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on Human Hemoglobin Thermostability

Pedepat: MeTonom anddepeHumansHon agmabaTnyeckon ckaHUpyoLed MUKPOKaropuMeTpun UCCnefoBaHo BNVSHUE
OKCU3TUITMPOBAHHOTO NPOM3BOAHOIO FAMLIEPVHA CO CTeneHbio nonnMepusaumn n =5 (O3, ) Ha TepPMOANHAMUYECKME N KUHETUYEeCKNe
napameTpbl NnasneHns remornobuHa. MokasaHo, 4to O3l _, CHMXaeT TemnepaTypy M KanopuMeTPUYEeCKylo 3HTanbnmio Tepmo-
AeHaTypauun remornobuHa ¢ pocToM KOHLIEHTpaummn kpuonpoTekTopa B pacteope. [NpeanonaraeTcsi, 4To yBeNMYeHUE KOHLEHTpaLmum
KpPUOMNpPOTEKTOpa Bbl3blBAeT paspbixfieHne Mornekyn remornobuHa, cnocobCTBYyS TEM CaMbiM CHUXEHUIO TepMmocTabunbHOCTU
6enka. MMokasaHa BO3MOXHOCTb MPUMEHEHUSI KMHETUYECKOro MoAXoAa Npu aHanuse npolecca nna.feHus remornobuHa.

KnioueBble cnoBa: nnasneHue, remornobuH, TepMoCcTabubHOCTb, OKCMATUNMPOBAHHOE NPOM3BOAHOE FMULEPUHA CO CTENEHbIO
nonumMepusaummn n = 5, guddepeHumansHas agmabaTuyeckas ckaHUpytoLlas MUKPOKanopumMeTpust.

Pedepat: MeTogom audepeHuianbHoi afiabaTuyHOi ckaHy4oi MikpokanopumeTpii 4OCnigXXEHO BNNUB OKCUETUNbOBAHOIO
noxigHoro rniuepuHy 3i ctyneHem nonimepisauii n=5 (OEl ) Ha TepMoauHaMiuHi i KIHETUYHI napameTpu NnaBneHHs remornobiy.
MokasaHo, wo OEl _, 3HMXye TemnepaTypy i KanopuMmeTpuyHy eHTanbnito TepMoaeHaTypauii remornobiHy 3i 36inbweHHAM
KOHUEHTpaLii kpionpoTekTopa B po34yuHi. [NpunyckaeTbes, WO 36inblEHHsT KOHLEHTpaLUii KpionpoTekTopa BUKIMKAE pO3nyLlyBaHHS
MOIeKyn reMornobiHy, Cnpusitodn 3HUXKEHHIO TEPMOCTINKOCTI remornobiHy. MNokasaHa MOXMMBICTb 3aCTOCYBaHHSA KiIHETUYHOMO Miaxody
npv aHanisi npouecy nnaBneHHst remornobiHy.

Knro4oBi cnoBa: nnaBneHHsi, reMornobiH, TEpMOCTIiliKiCTb, OKCMeTUINbOBaHe NoxiaHe rhiuepuHy 3i cTyneHem nonimepisadii
n =5, audepeHuianbHa agiabaTnyHa ckaHyr4a MikpoKanopumMeTpis.

Abstract: The effect of oxyethylated derivative of glycerol with polymerization degree n = 5 (OEG__;) on thermodynamic and
kinetic parameters of hemoglobin melting was studied by the method of differential adiabatic scanning microcalorimetry. It was shown
that increase of OEG, _; concentration in solution resulted in reduction of the temperature and calorimetric enthalpy of hemoglobin
thermodenaturation. It was suggested that the increasing of cryoprotective concentration induced the loosening of hemoglobin
molecules thereby contributing to the reduction of thermal stability of protein. The possibility of using kinetic approach when analyzing

hemoglobin melting process was shown.

Key words: melting, hemoglobin, thermal stability, oxyethylated derivative of glycerol with polymerization degree n = 5, differential

adiabatic scanning microcalorimetry.

B nocnennue gecatuneTus 3HAYUTEIBHOE YHCIIO
paboT MOCBSAMICHO U3YICHHUIO BIUSHUSI KPUOTIPOTEK-
TOPOB Ha KOH(GOPMAIIMOHHYIO CTAOUIBHOCTH MaKpO-
Monekyn [1, 2, 7]. DTy ucclieqoBaHus BaXKHBI KaK IS
PACKPBITUSI MEXaHU3MOB KPUOTIOBPEKIEHUS-KPHUO3a-
IIUATH OMOJIOTHYECKUX OOBEKTOB, TaK U JISl CO3/IaHMS
HOBBIX METO/IOB X KPHOKOHCEPBUPOBAHUS.

B xproOuonoruu Hapsay ¢ TpaIUIIMOHHO HCIIOJb-
3yeMBIMU KPHOIPOTEKTOpaMu (TIIULEPHUH, JUMETHII-
CyJIb(QOKCU, ITHICHIIIMKOIb U JIP.) CO3JaI0TCS U
HCCIenyIoTCsl HOBBIC. OTHIM U3 TIEPCTIEKTHBHBIX CTIO-
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Recent decades are characterized with a significant
number of researches concerned with the study of
cryoprotectants effect on conformational stability of
macromolecules [1, 2, 7]. These studies are important
both for revealing the mechanisms of cryodamage and
cryoprotection in biological objects and for developing
new methods of their cryopreservation.

Cryobiological applications demand along with tra-
ditionally used cryoprotectants (glycerol, dimethyl sul-
foxide, ethylene glycol efc.) a screening and investi-
gation of the new ones. One of the perspective ways
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CO0OB X CO3/IaHUSI SIBISIETCS] OKCHITHIINPOBAHHUE Pa3-
JITYHBIX MOHOMEPOB: TNIUIEPHHA, STHJICHIIINKOIIS, aMH-
I0B U Ap. [5]. OKCUATUIUPOBAHUE HU3BECTHBIX
KpUONPOTEKTOPOB MPUBOJUT K TOMY, YTO CHHTE3HPO-
BaHHBIE OJIMTOMEPHI YTPAYUBAIOT CII0COOHOCTH MPOHU-
KaTh B KJIETKH ¥ B OTJIMYHE OT MCXOTHOTO BEIIECTBA
npHOOPETAIOT CBOWCTBA KPUOTIPOTEKTOPOB IK30LIE-
JIOJSIPHOTO AeicTBUs. Tak, CHHTE3UPOBaHHBIE OKCH-
STUIIbHBIE NMPOW3BOJIHbIE TIIHIIEPUHA C Pa3HOW CTe-
MeHbIo momuMepu3anuu (n =5, n =25, n =30) no3Bo-
JIVJTH PACILIUPUTH CIEKTP IK30LEIITIONIIPHBIX BEILECTB,
HCTIOJIB3YEMBIX B KaUeCTBE KPUOIPOTEKTOPOB IS
Pa3TMYHBIX OMONOrMYecKuX 00beKToB [5]. B cBs3m ¢
3TUM Ba)KHO MCCJIEIOBATh BIUSIHNE HOBBIX KPHUOIIPO-
TEKTOPOB Ha KOH(OPMALMOHHYIO CTA0MIIBHOCTE OeJI-
KOB, TP U3MEHEHUH KOTOPOU HapyIIaeTcs PyHKIHO-
HaJbHas aKTUBHOCTh MakpoMoJeKyin. M3ydenue cra-
OMIIBHOCTH MTPOCTPAHCTBEHHON CTPYKTYPHI OSJIKOB B
pacTBopax HE3JEKTPOJUTOB, 00IaJa0INUX KpHO3a-
LIUTHBIM JAEHCTBHEM, NPECTABIAET ONPEAEICHHBIN
Hay4YHBIH MHTEPEC MPHU aHAIH3E MEXMOJIEKYISIPHBIX
B3aMMOJACUCTBUN B CIIOKHBIX CUCTEMax, BKIHOYAO-
X OMOIOTHYECKHE MaKPOMOJIEKYJIbI, U IPAKTHYEC-
KM — ITpH pa3paboTKe METOIOB U TEXHOJIOTUI KPHO-
KOHCEPBHUPOBAHHS.

OnHUM H3 PSIMBIX SKCTIEPUMEHTAIBHBIX TTOAXO/IOB
B MCCJIEJIOBAHUH TEPMOIMHAMUYECKUX U KUHETHYEC-
KHX MapaMeTpoB, XapaKTEPHU3YIOIUX TEPMHUECKYIO
JIEHATYpaIluio MaKpOMOJIEKYII, BIsieTCs auddepeH-
nuanbHas ckanupyromas kanopumetpus (JJCK). Ana-
JIOTMYHBIH TOIXO0/ HCTIONB30BaAJIN IIPU U3YYEHUH BITH-
Hus TimnepuHa, 1,2-nponanauona (1,2-I1)1) u sTunen-
mukonist (O17) [4] Ha Termodu3nyeckue mapaMmeTphl
repexosia CIupaIb-KIyOOK MOJIEKYJI TeMOTIIOOnHA
YeJI0BeKa.

Lenbto HacTosimeil paboThl OBUIO MCCIIEOBaHUE
BIUSHUA OKCHATHINPOBAHHOTO TIHIIEPUHA CO CTe-
HeHbio nomumepusarmu n =5 (09T ) Ha repmouHa-
MHUYECKHUe (TeMIepaTypa 1 SHTAJIbITUS ) U KHHETHYeC-
KHe (PHEPTus aKTUBALMN) TapaMeTpHI IJIaBJICHHS Te-
MOTI00MHA YesioBeka Ha ocHoBe aHann3a J{CK-tepmo-
rpaMM.

[TocTanoBka maHHO# 3agaun 0OycJOBIEHA TEM,
YTO OJHUM M3 IIEPBBIX 3TANIOB KPHOKOHCEPBUPOBAHNUS
OHMOIOTHYECKOTO MaTepuaa SBJIseTCsS eT0 HHKyOUpo-
BaHWE B KPHO3AIIUTHBIX CPeAax, B pe3yaprare KOTo-
pOro MOT'YT NPOUCXOIUTH ONPEACICHHBIE H3MEHEHNUS
B IPOCTPaHCTBEHHON OpraHU3ay OSITKOB, BIHUAIOIINE
Ha UX TE€PMOCTAOMIBHOCTD.

MartepuaJjbl 1 MeTOABI

I'emornoOun (HbA) momydanu u3 OTMBITHIX SpUT-
POITMTOB TOHOPCKOM KpOBH: 1 MII IIEIHHOW KPOBU U
10 M1 pusnonoruaeckoro pactsopa NaCl cmemuBanm
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of their development is oxyethylation of various
monomers such as glycerol, ethylene glycol, amides
etc. [5]. Due to oxyethylation of the known cryopro-
tectants the synthesized oligomers loose the ability to
penetrate into the cells and in contrast to the original
substance aquire the properties of cryoprotectants of
exocelullar action. So the synthesized oxyethylated
glycerol derivatives with different polymerization
degree (n = 5, n = 25, n = 30) allowed to extend the
spectrum of exocellular substances used as cryoprotec-
tants for various biological objects [5]. Herewith it is
important to study the effect of new cryoprotectants
on conformational stability of proteins the changes of
which affect functional activity of macromolecules.
Investigating the stability of protein steric structure in
solutions of non-electrolytes possessing a cryoprotec-
tive effect is of a special scientific interest when ana-
lyzing the molecular interactions in complex systems,
including biological macromolecules, and of practical
interest during the development of cryopreservation
methods and techniques.

One of the direct experimental approaches for
studying the thermodynamic and kinetic parameters
characterizing thermal denaturation of macromolecules
is differential scanning calorimetry (DSC). A similar
approach was used to investigate the influence of
glycerol, 1,2-propanediol (1,2-PD) and ethylene glycol
(EG) [4] on thermophysical parameters of the helix-
coil transition of human hemoglobin molecules.

This research was aimed to investigate the impact
of oxyethylated glycerol with a polymerization degree
n =5 (OEG,_,) on thermodynamic (temperature and
enthalpy) and kinetic (activation energy) parameters
of human hemoglobin thawing based on the analysis
of DSC thermograms.

Such a setting of the task was stipulated by the
fact that one of the first cryopreservation stages of
biological material is its incubation in cryoprotective
media which could result in appearance of certain
changes in the steric organization of proteins affecting
their thermal stability.

Materials and methods

Hemoglobin (HbA) was obtained from the washed
erythrocytes of donor blood, viz. 1 ml of whole blood
and 10 ml of physiological NaCl solution were mixed
and centrifuged at 1,500g during 5 min, and the
supernatant was removed. Washing was performed
thrice. The derived erythromass was hemolysed in
hypotonic solution (5 mM phosphate buffer, pH 7.8)
and centrifuged at 27,500g for 15 min. Hemoglobin
concentration was determined spectrophotometrically.
Protein concentration in calorimeter cell was 5 mM.
Oxyethylated glycerol n = 5 (Barva, Ukraine) was
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u nenTpudyruposamm npu 1500g B Teuenue 5 MuH, Haj-
0CaIoUHYIO0 KUAKOCTh yaansun. [Iporiexypy oTMbiBa-
Hus npoBoamwin 3 pasa. [lonydyeHHytro aputpomaccy
reMOJIU3UPOBAJIM B THIIOTOHHMYECKOM pacTBope (Poc-
¢arnsiii 6ydep 5 MM, pH 7,8) u nuentpudyruposanu
pu 27500g B Teuenue 15 muH. KoHIIeHTpammro remMo-
[1001HA ONPEAEISUTH CIEKTPOPOTOMETPUUECKIM Me-
TogoM. KoHnenTpanus 6eka B KaJJOPUMETPUUYECKOH
sueiike coctapisuia 5 MMomb. OKCHITHIMPOBAHHBIN
utiepud n = 5 («bapBay, YkpanHa) ObL1 OUHIIICH U
UACHTUGHULIMPOBAH B OTAeNe KpHONPOTeKTopoB MHc-
TUTYyTa IpoOJIeM KPHOOHONOTHN U KPUOMEIUIIMHEI
HAH Vxpaunsl.

TepmorpaMMsbl peructpupoBaiu Ha auddepen-
LIUATFHOM aa0aTHYeCKOM CKaHUPYIOIIEM MUKPOKa-
aopumetrpe JACM-4 (CKbB BII [Iymmno, Poccus).
Ob6nacts ckanupoBanus — ot 25 1o 80°C npu u30sI-
TOYHOM naBieHuu 2,5 atM. CKOpPOCTh Harpema —
1 rpan/mMuH. JlaHHBINA KaTOpUMETP NPEAHAZHAYCH JUIS
BBICOKOUYBCTBUTEIBLHOTO TEMJIOBOTO aHATN3a )KUAKOC-
Tel B uHTepBasie Temmeparyp ot —10 go 130°C u no3-
BOJISIET PErUCTPUPOBATH TEIUIOBBIE 3(PEKTHI pacTIHY-
TBIX TI0 TEMIIEPAType MPOLIECCOB BHYTPUMOIIEKYJIISAP-
HBIX IIPEBpAILEHIH OMOIOTMYECKHUX BEIIECTB, HAXOs-
IIMXCA B paCTBOPE C HU3KOM MUCXOIHOM KOHIIEHTpaIueit
(~0,1%), a Tarxke uX MapIUaIbLHYIO TETIOEMKOCTD,
KaK (DyHKIIMIO OT TEMIIEPaTyPHI.

TepmorpaMmel 0OpabaTbIBaIl C TOMOIIBIO POT-
pammuoro nakera MS Excel. Jlanabie naTEpHIpeTH-
pOBaJIH COTJIACHO ONMHMCAHHBIM paHee MeTonam [3, 4].
Cratuctrueckyto 00paboTKy SKCIEPUMEHTATbHBIX
JaHHBIX TPOBOJMIIN C UCTIONb30BaHNEM makeTa «Ori-
gin 7.5» («OriginLab Corporationy», CILIA).

Pe3yabTarsl m o0cyxaeHne

[ponecc nenarypanun remoriobuna (HbA) mpo-
TEKaeT B JABE CTaJMH: TepBas — oOpaTtuMas JUCCo-
LMaIus TeTpaMepa Ha MPOTOMEPHI, BTOPast — KHHETH-
YEeCKH HEeOoOpaTHMBI Nepexo B JACHATypUPOBAHHOE
cocrostame [8, 10]. Takum 00pa3om, TUIaBICHHE TEMO-
rTo0WHA MOMUUHAETCS NBYXCTAAUHHONW MOICITH
Jlampu-DiipuHra, sSBISIONIENcs Hanbosee pacpocT-
paHEHHOH cXxeMoW MoJeTUpOBaHMs HEOOpaTUMOil
neHarypamyu [10]:

k1 k2
N ° U - D,
rae N — HaTHBHOE cocTosiHue Oenka; U — mpoMexy-
TOYHOE 00paTHMOe COCTOsIHUE; D — JIeHaTypHPOBaH-
HOE COCTOSIHHE.

Ecnu ckopocTs BTOpO# CTaANM BETNKA 10 CpaBHE-
HUIO C MEpBOH, TO Moaensb Jlampu-OlipuHra MoxeT
OBITH CBEJICHA K OJTHOCTAJAMHHONW HEOOpaTHUMOU MO-
nenu: N - D [9].
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purified and identified at the Department of Cryopro-
tectants of the Institute for Problems of Cryobiology
and Cryomedicine of the National Academy of
Sciences of Ukraine).

Thermograms were recorded with a differential
adiabatic scanning microcalorimeter DASM-4 (Special
Construction Bureau of Biological Instrumentation,
Puschino, Russia). Scan area was within 25...80°C at
a pressure of 2.5 atmospheres. Heating rate was
1 deg/min. This calorimeter is intended for a high-
sensitive thermal analysis of liquids within the tempe-
rature range from —10 to 130°C and enables to reveal
the thermal effects of temperature stretched intramo-
lecular transformations of biological substances being
in solution with low initial concentration (~0.1%) as
well as their thermal capacity as a function of tem-
perature.

Thermograms were processed with MS Excel. The
data were interpreted according to the papers [3, 4].
Experimental data were statistically processed with
Origin 7.5 (OriginLab Corporation, USA).

Results and discussion

Hemoglobin (HbA) denaturation proceeds in two
stages: the first one is reversible tetramer dissociation
into protomers, the second one is kinetically irreversible
transition to denaturated state [8, 10]. Thus, the melting
of hemoglobin complies with Lumry-Eyring's two-
stage model, which is the most common pattern of
irrever-sible denaturation modeling [10]:

k1 k2
N - U - D,
k1
where N is a native state of protein; U represents
intermediate reversible condition; D is a denatured
state.

If the rate of the second stage is high comparing
with the first one the model of Lumry-Eyring can be
reduced to one-stage irreversible model: N D [9].

Calorimetric profiles characteristic for hemoglobin
denaturation in the presence of OEG__, are shown in
Fig. 1. Endothermic peak in the thermograms displays
a denaturing process of native Hb as well as the protein
in the presence of 25 and 50% OEG__,. Denaturation
temperature (7)) of native hemoglobin makes 343 K.
In the presence of OEG__, the shape of hemoglobin
absorption curve generally coincides with the thermo-
denaturation peak of globular proteins. Melting tem-
perature and curve shape of hemoglobin absorption
are properly agreed with the data for human hemoglobin
presented reported previously [2, 4, 8].

To test the reversibility or irreversibility of dena-
turation process, we performed the procedure of samp-
le re-warming [3]: after revealing the hemoglobin dena-
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XapakTepHble KaIopuMeTpuIecKkre mpodunu ae-
HaTypaiuu remoriobuna B npucytcrsun O9I _ ipu-
BEIEHbI Ha pUC. 1. DHAOTEpMHUUECKUI MUK HAa TEPMO-
rpaMMax oToOpakaeT MpoIEecC AeHATYpaIlUi HATHB-
moro Hb, a taxxke Oenka ¢ mobasienueM 25 u 50%
OOT' .. Temneparypa nenarypauuu (7,) HATUBHOTO
remornobuna coctasiser 343 K. B npucyrctBun
OOT"_, dopma Kp1BOH TEMIONOIIOMIEHHS FeMOTTIO0H-
Ha B IEJIOM COBIaaaeT ¢ (OopMOH MUKa TepMOjeHa-
Typaluu ro0yIsIpHBIX OenkoB. Temmeparypa ruasie-
HUS ¥ (pOpMa KPUBOH TEILIOTIOTIIONICHUS TeMOTTIO0HA
XOPOLLO COMIACYIOTCS C JaHHBIMH, IPUBEACHHBIMU B
JIuTeparype i reMorioOrnHa dyenoseka [2, 4, 8].

st mpoBepKu 00paTUMOCTH WITH HEOOPATUMOCTH
mpoliecca JACHaTypalud HaMu ObUTa MPOBEICHA TIp-
olelypa MOBTOPHOTO MporpeBa obpasna [3]: mocie
perucTpalyy NuKa AeHaTypanuy reMoriioonHa oopa-
3e11 OXJIaXKJaJIH, 3aTEM 3aHOBO CHUMAJTH 3aBHCUMOCTD
TEIIOEMKOCTU OT TemmepaTypsl. [Ipu moBTopHOM
CKaHUPOBAaHUH IOTIIONICHHUS TeIlJIa He HaOIIIalI0Ch,
YTO yKa3bIBa€T Ha HEOOPATHUMOCTH IIPOIIECCa ICHATY-
paIiy reMoryIo0nHa.

B nannHO#W paboTe MBI MPOBOJIWIM PACUETHI IS
BTOPOI1 HEOOPATUMO¥ CTaIuK JICHATY Al TEMOTIIO-
OmHa, MOZETTH KOTOPOH OIMCaHa BHIIIE.

[Ipu HeoOpaTMOM IIJTaBIICHIH OEIIKOB KHHETHYEC-
KHii aHaIK3 00JIee MPEIOYTUTEIICH, TaK KaK JaeT BO3-
MOXXHOCTh PacCUUTaTh SHEPTrUU aKTUBALIMH U KOHC-
TaHTBI CKOPOCTEH mpoIiecca aqeHaryparu [3, 9].

g onpeneneHus mapaMeTpoB ypaBHEHHS Appe-
HUYCa U3 SKCIIEPUMEHTAIBHBIX KPUBBIX, YOBIECTBO-
PAIONIUX OMHOCTAAUHHONW HEOOpaTHMOU MOJEIH,
Sanchez-Ruiz u coast. [9] npemioxumm 4 criocoba
pacueTa SHepPTuM akKTUBAINU. B HacTosmen paboTe ¢
LIEJBIO OMPEICNICHUS] SHEPTUH AKTUBALIUU MBI BOCTIOJb-
30BaJINCh OJHUM U3 HUX. 3 ypaBHeHUs1 AppeHuyca
JUISL KOHCTAHTBl CKopocTu k = A exp(—E /RT) n
ypaBHEHUS I KOHCTAHTBI CKOPOCTH, MOITYUYECHHOTO
Sanchez-Ruiz u coast. 3, 10], k= v C]jx(AH -0
oTHOmEHUE E /R MOKET ObITh ONPENENECHO KaK TaH-
TEHC yIJIa HAaKJIOHA 3aBUCUMOCTH [ [ vC[j"/(AHml -0)
ot 1/T, rne E — 5Heprus akTUBalKK; R — yHHBEPCaIlb-
Hasi ra30oBasi nocTosiHHast; AH — SHTaNBINSA IeHATypa-
LMY, KOTOpasi ONpeAessieTCs KaK IIOIAaAb oA KPUBOK
3aBHUCUMOCTH U30BITOYHON TETNIOEMKOCTH OT TEMIIe-
patypsl; O — TeKyliee KOJMIeCTBO TEIUIOTHI, MOTJIO-
1aeMoe B IIpoliecce AeHaTtypauu; I — TeKyIas TeM-
nepatypa.

Ha puc. 2 npuBenenbl rpa@uKu B KOOpAUHATAX
(In [VC;*/(AHM* O)]; 1/T) ang cucTeMbI TEMOIIO-
6I/IH—03F“:5 IUIs1 BTOPOU CTaguu AeHATypaluu reMo-
I00uHa.

Kak yka3sIiBanocs Bblllie, IIIaBICHHE TEMOIIOONHA
MIOAYUHACTCS IByCTAANIHHON HEOOpaTUMOUN MOJIEIH.
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Fig. 1. Thermograms of hemoglobin with OEG_: A —in
physiological saline; B — in solution of 25% of OEG _; C —
50% of OEG__
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turation peak the sample was cooled, then we recorded
the dependence of thermal capacity vs. temperature
again. Repeated scanning did not reveal any heat
absorption, indicating the irreversibility of hemoglobin
denaturation.

In this paper we performed the calculations for the
second irreversible stage of hemoglobin denaturation,
the model of which is described above.

During the irreversible melting of proteins the kine-
tic analysis is more preferable because it allows to
calculate the activation energy and the rate constants
for denaturation [3, 9].

To determine the parameters of the Arrhenius
equation from the experimental curves satisfying a one-
stage irreversible model, Sanchez-Ruiz et al. [9] propo-
sed four ways of calculating the activation energy. In
this paper, in order to determine the activation energy
we used one of them. From the Arrhenius equation
for the rate constant k = 4 exp(~E /RT) and the equa-
tion for rate constant obtained by Sanchez-Ruiz et al.
[3, 101 k=v C]jx(AH — 0), the ratio of £ /R can be
determined as the slope of the dependence /n [vC "/
(AH ,— Q) vs. 1/T, where E_is an activation energy;
R — universal gas constant; AH — enthalpy of denatu-
ration determined as the area under the curve of depen-
dence of excessive thermal capacity from temperature;
Q is a current amount of heat absorbed during dena-
turation; 7 is a current temperature.
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n=5’ n=5’

Fig. 2. Dependence In[uC*/(AH — Q)] on reciprocal tem-
perature of hemoglobin with addition of OEG: A — in
physiological saline; B — 8.75% OEG,__;; C — 25% OEG __;
D -50% OEG,__

n=5’

5

OnHUM 13 KpUTEPHEB MPUMEHUMOCTH TaHHOW MOJIETIH
SIBIISIETCS JINHEHHOCTHh TpaduKka B KOOPAWHATAX
(In [vC[j"/(AHml - Q)]; UT) [3, 9]. 3aBucuMOCTH B
yKa3aHHBIX KOOPAWHATAX IS TEMOTIIOONHA C 100aB-
JICHWEM MCCIIEIOBAHHBIX KOHLEHTPALUH KPHOIPOTEK-
TOpa TUHEUHEHI (prc. 2). DTO CBUIETEILCTBYET O TOM,
uto mpucyrcteue OO . He BIMAeT Ha HEOOpaTH-
MOCTb TJIABJICHUS TeMOTIIOOMHA U TOJITBEPIKIAET MPH-
MEHUMOCTb KMHETHYECKOTO MOAXO0Ja MPH aHAIN3e
mpoliecca IUIaBJIeHUs TeMOTTIO0HHA.

BonbmmHCTBO pOoIIecCOB, OTBEYAIONINX 32 HE0O-
pPaTUMOCTh JeHATypamuu OeNKOB, MPOTEKAIOT Me-
JICHHO, ¥ B K&XKJIbIi MOMEHT BPEMEHHU CHCTEMa Haxo-
JUTCS B JIOKAJIbHOM PaBHOBECHHU, HECMOTPS Ha TO, UTO
JeHaTypalys 0eJIKoB HeoOparuMa U GopMa MuKa Je-
HaTypaliy B JAHHOM ciTydae He MeHsiercs. Onucanue
TaKUX MPOLECCOB BO3MOXHO C HCIOJIb30BaHUEM
MOJIENIEN paBHOBECHOM TEpMOJMHAMUKH [3].

Y4uThiBas BBIIEU3I0KEHHOE, U3 TIOTyYEHHBIX Tep-
MOTpaMM OBUIM pacCYUTaHBl KaJOPUMETPHUCCKHE
sutanbnuu (AH, ) 1 TeMnepaTypbl IIABIEHHUSA TEMO-
ro0KMHa, MOCTpoeHsl 3aBUcUMOCcTH AH 1 T, 0T KOH-
uenrpaiuu OOT . (puc. 3 u Tabnuua). Kak BuaHo Ha
puc. 3, npu nobasnennu 5% OO, 3Ha4eHHUs TEM-
nepaTypbl AeHaTypaluyu U KaJOpHUMETPUYECKON 3H-
TaJbIUK B Mpe/ieiax MOTPEIIHOCTH PABHBI TAKOBBIM
st HbA B GydepHOM pacTBope, YTO CBUACTEILCT-
BYET O COXpaHEHUH KOH(POPMAIIMOHHOM CTaOUIBHOCTH
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Figure 2 shows the plots in the coordinates (/n [vC[f’“/
(AH, ,— Q)]; 1/T) for hemoglobin-OEG, _, system ob-
tained for the second stage of hemoglobin denaturation.

As mentioned above hemoglobin melting is subjec-
ted to the two-stage irreversible model. One of the
criteria for the applicability of this model is the linearity
of the curve in the coordinates (In [VC;*/(AHM -0
1/7) [3, 9]. The dependencies in the given coordinates
for hemoglobin in the presence of the studied concent-
rations of cryoprotectants are linear (see Fig. 2). This
indicates that the presence of OEG__, does not affect
the irreversible melting of hemoglobin and confirms
the applicability of kinetic approach when analyzing
the hemoglobin melting.

Most processes responsible for the irreversible de-
naturation of proteins occur slowly and in each time-
point the system is in local equilibrium, despite the fact
that protein denaturation is irreversible, and denatura-
tion peak shape in this case does not change. Descrip-
tion of these processes is possible using equilibrium
thermodynamics models [3].

Considering the above mentioned, the obtained
thermograms were used to calculate calorimetric en-
thalpies (AH ) and hemoglobin melting temperatures,
and the dependences of AH_ and T, vs.the concent-
ration OEG__ were plotted (Fig. 3 and Table). As could
be seen in the Fig. 3 the values of denaturation tempe-
rature and calorimetric enthalpy after addition of 5%
OEG,__, were equal within the measurement accuracy
to the indices for HbA in buffer solution, testifying to
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Puc. 3. 3aBncumMocTn nameHeHus sHTanbnum (A) n Temne-
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O3r _, B pactsope.

Fig. 3. Dependences of changes in denaturation enthalpy
(A) and temperature (B) vs. OEG __, concentration.
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MOJIEKYJl TeMOTJIO0MHA B MPUCYTCTBUU
JAHHOI'O0 BEIIEeCTBA. JTO MOXKET OBIThH
00BSICHEHO TeM (haKTOM, 4TO TPU KOH-
ueHTpauuu 5 macc. % 031“11:5 rugpara-
uus o aaHHbiM UK-cnekTpockonuu u
JCK cocrasnsier 6ombie 20 MOIEKYI

TemnepaTypa AeHaTypauuu, kanopumeTpuyeckasl aHTanbnus u
3HEeprys aKTvBaLun AeHaTypauun remornobuna B npucytcteum O30
(maHHble npuBedeHbl kak cpegHee 3HaveHue * cTaHgapTHOe

5

OTKINOHEHME)

Denaturation temperature, calorimetric enthalpy and hemoglobin
denaturation activation energy with OEG__ (data presented

as a mean * standard error)

BOJIbI HA MOJIEKYITY HEIJNEKTPOIUTA, YTO ¢
OHUeHTpauuAa
coorBercTByeT 1,15 r Bombl HA 1 T U oar,_, Tk AH_,,, kDw/monb E,, kOw/monb
oonbiue [11], B To BpeMs Kak ruapara- OEG, ‘ BH,,, KJ/mol E,, KJ/mol
concentration, %

mus remoryioouna — 0,51 r sogpr Ha 1 1
remoriobuHa [6]. IlockonbKy MOJEKYIbI 0 343,2 £ 0,2 168 + 10 328 + 15
OOTI' _, 1 reMomIOOMHA OKPYKEHBI Ta-
KHM KOJIIMYECTBOM MOJIEKYJ BOABI, TIPH 4,38 342,8 + 0,2 168 = 10 306 + 17
KOTOPOM OHHU HE B3aUMOJICHCTBYIOT WIIN
B3aUMOJCHCTBYIOT APYT ¢ APYIOM Clla- 10 341,7 + 0,2 152 + 10 298 + 17
00, koH(hOopMaIIKs TeMOIITIOOHA HE U3Me-
HseTcs. [IoBBIIIEHNE KOHIIEHTPALMU 25 3389 + 0.2 143 + 8 250 + 16
OOl B pactBope Oesika BhINIE

™o 50 333,2 £ 0,2 12+ 6 216 + 17
S macc. % NPUBOAMT K MOHOTOHHOMY

CHIDKCHHMIO KaK TEMIEpaTyphl JeHaTy-
pamuy reMornio0nuHa, Tak U KaJOpUMET-

PHUYECKOH SHTAIBIINY TUTaBIIeHHS (Ta0H-

ma). Takum o0Opa3zoM, MOKHO TPEAIOIOXKHUTH, UYTO
HCIIOIb3yeMO€ BEUIECTBO B JTAHHOM CITydae BBI3BI-
BaeT Pa3phIXJIEHHUE MOJIEKYJ I'eMOrIo0MHa, CHUXKAS
TEM CaMbIM TEPMOCTaOWIBHOCTH Oenka [6]. AHaio-
TUYHOE BIMSHUE CHUKEHUS! TEPMOCTaOMIIBHOCTH Te-
Mornobuna B npucytctBun O u 1,2-I1/1 65110 yera-
HOBJICHO B Apyroii padore [4] u npennonaranock, 4To
BIIMSIHUE KPHUOIIPOTEKTOPOB 00y CIOBIEHO N3MEHEHHEM
MIPOCTPAHCTBEHHOM YIIAKOBKH ITPOCTETUUECKOM TPYIIIIBI
Y TIIOOMHOBOI YacTu MoneKyll. CHHKeHHE 3HAYeHUN
SHEPTUil aKTUBAIIUH ITPH POCTE KOHIIEHTPAIIUN KPHO-
MIPOTEKTOpPa B PACTBOPE TAK)KE MOATBEPKIAET Tpea-
MIOJIOKEHUE O Pa3phIXJICHUH MOJEKYJ reMoriioOnHa
(Tabnua), B OCHOBE KOTOPOT'O JICXKUT UAAES O TOM, UTO
YBEJIMUYEHUE KOHIIEHTPAIMM KPHOIIPOTEKTOPA BbI3bI-
BaeT U3MEHEHHUE TUAPATHOTO OKPY>KEHHSI MOJIEKYT KaK
remornoouna, Tak 1 OO ¥ NpUBOIMT K yMEHb-
LIEHUIO KOJIMYECTBA BOJIBL, CBI3aHHOM U C KPUOTIPOTEK-
TOPOM, U ¢ reMorIo0nHOM. BenencTue sToro npouc-
XOJISIT U3MEHEHMU S B TUJIPATHBIX CJIOAX 031“11:5 H TeMO-
[I00MHA, 3aTParuBaloIIe IPOYHO CBA3AHHYIO BOIY,
BCJIEICTBHE YETO MOJIEKYJIBI BOABI B THAPATHOM OKPY-
KEHUH Oelka 3aMEHSIOTCS Ha MOJIEKYIJIBI KPHOIIPO-
TEKTOpa.

Takxum 00pazom, N3MEHEHNE SHTAIBIINN U TEMIIE-
paTypbl A€HATypaLuuu 1Jis BCEX HCCIIEJOBAHHBIX HAMH
PacTBOpOB reMoIIo0nHa ¢ J0OaBKaMH OKCHITUIINPO-
BaHHOTO ITIMIEPUHA CO CTENEHBIO MOJUMEPHU3ALUN
n = 5 00BsICHACTCS BIUSIHUEM JaHHOTO KPHOTIPOTEKTO-
pa Ha THApPaTHYI0 000J0YKY MOJIEKYJ TeMOITI00HnHa.
OKCUATUINPOBAaHHBIN ITIMIIEPUH, BO3MOXKHO, BCTPan-
BaeTCs B THAPATHYIO 000J0YKYy O€lka W BBI3BIBACT
M3MEHEHHE eT0 MPOCTPAHCTBEHHON CTPYKTYPHI.
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preservation of conformational stability of hemoglobin
molecules in the presenrce of this substance. This can
be explained by the fact that if the concentration of
OEG,_, made 5% w/w the hydration according to the
data of infrared spectroscopy and DSC made more
than 20 molecules of water per molecule of non-elect-
rolyte, corresponding to 1.15 g of water per 1 g and
even more [ 11], while hydration of hemoglobin is 0.51g
of water per 1g of hemoglobin [6]. Considering that
molecules of OEG__, and hemoglobin are surrounded
by such number of water molecules which does not
allow to interact or only slightly interact with each other,
the conformation of hemoglobin does not change. The
increasing of OEG__ concentration in protein solution
above 5% w/w results in monotonic reduction of both
temperature of hemoglobin denaturation and calorimet-
ric enthalpy of melting (Table). Thus, we may suggest
that the used substance in this case induced loosening
of hemoglobin molecules, reducing thermal stability of
protein. Similar effect of hemoglobin thermal stability
reduction in the presence of EG and 1,2-PD was found
previously [4]. It was suggested that the found effect
of studied substances was stipulated by the changes
in steric arrangement of prosthetic group and globin
part of molecules. The decrease of activation energy
values during concentration increase of cryoprotectant
in solution also confirms the suggestion about loosening
of hemoglobin molecules (Table), which is based on
hypothesis that increasing of studied cryoprotectant
concentration induced the change of hydrate environ-
ment of both hemoglobin and OEG__, molecules and
results in decrease of water amount bounded with
cryoprotectant and hemoglobin. All this provokes the
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CrnexyeT OTMETUTH, YTO HHpOpMAIH 00 U3MeHe-
HUH TePMOCTaOMIIEHOCTH OEJIKOB B IPHCY TCTBHU KPHO-
MIPOTEKTOPOB, MOJyYEHHAs U3 TEPMOJUHAMUYECKUX U
KMHETUYECKUX MTOKa3aTeNel, IO3BOJIAET ONPEAEIUTh
MpeneIbHbIE KOHIIEHTPAINH BEIIECTB, BIMSIOMINX Ha
KOH(OPMAaIIMOHHYIO CTA0MIBHOCTD OCIIKa, U SBIISETCS
B CBSI3U C 3TUM Ba)KHBIM acCIEKTOM IIPH pa3paboTke
TEXHOJIOTMH KOHCEPBUPOBAaHUS C HCIOIb30BAHUEM
KPHO3AIIUTHBIX CPE.
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changes in hydrate layers of OEG __, and hemoglobin
affecting tightly bound water, and leading to replace-
ment of water molecules by cryoprotectant ones in
hydrate environment of protein.

Thus, the changes of enthalpy and denaturation
temperature in all the studied solutions of hemoglobin
supplemented with of oxyethylated glycerol of n =5
polymerization degree could be explained by effect of
this cryoprotectant on a hydrate shell of hemoglobin
molecule. Oxyethylated glycerol, probably, incorpo-
rates into hydrate shell of protein and provokes the
changes in its steric structure.

It should be noted that information about the chan-
ges in protein thermal stability in the presence of cryo-
protectants obtained from thermodynamic and kinetic
indices enables to determine the admissible concent-
rations of substances, which affect the conformational
stability of a protein, and due to this could be an
important aspect during development of preservation
technologies which utilize cryoprotective media.

Conclusion

It was shown that the increasing of OEG__ con-
centration in hemoglobin solution over 5% w/w induced
the reduction of temperature and calorimetric enthalpy
of thermal denaturation of protein. These facts pointed
to the loosening of human hemoglobin molecules and
reduction of its thermal stability due to the changes in
molecular interactions in hemoglobin solution in the
presence of OEG__..

There was shown the possibility of using kinetic
approach to study thermodenaturation of hemoglobin
with the used cryoprotectant.
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