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Effect of Sugars on Dehydration of Biopolymer Molecules
During Cryopreservation

Metonom SIMP-criekTpockonuy M3ydeHa Tuaparanus OCIKOBBIX MOJIEKYN B IIPUCYTCTBUHU CaxapoB — IIIOKO3bI, (PYKTO3BI U
caxapo3sbl. B mmpokoMm quanazoHe KOHLEHTpalUi KOMIIOHEHT ONPEEeNeHbl apaMeTphl TUAPATaIlMK, PACCUUTaHbl KOHIICHTPALUA
CBsI3aHHOU BOIBI U Mex(a3Has sHeprus. Ha mpumepe cbIBOPOTOYHOrO anb0yMUHA MMOKA3aHO, YTO BHYTPHUIIOOY/IbHAsI BOAA MOXET
3aMeIIaThCsl HU3KOMOJICKYIISIPHBIMU COSTMHEHUSIMU — caxapamu. Haubonpimii addext nernaparanun yctaHoBieH Juist caxapo3sl. [Tpu
3TOM O€JIKOBBIE MOJICKYJIbI U3MEHSIOT CBOE CBOIICTBO — CIIOCOOHOCTH K a1COPOLIMY HA TIOBEPXHOCTH BBICOKOAUCIICPCHOTO KpeMHe3eMa,
KOTOpas CHIKaeTcst Ha 25 % BeiencTBrHe 00pa30BaHUs KOMIUIEKCHBIX COCIMHEHHH.

Knrouesvie cnosa: KpuoKOHCEPBUPOBAHUE, KPUOTIPOTEKTOPHI, SIMP-criekTpockonus, ruapaTanus, CBsI3aHHast BOIa, MK (pasHasl
SHEprus.

Meroznom SIMP-cniekTpockomii BUBYEHA ripaTartisi G1TKOBUX MOJIEKYJ B IPUCYTHOCTI IIYKPiB — ITIOKO3H, GPYKTO3H Ta IIyKPO3H.
B mmpoxoMy fiana3oHi KOHIEHTpaLiii KOMIOHEHT BU3HAYCHI TapaMeTpH rifparaii, po3paxoBaHi KOHIIEHTPALis 3B’ s3aHOT BOJIH Ta
Mikdasna enepris. Ha nmpukmnani cupoBaTkoBoro anbOyMiHy MOKa3aHO, L0 BHYTPILIHBOINIOOY/IbHA BOJA MOXE 3aMilllyBaTHCh
HHU3bKOMOJICKYJIIPHUMH CIIOJIyKaMu — IykpaMu. HaiiGinpiuii eext aerigpararii BctaHOBICHU i mykpo3u. [Ipu nipomy Oinkosi
MOJIEKYJIY 3MIHIOIOTh CBOIO BJIaCTHBICTh — 3AaTHICTb 10 aCOPOLiT Ha OBEPXHI BUCOKOIUCIIEPCHOTO KPEMHE3EMY, SIKa 3HIKYETHCS Ha
25 % BHACIIIOK YTBOPEHHS KOMIUIEKCHUX CHOJIYK.

Knrwowuoegi cnosa: xpiokoHcepByBaHHs, KpionpoTtekropH, IMP-criekrpockormis, rigparaitis, 38°s13aHa Boaa, Mi>k(asHa eHEpTis.

Protein molecules’ hydration in the presence of sugars: glucose, fructose and sucrose were studied by NMR-spectroscopy. The
parameters of hydration, concentration of bound water and value of interfacial energy were determined over a wide range of component
concentrations. It was shown with exemplifying using the serum albumin, that low-molecular compounds (sugars) could replace an
intraglobular water. The maximal effect of dehydration was observed for sucrose. In this case protein molecules change their property

and capability to be adsorbed on a surface of fine-grained silica, which is reduced by 25% as a result of the forming complexes.
Key-words: cryopreservation, cryoprotectants, NMR-spectroscopy, hydration ability, bound water, interfacial energy.

[IpakTrueckn Bce cnocoObl JOATOBPEMEHHOTO
XpaHeHUsI KIIETOYHOTO MaTepHaja 1 TKaHei OCHOBaHEBI
Ha UCMOJIb30BaHUH Pa3HBIX METOAOB KPUOKOHCEPBH-
posanus [7, 10, 11]. KpuoxoHcepBrupoBaHHBIH 0100~
THYECKUI MaTepHall, XpaHsIIIUACs IPH TeMIIeparype
KUAKOTO a30Ta (—196°C), HCTIONB3YIOT ISl HAyYHBIX
Y TIpaKkTU4YecKuX neneil. OgHaKko B HacToAIIee BpeMs
HE CyIIEeCTBYET YHHBEPCAIBHOTO CII0C00a, TapaHTH-
PYIOIIEro MOJHOE COXpaHeHWEe (BOCCTaHOBJIEHHUE)
CTPYKTYpbl U QyHKIUH OHOIOTHYECKOTO OOBEKTa.
[IpoHHNIIaeMOCTH KJIETOYHBIX MEMOpaH 3aBHUCHT OT
THUIIA KJIETOK U YCIOBUH 3aMopaxuBanusd. Ilpu
nepexoze TeMIeparypbl OT PU3NOTIOrHIecKol K Ooree
HU3KOMU, 4YeM TeMIIepaTypa CTEKJIOBaHHsI BOABI (OKOJIO
-90°C), B KJIETKax NPOUCXOOAT (U3HUECKHE U
OMoNOrNuecKre MPOLECChl, KOTOPbIE AOJKHBI ObITH
00paTUMBIMH IIPY TOCIEAYIOLIEM Pa3MOpPaKHUBAHUH.
OcCHOBHBIE TOBPEXACHUS B KIETKax HaOmomaroTcs
mpu 15...-90°C. OnHako cieyeT OTMETUTh, YTO IPU
temneparypax 30...0°C Goxbmasi 4acTh KJIETOK
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Practically all methods of the long-term storage of
cell material and tissues have been based on the
application of different cryopreservation methods [7,
10, 11]. Cryopreserved biological material stored at
liquid nitrogen temperature (—196°C) is used for
scientific and practical purposes. However, now there
is no all-purpose method which may guarantee a comp-
lete preservation (recovery) of the structure and func-
tions of biological object. Cell membrane permeability
depends on the cell type and freezing conditions. During
temperature transition from physiological to lower one
than water vitrification temperature (about —90°C) the
physical and biological processes proceed in cells which
must be reversible during following thawing. The main
damages of cells are recorded at 15...—90°C. However
it should be noted that at 0...30°C the major part of
cells preserve the membrane integrity, intracellular
composition and ability to self-recovery of damages,
stipulated by the presence of free radicals [6, 12]. The
risk of cell damage at the temperatures lower than 0
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COXpaHSeT LEIIOCTHOCTh MEMOpPaH, BHY TPUKIETOYHBIN
COCTaB M CIIOCOOHOCTh K CaMOBOCCTaHOBIICHUIO
HEKOTOPBIX MOBPEKACHUH, B YaCTHOCTH OOYCIIOB-
JICHHBIX TIPUCYTCTBUEM CBOOOIHBIX paJUKaNoB [6, 12].
Puck moBpexneHus KJIETOK MpU TeMIepaType HHUKe
0°C moBslmaeTcs u3-3a 00pa3oBaHUs BHYTPHU-
KJIETOYHBIX KprcTauioB ibaa [ 13]. Yeranosneno, 4to
ipu —40°C B KX 101 KJIETKE CYCIICH3UH 00pa3yroTcs
KpHUCTaILIBI Jibna [12].

[Ipu pazMopakuBaHHUM IS IPEAOTBPAIICHUS
(hopMHUpOBaHUS BHYTPHKIETOYHBIX KPHCTAIIJIOB JTb/1a
Y MUHUMH3AIUHU KOJTHYECTBA MTOBPEXKICHHBIX KJIETOK
HCIIONIb3YIOT CHENUAIbHBIN MPOTOKOI KPHUOKOHCEP-
BHUPOBaHMsI, KOTOPBIH 0OecreynBaeT onpeaeaeHHbIH
YPOBEHbB JCTHAPATALMH KJIETOK WM TKaHei. OOBIYHO
JUISL 3TOTO TIPUMEHSIOT PaCTBOPBI KPUONIPOTEKTOPOB
BBICOKMX KOHLEHTpauui. B ciaydae menneHHoro
oxJaxneHus 3pQPexT 00e3BOKUBAHUS JOCTUTACTCS
IIpH TIEpPEHOCE KIETOK B PACTBOP KPHOMPOTEKTOpA C
onpeneneHHon koutenTparnueit [10]. [Ipu o6pa3zosa-
HUW KPUCTAJUIOB JIbJIa M JalbHEHIIeM YBETUYCHUU
o0bema 3amep3Iiel BOABI MOBBIIIAETCS KOHIEHTpa-
[HsT BHEKJIETOYHOTO PAacTBOpa, YTO CIOCOOCTBYET
JlalbHeUIIel neruipaTaiu KJIeToK.

OnTUMalbHEIM JJI1 BBKUBAEMOCTH KIJIETOK IIPH
KPHOKOHCEPBUPOBAHUU SIBIISIETCA YCIOBHE, KOTAA
00bEeM BOABI, BBIXOAMIIEH M3 KJIETOK, COBMNAAAET C
00bEeMOM, TIEPEXOIAIINM B TBepAYIO a3y apaa. Jns
o0ecrieyeHrs1 KBa3UPaBHOBECHBIX YCJIOBUH 3amopa-
KUBAHUSA OXJAXKJEHHE MPOBOJIAT CO CKOPOCTHIO
3-5°C/mun 10 —30...—40°C ¢ moC/Ie Ay OIINM IOrPyXKe-
HHEM B JXHJKHUHI a30T. B pesynprare B KIETKax oc-
TaeTcsl HeOOIBIII0E KOTNIECTBO KHUIKOW BOJIBI, KOTO-
pasi IpH Tepexo/ie B TBEPIOE COCTOSHHE HE TIOBPEXK-
JAeT KIJIETOYHbIE MEMOpaHBHI.

st yckopeHus AeTuaparaii Mpu 3aMOpaKu-
BaHUM B Kpuocpeny no0aBisitoT caxapa [9]. B takux
pacTBopax 00eCleYnBAETCs MPAKTUUYECKH TOIHAs
JETHIpaTaIis KJICTOK JI0 UX 3aMOpaXKHBaHUS, YTO
[I03BOJISIET IOMEIATh MaTepHall HEMOCPEICTBEHHO B
KHUJIKAK a30T Wi ero napel. OTHUM U3 MEXaHU3MOB
JEeTUApATALH KIETOK B IPUCYTCTBUH CaXapOB MOXKET
OBITh YMEHBIIIEHNE KOJMYECTBA BOABI, CBA3aHHOM C
OEITKOBBIMHU MOJIEKYJIaMH, HAXOASIUMUCS B COCTaBe
KIJIETOYHBIX CTPYKTYD.

ens paboThl — M3ydYeHUE ACTHApPATAIIUN OCIIKO-
BBIX MOJIEKYN Ha IPUMeEpe TPaHCHMOPTHOTO Oenka —
CBIBOPOTOYHOTO asibOymuHa [1-3, 7] B IpuCyTCTBUH
caxapo3bl, PPYKTO3bI U TITIOKO3BI.

Matepnaabl 1 meToAbI

OCHOBHBIM METOJOM HCCIEOOBaHUS Oblia
"H SIMP-cnieKTpOCKONHUsl B YCIOBHSAX IOCIOHHOTO
BBIMOPaKUBaHWS *KUAKOH (a3l [8, 14, 15], c moMoIiso
KOTOPOTO U3MEPSITH KOHIIEHTPALIHIO CBI3aHHOU BOIBI
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increases due to the formation in them of intracellular
ice crystals [13]. It has been found that at -40°C in
each cell of the suspension the ice crystals are formed
[12].

During thawing for preventing the formation of
intracellular ice crystals and minimization of damaged
cells a special cryopreservation protocol providing the
certain level of dehydration of cells and tissue, is used.
Usually with this aim the cryoprotectant solutions under
high concentrations are applied. So, at slow cooling
the dehydration effect is achieved at cell transfer into
the solution of cryoprotectant under certain concen-
tration [10]. With the ice crystal formation and following
increase in the volume of frozen water there is the
augmentation of extracellular solution concentration,
that contributes to further cell dehydration.

Optimal for cell survival during cryopreservation is
the condition when water volume releasing out of cells
coincides with the one transforming into solid ice phase.
For providing quasi-equilibrium conditions of freezing
the cooling is performed with the rate of 3...5°C/min
down to —30...—40°C with following immersion into
liquid nitrogen. In the result, small amount of non-frozen
water remains in cells, which does not damage cell
membranes during transition into solid state.

For acceleration of dehydration during freezing the
sugars are added into cryoprotective medium [9]. In
such solutions quite a complete dehydration of cells
prior to their freezing is provided, that enables to place
the material into liquid nitrogen or its vapors. One of
mechanisms of cell dehydration in presence of sugars
may be the reduced amount of water bound with protein
molecules, being a part of cell structures.

The research aim was to study the dehydration of
protein molecules on the example of transport protein:
serum albumin [1-3, 7] in presence of sucrose, fructose
and glucose.

Materials and methods

The basic research methods was '"H NMR spectro-
scopy under conditions of layer-by-layer freezing-out
of liquid phase [8, 14, 15], by means of which the
concentration of bound water at T<0°C and thermo-
dynamic characteristics of water layers undergoing an
excitation effect from the side of protein molecules
were found.

Bovine serum albumin (BSA) (Sigma, USA),
human serum albumin (HSA) (“Biofarma”, Ukraine),
fructose (Fr), glucose (Gl) and sucrose (Sucr) (all of
“chemically pure” grade) (Merck, Germany) were
used in the research. Solutions of proteins and sugars
were prepared on the base of physiological solution
(0.9 % NaCl).

NMR spectra were obtained with NMR-spectro-
meter of high resolution WP-10 SY (“Bruker”,
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npu temiepatypax T<0°C u paccuuThIBAIN TEPMOAU-
HaMHMYECKHE XapaKTEPHUCTHKU CIOEB BOJBI, MCIIBI-
THIBAIOIIKX BO3MYIAIOIIEE BO3IEHCTBUE CO CTOPOHBI
OEJIKOBBIX MOJIEKYII.

B pabore ncmonb3oBany ObIYMiA CHIBOPOTOYHBII
anpOymun (BCA, Sigma, CIIIA), ceIBOpOTOYHBII
ans0ymun genoseka (CAY, buodapma, Ykpauna),
dbpyxrosy (Fr), mmroxosy (Gl) n caxaposy (Sucr) (Bce
x. 4.) (Merck, I'epmanmust). PactBops! 6enkoB u caxa-
OB rOTOBHJIM Ha OCHOBE (PU3UOIOTUIECKOTO PACTBOPA
(0,9% NaCl).

Cnektpsl IMP nonyuyanu Ha IMP-criekrpomerpe
BbIcokoro paszpemenns WP-100 SY (Bruker, I'epma-
Hus) ¢ paboueit vactoroit 100 MI'y m MakcuMaibHOM
nonocoit mpomyckanus 50 xI'm, a takxke Varian
Merkury (CHIA) ¢ paboueit yactoToit 400 MI'w.
Hcnons3oBanu 30HIUPYOMINAN UMITYITbC 90° AmuTelns-
HOCThIO 4 MKc mipu yactote 100 MI'm n 2 Mkc npu
400 MTI't. Temneparypy B AaTYHKaX CIIEKTPOMETPOB
perymupoBanu tepmonpuctaskoi Bruker VT-1000
(FCepmanust) ¢ TouHoCcThi0 £1°C. UHTEHCHUBHOCTH
CUTHAJIOB OMPEJIEISUTN JIEKTPOHHBIM HHTETPATOPOM
¢ TouHocThI0 +10%. {7151 mpenoTBpalieHns nepeox-
JaKACHUS BOABI B UCCIIEAyEMbIX 00BEKTax ornpene-
JIeHWEe MHTEHCUBHOCTHU CUTHajla He3aMep3arolien
BOJIBI ITPOBOMIIM ITPU HArpeBaHUU 00Pa3LOB, Ipe/IBa-
PUTEIBHO OXJIAXKICHHBIX A0 TeMiepaTypsl —63°C.

Ancop6uuio Oenka MPOBOAMIIN B CTATUYECKUX
YCIIOBHSIX M3 BOJHOTO PacTBOpa MPHU TeMIIepaType
20°C. Ucxoanast KoHIeHTpalus O0enka 1—15 Mr/mir.
OTHouleHHE Macchl cOpOEHTa K Macce pacTBopa
1:200 (0,1 T ancopOenTa Ha 20 M pacTBOpa Oeika).
Jnst mocTKeHusT aacopOIMOHHOTO PaBHOBECHUS
cHCTeMy MHKYOHMPOBaJIM IPH KOMHATHOW TeMIeparype
B Te€UeHHeE 2 4, 3aTeM HeHTpudyruposaiu 10 MuH npu
8000 00/MUH 1 pacCUNTHIBAIIN PABHOBECHYIO KOHIICH-
tpaunio CAU crnekTpo(oTOMETPUIECKHUM METOO0M,
HCXOASl U3 3HAUCHHH MOJISIPHBIX KOA(P(ULIHECHTOB
MOTJIOLIEHHS

Cp - A278-320/€m’
e A, ,,,— CBETOMOITIOIEHHUE PACTBOPA IpU 278 HM
C y4eTOM TIOMpaBKKW Ha MyTHOCTH mipu 320 HM; € —
MOJISIPHBIHN KOA(PHUIMEHT noromnenus mpu 278 am; | —
TOJILIMHA CTEHKH KIOBETHI.

Bennuuny apcopOunu Oenka Ha MOBEPXHOCTH
BbIcOKoucIiepcHoro kpemueszema (BZIK) onpenemnsiu
o hopmyie

a=(C,— C,)V/m [mr/r],

e CO, CP — WCXOMIHASI M PaBHOBECHASI KOHIICHTPAIINH
OeJyika B pacTBOPE COOTBETCTBEHHO; V — 00bEeM pacT-
BOpa; m — Macca copOeHTa.
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Germany) with operating frequency of 100 MHz and
maximum band pass of 50 kHz as well as Varian
Merkury (USA) with operating frequency of 400 MHz.
The probe impulse (90°) with the duration of 2 and 4
ms at frequency of 400 MHz and 100 MHz, correspon-
dingly, was used. Temperature in gauges of spectro-
meters was regulated with temperature controller
Bruker VT-1000 (Germany) with an accuracy of
+1°C. Intensity of signals was determined by electron
integrator with an accuracy of £10%. For preventing
the overcooling if water in the samples under study
the intensity of signal form non-frozen water was
determined when heating the samples, pre-cooled
down to —63°C.

Protein adsorption was performed in static
conditions from aqueous solution at 20°C. Initial
concentration of protein is 1-15 mg/ml. A ratio of
absorbent mass to the solution one is 1:200 (0.1 g
adsorbent per 20 ml protein solution). To achieve
adsorbent balance the system was incubated at room
temperature for 2 hrs, then centrifuged for 10 min at
8,000 rot/minand equilibrium concentration of HSA
was calculated spectrophotometricaly on the values
of molar adsorption coefficient

Cp = A278-320/8|IL
where A .- — solution light adsorption at 278 nm
with taking into account the correction for turbidity at
320 nm; € —molar coefficient of adsorption at 278 nm;
1 — cuvette wall width.

Adsorption value of protein on the surface of fine-
grained silica (FGS) was determined on the formula

a=(C,— C)V/m [mg/g],

where C, C, - initial and equilibrium protein
concentrations in a solution, correspondently; V —
solution volume; m — adsorbent mass.

Viscosity of solutions of protein and the one in
presence of sucrose were measured with VPZh-3
capillary glass viscosimeter (Soyuznauchpribor,
Leningrad) at 25°C and were calculated with the
formula

n=k[d [Pa],

where k — viscosimeter constant, mSt/s; t — time of
solution flow, s; d — solution density, g/cm?.

Results and discussion

Typical '"H NMR spectra of non-frozen water,
presented in Fig. 1 permit to define the following
regularities: under high resolution the spectrum of non-
frozen water represents broadened non-symmetric
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Bsskocts pacTBopoB Oenka m Oenka B MPUCYTCT-
BHH Caxapo3bl U3MEPSIIH C TIOMOIIHI0 BUCKO3UMETPa
kanmuisipHoro crekiasaHoro BITK-3 (Coro3nayu-
npubop, Poccust) mpu Temmnepatype 25°C u paccuu-
TBIBAJIM 110 POPMYIIE:

n = kltld [ITald],

rie k — koncranra Buckosumerpa, MCT/c; t — BpeMst
BBITEKaHHs PacTBopa, ¢; d — IIOTHOCTL PacTBOPA,
r/cMm>.

Pe3yAbTatel M 00Cy)xaeHue

Tunuunsie cuektpbl 'H SIMP Hezamep3arornieit
BOJEI (pucC. 1) TO3BOJISAIOT BBIACIUTH CICTYIOIINE
3aKOHOMEPHOCTH: TIPH BEICOKOM Pa3pPEIIeHUH CIIEKTP
He3aMep3aloliei BoAbI IPEACTaBIAET COO0H yInpeH-
HBIi HECUMMETPHUYHBIA CUTHAJ, MIMPHHA KOTOPOTO
YBEJIIMUHUBACTCS C MOHWKEHUEM TEMIepaTyphl BBUILY
YMEHBIIEHHUS MOJABUKHOCTH MOJEKYJ BOIBI [4].
XUMHAYECKUH CABUT O CUTHAA TAKOW BOIBI HAXOIUTCS
B nuanasone 4-5 m.1. B pactBopax Oenka npu HU3KUX
TeMIepaTypax CHMMETPHUYHOCTh CHUTHAJa yBEINYH-
BAeTCS M OH CMEIAeTCsI B 001aCTh CIaObIX MAarHUTHBIX
norne#t (puc. 1, a). B nmpucyrcTBun caxapoB BMECTO
OJTHOTO HECUMMETPHUYHOTO PETUCTPHUPYETCS ABA CUT-
Haja BOABI, U KOTOPHIX pa3HUIa XUMHUUYECKUX
CABHUTOB HE mpeBbimaetr 1 m. 1. (puc. 1, 0, B).

Wzmenenue dopmser cnekrpa 'H SIMP nHezamep-
3aroIlel BOABI CBUAECTEIBCTBYET O HAIMYMY HECKOIb-
KHUX ee (QOopM, MEXKAYy KOTOPBIMHU NPH Pa3HBIX YCJIO-
BHUSIX TIPOBEACHUS SKCIIEPUMEHTA TPOUCXOAUT OBICT-
pbIil Wi MenNeHHBIH (B mKkaie BpemeHu SIMP)
MOJIEKYJISIPHBII 00MeH. B cooTBeTCcTBIU C COBpeMEH-
HBIMU TipencTaBieHusaMu [14] crpykrypras audde-
peHIHanus BOABI B OEITKOBOM T7100ysIe MOXKET TTPOHC-
XOIUTh HM3-32 CYIECTBOBaHHSA B HEW T'HIpOopOOHBIX
MOJIOCTEH, 3amoTHEeHHBIX BOMOi. CTpyKTypa BOABI
OTIpeneNsieTCs CPEHUM YHCIIOM BOIOPOIHBIX CBS3EH,
B KOTOPBIX yYacTBYeT KakJas MOJeKyna Boasl [15].
[TosTOMy CHMXEHHE CIIOCOOHOCTH K 00pa3oBaHUIO
BOAOPOJHBIX CBSI3€H CONPOBOXKAAETCS CMEIIEHUEM
CHUrHaJ1a BOJBI B 001aCTh CHIIbHBIX MATHUTHBIX MOJIEH
U Ha00OpOT. YCTAaHOBJIEHO, YTO CUI'HAJ C MEHBIINM
3HAUCHUEM XUMHUYECKOTO CABHUIA COOTBETCTBYET
MEHEE YIOpPSINOYEHHOW CETKE BOJOPOAHBIX CBS3EH
Mex(a3Hoil BOABI.

OO6mmelt 3aKOHOMEPHOCTHIO CHCTEMBI aJbOyMHUH-
caxapa fBJSAETCS HaJIM4YWE KOHUEHTPAlHOHHOTO
WHTEpBaja, Ipu KOTOPOM J00aBIE€HHE B PaCTBOP
CaxapoB COMPOBOXKAAETCA YMEHBIIEHUEM HHTEHCHB-
HOCTH CUTHaJIa He3aMep3arolleil Boibl. JTa 3aBUCH-
MOCTB XapakTepHa /i pactBopos CAU, comeprkamux
caxaposy (puc. 1, B). [Ipu —23°C BBeneHue B pacTBop
1% caxapo3bl IPUBOANUT K YMEHBIICHUIO HHTEHCHB-
HOCTH CUTI'HaJia BOIIbI Oosee ueM B 11Tk pas. [lomyuen-
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signal, the width of which increases with temperature
decrease due to lessening motility of water molecules
[4]. Chemical shift d of signal for such a water is within
the range of 4-5 ppm. In the solutions of protein under
low temperatures the signal symmetry increases and
it is shifted toward the area of weak magnetic fields
(Fig. 1, a). In presence of sugars instead of one non-
symmetric signal of water there are recorded two
signals, for those the difference of chemical shifts does
not exceed 1 ppm (Fig. 1, b, ¢).

The changed shape of 'H NMR spectrum of non-
frozen water testifies to the presence of its several
forms, between which under different conditions of
experiment there is either rapid or slow (according to
NMR time scale) molecular exchange. According to
contemporary notions [14] structural differentiation
of water in protein globule may occur due to the exi-
stence of water-filled hydrophobic cavities in it. Water
structure is determined by an average number of
hydrogen bonds, where each water molecule partici-
pates [15]. Therefore reduced ability to the formation
of hydrogen bonds is accompanied by shifting of water
signal into the area of strong magnetic fields and vice
versa. It has been established that the signal with lower
value of chemical shift corresponds to less ordered
net of hydrogen bonds of interfacial water.

General regularity of albumin-sugar system is the
presence of the concentration interval, wherein the
adding of sugars to a solution is accompanied with a
reduction in signal intensity for non-frozen water. This
dependence is characteristic for HSA solutions,
containing sucrose. At —23°C introduction of 1%
sucrose into the solution leads to decrease of water
signal intensity more than fivefold. The obtained
dependence testifies to an effective interaction of
sucrose with protein molecules. The same effect is
explained by the substituting of a part of the molecules
of bound water in hydrate coat of protein molecules
with sucrose [6]. In this research the concentration
C,, of non-frozen water was not determined, so the
estimation of efficiency of the observed process was
impossible.

Detailed description of layer-by-layer freezing-out
method of liquid phase has been shown in [8, 14, 15].
For obtaining the characteristics of bound water layers
the temperature dependences of integral intensities of
signal I of non-frozen water were measured, using
which the dependence of Gibbs differential energy AG
on concentration of non-frozen water was calculated.
Since a condition of water freezing on bioobject/water
interface is the parity of free energies of absorbed
water and ice, decreasing of freezing temperature of
absorbed water determines the reduction of free
energy of water, caused by adsorptional interactions
(AG = G, - G, where G- ice free energy at 0°C)
[15]. Since ice free energy with a reduction of
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Hasl 3aBUCMOCTb CBUJICTENBCTBYET 00 3(h(heKTHBHOM
B3aWMOJICHCTBUU CaXxapoB ¢ OCIKOBBIMU MOJIEKYJTaMH.
[TomoOHEIH 3 PeKT 00BsICHIETCS 3aMEIIEHUEM YaCTH
MOJIEKYJI CBSI3aHHOM BOIBI B THAPATHOH 00OJIOUYKE
MOJIEKYN Oeflka MOJIEKyJlIaMH caxapo3sl [6]. B atoii
paboTe He ompenensnachk KOHLIEHTpPALUs He3aMmep-
3aromieii Bogbl C , O3TOMY HEBO3MOXKHO CYZUTh 00
3¢ (eKTUBHOCTH HAOMIOIaeMOro IpoIecca .

[MoxpoOHOe onmmcaHWe METOla MOCIOUHOTO
BBIMOpPaKHBaHUS )KUKOH (a3bl mpuBeneHo B [8, 14,
15]. Jlo1st momydeHus XapakTepUCTUK CJIOEB CBSI3aHHOM
BOJIbI I3MEPSUTH TEMIIepPaTypHbIE 3aBUCMOCTH HHTET -
paibHBIX MHTEHCUBHOCTEN cUrHaia I Hesamep3arorei
BOJIBI, IO KOTOPBIM PacCUUTHIBANIACh 3aBUCUMOCTD
muddepenunansHoit sHepruu I'ud66ca AG oT KOHIIEH-
Tpaluu Hezamep3atolueil Boxsl. [lockonbKy ycnoBuem
3aMep3aHus BOABI Ha MexQa3Hoil rpaHuue Ouo-
00BEKT/BOJA SBIISIETCS PABEHCTBO CBOOOIHBIX SHEPT Ui
a71cOpOMPOBAaHHON BOABI U JIbJA, TIOHWKEHUE TEMIIe-
parypbl 3amMep3aHus aacoOpOUPOBaHHON BOBI OIIpe/ie-
JsIeT yMEHbIIEHHE CBOOONHOW YHEPTUU BOJHI,
BBI3BAHHOE aJICOPOIIMOHHBIMHI B3aMMOICHCTBHSIMH
(AG=G -G, tne G, — cBOOOMHAs SHEPIHUS JIbJA MIPH
0°C) [15]. IMockoabky cBOOOAHAS SHEPTHS JbAa C
MOHMKEHUEM TeMIIeparypbl U3MEHSETCS 110 MPHOIIU-
3UTENBHO JUHEWHOMY 3aKkoHy [5], To Benmmuuny AG
MOXXHO paccyuTarh 1o ¢opmyie

AG =-0,036(273 - T).

MexdazHyr dHEprut0 OHOIOTUYECKOTO 00BEKTa
Y, B BOJHOMW Cpe/e ONPEEIsIU MO0 MIOMAIN MO
kpuoit AG(C):

Ca

Ys =K, J.AGd(CHZO),
0

rae C™*~ TonmuHa 105 He3aMep3aloNIel BOIBI PH
T-0°C.

Ecnu B pacTBOpe, Kpome Monekyn Oelnka, conep-
XKaTcsl HU3KOMOJIEKYJISIpHbIE COEAMHEHHS, TO Ha
BennuuHy C | MOXKET BIUSATH BOJIA CKOHIIEHTPHPOBAH-
HOTO B MHUKPOIIOJIOCTSIX JISTSIHOM MaTpHLIbl OMHAPHOTO
pactBopa. Ecnu Takoit pactBop oOpasyeTcs, TO Ha
3apucuMocTax I(C ) mpucyTCTBYeT y4acTOK JIMHEH-
HOTO pOCTa HHTEHCUBHOCTY CUTHAJIA C YBEJIIMYCHUEM
C,, [6]. Onnako npu HEOOIBUION KOHLIEHTPAIIUH, BCE
BENIECTBO OPTaHHYECKOW J00aBKH B mpollecce
3aMOpaKUBaHUSI MOXKET ObITh CKOHIIECHTPHPOBAHO B
TUAPATHBIX 000709KaX OCEITKOBRIX MOJICKY [8].

Ha puc. 2 npuseneusn 3asucumoctu C  oOT
KOHLIEHTPALMK CaXxapoB IPH Pa3HBIX TEMIIEPaTypax.
Bennuuny C  onpenensin CpaBHEHMEM MHTEHCHB-
Hocreit curHaia 'H SIMP BozpI 10 1 mociie 3amopasku-
BaHUs. Bo Bcex M3ydeHHBIX cucTeMax IpH Jodasiie-
HUM HEOOJIBIINX KOJIMUECTB CaXapoB PETUCTPUPYETCS
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BCA 2%
BSA 2%

-20°C

-30°C

—40°C

7 6 5 4 3 2 1 0
a  Xumwnueckun caosur 8, m.g. Chemical shift , ppm a

BCA 1,5% + Fr 0,37%
BSA 1.5% + Fr 0.37%

-5°C

s NG N

- 30cC

—40°C
T T T T T T
7 6 5 4
6 Xumwnueckuii casur 6, m.a. Chemical shift 8, ppm b
-23°C
‘______'_d_,__,./-/\___,\‘cs;mr =1%
CSucr =O’1%
=0%

Sucr

12 10 8 6 4 2 0 -2
B Xumunyeckuii casur o, m.ga. Chemical shift 5, ppm ¢

Puc. 1. 3aBucumocts hopmsi criektpos 'H SIMP Hezamep-
3aromeit Bogsl B pactBopax BCA-Boma (a) u BCA-Bona-
(bpyKToza (6) ot Temniepartypsl (ipu 400 MI'm) mot C, B
1%-m pactBope CAY (8) npu —23°C (npu 100 MTI'n).
Fig. 1. Dependence of '"H NMR spectra shapes of non-
frozen water in BSA-water solutions (a) and BSA-water-
fructose (b) on temperature (at 400 MHz) and on C__in 1%
HSA solution (c) at—23°C (at 100 MHz).
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Yy4acTOK YMEHBLICHHs KOHLEHTPALH He3aMep3alo-
e Boasl. J{ns ¢pyKTO3BI 3TOT Y4acTOK SBHO BhIpa-
KEH Ha y3KOM anana3one usmeHenus C,, a y4acTok
PSMO MPOMOPLHHOHATFHOTO POCTa 3aBUCHMOCTH
C,.(C,) ue nabmonaercs (puc. 2, a). st DIoKo3bl
npu C;, < 0,38% yCTaHOBIEHO 3HAYUTENBHOE YMEHb-
wenne C JvIb npu Temneparypax onuskux k 0°C
(puc. 2, 6). Y9acTok mpOMOPUHOHATBEHOTO POCTa
3apucumoctu C (C_) HaxomuTCs B LIMPOKOM JMa-
Ma30He KOHLEHTpauuil u temneparyp. Haunbomnbmue
W3MCHEHHsI KOHLIEHTPAUU He3aMep3aloniei BOIbI
HaOMroAa0TCs MpU J00aBICHNH caxapo3sl (puc. 2, B).
B sToMm cityuae addexrt Tem Oonblie, YeM HIKE TeMITe-
parypa. Tak, npu —23°Cu Cy > 1% curnan nesamep-
3ar0l1ei BOZbI HE peructpupyercs B crnekrpax SAMP.
YcraHoBieHO, 4TO J0OaBiIeHHE HEOOIBIIOTO KOIH-
YeCTBa CaxapoB IPH OIPENEICHHBIX TeMIIepaTypax
MOKET MPUBOJUTH K yMeHbIIEHHIO C B HECKOJIBKO
pas.

Ha puc. 3 npuBeeHbl 3aBUCUMOCTH MEK(Da3HOH
SHEPTUU OT KOHIIEHTpauuu Oeinka B OMHApHOM
pactBope BCA-Boga u pacTBopax, coAepixamux
n00aBKH PPYKTO3HI U TITFOKO3bI. MexdazHast SHEprus
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Puc.2. 3aBUcHUMOCTh KOHLEHTpALMU He3aMep3Ield BOAbI
C,,, OT KOHIIEHTPALUHU CaXapOB IPH Pa3HbIX TEMIIEPATypax:
a — ¢pyKTOo3a; 6 — IITI0K03a; 8 — caxapo3a.

Fig. 2. Dependence of non-frozen water concentration C
on concentration of sugars at different temperatures: a —
fructose; b — glucose; ¢ — sucrose.

temperature varies according to approximately linear
law [5], then the value AG may be calculated on the
formula:

AG =-0,036(273 — T).

Interfacial energy of biological object y, in aqueous
medium was found on the area under the curve AG
(C,):

o

Vs =K, [AGA(C, ),
0

where C "™ is non-frozen water layer width at T - 0°C

If in the solution, except protein molecules, low-
molecular compounds appear, then the C  value may
be affected by water of binary solution concentrated
in microcavities, containing as the inclusions into ice
matrix. [f this solution is formed then the site of linear
growth of signal intensity is present on dependences
I(C,,) with a rise in C [6]. However at a low
concentration all the substance of organic additive
during freezing may be concentrated in hydrate coats
of protein molecules [8].

Fig. 2. shows the C  dependences on sucrose
concentration recorded at different temperatures. C
value was found by comparison of the intensities of
"H NMR signal of water prior to and after freezing. In
all the studied systems when adding small amounts of
sugars the site of reduced concentration of non-frozen
water is observed. For fructose this site is vividly
manifested within narrow range of changes of C_,
and the site of directly-proportional growth for C
(C,,) dependence is not observed (Fig.2, a). At C <
0.38% significant decrease of C has been found only
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Puc.3. 3aBucumocts MexdazHoi sHepruu oT KoHueHTpaun BCA B GnHapHOM pacTBOpe (@) M KOHIIEHTPALMH CaXxapoB B
TpoiinbIX cucteMax BCA-caxap-Bona (0): 1 —1,5% BCA + dpykro3a; 2 — 2% BCA + rimokosa.

Fig. 3. Dependence of interfacial energy on BSA concentration in binary solution (a) and on sugar concentration in
BSA-sugar-water complex (b): 1 — 1.5% BSA + fructose; 2 — 2% BSA + glucose.

SBJISIETCSI UHTETPATIbHOM BEJIMYMHOM, MO3BOJISAIONIEH
OTPEJCIUTh CyMMapHOe MOHMXEHUE CBOOOJHOM
9HEpruu rerepodasHol cucTeMBbl (B HaIlEM CiIydae
MPUCYTCTBYIOT (ha3bl OeJKa ¥ BOAbI), 00yCIOBICHHOE
HaJM4YueM TpaHULbl pasgena ¢as3. B MHoroxommo-
HEHTHBIX pacTBOpax, COAEp KalIUX BEUIECTBA, KOTO-
pbi€ He CBSI3aHbI C TPAHUILIECH pasiena, BEIUYuHa Y
OyIeT comepXarb TakXe BKJIAJ OT U3MEHEHHUS CBO-
00nHOH 3HEprur, 00yCIOBIEHHOTO pa3HuLeii cBo0O -
HOM HEPTUHU BOABI 1 OMHAPHOTO pACTBOPA BEIIECTRA.

U3 puc. 3, a crienyer, uto MexdaszHas dHEPrus
YBEJIMYUBAETCS OOPATHO MPOITOPIIMOHAIEHO KOHIIEHT-
pamun 6enKa. AHaIOTUYHBIE 3aBUCHMOCTH XapaKTep-
HBI U 17151 IpyTHX OeIKoBbIX cucteM [8, 15]. M3mene-
HHE Y, 00yCIIOBIEHO camoaccouManued 6eNKoBbIX
MOJIEKYJI: MOJIEKYJIbI O€JIKa CHIIBHO THAPATUPOBAHBI,
[IO3TOMY JJIs1 UX KOHTAKTa B BOAHOM cpesie U3 MEKMO-
JIEKYJISIPHOTO 3a30pa JOJKHO OBITH ylajeHo ompese-
JIEHHOE KOJMYECTBO MOJIEKYJ] CBSI3aHHOW BOJBI.
3arpaTsl PHEPTrUM Ha B3aUMOJACHCTBHE OEIOK-0eIoK
JOJHKHBI KOMIIEHCHPOBATHCS MIEPEXOOM YaCTH BOABI
13 CBA3aHHOTO COCTOSIHHA B cBoOomHoe. Toraa
pa3sHULA BEJIMYMHBI Y, IPH Pa30aBIECHUM UK KOHIIEH-
TPUPOBAHHUU PACTBOPA OEJIKa OTpEIeNsieT CBOOOIHYTO
SHEPTHUI0 ACCOLMATHBHBIX MPOIECCOB. DKCTPATIOIH-
pys 3aBUCUMOCTS Y (C_ ., ) K HYJI€BOW KOHIEHTPALUU
Oerka, moryurM Mesk(azHy o SHEPTUI0 HeacCOIIHUPO-
BaHHBIX MOJIEKYJ ajibOyMuHa.

3aBucumocth Y(C ;) B LIETIOM OTpaKaeT OCHOB-
HBIE TEHACHIINHA 3aBUCUMOCTEN Cuw(CGl(Fr))' Pacuets!
MOKa3bIBAIOT, 4TO B 2%-M pacTBOpe anbOyMHHA Ha
KaXJyl MOJICKyny Oeika mpuxomutcs 8,8%10°
MOJIEKYJT BOZBI, U3 KOTOPHIX 10* MOJIeKyI SBISIOTCS
CBSI3aHHBIMHU (CM. puc. 2). B koHIEHTpanmnoHHOM
o0JacTH, oTBeYaroniel ObICTPOMY U3MEHEHUIO BEIH-
YUHBI Y, KaX1as MOJIEKyJa 100aBKM NPUBOIUT K
YMEHBIIIEHUIO KOIMYECTBA CBA3aHHOMN BOJIBI HA THICS-
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at the temperatures close to 0°C (Fig. 2, b). Site of
proportional growth for C_ (C, ) dependence is within
wide range of concentrations and temperatures. The
highest changes of concentration for non-frozen water
are observed when adding sucrose (Fig. 2, ¢). In this
case the higher the effect, the lower the temperature.
So, at —23°C and Cg > 1% the signal of non-frozen
water is not registered in NMR-spectra. It has been
found that adding of small amount of sugars under
certain temperatures may result in several-times’
reduction of C

Fig. 3 demonstrates the dependences of interfacial
energy on protein concentration in binary solution of
BSA-water and the solutions containing fructose and
glucose additives. The interfacial energy is integral
value enabling to determine total decreasing of free
energy of heterofacial system (in our case the phases
of protein and water are present) due to interface
boundary. In multicomponent solutions, containing
components, not bound with interface, the y, value will
depend on change of free energy due to the difference
of water free energy and binary solution of an additive.

From Fig. 3 one can see that interfacial energy
increases in an inverse proportion to protein concen-
tration. The same dependences are charac-teristic also
for other protein systems [8, 15]. Change of Yy, is
stipulated by self-association of protein molecules.
Protein molecules are strongly dehydrated, therefore
for their contact in aqueous medium from inter-
molecular interspace a certain number of molecules
of bound water should be removed. The energy
expenditures for protein-protein interaction should be
compensated by the transition of a part of water from
bound state into a free one. Then the difference of the
value Y, during dilution or concentrating of protein
solution determines a free energy of associative

processes. By extrapolation of y, dependence (C,)

PROBLEMS
OF CRYOBIOLOGY
Vol. 17, 2007, N24



o — -
o o N
1 " 1 " 1

N

MexdasHas aHeprus vy, Ix/r
Interfacial energy v, J/g

0,2 -

2
260

0,0
240

280 300 320
[nnHa BONHbI, HM
Wavelength, nm
Puc. 4. Cnextpsl nornomenust pactsopa CAU 1% (1),
pactBopa caxapo3bl 10% (2), a Takke pacTBOPOB HX
OmHapHBIX cMecel (3, 4).

Fig. 4. Adsorption spectra of 1% HSA solution (1), 10%
sucrose solution (2), as well as their binary mixtures (3,4).

340

4y u 60see Moseky. CToNb BBICOKYIO JeTHAPATALHIO
HeJb3sl OOBSICHUTH MPOCTHIM 3aMELLEHHEM Mexdas-
HOU BOJIBI MOJIEKYJTaMH caxapoB. Bo3MoxHO, npu cBsi-
3BIBAHHU CaXxapoB ¢ OCITKOBBIMU MOJIEKYJIaMH ITPOYC-
XOJIUT TaKoe U3MEHEHUE WX KOH(POPMAIUH, KOTOpOe
COOTBETCTBYET 3HAUUTEIFHO MEHBIIIEMY KOJIMYECTBY
CBSI3aHHOHM BONbI. BeposTHO, MoneKynbl Oenka cra-
HOBSITCSI OOJiee KOMIAKTHBIMU WM MEHEe THAPO-
(GWIBHBIMU, a B3aHMOJICHCTBUE MEXIy ONM3KO pac-
MOJIOKEHHBIMU OEJIKOBBIMH (pparMeHTaMu — OoJee
3¢ PEeKTUBHBIM, IPHYEM MOJIEKYJIbI CaXapoB MOTYT €0
HHTEepMenuaTaMu. Bo3sMOXXHO, 3TH U3MEHEHUs B Oell-
KOBBIX II0OYNax Moj BIMSHUEM CBS3aHHBIX C HUMH
HHU3KOMOJIEKYJIIPHBIX BEIIECTB HEOOXOIMMBI IS
pacro3HaBaHus CBOOOAHBIX 1 HATPY>KEHHBIX METa00-
JUTaMH (MM TOKCHHAMH) MOJIEKYJ allbOyMHUHA.

Kak 0but0 moka3zaHo Ha puc. 1-3, MOJEKYIbI
caxapoB MOTYT 3aMellaTh MOJIEKYJIbl BOJIbI B CHUCTE-
MaXx, COJIEpXKAIX TaKHe KOMIIOHEHTHI, KaK caxap M
6enoK. DTOT MpoLEeCcC MOXKET COIPOBOKAATHCS 00pa-
30BaHHEM KOMILIEKCOB B PACTBOpaX W U3MEHEHUSMH
BSI3KOCTH JaHHBIX cHcTeM. [10CKOIbKY MaKCHMaIbHBIH
addext nerunparanun monexyn CAY Ot ycTaHOBIICH
B pacTBOpax caxapo3bl, Mbl HCCIEIOBATIN BOJIHEIE
pacTBOPHI C pa3HBIM KOJUYECTBOM Caxapo3bl U
MOCTOSIHHBIM 3HAaU€HHEM KOHLIEHTpaluH Oesika mpu
temrnepatype 25°C. BenuunHa BA3KOCTH Oenka B
3aBHCUMOCTH OT KOHIICHTPAI[UH Caxapo3bl H3MEHSI-
JIach HE3HAYUTENHHO 10 CPABHEHHIO C BEIIMYMHAMHU
Bs3kocTH pactBopa CAU m pacTBOpa caxaposbl, UTO
CBHUJIETEILCTBAJIO O HEBO3MOXKHOCTH PETUCTPAIHH
W3MECHEHHH B yKa3aHHBIX CHCTEMax METOJIOM BUCKO3H-
METpHH.

AHanm3 CreKTpoB noromeHus (puc. 4) pacTBOpoB
CAY (xpuBas 1), caxapo3sl (KpuBas 2), a TaKke
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to zero concentration of the protein one obtains the
interfacial energy of non-associated molecules of
albumin.

Dependence of Y (Cgy,) in a whole reflects main
tendencies of CUW(CGI(H)) dependences. Calculations
show that in 2% albumin solution per each protein
molecule is 8.8%10° water molecules, among those 10*
molecules are bound ones (see Fig. 2). In concentration
range correspondent to rapid change of'y value, each
additive molecule results in a decrease of bound water
amount by thousand or more molecules. Such quite a
high dehydration can not be explained by simple
substitution of interphase water by sugar molecules. It
is possible that during binding of sugars with protein
molecules there is the change of their conformation,
corresponding to significantly less amount of bound
water. Protein molecules are getting likely more
compact or less hydrophilic and the interaction
between closely located protein fragments becomes
more effective, moreover sugar molecules may
intermediate it. Perhaps these changes in protein
globules under the effect bound with them low
molecular substances are those factors essential for
recognizing of free and loaded with metabolites (or
toxins) albumin molecules.

As the figures 1-3 show, sugar molecules may
substitute the water ones in the systems containing
such components as sugar and protein. This process
may be accompanied with the formation of complexes
in the solutions and changes of viscosity of these
systems. Since the maximum effect of dehydration of
HSA molecules was established in sucrose solutions,
we had studied aqueous solutions with different
sucrose amounts and constant concentration of protein
at 25°C. Protein viscosity value depending on
concentration of C__slightly changed if compared with
the values of viscosity of HSA solution and the one of
sucrose, that testified to the failure of registration of
changes in the mentioned systems by viscosimetry
method.

Adsorption spectra of HSA solutions (curve 1),
sucrose (curve 2) as well as those of their binary
mixture (curves 3, 4) are presented in Fig. 4. In the
solutions of sugar-water-protein the formation of
complexes is observed, that is confirmed with the
deviation of optical density value for the sucrose-
containing solution from additivity rule:

AHSA + Sucr ¢ AHSA + ASucr;
AHSA + Suer (AHSA - ASucr) = AIAHSAXSucr’
where Ao, A, Aq,.q.,— ODtical densities of HSA

solution, sucrose, HSA-sucrose complex, corres-
pondingly; AAsaxsuer — deviation of optical density
from additivity rule, characterizing the properties of
HSA-sucrose complex.
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pacTBOpoOB UX OMHAPHOI cMecH (KpuBbIe 3, 4) mokasa,
YTO B pacTBOpax caxap-Boja-0enok HalmomaeTcs
o0pa3oBaHNE KOMILUIEKCOB, O YeM CBUIETEILCTBYET
OTKJIOHEHHE 3HAYCHHUSI ONTHYECKOH IIOTHOCTH PaCT-
BOpAa, COAEPIKALIETO caxapo3y OT MpaBuia aJAuTHB-
HOCTH:

A zA . tA

CAY + Sucr CAY Sucr?

A A o ASucr) = AA

CAY + Sucr ( CAY CAUYxSucr?

e Al Agr Acat s+ sy — ONITHIECKAS TUIOTHOCTH
pactBopoB CAY, caxapo3sr, komruiekca CAU-caxapo3a
COOTBETCTBEHHO; AA . o — OTKIIOHEHHUE ONITHIECKOM
IJIOTHOCTH OT NMpaBuWia aiJUTHUBHOCTH, KOTOpPOE
XapakrepusyeT cBolicTBa komriekca CAY-caxaposa.
st ycTaHOBIIGHHSI BIMSIHAS caxapo3bl Ha aacopo-
o Oenka Mbl M3YYWIIHM MX aICcOpPOLUI0 U3 BOTHBIX
pPacTBOPOB M MpOaHAIU3UPOBAIU DIEKTPOHHBIE
CHEKTPHI OTpaKeHHs 00pa3LoB MOCIe aACOPOIHH.

Ha puc. 5 npuBeaeHa 3aBUCUMOCTb BEJIMYUHbI
ancopbmmm CAY (1%) u3 pacTBopa, COAepIKaIIETO
pa3HOE KOJIMYECTBO CaXxapo3bl.

[pu ancopbuuu O6enka Ha moBepxHoctu BJIK u3
OMHApPHBIX pacTBOPOB, coaepxkarmx CAY u caxaposy,
HaONroaeTcsi yMEHbIIEHNE BEJTUYUHBI afCcopOInU
Oenka yxe npu C, =0,1%. JlanbHeliee noBbIeHHE
KOHIIEHTpAIK caXxapo3bl IPAKTUYECKU HE BIUSAET Ha
BENMYMHY aacopOuum Oenka. J[omoTHUTENbHBIM
apryMeHToM yMeHblIeHus ancopouuu CAY B npucyT-
CTBUH CaXapo3bl SBISIOTCSA CHEKTPBl OTPaKEHUS
(puc. 6, kpuBas 1). [IpucyrcTBue caxapo3bl yMeHb-
1I1aeT BeMUMHY aacopOuun Oeska, IpuieM BeTuunHa
ONTUYECKON TIIOTHOCTH Oenka mpu 278 um (A,,,)
MIPaKTUYECKH HE 3aBUCHUT OT KOHLIEHTPAINH CaXapo3bl,

140 f
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5 -~ 1204
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SE 110-
o 9 °
n ° 9
32 .
100 -
90+ . . . r . , . ;
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KoHueHTpaumsa caxaposbl, %
Sucrose concentration, %

Puc. 5. 3aBucumocts Benuuunbl agacopobunn CAY (1%) Ha
noBepxHocTH BJIK OT KOHIIEHTpAIMK caxapo3bl B paCTBOPE.

Fig. 5. Dependence of adsorption value of HSA (1%) on
sucrose concentration in solution on FGS surface.
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For examining the effect of sucrose on protein
adsorption we have studied their adsorption from
aqueous solutions and analyzed electron reflection
spectra of the samples after adsorption.

Fig. 5 shows the dependence of HSA (1%) adsorp-
tion value from the solution, containing different amo-
unts of sucrose.

During protein adsorption on the surface of FGS
from binary solutions containing HSA and sucrose,
there is observed a decreased value of protein
adsorption even at C_ = 0.1%. further increase of
sucrose concentration does not practically affect the
protein adsorption value. Additional arguments of redu-
ced HSA adsorption in sucrose presence are reflection
spectra (Fig. 6, curve 1). The presence of sucrose
diminishes the protein adsorption value, moreover the
value of protein optical density at 278 nm does not
practically depend on sucrose concentration, that is
confirmed by the data on adsorption from aqueous
solutions (Fig. 6, curves 2-5).

Thus, the complex of HSA and sucrose leads to
the reduction of protein sorbing ability.

BSA adsorption isoterms on FGS surface with no
sugars (curve 1) and with them (curves 2-4) are
presented in Fig. 7. The measurements were performed
in the area of protein concentrations, under which the
saturation of dependence a = (C,) (area of monolayer
covering) was observed. As the data mentioned show
the maximum adsorption a__is found for the system
BSA/FGS. The value a__ reduces during introduction
of glucose and fructose into the solution by 5 and 10%,
correspondingly. Minimal value of adsorption (20%
less than with no sugars) is recorded for sucrose-
containing solutions. According to the data of Fig. 1-
3 the obtained effect may be stipulated by the change

o o
N w
1 1

o
N
1

OnTnyeckasi NNOTHOCTb, Y.en.
Optical density, rel. units

N

0,0
240

280 300 320

[nunHa BOMHbI, HM
Wavelength, nm

260

Puc. 6. DieKTpOHHBIE CHEKTPHI OTPaXKEHHsS 00pa3loB
ancopoupoBannoro CAY u3 pactBopa 6e3 (1) u B mpucyt-
CTBHH (2-5) caxapos3sl.

Fig. 6. Electron reflection spectra of the adsorbed from the
solution HSA with no (1) and in presence of sucrose (2-5).
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YTO OATBEPKIAIOT JAHHBIE 10 aICOPOIIH U3 BOAHBIX
pacTBOpoB (pHc. 6, KpUBBIE 2-5).

Takum oOpazom, komruiekcooOpazoBanne CAU c
caxapo30i MPUBOJNUT K YMEHBIIEHHIO COPOUPYEMOCTH
Oenxa.

Hnst monmyuenust nzorepm aacop6buuu BCA Ha
noBepxHoct BJIK (6e3 caxapos (puc. 7, kpupas 1))
U B NPUCYTCTBUH caxapoB (puc. 7, KpuBbie 2-4))
M3MEpEeHus IPOBOAMIN B 001aCTH KOHIIEHTpannu 6e-
Ka, TIpY KOTOpPOH HaONrofaeTcst HaChIIEHNE 3aBUCH-
MOCTH a = f(Cp) (00macTh MOHOCIIOHHOTO ITOKPBITHS ).
Kaxk BuHO 13 IpUBEIEHHBIX TaHHBIX, MAKCUMAaJIbHAS
ancopbuus a_ Habmonaercs as cuctembl bCA-
BJIK. 3na4yenne a_  yMEHBIIAETCS TPU BBEICHUH B
pacTBop IIOKO3bI U GpyKTO3bl HAa 5 1 10% cooTBeT-
CTBEHHO. MHMHUMAaNbHAas BEIUYMHA aAcopOuuu (Ha
20% Mmenble, yeM 0e3 caxapoB) PErHCTPUPYETCS IS
pPacTBOpOB, coepKalINX caxapo3y. B coorBercTBHM
C JaHHBIMH pHc. 1-3 momydeHHBIH 3G (PeKT MOXKeT
OBITH 00YCIIOBIIEH M3MEHEHHEM KOH(pOPMalMOHHON
MaOMIBPHOCTH OETKOBBIX MOJIEKYJT MPH 3aMEIleHUU
caxapaMM MOJIEKYJ CBSI3aHHOM BOJbl. BeposiTHO, Ipu
aIcOpOIMK YaCTHYHO JAETHPATUPOBAHHON MOJICKYIIBI
0eKa MOXKET OCYMIECTBIATHCS Oojiee MOTHBIN
KOHTAKT MOJUIENTHIHBIX IeMel C MOBEPXHOCTHIO
KpEMHE-3€Ma, 4TO IPUBOJAMT K YBEJIIMUEHUIO “TIOCa-
JOYHOM TUIOIAAKK” OENKOBBIX MOJIEKYI H, KaK cle[-
CTBHE, CHUKCHHUE BEJIMYUHBI & _ .

BbiBOAbI

YactuuHas neruaparanusi OENKOBBIX MOJEKYT B
MPUCYTCTBHH CaXapoB, 0OCOOCHHO PH HU3KUX TEMIIe-
parypax, MOXeT ObITh OTHUM M3 OCHOBHBIX (haKTOPOB
yAy4IIeHUs] KpHOTPOTEKTOPHBIX CBOMCTB cpex. OTHO-
CUTENIbHO HEOOIBIINE MOJIEKYIIBI CaXxapoB CIIOCOOHBI
MIPOHUKATh Yepe3 KIEeTOUHbIe MeEMOPaHbl, OHU MOTYT
o0Jyerdarp AeTHIpATAlI0 BHYTPHUKIETOYHBIX 3JIe-
MEHTOB O€JIKOBOM MTPHUPOIBI, BCIEICTBUE YETO YMEHb-
[1aeTcsa BEPOSITHOCTh (POPMUPOBAHUS BHY TPHUKIIETOU-
Horo abpaa. KpoMe Toro, caxapa He OKa3bIBalOT Ha
KJIETKHY IIaTOJIOTHYECKOTO BO3AEUCTBUS U MOTYT JIETKO
YTUIM3UPOBATHCS PU KIETOYHOM MeTabosn3Me.
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Fig. 7. Isotherms of BSA adsorption on FGS surface with
no (1) and in presence of glucose (2), fructose (3) and su-
crose (4).

in conformation lability of protein molecules during
substitution of bound water molecules with sugars.
During adsorption of a partially dehydrated water
molecule more complete contact of polypeptide chains
with the surface of silica may be accomplished, that
results in an increase of “landing place” of protein
molecules and as a consequence to the reduction of
a_value.

Conclusions

Partial dehydration of protein molecules in presence
of sugars, especially under low temperatures may be
one of main factors of improving cryoprotective
properties of the media. Relatively small molecules are
capable of penetrating via cell membranes, therefore
they are able to facilitate dehydration of intracellular
elements of protein origin and thereby the probability
of intracellular ice formation is reduced. In addition,
sugars do not render pathological effect on cells and
may be easily utilized at cell metabolism.
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