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V3ydanu BIMsSHUE 3aMOPaKMBaHUSA-OTTAUBAHUA HA CTPYKTYPHO-(QyHKIMOHAIbHOE COCTOsIHUE reMorioOuHoB A u F. OTMeueHo
YBEJIMYEHUE COEePKAHUSI MET(GOPMBI B PaCTBOPAX OEJIKOB, CBHIETENLCTBYIOIIEE 00 YCKOPEHUH HX ay TOOKHCIIeHHs. KoHpopMannoHHbIe
U3MEHEHHUS, CONPOBOXKAAIOLINE ITOT MPOLECC, TPOUCXOAAT IIPEUMYILECTBCHHO B HOJIAPHBIX O0IACTIX MOJICKYJI.

BuBuanu BIUIMB 3aMOpPOXKYBaHHSI-BiITaBaHHS Ha CTPYKTYPHO-(QYHKI[IOHAIBHUI cTaH reMorno0iHiB A 1 F. BuzHaueHo miqBUIIECHHS
BMICTy MeT(hopMH B pO3UMHAX OLIKIB, sIKE CBIYUTH PO MPUCKOPEHHS 1X ayTooKucieHH. KoHpopMaltiiiHi 3MiHH, 110 CYyTTPOBOIKYIOTh
1ei mpoliec, Bifi0yBaroThCs MEPEBAXKHO B MOJISIPHUX 30HAX MOJICKYII.

The authors studied the effect of freeze-thawing on structural and functional state of hemoglobins A and F. An increase in
content of metforms in protein solutions is noted, which testifies to an acceleration of hemoglobins’ auto-oxidation. Conformation
changes, accompanying this process, affect mainly the polar zones of molecules.

OxucneHue xene3a B TeMOITIOOMHE MPUBOAUT K
00pa3oBaHUI0O METTEMOII00MHA, CONEePKALIETO
TPEXBaJIECHTHOE Kelie30, M MOTepe CIOCOOHOCTH
CBSI3BIBAaTh MOJICKYJSIpHBIN Kucimopon. CIOHTaHHOE
(hopMHupoBaHUE METreMOTIIOONHA (ayTOOKHCICHHUE)
HAST MEJJICHHO KakK in vivo, Tak U in vitro. OIHAKO
3TOT HPOIECC MOXKET YCKOPIThCS MPHU ACHCTBUHU
pa3mUUHbBIX QU3NKO-XuMHYecKnX (akTopos [8]. Takoe
BJIUSHUE Ha MOJEKYJy reMoTioOWHa SIBISETCS
HEOJArONMPHUATHBIM, TaK KaK CHHXAET €€ yCTOM-
YUBOCTh K OKHCJICHHUIO U NMPHUBOJUT K MOTEpPE
CIIOCOOHOCTH BBHITIONHSATH OCHOBHYIO (PYHKITUIO —
CBSI3BIBATh MOJIEKYJBI kKuciaopoaa. CoxpaHeHue 3Toi
(yHKOMM — OIHA W3 TIABHBIX 3ajiad NPU HU3KO-
TEMIIepaTypHOM KOHCEPBHPOBAHHWH 3PUTPOLUTOB U
reMOTJIO0OHHA.

Panee [2] ObuM M3y4eHBI HEKOTOPBIE 3aKOHOMED-
HOCTH PEaKIUii 00paTHMOI OKCUTEHAIIUH TeMOTIO0H-
Ha venoBeka. OTMEUEHO, YTO KOHCTAHTAa CKOPOCTH
peaxIu ay TOOKUCIICHUS CYIIIECTBEHHO BO3PACTAET C
noHwkenueM pH cpenbl U anudarnyeckue CIUPTHI
MOBHIMAIOT 3()PEKTUBHOCTH MpoIecca ayTOOKHUC-
neHusi. HecMoTps Ha TO, YTO HU3KOTEMIIEPAaTypPHOE
KOHCEPBUPOBAHHE HIUPOKO HCIOIb3yeTCS s
XpaHEHUs] YPUTPOIUTOB U TEMOTIIOONHA, KaK BIUSET
3aMOpaXxMBaHHE-OTTauBaHUE HAa CIOCOOHOCTH
MOJIEKYJIbl TEMOTJIOOMHA K ayTOOKHUCICHHIO HE
n3yyanock. Llenbto HacTosIel paboThl OBLTO H3yYUTB,
KakuM 00pa3oM BIUSET 3aMOPaKUBAaHUE-OTTANBAHNE
Ha ayTookuciieHue remornoonaoB A u F (HbA u HbF)
U KaKUMH HU3MEHCHHUSIMH KOoH(opMaluu Oejika 3TOT
MPOIIECC MOXKET COMTPOBOXKIATHCSI.

B pa6ote ucnonb3oBanu pacrsopsl HbA u HbF B
¢dusnonorunueckoM pacteope Ha 0,05 M Harpuii-doc-
(araom Oydepe, pH 7,2. PactBop HbA BrIgemsmm u3
noHopckoii, a HbF — u3 mynoBuHHO# KpoBu [4].
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Iron oxidation in hemoglobin results in the
formation of methemoglobin, containing three-valent
iron, and the loss of the capability to bind molecular
oxygen. Spontaneous formation of methemoglobin
(autooxidation) proceeds slowly both in vivo and in
vitro. However this process can be accelerated under
the effect of various physical and chemical factors
[8]. Such an effect on hemoglobin molecule is
unfavourable, because it reduces its resistance to
oxidation and leads to the loss of the capability to
perform the main function: to bind the oxygen
molecules. Keeping of this function is one of the main
aims of low temperature preservation of erythrocytes
and hemoglobin.

Recently some regularities in reactions of
reversible oxygenation of human haemoglobin have
been studied [2]. It is noted that the constant of
autooxidation reaction rate increases with the
decrease in medium’s pH and aliphatic alcohols
increase the efficiency of autooxidation process.
Despite the low temperature preservation is widely
used for the storage of erythrocytes and hemoglobin,
the way, by which freeze-thawing affects the
capability of hemoglobin molecule to oxidation has
not been studied. The aim of this work was to
investigate how freeze-thawing affects autooxidation
of hemoglobins A and F (HbA and HbF) and what
changes in protein conformation can accompany this
process.

In the work we used the solutions of HbA and
HbF in physiological solution on 0.05 M sodium-
sulphate buffer, pH 7.2. Methemoglobin (metHb)
content in the solutions was spectrophotometrically
determined [9, 10]. To characterise the protein
conformation we used the first derivative of
absorption spectra (DAS) in UV area and the
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Conepxanme MeTreMoriioOuHa
(meTHb) B pacTBOpax ompenemnsiiu
cnektpodoromerpuuecku [9, 10].

Coneprxanue methopmsl B pactBopax HbA u HbF nocine 3amopaxuBanusi-

oTTauBaHus, %

Content of metform in the solutions of HbA and HbF after freeze-thawing, %

Jis xapakTepucTUKu KOH(opMa- MetHbA MetHbF
MU OEIKOB UCTIOIH30BAIIU TIEPBHIE Cpox MetFHbA MetHbF
MNPOM3BOAHBIC CIICKTPOB IOITIOMIC- XpaHeHus, 4 ITocae Tlocae
Storage term, 3aMOpa’kuBaHUs- 3aMOpa’kNuBaHMsI-

aus (IICIT) B YO obnactu U uc- hrs KgHTPOM’ oTTanBaHus KgHTPOAB oTTanBaHus
cIeOBaHUE THUI O(bO6HOﬁ no- ontrol After freeze- ontrol After freeze-

p thawing thawing
BEPXHOCTH MOJIEKYJ METOAOM CBSI-
3bIBaHMA O€JIKa ¢ OpraHHUYeCKHUM 0 3,007 4008 5010 6,008
KpacuTelieM OpOMTHUMOJOBBIM

6 3,0%=0,7 5,0=+0,8 50=%=1,0 8,0%=1,0

cuauM (bTC) [7]. PactBopsr BTC
KoHITeHTpanueit 5x10*M roroBuin 12 3,00,7 7,0%0,8 50%1,0 10,0£1,0
Ha 0,05 M Hatpuii-¢pocpaTtaOM
oydepe, pH 7,2. 2 3,0=0,7 8,0%0,8 50%1,0 12,0%0,9

Bpewmst xonrakra Oenkos ¢ BTC
cocraBuio 20 muH. Konnenrpanun HbA u HbF
Haxoaunuchk B mpexenax 0,8 +1,4x10°M u 1,2 +
1,5%10°M cooTBeTcTBeHHO; KOHIIeHTpanuu BTC —
5+30x10°M. TTapamMeTpbl CBSI3bIBAHUS KPACHTEIIS C
0eJIKOM (KOJTMYIECTBO YIACTKOB N HA MOJIEKYJIe OeKa,
COpPOMPYIONIMX KPACHTENb U KOHCTAHTY TUCCOIHAIH
KOMILIEKCa O€NOK-KpacuTenb K ) pacCuMThIBaIM MO
merony, npennoxxkennomy C.B.JleBunsim [3]. Pact-
Bopsl HbA u HbF 3amopaxuBanu co cpeaHei
ckopocThio 20°C/MUH A0 TeMmepaTryphl KUAKOTO
azora. OTTanBaHue OCYLIECTBISUIM HAa BOASHOM OaHe
npu 20°C. CrekTpsl NOIJIOLICHHs 3allMChIBAIN Ha
cunekrpodoromerpe “PYE UNICAM SP 8000~
(Benuko-6puraHus).

Coneprxanme MeTreMoriioOrHa B pacTBOpax Mocie
3aMOpaKNBaHHUA-OTTAMBAHUS 3aMETHO YBETUUNBACTCS
[IOCJIe XpaHEHHUsI PacTBOPOB B Te4eHHE 1-2-X CyTOK
mpu 4°C, B TO BpeMs KaK B MCXOJHBIX PacTBOpPax
HW3MEHEHHS! B COACPKAHUM METreMOTI00MHa He
HaOmoaercs (Tadbmuna).

Uzyuenune nepsoix IICII B YO obnactu nokasano,
YTO U3MEHEHUS B CTPYKTYPE CIIEKTPOB HAOIIONAIOTCSI
B oOnactu 272 HM, CBUJIETEIILCTBYIOIINE O CMEIICHUN
MaKCHMyMa CIIEKTpa NONIOIEHHS B KOPOTKOBOJTHOBYIO
obnacTp u HEOONBIINX M3MEHEHHUSIX B 00IacTu
TUPO3UHOBHIX aMUHOKHCIOTHBIX OCTAaTKOB [1],
KOTOpBbIE OOBIYHO PAacIoJIaraloTCs B MOJAPHBIX
obmactsx (puc.1,2).

UccnenoBanne mapamerpoB cBs3biBanus bTC ¢
OenkaMH MOKa3ajgo, 9TO KOJUYECTBO y4aCTKOB
copbuun BTC ¢ HbF mensbiue no cpaBaenuto ¢ HbA
(3,2 11 5,4 COOTBETCTBEHHO), HO 00pa3y0IIAsCs CBI3b
Oosee MpoyHas, TaKk KaK KOHCTAaHTa IUCCOLMALNH
MeHbIe. 3aMOpaXMBaHUE-OTTAUBAaHNUE HE BIIHSIECT Ha
napameTpsl B3auMozeicTBus remornoonnos ¢ BTC.

Takum 00pa3om, oTy4eHHBIE Pe3y/IbTaThl IOKa3a-
JIY, 4TO 3aMOpaKMBaHHUE-OTTauBaHKUE pacTBOpoB HbA
n HbF mpuBoauT K yBENHUYEHHUIO COMIEPKAHUSI B HUX
MeT(HOPMBI, CBUIETEIBCTBYIONMEE 00 YCKOPEHHH
ayTooKHcieHus OenkoB, npuuem aist HbF stot
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investigation of hydrophobic surface of molecules
by the method of protein binding with organic dye,
bromthymol blue (BTB) [7]. BTB solutions under
the concentration of 5x10*M were prepared with
0.05M sodium-phosphate buffer, pH 7.2.

The contact time of proteins with BTB made 20
min. The concentrations of HbA and HbF were
within the limits of 0.8 +1.4x10°M and 1.2 +
1.5%10-°M, correspondingly; BTB concentrations did
5+30x10°M. The parameters of dye binding with
protein (the number of sites on protein molecule,
absorbing the dye and the constant of dissociation
for the “protein-dye” complex, k,) were calculated
according to the method proposed by S.V. Levin [3].
The solutions of HbA and HbF were frozen with an
average rate of 20°C/min down to the temperature
of liquid nitrogen. Thawing was carried out on water
bath at 20°C. Absorption spectra were recorded with
the spectrometer “PYE UNICAM SP 8000” (UK).

The content of methemoglobin in the solutions
after freeze-thawing considerably increases after
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Puc. 1. ITepssie TICII pactBopa HbA : e — 10; x — mocie
3aMOpaKUBaHUSI-OTTauBaHUS.

Fig. 1. The first DAS of the HbA solution: e — before; x —
after freeze-thawing
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Puc. 2. ITepssie IICII pactBopa HbF: ¢ — 10; x — mocine

3aMO-pa)KMBaHHA-OTTAHBAHHS.

Fig. 2. The first DAS of the HbF solution: e — before; x —
after freeze-thawing

nporecc 6osee BeIpakeH. M3ydeHHbIe CTPYKTypHBIE
rapaMeTpsl MOKa3ajiH, YTO 3aMOPaKUBaHUE-0TTanBa-
HUE TPUBOJNUT K KOH(POPMALMOHHBIM H3MEHEHUSIM,
3aTparuBarOMIM MPEUMYIIECTBEHHO IMOJSPHBIE
obnactu OenkoBoil rmoOynel. bonee BbIpakeHHOE
JlecTBHE 3aMOpakuBaHus-oTTanBaHus Ha HbF mo
cpaBHeHHIo ¢ HbA, nmo-Buanmomy, 00yCIIOBIEHO TEM,
YTO B €r0 COCTaB BXOAUT OoJibIIee KOJIUYECTBO
MOJIAPHBIX AMUHOKHUCIOT [5], U, KaK MOKa3ajau Hallu
9KCTIEPUMEHTHI, MEHbILIEE KOJINYECTBO TUAPOPOOHBIX
obnacTtei, KOTOpble BHOCAT HanOONBLINI BKJIAJ B
crabunu3anuio 0enKoBBIX MoJekyn [6]. ug monm-
TBEPXKJACHUS BBICKA3aHHBIX MPENJIOKEHUNH HEo0Xo-
JUMO UCCIIEOBaTh CTPYKTYPHO-(QYHKIIMOHAIBHOE
COCTOSIHHE OENTKOB IPYTHUMHU METOAaMH, ONIPEIEINTb,
Kakue (akTopbl (COCTaB PacTBOPUTEINS, CKOPOCTh
OXJIQXKJICHHS ) BHOCAT HanOOJIee CyIeCTBEHHBIN BKIIa
B HaOJIomaeMble U3MEHEHHS. Pe3ynbTaTsl Takux
WCCIICIOBAaHUN TO3BOJISAT HPEAJIOKHUTH IyTH CTaOH-
nu3anuu OENKOB B IpoLEecce 3aMOpaKMBaHUS-
OTTauBaHUSL.
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storage of the solutions during 1-2 days at 4°C,
meanwhile in initial solutions the changes in the
methemoglobin content were not observed (Table).

The investigation of the first DAS in UV area
has shown that the changes in the spectra structure
are observed in the area of 242 nm, testifying to a
shift of the absorption spectrum maximum to a short
wave region and slight changes in the area of tyrosine
amino acids residua [7], which usually are located
in polar areas (Fig. 1,2).

The studying of the parameters of BTB binding
with proteins has demonstrated that the number of
BTB absorption sites with HbF is less in comparison
with HbA (3.2 and 5.4, correspondingly), but the
forming binding is more tight, because the disso-
ciation constant is lower (0.2 for HbF and 0.7 for
HbA). Freeze-thawing does not affect the parameters
of interaction of hemoglobins with BTB.

Thus obtained results have shown that freeze-
thawing of the HbA and HbF solutions results in the
increase of the content in them of metform, testifying
to an acceleration of protein autooxidation, moreover
for HbF this process is more manifested. Studied
structural parameters have demonstrated that freeze-
thawing results in conformational changes, affecting
predominantly the polar areas of protein globule.
More manifested effect of freeze-thawing on HbF in
comparison with HbA, probably, is stipulated by the
fact that it comprises a big number of polar amino
acids [5] and as our experiments showed less number
of hydrophobic areas, which contributed most of all
to stabilisation of protein molecules [6]. To confirm
these statements it is necessary to continue the
investigation of structural and functional state of
protein by other methods, and to determine the
factors (solvent composition, cooling rate), which
essentially contribute to the observed changes.
Results of these investigations will allow to propose
the ways of proteins’ stabilisation in process of
freeze-thawing.
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