VAK 57.043:612.111.1:611.013:577.352.24 UDC 57.043:612.111.1:611.013:577.352.24
BAnsiHne 3amopaxkMBaHUs-OTTaMBaHUS Ha KoHgopmauuio ¢erarbHOro

remorrnoOMHa M B3aMMOAENCTBME €ero C AMNOCOMaMM

H.H. TrmueHko
MHCTUTYT npobaem kpmobmororum n kpuomeanumHsl HAH YkpauHbl, 1. Xapbkos

Freeze-Thawing Effect on Fetal Haemoglobin Conformation and its

Interaction with Liposomes
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VccnenoBano BIusHEE 3aMOPaKMBaHHUS-OTTaNBAHUS Ha KOHGOpMaLuio (HeTanbHOro reMorioO0nHa U KHHETHKY B3aUMOJICHCTBHS
ero ¢ JMnocoMamu, copMHpoBaHHBIMH K3 (ochaTHAMIXONINHA U KapAHOJIUIKHA. BBISIBIEHO, 4TO 3aMOpa)kKMBaHHE-OTTaHBAHUE
(eTaspHOro reMorIo0MHA PUBOKT K CIVIAXKMBAHHIO TEMIIEPaTypO3aBUCHMbIX KOH()OPMALMOHHBIX U3MEHEHHH B MoJeKyJte. Kunernueckas
3aBHCHMOCTb B3aMOICICTBUSI (heTaIbHOTO reMOIIOOHHA C JIMIIOCOMAaMU MTPAKTHYECKU HE N3MEHSESTCS I0CIE 3aMOPaKUBAHUSI-OT TANBAHHUS

Oenka.

Kniouesvie cnosa: heranbHblil reMOTIOOKH, 3aMOPAKUBAHUE-OTTAUBAHKE, JIUTIOCOMBI.

JlocmimkeHo BIUTUB 3aMOPOXKYBaHHS-BiITaBaHHS Ha KOH(OpMAIIio (eTaTbHOTO TeMONIIO01HY 1 KIHETHKY B3aEMOIIT HOTO 3 JIITOCOMaMH,
cthopmoBaHIMH 3 POCHaTHIIIIXOIIIHY 1 Kapaionininy. BusiBieHo, 1o 3aMOpoKyBaHHS-BiATaBaHHS (PETATEHOTO FeMOrIO0iHY IPH3BOIUTE
JI0 3MMIAJKYBaHHS TEMIIEPATypO3aIeKHIX KOH(OPMAIIHHNX 3MiH y MoiteKyi. KiHeTHYHa 3aJ1eXKHICTh B3aeMOIiT )eTaTbHOTO reMOTI00iHY
3 JIIITOCOMaMHU NIPAKTUYHO HE 3MIHIOETHCS MiCHIs 3aMOPOKyBaHHS-BiATaBaHH OLIKa.

Knrouoei cnosa: peranbauii reMoriio0iH, 3aMOPOKYBaHHSI-BiITABaHHS, JIIMTOCOMH.

There was studied a freeze-thawing effect on fetal haemoglobin conformation and interaction of'its kinetics with phosphatidylcholine-
and cardiolipin- formed liposomes. It has been found that freeze-thawing of fetal haemoglobin results in smoothing of temperature-
dependent conformational changes in a molecule. Kinetic dependence of fetal haemoglobin and liposomes’ interaction practically does

not change after the protein freeze-thawing.
Key words: fetal haemoglobin, freeze-thawing, liposomes.

3amMopakrBaHUE OETTKOB MPUBOIUT K N3MEHEHUSIM
WX CTPYKTYpHI U GyHKIUH. BeIsIcCHEHnE MEeXaHU3MOB
KPHUOTIOBPEKAEHUS OEIKOB HEOOXOAMMO IJIsl OIIpe-
JIEJIEHUS YCIIOBUH COXpaHEHHSI IIEJIOCTHOCTH MEMOpaH,
CYOKJIETOYHBIX OpraHeyijl U KJIETOK IOCie 3amMopa-
XuBaHUs. V3yueHne B3auMOACHCTBUS reMOrNIoOMHa
C JTUIOCOMaJbHBIMU MEMOpaHaMM Ba)XHO AJA
LIEJIEHAIIPABJIEHHOTO MIOMCKA KPOBE3aMEHHUTETEH.

[IpoBenensl uccnenoBaHMs 10 U3YUEHUIO BIUSIHUSA
TeMIIepaTypsl Ha KoHpopmaiuio OenkoB. M3BecTHO,
YTO TPU 3aMOPAKUBAHUHU-OTTAUBAHUN M3MEHSETCS
KOH(OpMAIHsI IMTOXPOMOKCHA3HI [6 ], YTO IPHBOIUT
K 3aMEJUICHHI0 PEaKINH OKUCIeHHd murtoxpoma C,
KaTaJIu3upyeMoil nmuToxpomMokcuaaso. Koudop-
MAaIlMOHHBIH MTePeX0/1 ITITOXPOMOKCH/Ia3bl OTMEYAEeT-
cs1 B uHTepBatie Temnepatryp 17+20°C nmo 3aBUCUMOCTH
HHTEHCUBHOCTH TEMIEPaTypHO-IIEPTYPOALnOHHBIX
muddepeHInaNbHBIX CIIEKTPOB OT TeMIIepaTypsl [7].
3aMopakuBaHUE-OTTauBAHHUE 3TOTO O€JIKa IPUBOJUT
K YMEHBIICHUIO TeMIepaTyphl NpeaaeHaTypa-
IMOHHOTO KOH(OpMaIrmoHHOTO Tepexona Ha 2-3°C.
[onuocThi0 0OpaTuMBIi S-006pa3HbIi KOH)OPMAIMOH-
HBII TIepexo] HabJII0AaeTCa B MOJIEKYJIe MUEJIOMHOTO

Proteins freezing causes the changes in their
structure and functions. Elucidation of the mechanisms
for proteins damage is essential in order to find the
conditions of membrane integrity preservation,
subcellular organellas and cells following freezing.
Studying of haemoglobin interaction with liposomal
membranes is of great importance for the direct search
of blood-substitutes.

We have carried-out the investigations intended to
studying the temperature effect on proteins confor-
mation. It is known that during freeze-thawing
cytochromoxidase conformation is changing [6],
resulting in slowing the oxidation reaction of
cytochrome C catalysed by cytochromoxidase.
Conformational transition of cytochromoxidase is noted
within the temperature range of 17+20°C on the
intensity dependence of temperature-perturbational
differential spectra upon the temperature [7]. Freeze-
thawing of the protein results in the temperature
decrease of pre-denaturation conformational transition
in 2-3°C. Absolutely reversible S-like conformational
period is observed in myelogenic immunoglobulin G at
pH> 6.5 within the temperature range of 25+35°C on
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nmmyHoro0yinHa G ipu pH>6,5 B obmacTu Temmepa-
Typ 25+35°C mo 3aBUCUMOCTH MHTCHCHUBHOCTH
TeMIepaTypHo-IudPpepeHInanbHOT0 CIEeKTpa OT
temnepatypsl [15]. 3amopaxkusanue go -8°C
(pakuuii reMoOrIo0MHA MBIIIEH, OTU3KUX MO CTPYKTY-
pe K TeTpamepam, IPUBOAUT K oOpa3oBaHuio Oolee
KOMIIAKTHBIX 10 pa3MepaM OenKoBBIX Moyekyn [1].
[Ipu oxnaxnenuu remorinodounHa no -20°C Obuna
BBISIBJICHA KOMMAKTH3alUA CyOBEeIUHUIl MaKpOMO-
JeKynsl [3].

Bs3aumonetictBus remorimoOuHa A ¢ MOIEIIBHBIMHA
dbochonmunuaHpIMH MeMOpaHaMHu W3yYalucCh B
pabotax [2, 9, 10]. MU3BecTHO, 4TO (heTalbHBIN
reMOIIOONH ¥ TeMOTJIOONH A TIO-pa3HOMY COEAHMHS-
I0TCS ¢ puTporuTapHoit Memopanoi [11]. Hcce-
JOBaHUsI B3aUMOACUCTBUS (heTaIbHOIO reMOrNIoOnHa
C OTAENbHBIMH (HOCONUIUAAMH U BIUSHHUSA HA HETO
3aMOpaXKMBaHUA-OTTauBAHUsI 3TOrO OeKa B IUTEpa-
Type HE IPEICTaBICHBI.

BiusiHue Ha remMornioOuH A 3amMopakMBaHMUS-
OTTaWBaHMS HCCIIEJOBAaHO HEAOCTATOYHO, a MO
(herapHOMY TEMOTTIOOMHY, BBIIEICHHOMY W3 KOPIOBOMH
KpPOBH, JTaHHBIE OTCYTCTBYIOT.

Lenpio pabOTHI SABISETCS UCCIIEIOBAHIE BIUSHUSI
3aMOpaXMBaHHUA-OTTAUBAHUA Ha KOH(OpPMAIHIO
(heranpHOTO TEeMOTTIOOWHA W B3aUMOJICHCTBHUE ITOTO
0eJKa ¢ JUIOCOMaMH.

Matepnaabl 1 meToAbI

I'emornoOuH A BEIIETICH U3 JOHOPCKOH, a heTalib-
HBI — U3 KOpAOBOM KpoBH [8]. 3amopaxuBaHue
pacTBopoB remoriiobuHa A u ¢erajsbHOTO reMo-
robuna (HbA u HbF cooTBeTCTBEHHO) MPOBOIMIIOCH
co cpennerr ckopocThio 20°C/MUH IO TeMIeparypsbl
XKUAKOTO a3ora. OTTaMBaHHE OCYIIECTBIUIOCH Ha
BozstHOM OaHe mpu 20°C.

B skcniepuMenTe 10 N3yYeHHIO BIUSHHS 3aMOpa-
KUBaHUA-OTTanBaHus Ha KoH(popmanuio HbF ncromns-
30BaHbI pacTBOPHI (heTarmpHOro remorioornna Ha 0,05M
Harpuii-pocharnom Oydepe, pH 7,4, cogepxamem
0,15M NaCl. Ins xapakTepUCTHKH KOH(POpMaLUU
0enka MCIOJIb30BaHA 3aBUCHMOCTh MHTEHCHBHOCTH
TeMIIepaTypHO-NepTypOalMOHHbIX AuddepeHunans-
Heix cunektpoB (TIIJC) pacTtBopoB ¢eranbHOro
remornobuna (AE/E) ot Temmeparypsl B HHTEpBaje
10+38°C [5]. Cnektpsr 3ammucansl uepe3 2°C, BpeMs
9KCIO3WIUU NpHU Kaxzaoil temmeparype 10 muH.
[MorpenrHocTs onpeneneHus TeMIepaTyphl B 00pasie
coctasisier 1°C.

B skcnepuMeHTe 110 U3y4YEHHUIO B3aUMOJCHCTBHUS
remoriobnaa A u ¢eTarbHOro reMorioOuHa ¢
JIMIIOCOMAaMH T10CIE 3aMOPaKUBAHHSA-OTTAUBAHUS 3THX
OenkoB ncnonb3oBanbl pactBopsl HbA n HbF Ha Tpuc-
HCl-6ydepe, pH 7,4, conepxamem 0,15M NaCl.
KonuuecTBOo OoKCHTeMOTIIOOMHOB B pacTBOpax
coctaBisiio 90+2%. Mcnons30BaHbl SMUHBINA Qocda-
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the intensity dependence of temperature-differential
spectrum upon the temperature [15]. Freezing down
to —8°C of murine haemoglobin fractions with
tetramere-like structure causes the formation of more
compacted protein molecules [1]. When cooling
haemoglobin down to —20°C there was found the
compactization of macromolecule subunits [3].

Interactions of haemoglobin A with model
phospholipid membranes were studied in the papers
[2, 9, 10]. It is known that fetal haemoglobin and
haemoglobin A in a different way binds the erythro-
cyte’s membrane [11]. No literature data presented
on studying the fetal haemoglobin interaction with some
phospholipids and the effect of this protein freeze-
thawing on it.

The effect of haemoglobin A on freeze-thawing
has been studied insufficiently, there are no data on
fetal haemoglobin derived from cord blood.

Studying of freeze-thawing effect on fetal
haemoglobin conformation and the protein interaction
with liposomes was the aim of present work.

Materials and methods

Haemoglobin A was isolated from donors’ blood,
and the fetal one was derived from cord blood [8].
Freezing of haemoglobin A and fetal one (HbA and
HbF), correspondingly was accomplished with
anaverage rate of 20°C/min down to the liquid nitrogen
temperature. Thawing was performed on water bath
at 20°C.

In the experiments on studying the freeze-thawing
effect on HbF conformation we have used the fetal
haemoglobin solutions prepared with 0.05M sodium-
phosphate buffer, pH 7.4, containing 0.15 NaCl. For
protein conformation characteristics there was used
the intensity dependence of temperature-perturbation
differential spectra (TPDS) of fetal haemoglobin
solutions (AE/E) upon the temperature within the range
of 10+38°C [5]. The spectra were recorded in 2°C,
exposure time at each of the temperatures is 10 min.
The temperature determination error in a sample makes
1°C.

In the experiment on studying the haemoglobin A
and fetal one interaction with liposomes following
freeze-thawing of these proteins there were used HbA
and HbF solutions prepared with tris-HCI buffer, pH
7.4, containing 0.15 M NaCl. Oxyhaemoglobins number
in the solutions made 90+2%. We have used egg
phosphatidyl choline (PKh), cardiolipin (CL) derived
from bovine heart (“Biolek”, Kharkov). Liposomes
were formed in the weight ratio of PKh:CL=4:1. To
prepare liposomes using PKh/CL mixtures, ethanol
solution of lipids was evaporated to a dry state, was
added SmM tris-HCl buffer (pH 7.4) containing 0.15M
NaCl to lipid film. Final concentration of lipids made
20 mg/ml. The suspension was mechanically shaken
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tunuxonyH (P X), kapauonwmue (KJI) u3 cepara Obika
(“buonex”, XapbkoB). JIniocoMbl cOPMUPOBAHBI B
BecoBOoM cooTHomeHnn OX:KJI=4:1./{ns1 npuro-
ToBJIeHUs nunocoM u3 cmeceit ®X ¢ KJI staHonbHBIN
pacTBOp JIUIUAOB ObLI BEIIAPEH HA BO3AyXeE 10CyXa,
K JIMTTUIHOM TuieHKe go0asieH SMM tpuc-HCl-0ydep
(pH 7.,4), comepxammuii 0,15M NaCl. Koneunas
KOHI[CHTpAlusl JTUMUIOB cocTaBisiina 20 mr/mi.
Cycnen3usi MExaHW4YecKH BCTpsxuBaiach 10 MuH u
nmojgy4eHHast rpybas aucnepcusi oOpabaTsiBanachk
10 MUH yIBTPa3ByKOM C TIOMOIIBIO YABTPA3ByKOBOTO
nucuepraropa Ha wyactore 22 kl'1 [2]. Peakmus
KOMILJIEKCOOOpa30BaHusl OKCUreMorio0uHoB A u F ¢
numocoMamu ocymecTtBiaeHa npu 20°C. MoispHoe
cooTHoenue oenok:munua=1,7x10-. Kunetnueckue
3aBHUCHUMOCTH MPOLIECCOB CBSA3BIBAHHUSA OKCHUTE-
Morao6uHoB A u F ¢ nunmocomMamu monxydeHsbl
perucTpupanueil I3MEHEeHH ONTHYECKON MIIOTHOCTH
0eJIOK-TUMUIHBIX CMecel B MakcCuMyMe nostockl Cope
(414 am) [10] B Teuenue 85 muH.

Pe3yAbTatbl KM 00CYyXAeHue

W3 pucyHka BUAHO, YTO TeMIIEpaTypHas 3aBHCH-
mocTh mHTeHcuBHOCTH TIIJIC pactBopa HbF mo
3aMOpaXNBaHUSA-OTTaNBAHM IMEET S-00pa3HbIi BUI.
B sxcnepumente [15], mpoBeIeHHOM Ha MHEIIOMHOM
uMmyHornoOynuHe G, moiaydyeHHas S-oOpaszHas
3aBucuMocTb HHTeHcuBHOCTH TIIJIC oT TeMmepaTypsl
CBSI3BIBACTCS C HAJIU4YHMEM KOH(OPMALMOHHOTO
nepexona B obnactu Temmeparyp 25+35°C. Ilo-
BUIMMOMY, MOKHO MPEATOIOKHUTD, 4TO IS (heTalib-
HOTO TeMOTJI00MHA HAOMI0AAI0TCs KOH(OpMAallMOHHbIE
n3MeHeHus B obnactu temneparyp 20+30°C (pucy-
HOK). [Tocnie 3aMopakuBaHUA-OTTaNBAHUS PACTBOPOB
HbF npoucxoaut crinaxuBaHne U3JI0MOB Ha 3aBUCH-
Moctu AE/E oT Temriepatypsl, T.e. CTAaHOBSATCSI MEHEe
3aMeTHBI TeMIIepaTypO3aBUCHMbIE KOH(POPMAIHOH-
HBIE N3MEHEHUS B OEJIKOBOM MOJIEKYIIe.

[Ipu n3y4eHnu KNHETUKHN B3aUMOIECHCTBHS OEITKOB
C JIUIIOCOMAaMH MOJIYUYHUIN 3KCIEPUMEHTAIBHYIO
3aBUCHUMOCTb U3MEHEHUS ONITUYECKOHN TUIOTHOCTH OT
BpPEMEHH, KOTOPYIO alllIPOKCUMHUPOBAIH SKCIIOHEHTON

[41: .
E,—E=Adxe’,

rne E, — HavanbHas ONTHYECKASA MIOTHOCTD;
E — onTryeckasl MIOTHOCTh B MOMEHT BPEMEHH t;
A — aMIUIATy/a KMHETHYECKON (hasbl; A — KHHETH-
Yyeckasg KOHCTaHTa.

3navenus mapameTpoB A u A s okcuHbA wu
okcuHbF 10 3aMopaknBaHUA-OTTaMBaHUS MPAKTH-
YECKU HE OTIMYAOTCs (Tabnuma).

ABTOpHI paboThl [13] cunTaroT, 4TO B3aMMOJEH-
CTBHUE TeMOIVIOONHA C JUMHIAMHU BKIFOUAET aacopO-
MO TEMOTTIO0NHA Ha TOBEPXHOCTH JIUITUTHBIX BE3UKYII,
BCTpanBaHue (parMeHTa OCIKOBOW MOJEKYIBI B
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within 10 min and rough dispersion was treated with
ultrasound during 10 min by means of ultrasound
dispergator with the frequency of 22kHz [2]. Complex-
forming reaction of oxyhaemoglobins A and F with
liposomes was accomplished at 20°C. Lipid/protein
molar ratio was 1.7%107. Kinetic dependencies of
oxyhaemoglobins A and F with liposomes were obtained
by recording the changes of optic density of protein-
lipid mixtures in the Cope band maximum (414 nm)
during 85 min [10].

Results and discussion

The figure shows the S-likeness of the intensity
dependence of HbF TPDS solution prior to freeze-
thawing. In the experiment [15] performed with
myelogenic immunoglobulin G, the obtained S-like
dependence of TPDS intensity upon the temperature
is related to the presence of conformational transition
within the temperature range of 25+35°C. It may be
supposed that conformational changes are observed
within the temperature range of 20+30°C (the figure).
Following freeze-thawing of HbF solutions the
smoothing of breaks in AE/E dependence occurs, i.c.
temperature-dependent conformational changes are
less visible in a protein molecule.

When studying the kinetics of protein interaction
with liposomes the changes of optic density upon the
time gained exponent approximated experimental
dependence [4].

E, - E =

t
Axe)\a

where E is primary optical density; £ is optical density

27-30 \L
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Temnepartypa, °C Temperature, °C
TemmneparypHast 3aBUCUMOCTb HHTCHCUBHOCTH B MAaKCHMY-
me TITC mpu 286 HM pacTBOpa peTabHOro reMorioonHa
(Temueparypa cpaBHeHus 10°C); m— no; O— mocne
3aMOpaXUBaHUA-OTTaUBAHHS.

Temperature dependence of the intensity in TPDS maximum
at 286nm for fetal haemoglobin solution (comparative
temperature 10°C); M- prior to freeze-thawing; O —
following freeze-thawing.
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Oucioil, u3aMeHeHue koHpopmamum Oenka npu
KoMITIekcooOpazoBanuu. Kpome Toro, n3BECTHO, YTO
IpU B3aUMOJCHCTBUU OKCH- U METIeMOTTIOONHA C
JUTUIaMA B MOJICIBHBIX M MPUPOJHBIX MeMOpaHax
3T QOpMBI TeMOTTI00MHA TPUHUMAIOT Y4acTHE B
ununuanuu npouecca [1OJI [10, 12, 14]. Uaaykus
I[TOJI B MOAENBHBIX CHUCTEMax CONPOBOXKIAETCS
IpeBpalleHueM OKcUreMorioonHa B Mmetdopmy [12,
14].

3amopaxuBanue okciHbA u okcuHbF cymecr-
BEHHO HE TOBJIMAJIO HA KUHETHKY B3aWMOJEHUCTBUS
0€JIKOB C JIMIOCOMAaMH. 3HAYCHUS MapaMeTpoB A u A
JI0 | TIOCJIe 3aMOPaXKMBAHHUS-OTTaNBAaHUS CXOTHBI KaK
st okcuHbA, tak u s okcuHDbF (Tabmuia).

BbiBOADI

B monexyne ¢eransHoro remornoduna konpopma-
LMOHHBIE U3MEHEHNS IPOUCXOST B 00JIaCTH TeMIIepa-
Typ 20+30°C. 3amMopaxuBaHHE-OTTaNBaHUE ITOTO
OeJika MPUBOAUT K CIVIAXXUBAHUIO TEMIEpaTypHO-
3aBHCUMBIX KOH()OPMAIIMOHHBIX U3MEHEHU B MOJIe-
Kyne. Kunetnueckue 3aBUCHMOCTH B3aUMOJIEHCTBUS
oxkcuHbF 1 okcuHbA ¢ ©@X:KJI nummocomaMu CXOMHbI
MEXIy cob6oil. 3amMopaxuBaHHE-OTTAWBAHUE
okciHbA u oxcuHDbF cymiectBeHHO He BiHsieT Ha
KHHETHKY ITpoIiecca B3auMOJICHCTBHUS C U3y4aeMbIMH
nunocoMami. B naneHeiimeM npencTaBiusieT HHTepec
H3y4YeHUE B3aUMOJCHCTBHSA (DEeTaTLHOTO reMorIoOnHa
C JIMIOCOMaMH, ¢(HhOPMHUPOBAHHBIMU U3 PocaTuani-
xonuHa ¥ hocdaruanicepuna, Tak Kak OHU BXOJSAT B
COCTaB SPUTPOLUTAPHON MEMOPAHEI.
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Kunernueckue nmapaMeTphbl CBA3bIBAHUA A0 U IMOCIIC
3aMOPAKUBAHUA-OTTAUBAHUA reMoriioOnHa A u
q)eTaJ'[bHOl"O reMOITI00MHA C JIMIIOCOMaMU

Kinetic binding parameters prior to and following freeze-
thawing for fetal Hb and HbA with liposomes

T'emorao6uH
Haemoglobin A A
AO 3aMOPa’KUBaHUS —
OTTauBaHUsI 0,006=+0,001 31,96+2,74
before freeze — thawing
HbA
TIOCAE 3aMOpa’kKUBaHUS —
OTTavBaHUsI 0,005=+0,001 34,048+2,84
after freeze — thawing
AO 3aMOpPa’kKUBaHUS —
OTTaUBaAHUSI 0,008=+0,001 33,22+2,22
before freeze — thawing
HbF
MIOCAE 3aMOpa’KUBaHUS —
OTTAaWBaHUS 0,006=%0,001 34,01%£2,77
after freeze — thawing

at the time moment t; A is kinetic phase amplitude; A
is kinetic constant.

The values of A and A parameters for oxyHbA
and oxyHDF prior to freeze-thawing practically do not
differ (Table).

The authors [13] consider, that haemoglobin
interaction with lipids includes haemoglobin adsorption
on lipid vesicles’ surface, building-in of the fragment
of a protein molecule into bilayer, the change of protein
conformation at complex-formation. It is also known
that during oxy- and methhaemoglobin interaction with
lipids in model and natural membranes these
haemoglobin forms participate in the initiation of LPO
processes [10, 12, 14]. LPO induction in model systems
is accompanied by oxyhaemoglobin transformation into
a methform [12, 14].

Freezing of oxyHbA and oxyHbF did not affect
significantly the kinetics of protein interaction with
liposomes. Prior to and following the freeze-thawing
the values of A and A parameters are similar, both for
oxyHbA and oxyHbF (Table).

Conclusions

In a fetal haemoglobin molecule the conformational
changes occur within the temperature range of 20-
30°C. Freeze-thawing of the protein results in the
smoothing of temperature-dependent conformational
changes in a molecule. Kinetic dependencies of
oxyHbF and oxyHDbA relationship with PH:CL
liposomes are similar. Freeze-thawing of oxyHbF and
oxyHbA does not affect significantly the kinetics of
the process of interaction with the liposomes studied.
In future studying of the interaction of fetal
haemoglobin and liposomes, formed with phosophatidyl
choline and phosphatidyl serine is of great interest, as
they are comprised by erythrocyte membrane.
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