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BnauB TemnepaTypu Ha MNPOHUKHICTb MeMOpaH epUTPOLMTIB AIOAMHM
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Temperature Effect on Human Erythrocyte Membrane Permeability for 1,2-
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IIpeacraBneHo pe3ynbraT BU3HAUSHHS KOSQili€HTIB MPOHUKHOCTI MeMOpaH epuTPOLMTIB Jitonuuu aist 1,2-nponanniony (1,2-
1) Ta mumeruncyabdokeuny (IMCO) B mianasoni Temneparyp 3-37°C. Ilokasano, 1m0 ApeHiycoBi 3ajie)XHOCTI Koe(ilieHTiB
HNPOHUKHOCTI JUIS JOCIII/KEHUX PEUOBUH 3a3HAIOTH 3J1aMiB y TeMIepaTypHux inrepBanax 8-12, 18-20128-30°C, BizoMux sik KpUTHYHI
JUISL HU3KU (QYHKI[IOHAJbHUX MOKAa3HUKIB 0i0NOriYHMX MeMOpaH, 3 pi3KOI0 3MiHOIO 3HAYCHb €Heprii akTuBauii (EA). Posrnsapanuce
MO>KJIMBI MEXaHi3MH TEpPMOIHyKOBAaHUX 3MiH TapaMeTpiB IPOHNKAHHS HEEIEKTPOJIITIB KPi3b MEMOPaHH €PUTPOLIUTIB.

Knrouosi cnosa: eputTpoUTH, IPOHUKHICTD, 1,2-mpornanaion, IMCO, ApeHiycoBi 3aJIeKHOCTI .

[IpencTaBneHsl pe3yabTaTsl H3MEpeHHH K03 GHUIEHTOB IPOHUIIAEMOCTH MEMOPAH 3pUTPOLUTOB YeJIOBEeKa ISt 1,2-ponanyona
1 IAMEeTHICYTb(poKcHaa B amama3oHe temneparyp 3-37°C. IlokazaHo, 4To AppEeHHYCOBEI 3aBUCHMOCTH KO3 (PUIUEHTOB
MPOHUIIAEMOCTH IS MCCIEIOBAHHBIX BEUICCTB MPETEPICBAIOT P M3JIIOMOB B WHTepBanax Temmeparyp 8-12, 18-20 u 28-30°C,
H3BECTHBIX KaK KPUTHIECKUE IS psiga QyHKIMOHAIBHBIX TIOKa3aTenel Ononorniaeckux MeMOpaH, ¢ pe3KiuM H3MEHEHHEM 3HaueHU I
SHEprUM aKTHBaIWU. PaccMaTpuBainCch BO3MOXKHBIE MEXaHH3MBI TEPMOMHAYIINPOBAHHBIX H3MEHEHHUH TapaMeTPOB IPOHHUKHOBEHUS
HEDJIEKTPOIUTOB Yepe3 MeMOpaHbl SPUTPOLUTOB.

Knroueevie cnosa: 3puTpouuTHl, MPOHULAEMOCTS, 1,2-iponanauon, JJMCO, AppeHnyCOBBI 3aBHCUMOCTH.

The paper presents the results of study of human erythrocyte membrane permeability for 1,2-propane diol (1,2-PD) and
dimethylsulfoxide (DMSO) within temperature limits of 3-37°C. Arrhenius dependencies of permeability coefficients for the studied
substances were shown to be underwent the series of breaks within the following temperature limits: 8-12, 18-20 and 28-30°C
(being known as the critical ones for some functional indices of biological membranes) with sharp changes in activation energy
(E,). Some possible mechanisms of thermoinduced changes in parameters of non-electrolytes permeation via erythrocyte membrane

are discussed.
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[IpoHUKHICTH KIITHHHUX MEMOpaH BU3HAYAETHCS
K BIIACTUBOCTSAMH camMoi MeMOpaHH, Tak i mapamer-
paMu TMPOHUKHUX MOJEKyl. Y pobori [5] Oymo
JIOCIIPKEHO TTPOHUKHICTh MeMOpaH epUTPOLIHUTIB
JIIOAUHHA 10 HU3KH Oi()iJbHUX HEEJICKTPOJITIB i
MOKa3aHo, 0 BAYKIIMBIMH ITApaMETPaMHU MOJIEKYIL, SIKi
BU3HAYAIOTh IX MPOHUKAHHS KPi3b IJIa3MATHYHY
MeMOpaHy, € fK IX TeOMeTpHYHI po3MipH (Iiamerp,
JIOBXKUHA, 00’€M), TaK i Taki Pi3uKO-XiMi4HI BIACTH-
BOCTi, SIK TiApodoOHicTh Ta riApoQiabHICTh, SKi
KUTBKICHO XapaKTePH3YIOThCsI KOe(illieHTOM pO3IMo-
niny Mix riazpodobHoI0 Ta TigpodinbHOIO dazamu.
Le# ¢akT TicHO MOB’sI3aHUN 3 BIACTUBOCTAMU
MeMOpaHH, a caMe 3 iCHYBaHHSM JIBOX aJbTepHa-
TUBHHUX IUISAXIB MPOHUKAHHS IUX MOJICKYN KpPi3b
MeMOpaHH €pUTPOIIMTIB. X0ua IapaMeTpy 000X THITIB
BIUIMBAIOTH Ha MMPOHUKAHHS MOJIEKYJl THM YH 1HITHM
LUISIXOM, MIPOTE€ TE€OMETPUYHI HMapamMeTpu € OibII
KPUTHYHHMH JUTS IPOHUKAHHS BOJIHUMH OUTKOBUMH
MOpaMH CTAJIOTO PO3Mipy, Toll K TiapodoOHi
BJIACTHBOCTI B IIEPILy Yepry BU3HAYAIOTh MOJKIIUBICTD

Cell membrane permeability is determined by both
peculiarities of membrane itself and parameters of
permeating molecules. In our previous paper [5] we
studied the human erythrocyte membrane permeability
for series of biphilic non-electrolytes and showed that
the important molecules parameters, determining its
permeation via plasma membrane were both their
geometrical parameters (diameter, length, volume), and
such physical and chemical peculiarities as hydrophobic
and hydrophilic properties, being characterised by the
coefficient of partition between hydrophilic and
hydrophobic phases. This fact is tightly associated with
membrane peculiarities, namely with existence of two
alternative permeation ways of these molecules via
erythrocyte membrane. Although these two
parameters influence the molecules permeation by one
or another way, the geometrical parameters are more
critical for permeation via aqueous protein pores,
whereas the hydrophobic parameters determine, first
of all, the possibility of permeation via lipid bilayer.
Existence of these alternative ways is determined by
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MIPOHWKAHHSA Kpi3b JimiaHuil 6imap. [cHyBaHHS muX
ANbTEpHATUBHUX NUISXIB BU3HAYAETHCS CTPYKTYPOIO
MeMOpaHH, TOOTO il NMIMiAHUM CKIIaJIOM, a TaKOK
OiTkamMH, 10 MOXYTh YTBOPIOBAaTH HACKPi3HI BOAHI
MOPH IEBHOTO PO3Mipy.

Toii dakT, 0 oMHMM 3 HAaHBAKIIMBILINX MTapaMeT-
piB, SIKMI BU3Ha4Ya€ MPOHHMKAaHHS MOJEKYJI Kpi3b
MeMOpaHHI CTPYKTYpH, € iX rizpodoOHicTh abo
riIpoGiIBHICTD, MIKPECITIOE BEAYYY PO BOJHOTO
cepenoBHINa y mepediry OionorigHuX MpOIEciB 1 B
caMoMy icHyBaHHI Ta (QYHKIIOHYBaHHI TaKHX
CKJIQJIHUX O10JIOTIYHHUX CTPYKTYD, SIK BUCOKOMOJIEKY -
JISIPHI aKTUBHI OIJIKK Ta HaMOJEKYJSpHi O1010TiuHI
CTPYKTYpH, B IIepIry uepry Mmemopanu. Temmneparypa
€ HEeBiJl'€MHUM YHHHHUKOM 30BHILIHBOTO CEPEIOBHIIIA,
110 BIUIMBAE HA CTPYKTYPY Ta B3a€MOZII0 01010 YHNX
MOJIEKYJ i Bonu. BUBUEHHS TemMmepaTypHUX 3aJIeKHOC-
Tel MPOHUKHOCTI MeMOpaH ISl Pi3HUX PEUOBHH €
iHpOPMAaTHBHUM METOIOM IOCTIIKEHHS CTPYKTYpH
MeMOpaH 1 MexaHi3MiB i€l IPOHUKHOCTI.

Pe3yAbTat Ta 0OroBopeHHs

Y po0oTi HomaHO pe3y/IbTaTH JOCIIIKEHHS BIUTUBY
TeMIIepaTypH Ha KoeillieHTH MPOHUKHOCTI MEMOpaH
EPUTPOIUTIB JIFOANHH, IO BUMipIOBAJIUCH PO3POO-
JIeHM HamMu MetofoM [13], mias KpiompoTeKkTopiB
AMCO ta 1,2-I11. Monekynu uux KpionpoTeKTOPiB
BiAPI3HSIOTHCA B MEPIIy 4Yepry cBOiMHU (i3uKo-
xiMiyauMH BiactuBocTaMU. Monekynu JIMCO Ginbiu
rizpodo6Hi mopiBHsAHO 3 Moxekynamu 1,2-I1]1:
KoeiLieHTH PO3MOALTY LHUX PEYOBHH B CUCTEMI “Nn-
okTaHoJI - Bona” — 0,247 ta 0,076 BignoBigHO [7].

JocmimkeHHst KoeillieHTiB MPOHUKHOCTI B JTliaria3oH1
temmeparyp 3-37°C moxasano, mo KoedilieHTH
MIPOHUKHOCTI MeMOpan eputpouutiB asa AMCO Ta
1,2-I1J] npu Ttemnepatypi 37°C mocToBipHO HE
BIJIPI3HAIOTHCS 1 CTaHOBIATH (2,66+0,16)%10¢ Ta
(2,82+0,11)x10¢ m/c BigmoBinHo. [Ipu Temneparypi
3°C pi3HULIA MiX Koe(DillieHTaMU IPOHUKHOCTI 3pOCTa€e
i ctae BiporigHoto. Ilpu 1iii TemmepaTypi BOHH
cranoBysATh (0,096+0,015)%10¢ m/c mast JIMCO Ta
(0,135+0,019)x10° m/c nna 1,2-I1]1. Cepenni E, npu
anpoKCHMAllii 1o BCbOMY TEMIIEpaTypHOMY Aiana3oHy
JUTS TPhOX TOHOPIB: 71,34+2,65167,24+5,5 xJ]x/Monb
s [IMCO Ta 1,2-I1J1 BigmoBigHo. OCKIIBKH TaKi
ycepenHeH BETMYUHY € He AyXe 1HPOpPMaTHBHUMHU
BHACJIIOK TOTO, IO iHAWBiAyalbHI BIACTHUBOCTI
EPUTPOITUTIB PI3HUX JOHOPIB CYTTEBO BIUIMBAIOTH HA
pe3yNbTaTH BU3HAYEHHS XapaKTEPUCTHK [UX KIIITUH
[3,17], a po3Kkua mapaMeTpiB MOXKE MaCKyBaTH e(PeKTH
TeMIepaTypHu, MU IpoaHaji3yBaju TeMIIepaTypHi
3aJIe)KHOCTI KOe(ili€HTIB MPOHUKHOCTI JOCTiIKY-
BaHUX PEYOBHH IJIs1 KOKHOTO IOHOPa OKPEMO.

TemrmieparypHi 3aeKHOCTI KOe(ili€EHTIB TPOHUK-
HOCTI MeMOpaH epurpoumtiB Joauan a1 AMCO
(puc.1) ta 1,2-I1/1 (puc.2) npencrasneni B ApeHiyco-

NPOENEMbI
KPMOBMONIOTUMN
2003, Ne1

membrane structure, i.e. by its lipid composition, as
well as by proteins, being able to form the trans-
membrane aqueous pores of certain size.

The fact that the most important parameters,
determining permeation of molecules via membrane
structures, are the hydrophobic or hydrophilic
properties, accentuates the leading role of hydraulic
environment in biological processes and in existence
and functioning of such complex biological structures
as highly molecular active proteins and supramolecular
biological structures, first of all, membranes.
Temperature is an integral index of external environ-
ment, which influences the structure and interaction of
biological molecules and water. Studying the
temperature dependencies of membrane permeability
for various substances is an informative method of
investigation of membrane structure and mechanisms
of this permeability.

Results and discussion

This paper represents the results of investigation
of temperature effect on human erythrocyte
membrane permeability coefficients, measured with
the method developed by us [13], for cryoprotectants:
DMSO and 1,2-PD. Molecules of these cryoprotec-
tants differ, first of all, by their physical and chemical
properties. DMSO molecules are more hydrophobic
comparing to those of 1,2-PD: the coefficients of
partition in “n-octanol-water” made 0.247 and 0.076,
correspondingly [7].

Investigation of permeability coefficients within the
temperature limits of 3-37°C showed that erythrocyte
membrane permeability coefficients for DMSO and
1,2-PD at 37°C did not significantly differ and made
(2.66+0.16)x10¢ and (2.82+0.11)x10¢ m/s, corres-
pondingly. At the temperature of 3°C the difference
between permeability coefficients increased and
became a statistical significance. At this temperature
they made (0.096+0.015)%10° m/s for DMSO and
(0.135£0.019)%10° m/s for 1,2-PD. Average activation
energies when approximating within the whole
temperature range for three donors made 71.34£2.65
and 67.24+5.5 kJ/mol for DMSO and 1,2-PD,
correspondingly. Due to the fact that these average
values are not very informative because of consi-
derable influence of individual properties of the
erythrocytes derived from various donors on the results
of determining the characteristics of these cells [3,17],
and the parameters’ spreading may mask the
temperature effects, we analysed the temperature
dependencies of permeability coefficients separately
for each donor.

The temperature dependencies of human eryth-
rocyte membrane permeability for DMSO and 1,2-PD
are presented as an Arrhenius plot in Fig.1 and 2,
correspondingly. Analysis of results and approximation
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Fig.1. Arrhenius dependensies of human erythrocyte
membrane permeability for 1,2-PD.

BUX KOOpAHMHATaX. AHali3 pe3ylbTariB Ta arpoKCH-
Malis eKCIePUMEHTAJIbHUX TOYOK B OKpPEMHX
TeMIIepaTypHUX ialla30HaxX CBiAYATh PO ICHYBAHHS
TEPMOIHIYKOBaHMX 3MiH E, NPOHMKHOCTI €pUTpOLH-
TapHUX MeMOpaH mpH Temmeparypax 8-12, 18-20°C
JUIST 000X MOCHIIKEHUX PEUYOBHH, a TAKOXK IPHU
28-30°C — st JIMCO Ta Oinblil MIUPOKU Aiana3oH
nipu 25-30°C — st 1,2-T1/1. OckinbKu A7ist BCiX TPhOX
JTOHOPIB TaKi 3MiHU € aHAJIOTIYHUMH, MAEMO TTiICTaBU
BBaXKaTH, 110 OTPUMAaHi Pe3yJbTaTH HE € BUIAAKO-
BUMHU. 3 MpeACTaBICHUX APEHIyCOBHX 3aJIE€XKHOCTEH
BHIHO, 1110 3MiHHA E At 12-TTT OinbIIT BUpaXkeHi. Aue
BiporignicTe pisauui E, 1 BCiX map cyMikHHX
JianazoHiB TeMmIepaTyp 000X PEYOBHH CTaHOBHTD
NPOBJIEMbI
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Fig.2. Arrhenius dependensies of human erythrocyte
membrane permeability for DMSO.

of experimental points within separate temperature
limits testify to the existence of thermoinduced changes
in activation energy of erythrocyte membrane
permeability at the temperatures of 8-12, 18-20°C for
both studied substances, at 28-30°C for DMSO and
within much wider limits (at 25-30°C) for 1,2-PD.
Because of similar changes for all three donors we
can conclude that obtained results are not casual. The
Arrhenius plots show that activation energy changes
for 1,2-PD are more expressed. However the
probability of difference between activation energies
for all pairs of adjacent temperature limits makes 0.99.
The temperatures of breaks in Arrhenius dependencies
coincide well for all donors (table).
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0,99. 3agoBibHO 30irar0ThHCs
TaKOX TeMIEpaTypHu 3JIaMiB
ApeHiycoBUX 3aNIe)KHOCTEHN IS
BCiX JIOHOPIB (TaOnwuis).

Enepris axrusanii nponukanss 1,2-I1J1 ta JIMCO kpi3s memOpanu
EPUTPOLIUTIB JIIOJMHU B PI3HUX TEMIIEPATyPHHX Jliara30Hax

Activation energy of 1,2-PD and DMSO permeation via human erythrocyte
membranes within various temperature limits

EpHTpouHTapnl Mehf{6paHH omon P, AMCO
BUPI3HAIOTHCA CEpel 1HIINX Donor 1,2—PD DMSO
BHCOKHM BMICTOM XOJIECTEPUHY. Afammson Afamazon
Came qgepe3 e KAJIOPUMETPUIH1 TEeMIepaTyp, E <E TeMNepaTyp, E <E
PHV i by N o by N N
Ta PEHTTE€HOCKOIIYH1 AOCII- Temperature | KAPR/MOAL | KIGK/MOND | o oooyre | KAK/MOA | RAK/MOAD,
KeHHS He BHABHIA B HHX limits,*C kJ/mol kJ/mol limits,*C kJ/mol kJ/mol
TEPMOTPONHUX MEPEXOAIB Y
: : 32 3-8 114,7 3-10 92,4
AlaITa3oH1 IHOSUTUBHUX TEMIICpA- 33 3—10 1142 121,0%11,4 3-12 88,6 93,37:5,38
Typ [1, 11]. Ane mocmimKeHHS 34 3-9 134,2 3-12 99,2
TPAHCIIOPTHUX XapaKTEPHCTUK - 6—18 127 10—20 184
E€PUTPOLUTIB BHUABIAIOTH TaKi gi 190 —1280 ggvg 338=4,6 g— 38 ig-g 458+2,9
nepexoau B ix MeMOpaHax MpH : '
° 32 18—26 84,0 20— 28 923
TeMIepaTypax BULIC 0 C Bararo 33 20-25 171,0 119,6=15,6 20—28 94,5 104,4=19,1
POOIT PUCBIYEHO AOCTIHKEHHIO 34 18—25 1038 20—25 126,4
3MiH CTPYKTYpPHO-(yHKIiOHATE- 32 26— 32 56,1 28—30 79,0
HHX IIapaMeTpiB MEMOpPaH epuUT- 33 25—30 42,1 46,6=8,2 28—30 46,4 589=17,6
. . . 34 25-30 416 25—30 51,3
poruTiB y miana3oni 18-20°C.
IIpu nux Temneparypax crocre- 32 32-37 14,5 30—37 24,9
. . 33 30—37 2,2 183+338 3037 449 31,57=11,5
piraroThes 37aMu Ha Trpadikax 34 30— 37 18,3 30—37 24,9

ApeHniyca TpaHCHIOPTY TITIOKO3H
B IHTAaKTHUX €PUTPOLINTAX Ta iX TiHAX [15], 3aTyxaHHA
(hoToxeMiTIOMIHECIISHIIIT O1JIKIB MeMOpPaH, aKTUBHOCTI
MeMOpaHHOT aleTUIXOJMiHEeCTepa3n, MOJETIEeHOT
mudysii L-neituuny [11]. Ipu wiit sxe Temmeparypi
3apeecTPOBaHO 371aM Ha TeMIIEPaTypHil 3aJIe)KHOCTI
OCMOTHYHOI cTilikocTi eputpountiB [11]. Perensbhi
JOOCHiJKeHHSI bOTO (JEHOMEHY 3a JOMOMOTOI0
PI3HOMaHITHHX CIIMHOBUX MITOK i 30H/IiB ITOKa3aJH,
10 HE3aJEKHO BiJ XiMi4HOI NPUPOIU CIIMHOBHUX
paIuKaiiB, sKi BAKOPUCTOBYBAJIUCH B €KCIIEPUMEHTAX,
KPHTHYHI TeMmIeparypu sk ais GepMeHTaTUBHOI
AKTHBHOCTI, TaK i JJIsl CTPYKTYpHHX 3MiH Y T THOMY
Oilapi peecTpyIOThCS B TOMY XK IHTEpBaJli TEMIIEpaTyp
(20°C) [2]. ABTOpH 3a3HAUYAIOTb, IO TaKi CTPYKTYPHI
[IEPEXOAN CIIOCTEPITalOTHCS TSI MEMOpaH, 10 CYyTTEBO
BIZPI3HAIOTHCSA 332 CBOIM JIMIAHUM CKJIagoM (TiHi
EPUTPOLUTIB, MIKPOCOMH TOJIOBHOTO MO3KY OHKa,
capKomja3MaTUYHUI peTuKynyMm). BoHu Takox
BKa3ylOTh Ha Te, IO JIISHKU O1IKOBOI MOJIEKYIH
Na',K*-AT®as3mu, sxi mictates SH-rpynu, xapakrepu-
3YIOTBCSI TEPMOIHIYKOBAaHUMH KOH(POPMaLiHHUMH
3cyBaMH NpH Till ke Temmeparypi. O6poOka mpermna-
pariB Na,K-AT®a3u pocdorninazoro, sika BiIIETLTIOE
MOJIAPHI TOJIOBKU MOJIEKY/T (GocdOIIimiaiB i mopyrye
eNEeKTPOCTAaTHYHY B3aeMoniro docdomiminis 3
OinKkaMu, He 3HUIILYE TEPMOIHTyKOBAaHUX MIEPEXOIiB Y
ninigHoMy Oimapi, ane rpadiku ApeHiyca aug
aktuBHOCTI Na',K*-AT®a3m crarors niHiitauMH. [e
11e pa3 MiJKPECII0€ BXKIMBUN BIUIUB OUIOK-TIIAHUX
B3a€MOJIiH Ha TEPMOTPOIHI EPEXOaH B OLIKY.

[pu nocmipkeHH] BIaCTHBOCTEH MEMOpaH epUTpo-
LUTIB y Aiana3oHi temmneparyp Big 20°C no disiosnoriu-
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Erythrocyte membranes differ from other ones by
their high cholesterol content. For this reason the
calorimetric and X-ray investigations do not reveal the
thermotropic transition in range of positive tempera-
tures [1, 11]. However the studies on transport
characteristics of erythrocytes show such breaks in
their membranes at the temperatures higher than 0°C.
Many works are dedicated to the investigation of
changes in structural and functional parameters of
erythrocyte membranes within limits of 18-20°C. At
these temperatures there are observed the breaks on
Arrhenius dependencies of glucose transport in intact
erythrocytes and their ghosts [15], an attenuation of
membrane proteins photochemiluminescence,
membrane acetylcholinesterase activity, facilitated L-
leycin diffusion [11]. At this temperature the break in
temperature dependence of erythrocyte osmotic
resistance is recorded [11]. Detailed investigation of
this phenomenon using various spin labels and probes
showed, that independently on chemical origin of spin
radicals, used in experiments, the critical temperatures
for both enzymatic activity and structural changes in
lipid bilayer were recorded within the same temperature
limit (20°C) [2]. The authors believe, that these
structural transitions are observed in membranes, which
considerably differ by their lipid composition
(erythrocyte ghosts, microsomes of bovine brain,
sarcoplasmatic reticulum). They specify also that the
parts of Na",K*-ATPase, containing SH-groups, are
characterised by thermoinduced conformation shifts
at these temperatures. Treating of Na",K*-ATPase
samples with phospholypase, which splits off the
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HUX aBTOpU poboTH [12] mokasanu, mo MPOHUKHICTh
MemOpan a0 ¢apouuka AHC (aHiNiHOBUN CHUHIM)
3a3Ha€ pAx TepMOiHIyKoBaHUX 3MiH. [Ipuuomy B
iHTepBasiax remmnepatyp 20-28 ta 36-42°C BennuuHH
E, npouecy n00pe BiATBOPrOBAIMCE B PI3HUX JOCITIAAX 1
MaJTi JIOCTaTHbO Benuki 3Ha4eHHs (111 ta 144 xJ[x/Monb
BIJIMTOBIHO), TOI SIK JJIS iania30HIB TeMmeparyp 28-
36 Ta 42-46°C BapitoBau s pi3HUX JOCTIIB i Man
HU3BKI 3HaYeHHS. Takox mokazauno [ 14], mo jginocomu
IMOX/ANOX (numetnndocdaTiIXomiH/ qUTab-
muTtoindochaTuaniIxonid) BTpadaroTs ioHu K' B
niama3zoni temmeparyp 28-32°C. ApeHiycosi
3aJICKHOCTI PYXJIMBOCTI MaJISiMiIHOI Ta HomareTami-
HOI CITMHOBHX MITOK, KOBaJICHTHO 3B’ sI3aHUX 3 O1IKaMH1
CIIEKTPUH-aKTHHOBOI'0 KOMILIEKCY €pHUTPOIUTIB
JIOOWHM Ta iX TiHEH, 3a3HAIOTH 371aMy MPH TeMIepa-
typax 30 i 10-12°C [8-10]. Lle cBinuuTh mpo
KoH(opMauiiHUH nepexi BoAHO-01IKOBOT MOBEPXHI
LUTOCKEJIETHUX O1JIKiB B €pUTPOLIMTAX.

[Hmmit BigomMuii iHTEpBan Temmeparyp, B SKOMY
CIIOCTEPITaroThCa 0OCOOIMBOCTI X0y TEMIIEpaTyPHHUX
3aJIEKHOCTEH Pi3HUX (YHKIIIOHATBFHUX MapaMeTpiB
MeMOpaH epUTPOIHTIB, JSKUTH B Hiana3oHi §-12°C.
Sk Bxe Oyino 3a3radeHo Buile, metogomM EITP [8,10]
nokaszaHo, mo npu 10-12°C cnocrepiraerbest 31am
ApeHiycoBoi 3aJIe)KHOCTI 9acTOTH 00epTaHHSI oare-
TaMigHOT MiTKH, 3B’ s13aH0i 3 SH-rpynamu rinpodo6-
HUX JIJISTHOK [IUTOCKENIETHUX OLIKiB epuTponuTis. Le
KOpeJe 3 JaHUMH APEHiycoBOi 3aleXHOCTI
(hroopecrieHIlii MeMOpaHHUX OINIKIB, IO Mae 37aMm
npu temmneparypi 12°C [1]. bau3pky 1o mporo
iHTepBairy Temneparypy (15°C) BkaszytoTb y poborti
[11] six Temneparypy 31aMy ApeHiycoBoi 3aJeKHOCTI
mBuAKOCTI 0oOMinHOT audysii g Clm. Ilpu mocmi-
JOKEHHI TeMIIepaTypHOi 3aJIe)KHOCTI Jacy oOMiHy
MOJIEKYJT BOJH €pUTpOIuTamMu [4] My BUSBIIJIH, 10 B
intepBaii temmeparyp 8-12°C rpadiku Apeniyca
3a3HAKOTH 3/1aMy 31 3HaYHKUM 301nbIIeHHsM E, mponecy
npu Temneparypax Hxde 8°C. Skmio npuiHATH 10
yBaru, 1o icCHyBaHHS O1TKOBUX KaHaJliB, IPOHUKHUX
IUIsL BOIM Ta MajUX HEENEeKTPOIiTiB, 3B SI3YIOTH 3
aHiOHOOMiHHMM OimkoM cmyru 3 [16], a Takox IO
niepu)epruyHi OLTKU aKTHH-CIIEKTPHHOBOTO KOMILIEKCY
EPUTPOIIUTIB B3AEMOJIIOTH 3 IHTErPaIbHUM O1TKOM
cmyru 3 Ta 3 minigaum Oimapom [11], To MoxHa
BBaYKaTH, 10 HASBHICTH 31aMy ApPEHiyCOBUX 3aJICKHO-
CTel y IbOMY Jiama3oHi TeMIepaTryp IJd BCix
3a3HAYCHUX BUIIE MPOIIECIB € TMPOSBOM OJHHUX 1 THX
camMux mepedynoB B OiTOK-JTIMITHOMY KOMIIIEKCI
EPUTPOLIUTAPHIX MEMOpaH.

TakuMm 4yWHOM, OTpUMaHI HaMHU 3MiHU B XOJi
TEeMIIEPaTypHHX 3aJIeKHOCTEH MTaCUBHOT IPOHUKHOCTI
MeMOpaH epUTPOLUTIB JIFOJUHU J0 HEEIEKTPOIITIB
1,2-II1 Ta AMCO y3romxyrThcsa 3 BEIHMYE3HOIO
KINBKICTIO ICHYIOUMX Hapa3i eKCIepUMEHTAIbHUX
JaHUX IIOAO BIUIMBY TeMIIepaTypu Ha Oioyioriusxi
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phospholipids polar heads and breaks the electrostatic
interaction of phospholipids with proteins, does not
eliminate the thermoinduced transitions in lipid bilayers,
but the Arrhenius dependencies for Na",K*-ATPase
activity became linear. This accentuates once more
the important effect of protein-lipid interactions on
thermotropic transitions in proteins.

When studying the erythrocyte membrane
properties within temperature interval from 20°C up
to the physiological ones the authors of the paper [12]
showed that membrane permeability for aniline blue
dye underwent the series of thermoinduced changes.
In this case within temperature intervals of 20-28 and
36-42°C the activation energy values were well-
reproduced in various experiments and were of quite
high values (111 and 144 kJ/mol, correspondingly),
whereas they varied within the temperature limits of
28-36 and 42-46°C for various experiments and were
of low values. It is shown also [14], that DMPC/DPPC
(dimethylphosphatydilcholine/dipalmitoilphospha-
tydylcholine) liposomes loose the K* ions within
temperature limits of 28-32°C. Arrhenius dependencies
of motility of maleimide and iodacetamide spin labels,
covalently associated with proteins of spectrin-actin
complex of human erythrocytes and their ghosts, are
underwent the breaks at temperatures of 30 and
10-12°C [8-10]. This testifies to the presence of
conformation transition of aqueous-protein surface of
erythrocyte cytoskeleton proteins.

Another known temperature interval, within which
there are observed the peculiarities in the course of
temperature dependencies of various functional
parameters of erythrocyte membrane, is within limits
of 8-12mC. As it was stated above, it was shown [8,
12] using EPR method, that at 10-12mC there was a
break of Arrhenius dependence of rotation frequency
of iodacetamide label, associated with SH-groups of
hydrophobic parts of erythrocyte cytoskeleton proteins.
This correlates with the data on Arrhenius dependence
of membrane protein’s fluorescence, which has a break
at the temperature of 12°C [1]. A temperature close
to this interval (15°C) is noted in the paper [11] as the
temperature of break of Arrhenius dependence of CI”
exchange diffusion rate. When studying the
temperature dependence of exchange time with water
molecules by erythrocytes [4], we found that within
temperature interval of §-12°C the Arrhenius
dependencies underwent the break with a considerable
increase of activation energy of this process at the
temperatures lower than 8°C. When taking into
account that existence of protein channel, being
permeable for water and small non-electrolytes, is
associated with anion-exchange band 3 protein [16],
and that peripheral proteins of erythrocyte actin-spectrin
complex interact with integral band 3 protein and lipid
bilayer [11], it could be supposed that presence of
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CHCTEMH B3araji Ta Ha MeMOpaHH epUTPOLHTIB
30kpema. OTpuMaHi TeMIieparypu 31amiB ApeHiyco-
BHX 3aJIEKHOCTEH JIe)KaTh B iHTEpBalIax TeMIEparyp,
BIIOMHX SIK KPUTHYHi, B SKHX BiJJOyBalOThCS 3MiHU
MBUAKOCTEHW OaraTboxX Oi0JIOTIYHHX MPOIECiB,
OB’ s13aHUX 3 MEMOpaHaMu epuTpouuTiB. Pi3ka 3miHa
E, nponecy npoHrKaHHs HEENEKTPOIITIB y Jiana3soHi
temnepatyp 8-12°C cmiBmagae 3 HalIMMU JaHUMH
moao0 audy3iiHOT MPOHUKHOCTI MEeMOpaH epuTpo-
LIUTIB A MoJieKyd Boau [4] 1 manumu pobotu [11]
st oominy Cl. e me pa3 miaTBepKye ysBICHHS,
o riapodiabHi Mopu B MeMOpaHax €pUTPOIIMTIB,
MOCTYTHI JJIS BOAW Ta MaJUX HEEIECKTPOJITIB,
I0B’s13aH1 3 aHIOHOOMIHHUM O1IKOM CMYTH 3, a 371aM
TeMIepaTypHOi 3aJie)XHOCTi B iHTepBani §-12°C
CIPUYMHEHU I KOHPOpMaLiHHIM [1EPEX0A0M B aKTHH-
CHEKTPHHOBOMY KOMILIEKCI €pUTPOLMTIB. 3Ha4eHHs B,
pH Temreparypax, HIwkIux 8°C, s MpOHUKAHHS
JIMCO e BiporinHo meHmuM, Hix mus 1,2-T1]1.
OueBuaHO, pi3ke 30inbmeHHS E + POHUKAHHS [UX
HEEJIEKTPOJIITIB MOB’S3aHO 31 3MEHIICHHAM JOCTYTI-
HOCTI JUIsl HIX BOJHUX TIOP, a MPOHUKAHHA T JHUMHA
HuIsIXaMu 00yMOBIIOE MEHIIE 3Ha4eHHs E, mpomecy
Jutst OUTBI TimpodooHuX Mosekyn JIMCO. B inrepsaii
K temneparyp 12-20°C snavenns E, qna 1,2-T111 e
Biporigao meHmmM, HixX mist JJMCO. Y poborti [5]
MOKa3aHo, 110 ITpu Temreparypax 611 20°C icHye nBa
AJIBTEPHATUBHIUX IIUBSIXH, SIKi TOCTYIIHI A1 IPOHUKAHHS
000X TumiB Moseky. binema rigpodinsuicts 1,2-1171,
O4YEBHUJIHO, 3a0e3medye MeHIy E, mpu niii remnepa-
Typi, OCKiAbKH Oinmbma yacTka moToky 1,2-I1J1
MPOXOIUTD KPi3b BOAHI O1TKOBI OPH.

InTepsanu Temneparyp piskoro 36inbuieHHs E,
npoHUKHOCTI 18-20°C Ta MOBTOPHOTO i 3MEHIIEHHSI
25(28)-32°C 3a10BiJIbHO 30irar0ThCs 3 IHTEPBATIAMU
Temreparyp nocuieHHss H-38’s3kiB Boqu (18-21°C)
Ta 1X nocnabnenus (28-32°C), BUSBICHHX B CHCTEMI
Bona-iionn-6inku [6] (puc.3). [aTepBan Temmeparyp
25(28)-32°C 30iraerbcsi TaKOX 3 IHTEPBAJIOM
TeMIepaTyp MakKCUMyMY HPOHHUKHOCTI JIIOCOM,
BUTOTOBIICHUX 3 JIMiJiB €pUTPOUUTAPHUX MeMOpaH
[11]. Menuti 3minu E, nponukanns IMCO s Beix
nap CyMiKHHUX /1ialla30HiB TEMIIEpaTyp MOXYTb OyTH
moB’sA3aHi 3 Oinbmor rigpododuicTio JMCO,
BHACJTI/IOK IIbOTO OLTBIIIO0 YaCTKOKO HOT0 IMMOTOKY Kpi3h
3arajibHy MOBEPXHIO JIMiHOTO Oimapy, OLIbIIHM
oesnocepennim BnBoM JIMCO Ha BomHO-01JIKOBO-
nminigHi B3aeMmonii B MmemOpanax [8-10]. Menma
eextuBna E, js nponukanns 1,2-11]1 B intepsani
30-37°C Takox miaATBepIKYE QAKT, 110 OLITBIIIA HaCTKA
notoky 1,2-11/] mpoxoauTs Kpi3b BOAHI O1IKOBI MTOPH,
E, mudy3il Ui IKUX € MEHIIO0, HiX IS T JHOTO
6imapy [17].

BucHoBku
TaxuM yuHOM, HpOBe,Z[eHi IOCIIKEHHS TEMIIEpa-
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Arrhenius dependence break within these limits for all
above stated processes is the expression of the same
transformations in protein-lipid complex of erythrocyte
membrane.

Thus, the obtained by us changes in temperature
dependencies course of passive permeability of human
erythrocyte membranes for non-electrolytes 1,2-PD and
DMSO correspond to a huge number of existing
experimental data on temperature effect on biological
systems in general and on erythrocyte membrane, in
particular. Obtained temperatures of Arrhenius
dependencies breaks are within temperature intervals,
known as a critical ones, in which the changes in rates
of many biological processes associated with
erythrocyte membranes occurred. Sharp change in
activation energy of non-electrolytes permeation
process within temperature limits of 8-12°C are in
accordance with our data on diffusion permeability of
erythrocyte membrane for water molecules [4] and with
data of the paper [11] on CI~ exchange. This confirms
once again the notion, that erythrocyte membrane
hydrophilic pores, being accessible for water and small
non-electrolytes, are associated with anion-exchange
band 3 protein, and Arrhenius dependence break within
interval of 8-12°C is caused by conformation transition
in erythrocyte actin-spectrin complex. Activation
energy values at temperatures lower than §°C are
significantly lower for DMSO comparing to 1,2-PD.
Obviously, the sharp increase of activation energy of
this non-electrolytes permeation is associated with
decrease of accessibility of aqueous pores for them,
and permeation via lipid layer is caused by the lower
value of activation energy for more hydrophobic
molecules of DMSO. In contrast, within temperature
interval of 12-20°C the activation energy value for
1,2-PD is significantly lower than for DMSO. In our
previous work [5] is shown, that at the temperatures
about 20°C there are two alternative ways, available
for permeation of both types of molecules. Higher
hydrophilic index of 1,2-PD, obviously, provides the
lower effective activation energy at this temperature,
because the major part of 1,2-PD flow transits via
aqueous protein pores.

Temperature intervals of sharp increase of
activation energy of permeability (18-20°C) and its
repeated decrease at 25(28)-32°C satisfactorily
coincide with temperature intervals of water H-bounds
strengthening (18-21°C) and their weakening (28-
32°C), noted in water-ions-proteins system [6] (Fig.3).
Temperature interval of 25(28)-32°C coincides also
with the one for permeation maximum of lyposomes,
composed of erythrocyte membrane lipids [11]. Lower
changes of activation energy of DMSO permeability
for all pairs of adjacent temperature limits could be
associated with higher DMSO hydrophobic index, and
thereof with major part of its flow via total lipid bilayer
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TYpPHOI 3aJI€KHOCTI MPOHUKHOCTI MEMOpaH epuTpo-
[IUTIB JIFOIUHY JIS MOJIEKYJT HEEJIEKTPOJIITIB CBlAYATh
PO CKJIAIHUI XapaKTep NPOLECiB B3aEMOii MeMOpaH
3 NPOHUKHUMH PEYOBHHAMHU, IO OOYMOBIECHO SK
CTPYKTYpOIO MeMOpaH Ta (Pi3UKO-XiMiYHUMU BIACTH-
BOCTSIMH MOJIEKYJI IIUX PEUOBHH, TaK 1 iX B3aeMoJi€ro
3 BOAHUM cepenoBuuieM. bararorpanHuil xapaxrep
CHUCTEMH B3a€EMOJIN BHU3HAUYa€ HEMOXXJIUBICTH Ha
JTAHOMY €Talli TOYHOTO OMTUCAHHS IIPHYHH BUSBICHOTO
XO0Jly TEMIIEpaTypHUX 3alle)XHOCTe# 1 moTpeldye
MOJIAJTBIIOTO iX BUBUEHHS. OTpuMaHi pe3yapTaTy e
pa3 MATBEpAUIN BIUCOKY YyTIMBICTH PO3pPOOIEHOTO
METOJy BH3HAaYeHHS Koe(ili€HTIiB MPOHUKHOCTI
EPUTPOLIUTIB JUIS EIEKTPUIHO HEUTPATbHUX PEUOBUH,
KU 3a0e31edye aleKBaTHY OL[iHKY JOCIiKyBaHOTO
napameTpy, PeecTpyloun TOHKiI 3MiHU B mepeoiry
CKJIAJIHUX HPOILECiB MPOHUKAHHS MOJIEKYJ Kpi3b
Oiomoriuni MeMOpaHH.

NMiTepaTypa

1. benoyc A.M., boHdapeHko B.A. CTpyKTypHble U3MEHEeHMS
Bronornyecknx memopaH npu oxnaxaeHun.— Knes: Hayk.aymka,
1982.— 256 c.

2. bondbipes A.A. BO3MOXHble MPUYNHBI HENMMHENHOCTH
rpacukoB AppeHnyca ans Na*,K*-3aBucMmMon ageHo3nHTpu-
docdaTasbl // Buomakpomonekynbo B MeToge CrUHOBbIX
MeTOK 1 3oHAoB.— M.:Hayka, 1988.— C.80-92.

3. [lopdierko O.l., NopdierHko €.0., Anekceesa J1.1., KosaneHko . ®.
OuiHka cTaHy nonynsauii epuTpouunTiB NMIOAMHN NO iX PO3NOAiNYy
3a iHgekcom ccepuyHocTi // Qonosigi HAHY.— 2002.— 10.—
C. 172-177.

4. [opdueHko O.U., Emey B.I., Kunsikosa T.A., LelikuH B.U.
TemnepaTypHas 3aBUCUMOCTb BOAHON ANGDY3NOHHON NPOHK-
LLlaeMoCT MeMBpaH 3pUTPOLIMTOB B Cpefax C pa3nnyHON MOHHOM
cunoi // Buon.membpaxbl.— 1985.— T.2, Ne3.— C. 310-314.

5. TopdieHko O.L., JliHHik T.1. MexaHi3aM1 NPOHUKaHHSA HeenekTpo-
niTiB HWU3KW AjoniB Kpi3b Membpanu eputpoumTis // BicH.XHY.—
2002.— T.568.— Biodia.sicH.— 2(11).— C. 45-50.

6. KsauespstHeH A.V. TepMmoaMHAaMNYECKMI aHanu3 npoLieccoB B
TPEXKOMMOHEHTHOW cucTeme BOAa-UOHbI-MakpoMonekynbl //
Broduanka.—1988.— T.33, Ne3.— C.540.

7. JluwHuk T.I1., BusukuHa O.B. KpnokoHcepBupoBaHve cnepmbl
netyxoB. LiutotokcnyHocTb Auonos u amupos // Mpo6n.
kpnobuonorun.—2001.— Ne2.— C. 72-79.

8. Ubimban J1.B. BnusHune Hecneundpuyeckmx pakTopoB Ha
OVNHaMWYeCKylo CTPYKTYpy uuTOonnasambl aputpouuTtos//
Mpo6n. kpuobuonormun.— 2000.— Ne3.— C.8-14.

9. Upimban I1.B., FaBpunosa U.U., Moncees B.A. ccnegosaxune
BIIUSIHUSA MONUCNUPTOB Ha AWHAMMWYECKYl0 CTPYKTypy
6uonornyecknx Mem6paH MeToAOM CMUHOBLIX 30HAOB//
Kpunobuonorus.-1985.-3.-C.20-24.

10. Ybimban J1.B., Moucees B.A. BrnusiHne KpMonpoTekTopoB Ha
MeMbpaHoCBsA3aHHbIe M LUTO30SbHbIe Genku aputpouunTtos//
Mpo6n. kpnobuon.— 1992.— Ne2.— C. 13-19.

11. YepHuykul E.A., Bopobel A.B. CTpyKkTypa U yHKLUMN
3puUTpoLUUTapHbIX MeMbpaH.— MuHck: Hayka n TexHuka.— 1981.—
216 c.

12. YepHuukuti E.A., Bopobel A.B., KoHes C.B. Tepmunueckue
nepexoppl B 9pUTPOLIMTapHbIX MembpaHax, BbiSIBIIEHHbIE MO
npoHunuaemocTtn ux k AHC // buodgmanka.— 1978.— T.23, Ne1.—
C. 80-84.

13. [Mam. 41098A (Ykpaixa) MK’ GO1N33/49. Cnoci6 BU3Ha4€HHS
KoedilieHTa NPOHMKHOCTI epuTpoLMTIB ANA eNeKTPUYHO

NPOENEMbI
KPMOBMONIOTUMN
2003, Ne1

kJIx/MOITB

E. km
o —— 1,211
120 1,2-PD
100~
JIMCO TN
80 — DMSO ||
|
60 — |
\\_———
40 —
20
0 I

\ \ \ \ \ | \
5 10 15 20 25 30 35 40T,c°C
Puc. 3. Boius Temneparypu Ha E, mponukaHHs Kpio-
MIPOTEKTOPIB KPi3b MEMOPAaHU SPUTPOIIUTIB JTFOIMHU.

Fig.3. Temperature effect on E, of cryoprotectant’s
permeation via human erythrocytre membrane.

surface, and greater direct effect of DMSO on water-
protein-lipid interactions in membranes [8-10]. Lower
effective activation energy for 1,2-PD permeation
within interval of 30-37°C also confirms the fact, that
the major part of 1,2-PD passes via aqueous protein
pores, which diffusion activation energy is lower, than
for lipid bilayer [17].

Conclusions

Thus, the conducted investigations on temperature
dependence of human erythrocyte membrane for non-
electrolyte molecules testify to a complex character of
membrane and permeable substances’ interaction
processes, which is caused by both membrane structure,
physical and chemical properties of molecules of these
substances and their interaction with aqueous
environment. Versatile character of interactions system
determines the impossibility to describe in details the
reasons of the found course for temperature dependen-
cies at this moment and requires a further investigation.
Obtained results confirmed once again a high sensibility
of elaborated method for determining the erythrocyte
membrane permeability for electrically neutral
substances, which provides an adequate estimation of
studied parameter with and revealing of fine changes
in complex processes of molecules permeation via
biological membranes.
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