesterol hydroxyl
group incorporation [ 12], can augment the accessibility
of bilayer surface for DSM molecules as well, and
their fluorescence will be considerably quenched by
water.

With provision to the above discussed mechanisms
of cholesterol effect on lipid bilayer, it is possible to
expect, that the efficiency of CP interaction with
bilayer, modified with a high concentration of
cholesterol, will depend on hydrophilic-hydrophobic
properties of CP molecules. These properties can be
characterised by the partition coefficient (K,) in water-
octanol system (Table 3) [15]. According to this
criterion the studied CPs are arranged in the following
row by reduction of hydrophobic properties: glycerol<
EG<1,2-PD<DMFA<DMSO. Table 3 shows high
negative correlation coefficient between k, parameter,
reflecting relative content of the probe bound with type
IT SCs, and partition coefficient K, system in both types
of liposomes, and no correlation between k; and K .
This testifies to the leading role of hydrophobic
interactions in binding of CPs and type II SCs, whereas
in binding of CPs with type I SCs the other mechanism
dominates, particularly the hydrogen bonds.

Obtained results appear to show, that the interaction
of studied CPs with artificial PC membranes occurs
within a wide concentration interval, reaching
40% w/w, while in PC/cholesterol liposomes the sharp
rise of fluorescent probe withdrawal from membranes
into solvent starts even at CP concentration of 25%
w/w. This testifies, in general, to a reduction of CP
building in lipid bilayer in the cholesterol presence.
Furthermore, in liposomes of both types DSM is the
most actively chased from non-polar sorption centres
by DMSO and DMFA, though their action is more
expressed in PC/cholesterol liposomes, i.e. DMSO and
DMFA interact with lipid bilayer most effectively by
hydrophobic mechanism and this interaction is
strengthened at high cholesterol concentration. At the
same time, as the lipid packing defects are most likely
formed on the edge of ordered domains built by
cholesterol and/or by its complexes with PC [11], the
CP interaction with remaining part of bilayer,
immobilized by cholesterol molecules, can diminish.
From this point of view, the stabilizing of lipid bulk by
cholesterol can be esteemed as a positive factor
diminishing the disturbing effect of membrane-tropic
CPs on the bilayer. However a high content of
cholesterol results in a drop of membrane elasticity,
and following reduction of cell tolerance to osmotic
stress and other physical and chemical factors attending
the process of cryopreservation [9].
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MIPUCYTCTBUM XOJIECTEPHUHA.
Kpome Toro, B oboux THmax
aunocom JMCO u IMOA
HauboJiee aKTUBHO BBITEC-

Taéauna 3. Koadpuunentsr pacnpenenenns uzydaemoix KI1 B cucreme Bosia-
okrtaHod [15] u Bnusiaue 15 mac. % KII Ha oTHOCHTeNnbHOE conepxkanue [JCM B
Pa3THYHBIX IEHTPaxX COPOIUH Ha HCKYCCTBCHHBIX MeMOpaHax

Table 3. Partition coefficients of the studied CPs in water-octanol system [15] and
effect of 15% mass CP on DSM relative content in artificial membranes

HA0T JICM u3 HemoIsApHBIX
DOX-AUNOCOMBI DX/X0AeCTepUH-AUTTOCOMBI
HCHTpOB COP6HHHa XOTA HX KpHONPOTEKTOp g;j%%’;ggzi; PC-liposomes PC/cholesterol liposomes
BIIUSIHUE 0OJIee BHIPAXKEHO B Cryoprotectant Partition
nunocomax ®X/xosecrepu, coefficient k, k, k, k,
To ecth IMCO u JIMOA T 000
005 0,60 033 0,44 0,40
Hanboee 3PGEeKTUBHO B3aH- Glycerol
MOJEHUCTBYIOT C JIMIHUIHBIM
5 4 4 oL 0,040 0,61 0,33 0,38 0,42
oucnoeM 1o ruapohoOHOMY
MEXaHU3My M 9TO B3aHMO- .
: y e 0,076 0,60 0,35 0,41 0,38
JIEUCTBHUE YCHJIMBACTCS TPH s
BBICOKOW KOHLIEHTPALIMU XOJIe- ADI\&CS;S 0,247 0,59 026 0,40 026
crepuHa. B To xe Bpewms,
MTOCKOJIBbKY 1e(DeKTHI yITaKoB- %J\&?ﬁ 0233 0,50 0,14 0,06 015
KU JIUIIUIOB BEPOSITHEE BCETO
00pa3yrTCs Ha rpaHHLax r - 0,08 -0,803 —0,303 —0,909

YIOPAAOYECHHBIX JOMEHOB,
00pa30BaHHBIX XOJIECTEPHHOM
u/vnu ero komiiekcamu ¢ X
[11], B3ammogeiicTBue KII c
OCTaIbHOM YacCThIO OMCII0S, UMMOOHMIH30BaAHHOM
MOJICKYJIaMHU XOJIECTEPHHA, MOXKET OBITh MEHBIITHM.
C 9T0#1 TOUKH 3peHusT CTAOMITH3aIHs OCHOBHON MaCCHI
JIUTTUI0B XOJECTEPUHOM MOXKET PacCMaTPUBATHCS
KaK TMOJIOKUTENbHBIA (PaKTOp, yMEHbIIAKO NI
BO3MYIIAKOIIEE BIMSHUE HA OMCIION MEMOPaHOTPOTI-
Hbix KII. OnHako BBICOKOE COAEpKaHUE XOJIeCTepruHa
YMEHBIIIAET AIACTUYHOCTh MEMOpaH, CHUXKAas TeM
CaMbIM YCTOMYMBOCTH KJIETOK K ACHCTBUIO OCMOTH-
YECKOT0 CTpecca U JPYruX PU3NKO-XUMHUIECKHX (pak-
TOPOB, COMYTCTBYIOIIUX MPOLIECCY KPHOKOHCEPBUPO-
Banus [9].

Baxnyto pois Bo B3anmozeticteuu KI1T ¢ ®X/xome-
CTepUH MEMOpaHaMu, HapsALy C MX JUMOQUIBHBIMU
CBOMCTBaMU, HTPAeT Takke KoHIeHTpanus. O4eBuI-
HO, B BbICOKHX KoHIeHTparusax KI1, ocobeHHo “ruapo-
(hoOHBIC”, JIETKO BCTpauBasiCh B ie(heKTHBIC 001acTH,
OynyT Hapymarh THAPOGOOHBIC B3aUMOICHCTBUS
JIUTMIA-XOJIECTEPUH, YTO MOXKET IPUBOJIUTD K JIOKAIIb-
HOHM necTabuin3aluu MeMOpaH W YBEITWYCHHUIO HX
MPOHHUIIAEMOCTH. B KiteTkax nogo0HbIi 3 GeKT MokeT
ycunuBath nutotokcuueckoe aerctaue KII ve Tonbko
Ha ypoBHE OMOMeMOpaH, HO U MO OTHOIICHHIO K
BHYTPHKIIETOUYHBIM CTPYKTYpaM.

BbiBOAbI

[TonydeHHbIe pe3ylbTaThl MOKA3BIBAIOT, UTO
xapakrep Binusaus KII na ®X- u ®X/xonecrepun
MeMOpaHBI CXOAEH U OMPEACIACTCS XUMHIECKOMN
CTPYKTYPOH M KOHIIEHTpanuehd KpUo3almMUTHBIX
BemecTB. B3aumogeiictsue KII ¢ MogenbHBIMU
MeMOpaHaMu yBEIMYUBAETCS C POCTOM HX CIOCO0-
HOCTH BCTPaWBaThCS B TUMUIHBIN Orcioil. Moaudu-
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Ipumeyanue: r — k03QUIMEHT KOPpeNANNN MeK Ty BennunHamu K, n k;.
Note: r is the correlation coefficient between K, and k;.

Apart from the lipophilic properties of CPs, their
concentration are of great concern in interaction with
cholesterol-containing membranes. Highly concen-
trated CPs, especially “hydrophobic” ones, easily build
into “defect” areas and disrupt the lipid and cholesterol
hydrophobic interaction, that can result in membrane
local destabilisation and increasing its permeability. In
cells the similar effect can aggravate the CP cytotoxic
action both at a level of biological membranes and
endo-cellular structures.

Conclusions

The results obtained demonstrate that the nature
of CP effects on PC and PC/cholesterol membranes
is similar and determined by cryoprotectant chemical
structure and concentration. The interaction of CPs
with model membranes is augmented with rise of their
ability to build into lipid bilayer. The modification of
membranes by presence of high concentration of
cholesterol results in appearance of bilayer packing
failures, facilitating the infiltration of the most ‘lipophi-
lic’ CPs into bilayer non-polar area.
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