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Metonom 'H SIMP crieKTpOCKOIHH B YCIOBUSIX BBIMOPaXKHUBAHHS JKHIKON (a3bl M3y4yanoch BIMSHUE AUCIIEPCHOTO KPEMHE3eMa
Ha THAPATUPOBAHHOCTH MOJENBHBIX KICTOUHBIX CYCHEH3WH MpPU BapbHPOBAHHM KOHIICHTPALMH KJIETOYHOH MAcChl B JHAINa30HE
0-25 % macc, a xonuentpauuu SiO, — B quanasone 0-5 % macc. OOHapyXeHO, YTO JAUCTICPCHBIH KPEMHE3EM BBI3BIBACT CHIIBHOE
yMEHbILICHHE KOHIICHTPALUK CBS3aHHOM BOABI B cHcTeMe. MakCHMajlbHOE YMEHbIIeHHEe MeX(a3HON dIHEPruu KIETKa-BoIa (Yy)
cocrasisteT 130 JIx/T. B KOHIIEHTPHPOBAHHBIX KJIETOYHBIX CYCIICH3HSX KICTKH U YaCTHIBI KpEMHE3eMa MOT'YT 00pa30BBIBATH KOMILICKCHBIE
KOJLIOM/THBIE CHCTEMBI, B KOTOPBIX BETMYHMHA Y, B 2 pa3a MECHbIIIE, 4eM B OMHAPHOM.

Meronom ! H SIMP cniekTpockorii B yMOBax BUMOPOKyYBaHHS PiAKoi a3y JOCIiIKyBaBCs BILIMB IUCIEPCHOIO KPEMHE3EMY Ha
riIpaToBaHICTh MOJENBHUX KIITHHHUX CYCIICH3ii NpH BapilOBaHHI KOHLEHTpauii KIiTHHHOI Macu B xiamasoni 0-25 % wmac, a
KoHIeHTpanii SiO , °B niamazoHi 0-5 % mac. BusiBieHo, 10 AUCHEpCHUA KpeMHE3eM BHKJINKAE 3HAYHE 3MEHIICHHS KOHIICHTPALii
3B‘s13aHO{ BONH B cUCTeMi. MakcuMaIbHe 3MEHIIEHHS Mixk(a3Hoi eneprii kinituHa-Boxa (Y,) cknanae 130 JHx/T. Y KOHIEHTPOBAHHX
KIITHHHUX CYCIIEH31AX KIIITHHH i YaCTKU KPEMHE3EMY MOXYTh YTBOPIOBATH KOMILIEKCHI KOJIOTIHI CUCTEMH, B AKUX BEMYMHA Y, y 2
pasu MeHIIa, HiX y OiHapHIi.

Using the '"H NMR method under conditions of liquid phase freezing-out the effect of disperse silica on hydration rate of model
cell suspensions in varying the concentration of cell mass within the range of 0-25% mass and that of SiO, within the range of
0-5% (w/w) have been studied. Disperse silica was found to cause a strong decrease in bound water concentration in the system. The
maximum reduction in inter-phase energy of cell/water (Y,) was equal to 130 J/g. In concentrated cell suspension the cells and particles

of silica can form complex colloid systems with the value of y;in two times lower than that in the binary system.

Y3Kke MHOTO JIET TUCTIEPCHBIN KPEMHE3eM HaXOIHUT
NnpuMeHeHHe B (apMalleBTUKE W MEIMIUHE IPHU
CO3JIaHUH JIEKAPCTBEHHBIX CPEACTB, 00IaTarOIINX
AHTUMHKPOOHO! aKTUBHOCTHIO, TIPENapaToB MPOJIOH-
TUPOBAHHOIO JAEUCTBUS, a TAKXKE PA3IMYHBIX MACT U
Ma3ei, UCMONAb3yEeMBIX NIJs JEUECHHUS THOUHBIX
napeknuii [1-3]. [lomaB B opraHU3M, 4acTHIIBI
KpeMHe3eMa KOHTAKTUPYIOT C TKAHAMU U OTJIEIbHBIMU
kinetkamu. [loaToMy 3HAUUTENBHBIN WHTEpPEC Mpe.-
CTaBIISICT UCCJIENOBaHNE MPOIIECCa B3aNMOICHCTBUS
KMBBIX KIETOK ¢ wactuuamu SiO,. B xauectse
MOJZICIbHONH CHUCTEMBI MOTYT OBITh HUCIIOJb30BaHbI
KJICTOYHBIE CYCTICH3WH, COMCpKaIIue KOJJIOUIHEIE
JacTUIBl KpemHe3eMa. [loBegeHne Takux CUCTEM
9aCTO TMOYMHIETCS TEM K€ 3aKOHAM, UTO U IIPOCTHIE
Koytoussl [6,8].

B BoIHBIX CycneH3UAX MOBEPXHOCTH KJIETOK U
YacTHUI AUCHEPCHOTO KPEMHE3eMa CUIIBHO THUApa-
TUPOBAaHBI, T.€. HA MOBEPXHOCTHU CYIIECTBYET CIOH
CBS3aHHOM BOJIBI, TOJIIIMHA KOTOPOTO MOXKET COCTaB-
JISITh HECKOJBKO MOJEKYISPHBIX AuamMeTrpoB. s
OCYIIIECTBIICHUS] KOHTAKTa KIETKH C TIOBEPXHOCTHIO
TUIpaTHBIE 00OJIOUYKH KaK KJIETOK, TaK M TBEPABIX
YaCTHI TOJKHBI 1e(OPMUPOBATHCS TaKHM 00pa3om,
YTO YacTh CBS3aHHOW BOABI yHalseTcs W3 3a30pa
KJIeTKa-9acTuIa. [lapaMeTpsl B3anMOIEHCTBUS MOTYT
OBITH pacCUNTAHBI HA OCHOBE PETHCTPAINH H3MEHE-
HUN B XapaKTEPUCTUKAX CJIOEB CBI3AHHOU BOABI IIPU
BApbUPOBAaHUU KOHLIEHTPALUU KIETOK WM TBEPABIX
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During many years disperse silica has found an
application in pharmaceutics and medicine when
creating medicines possessing antimicrobic activity,
preparations of prolonged effect, as well as various
pastes and ointments used for treating purulent
infections [1-3].

Being entered into an organism, the particles of
silica contact the tissues and separate cells. Therefore
the investigation of the process of interaction of alive
cells with the particles of SiO, is of a significant
interest. Cellular suspensions, containing colloid
silica particles can be studied as a model system.
The behaviour of such systems is frequently
subjected to the same regulations as simple colloids
[6,8].

In aqueous suspensions the surface of cells and
particles of disperse silica are strongly hydrated, that
is on the surface there is a layer of bound water, the
width of which can make several molecular
diameters. To accomplish the contact of a cell with
the surface hydrate membrane both of cells and solid
particles must be deformed in such a way to remove
a part of bound water out of cell-particle clearance.

Parameters of interaction can be calculated on
the base of recording the changes in characteristics
of the layers of bound water when varying the
concentration of cells or solid particles. In the papers
[4,9,10] there was a detailed description of the
method of determining the characteristics of the
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gactun. B [4, 9, 10] moagpo6HO ommcaH MeTON
OTIpENIEIIeHNS XapaKTEPUCTHK CIIOEB CBSI3aHHOM BOIHI,
Mex(a3HBIX IHEPTUH W CHJI aATe3WH B BOIHBIX
CYCIEH3UAX OUCIEPCHBIX YacCTHUI, OCHOBAaHHBIM Ha
HM3MEpPEHUH TEMIIEpaTypHBIX 3aBUCUMOCTEN CHUTHalIa
'H SIMP He3amep3aroriieil BOAbI B 3aMOPOKEHHBIX
CYCIIEH3USX.

Lenp HacTOsIIEH pabOTHI - U3yYEHUE MTPOLIECCOB
THApaTalliy U PerupaTanii, KOTOpbIe MPOUCXOIAT
B 3aMOPOYKEHHBIX BOJHBIX CYCIIEH3USX JKUBBIX KIIETOK,
cofiepKamux 100aBKH JUCTIEPCHOTO KpeMHe3eMa, U
W3MEHEHUH B BEJIMYMHE MeK(Da3HOW dHEPTrUU MpH
B3aUMOJIEHCTBUU KJIETOK C BBICOKOAMCIIEPCHBIM
KPEMHE3EMOM.

Tax xak MHOTHE KJIETKH B MPOLECCE 3aMOPAKH-
BaHU-OTTAaUBAHUS IOTHOAIOT [ 5], VTS SKCIIEPUMEHTOB
WCIIOJIB30BAIM KYIBTYPY Apoxiked Saccharomyces
cerevisiae, KIIETKH KOTOPBIX 00JaJal0T BHICOKOH
KpHOYCTOMYHMBOCTHIO. Busyanusanuro KIeToK ocCy-
LIECTBIISUIA C MOMOIIBIO ONTUYECKOTO0 MHUKPOCKOMA
“Muxmen-1" ¢ oobexTuBOM 40X U OoKymspoM 15x%.
Pa3smep kieTok ompenensuii OKyJISpHBIM MHUKDPO-
METPOM C TOYHOCTHIO 0,85 MKM.

BonbmmHCTBO KIIeTOK UMenH (hopMy, OIU3KYIO K
chepudeckoit. X cpenHuit 1uamMerp coCTaBisul ~ 5
MKM. He3HaunTenpHOE KONMMYECTBO KIETOK MMENH
YETKO BBIPAKECHHYIO JJUIUIICOMAAIBHYIO GOpMy C
COOTHOIICHHEM AuaMeTpoB ~ 7:9. llutoxumuueckoe
OTIpeJiesIeHNE KHU3HECTIOCOOHOCTH IPOXOKEH MPOBO-
aunu no metonuke [7]. [lokaszaTens Ku3zHecHo-
COOHOCTH TOBApHBIX APOXIKEH MPU KOMHATHOU
temneparype npudnmxkaincs k 100%. [Tocne 3amopa-
’KUBAHUSI C TIOMOIIBIO KUAKOTO a30Ta, BBIACPKKU B
tederne 10 mun pu remneparype 77 K u nmociemnyro-
IIeT0 OTTAaWBAHUS APOXKIKU COXPAHSIIN BBICOKUU
[M0Ka3aTeNb KU3HECITOCOOHOCTH, COCTABIAIOUINN
~90%. Ilpu 3amMoOpa)kMBaHUHU-OTTAUBAHUU BOJTHBIX
CYCIIEH3UW APOXKIKEH Mmokazarelib UX >KU3HECIO-
coOHocTH cHMXaica 1o ~ 70%.

KoHuenTpanuio K1eTok B CyCeH3UU ONPEAeIsin
¢ moMoibio kamepsl [opsieBa. YaenpHas MOBEPXHOCTb
TOBapHBIX ITEKAPCKUX APOROKEH cocrapisiia ~ 1 M2 /T.

Cuexrpsl AMP caumanuce Ha IMP ciektpomeTtpe
BbIcoKoro paspewenus Bruker WP-100 SY ¢ paboueii
yactoTtoi 100 MI't u monoco# nponyckanus 50 kI 'm.
Temmneparypa B JaTYMKE peryaupoBajach TEPMO-
npucraBkoi Bruker VT-1000 ¢ TouHocThIO =1 Tpaj.
WHTEeHCHBHOCTH CUTHAIIOB OMPEAEIISUTH JIEKTPOHHBIM
nHTErparopoM ¢ TouyHocThio +£10 %. Jlnsa mpenot-
BpAIllEHHs TTEPEOXJIAKIECHNUS CYCIIEH3UH KOHIIECH-
TPalMI0 HEe3aMep3allleil BOAbl U3MEPSIU NpPHU
HarpeBaHUU CYCIIEH3UH, IPEeIBAPUTEIbHO OXIaXKICH-
HBIX A0 Temneparyps 210 K.

VYcnoBueMm 3amep3aHus BOAbl Ha MexX(a3zHOU
rpaHuIle acopOeHT(KIIeTKa )/Boia SBISIETCS PABEHCTBO
CBOOOIHBIX SHEPIHI MOJIEKYJ aJCOPOMPOBAHHON BOJIBI
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layers of bound water, inter-phase energies and the
adhesion in aqueous suspensions of disperse
particles, based on the measurement of temperature
dependencies of '"H NMR signal of non-freezing
water in frozen suspensions.

The aim of present work was to study the
processes of hydration and re-hydration, occurring
in frozen aqueous suspensions of alive cells,
containing the additives of disperse silica, and
changes in the value of inter-phase energy under
cellular interaction with highly disperse silica.

Because of the fact that many cells in the process
of freeze-thawing die [5] for the experiments we used
the yeast culture Saccharomyces cerevisiae, the cells
of which possess a high cryoresistance. Cell
visualisation was performed with optic microscope
“Micmed-1" with 40x object-glass and 15x eye-
piece. Cell size was determined with ocular
micrometer with an accuracy of 0,85 mem.

The majority of cells had the shape, close to
spherical. Their average diameter made ~5 mcm.
Insignificant number of cells had distinctly
manifested ellipsoid shape with the ratio of
diameters ~7:9. Cytochemical determination of yeast
viability was conducted according to the methods
[7].

The viability index of marketable yeast at room
temperature approached 100%. After freezing using
liquid nitrogen, maintenance during 10 min at the
temperature of 77 K and following thawing the yeast
kept a high index of viability, making ~90%. During
freeze-thawing of yeast aqueous suspensions their
viability index reduced down to ~70%.

Cell concentration in suspension was found with
Goryaev’s chamber. Specific surface of marketable
baker’s yeast made ~ 1 m?/g.

NMR spectra were recorded with NMR spectro-
meter of high resolution (Bruker WP-100 S) with
operating frequency of 100 mHz and bandwidth of
50 kHz. Temperature in the gauge was regulated with
thermodevice (Bruker VT-1000) with the accuracy
of £1 grad. The intensity of signals was determined
with electron integrator with the accuracy of +10%.
To prevent the suspensions against overcooling the
concentration of non-freezing water was measured
when heating the suspensions, preliminarily cooled
down to the temperature of 210 K.

The condition of water freezing at adsorbent
(cell)/water interphase boundary is the equality
of free energies of molecules of adsorbed water
and ice. In this case the reduction of freezing
temperature for adsorbed water (273-T) is
determined by the decrease in a free energy of
water, caused by adsorptional interactions
(AG=G, -G, where G, - free energy of ice at
T=273 K) [10]. Since an ice free energy with a
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u 1p1a. [Ipu 3TOM IOHIKEeHNe TeMIIepaTyphl 3aMep3a-
HUS aacopoupoBanHoil Boasl (273 - T) onpenensercs
yMeHbLIEHHEM CBOOOIHON SHEPTUH BOJIbI, BHI3BAHHBIM
aacopOrmonHeiMu B3aumogaeticteusamu (AG = Go - G,
rae Go - cBobonHas sHeprus apaa npu T = 273 K)
[10]. [TockonbKy cBOOOIHAS SHEPT U JIbJA C TIOHUKE-
HHUEM TEeMIIepaTypbl U3MEHSAETCS IO JIMHEHHOMY
3aKOHY, TO
AG=0,036(273-T). €))

Inomaas noa KpuBoi AG(CH O) OIpeeIsieT BeTUYu-
HY MeX(a3HOI SHEeprin KOJUTOMTHBIX YACTHI] (Yy):

CHZOmaX
Y= K J’AGdCHzo, 2)
0
e C, o~ KOHIIEHTPAIHMs HE3aMeP3atoIiei BOIbI
mpu T 5 273 K.

MexdaszHas dHeprus onpejessieT CyMMapHoe
MOHM)KEHHE CBOOOAHON IHEPTrHUU KOJIOUAHOMU
CHCTEMBI, 00yCIIOBIEHHOE MPUCYTCTBHEM TPAHULIBI
pasnena das. [1o 3aBucumocTsm AG(ano) MOTYT OBIThH
paccuuTaHbl TaKKe MapameTphl CIIOEB CHUIbHO- U
cnabocBsizanHoi Bonbl. Ilpu 3ToM mox ciabo-
CBSI3aHHOU BOZION IIOHUMAIOT TY YacTh He3aMep3atoILen
BOJIbI, CBOOOJIHASI DHEPTHSI KOTOPOH JUIIL HEMHOTO
MOHMKEHA aJICOPOIIMOHHBIMU B3aUMOJICHCTBUSMH C
MTOBEPXHOCTHIO a1cOpOeHTOB Mtk OromonumepoB. Ona
3aMep3aeT npu Temmeparype oxoio 273 K.
CunbHOCBSI3aHHAS BOJIa MOKET HE 3aMep3aTh J1axe IMpu
cuibHOM oxyaxaeHun cycnensuu [10]. Komu-
YeCTBEHHBIC 3HAYCHUS! TOJIIMHBI CIIOEB KXKJOT0 THTIA
Boapl (C,, J‘u CH20W JUISL CHUIBHO- ¥ CJTA00CBSI3aHHOM
BOJIbI COOTBETCTBEHHO) M MAaKCUMAaJIbHBIE BEJIMYUHBI
MOHMXEHUSI CBOOOTHON YHEPTUU BOJBI, BEI3BAHHOTO
apcopbuueit (AG* u AGY), MOTYT OBITH MOJyYEHBI
KCTPAMONSANUEH COOTBETCTBYIOIIUX YYaCTKOB
3aBHCUMOCTEH K OCsiM abcIyce U OpauHaT.

Crnenyetr OTMETHUTh, YTO B 3aMOPOIKEHHBIX
KIIETOY-HBIX CYCIICH3USX, B OTIMYUE OT CYCIEH3Ui
JIUC-TIEPCHBIX aJICOPOCHTOB W OMOTIOIMMEPOB, YaCTh
BHYTPHKJIETOYHOW BOZBI ABIISETCS HE3aMmep3aromen
n3-3a KOHIIEHTPHUPOBAaHHSA pacTBOpa HHU3KO-
MOJIEKYJISIPHBIX BEUIECTB, KOTOPBIE TPUCYTCTBYIOT BO
BHYTPHUKJIETOUHOHN KUIKOCTH. DKCIEPUMEHTAIBHO
paszenuTh 00a BUAA HE3aMep3aroleil BOABI TSKETO,
MMOATOMY pacCUMTaHHAs Mo Qopmyne (2) BeIuYnHA
Mex(a3sHoi dHeprun OylIeT Comep:KaTb HEKOTOPBIH
BKJaJ OT M3MEHEHHsS CBOOOIHOH SHEPrUU BOJHI,
00yCIIOBJIEHHBII IPHCYTCTBHEM BO BHY TPHKIIETOYHOM
KHUJIKOCTH HU3KOMOJIEKYJISPHBIX BellecTB. MOXHO
0KHJaTh, 9T0 Ha 3aBucumoctu AG(C, ) Taxas
“oGBeMHas’ He3aMeP3aIoLIas BOJa OY/IET POSIBIATHCS
MIPENMYIIECTBEHHO Ha Y4acTKe, OTBEYAIOIIEM CI1a00-
CBS3aHHOU BOJE.

Ha puc. 1 npencrasneHsl 3aBUCUMOCTH KOHIIEH-
TpaLuHy He3aMep3arolleil BOAsl OT TeMIepaTypbl H
paccuuTaHHBIE HA UX OCHOBE B COOTBETCTBHUU C
MPOBJIEMbI

KPUOBUOJIOrUMU
2002, N2 3

decrease in temperature changes according to linear
law, then

G =0.036 (273-T) (D
The area under the curve AG(C, ) determines the
value of interphase energy of colf01d particles (Y)):

CHzomax

¥s= K [AGdC,,,. (2)
0

HyO

where C; ™ - concentration of non-freezing water
2

at T -273 K.

Interphase energy determines a total reduction in
free energy of colloid system, stipulated with the
presence of the boundary of phases. Using the
A(C, ) dependencies one can calculate also the
parameters of the layers of strongly and weakly
bound water. In this case weakly bound water means
that the part of non-freezing water, free energy of
which is only slightly reduced by adsorptional
interactions with the surface of adsorbents or
biopolymers. It freezes at the temperature about
273 K. Strongly bound water can not be frozen even
at sharp cooling of suspension [10]. Quantitative
values of the width of the layers of each type of water
CHzos and CHZOW for strongly and weakly bound water
enérgy, caused by adsorption (AG* and A GY), can
be obtained by extrapolation of corresponding sites
of dependencies to the axes of abscises and ordinates.

It should be noted that in frozen cellular
suspensions in contrast to the suspensions of disperse
adsorbents and biopolymers, the part of intracellular
water is non-freezing due to the concentrating of the
solution of low molecular substances, presenting in
intracellular liquid. Experimentally it is very difficult
to divide both types of non-freezing water, so the
calculated on the formula (2) value of interphase
energy will contain some contribution due to the
change in water free energy, stipulated by the
presence in intracellular liquid of low molecular
substances. It could be expected that on the
dependence AG(CH ;) such a “volumetric” non-
freezing water will manifest predominantly on the
site, related to weakly bound water.

In Fig. 1 we presented the dependence of the
concentration of non-freezing water on the
temperature and the calculated on their base
according to the formula (1) dependence of the
change in free energy on the concentration of yeast
(Cyeasl) within the range of 0< C 2 <25% (w/w) and
constant concentration of s1llca 1n the suspension
(CSi02 5% (w/w)). Characteristics of the layers of
bound water are presented in Table 1.

Since the accuracy of temperature measurement
and consequently the AG value are high, the error in
determining the value of interphase energy depends
mainly on the accuracy of measurement of the
concentration of non-freezing water, i.e. actually it
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dopmynoit (1) 3aBUCUMOCTH H3MEHEHHS Tabauna 1. XapakTepuCTUKH CIOEB CBA3aHHOW BOJBI B BOJHBIX
cBOGOMHOM SHEPrMH OT KOHUEHTpamuu CYCHCH3MIX NMeKapekux IpOXOKeH, comepkamux 5 % macc
He3aMep3aoliell BOBI [IPH BAPBUPOBAHAH b (aspoci A-480)

P3aIotil A N pC PBHP Table 1. Characteristics of the layers of bound water in aqueous
KOHI[eHTparmu aposxokeit (Cy,) B AUAMAZOHE  golutions of baker’s yeast, containing 5% (w/w) of silica (aerosil
0<Cyp <25 % macc M MOCTOSAHHOH  A-480)

KOHICHTpAallUU KPEMHC3€Ma B CYCIICH3UUN

(C..,=5% macc). XapaKkTepUCTHKH CIIOECB . | .ae, | AG, S iaa Niaa .
SiO2 o N, %1 afin | éAse/1 760 | éAsel/1 16l VoA &
CBSI3aHHOU BOJIBI MIPHUBENIECHBI B Ta0M. 1. C, ooy ¥mass kAJ%,I kAJ(/Si% G, mig | Gy mug| Ve dO
[TocKkoIbKY TOYHOCTH U3MEPEHHUS TEMIIE-
parypsel, a CJICA0BATCIIbHO, N1 BEJIMYUHBI AG 0 375 04 420 930 78
BBICOKA, MOTPEIIHOCTh OMpPEACICHUS BEJIU-
YUHB MeX(pa3HOW dHEPTrHU 3aBUCUT B 1 42 06 400 1100 83
OCHOBHOM OT TOYHOCTH M3MEPECHHMSI KOHIICH-
N 2 27 06 250 850 61
Tpaluu He3aMep3awileid BOIBI, T.C.
(hakTHUECKU OMpeAeNsieTCS TOYHOCTHIO 3 325 0,55 400 900 72
WHTETPUPOBAHUs CIEKTPOB. Eciu nHTEH-
CHUBHOCThH CUTHaJIa, BEIOPAHHOTO B KAUECTBE 6 26 0.75 400 900 72
CTaHNAPTHOTO, MPHUHATH 32 €JUHU TO
ap » 1P A Yy 125 35 1,2 440 560 55
00BIYHO ymaeTcss 00eCreYynuTh U3MEPEHUE
CUTHaJIa MHTEHCUBHOCTHIO 0,1 ¢ TOYHOCTEIO 25 28 06 550 550 61

+10%. B pabote kak craHmapTHas BHIOHMpa-
JJaCb MHTCHCHUBHOCTH CHI'HaAJIa BOAbI OT
KJIETOYHOM CycneHsuu 10 ee 3amopaxkusanus (I _,.).  is determined by the accuracy of spectra integration.
Torna ommubOka B ompeneieHun BenuuuHbsl 1o  If the intensity of signal chosen as a standard, to
dhopmyiie assume as “1”, then usually one can manage to
3C. )=1_ /1% (3) provide the signal measurement of the intensity of
oo T 0.1 with the accuracy = 10%. In the work as a

a ormoOKa U3MepeHus MeK(pazHOU PHEPTUH : y = 0. _ _
standard one we have chosen the signal intensity of
Oy, = ZAGi 5(CH20)p “4) water from cellular suspension before its freezing

(I,_,..). Then the error in determining the C, _ value
Ie CyMMHPOBAHUE IIPOBOAMUTCA IIO0 BCEM JKCIEPHU- T=275 . H,0

can be estimated on the formula:
MEHTaNbHBIM ToukaMm. OIeHKa, BBIMOJHEHHAS MO 5 .
¢dopmyne (4), MOKa3bIBaeT, YTO MOTPEIIHOCThH B (€ / 1%, 3)
omnpezaeiaeHnu MexdasHoit sHepruu He npesbimana  and the error of measurement of interphase energy
15%.

H20) - IT:275

3,0
1000+
_‘_ 00
900+ —:— 0% fip, yeast 2,51 —A—(1) :;o EE: 5222}
800] ~A~ 1 %, yeas . 32 0p east
DY yeast 3 2,0 —+—5 % [IP, yoast
700 | S3Ca o M e 2 XD 12 % AP yeast
L0 —X—12 % [p, yeast % 2 il
=% 600- —%— 25 % [1p, yeast S d 1,51
= £ 500 - T
5 2 Qo 10
2 I 400 >
ONS) @)
3001 0.51
2001
0,0
100
. 190 200 210 220 230 240 250 260 270 . 5 0 200 400 600 800 1000
T (K) CiooMr/T C o, mg/g

Puc. 1. 3aBUCHMOCTD KOHIICHTPAIlMH HE3aMep3arolleld BOIBI OT TEMIEPAaTyphl IJIs BOJHBIX CYCIICH3UH IPOXKKEH,
cofiepkanux 5 % mMacc IUCIepcHOro KpeMHe3ema (@), ¥ MoCTPOCHHBIE HAa UX OCHOBE 3aBUCUMOCTH U3MEHEHUS CBOOOTHON
SHEPTUU OT KOHIICHTPAIMU He3aMep3arolieii BojbI (0).

Fig. 1. Dependency of concentration of non-freezing water on the temperature for aqueous suspensions of yeast, containing
5% (w/w) of disperse silica (a), and built on their basis the dependencies of the change in free energy on the concentration
of non-freezing water (b).
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Ecnmu npu HekoTopol (UKCHPOBAaHHOHN TeMIepa-
type (T < 273 K) xoHIEHTpalus He3aMep3arolen
BOJBI B BOJHOM CYCIIEH3MH KpPEMHE3EMa COCTaBIIsLIa
CH o292, a KOHIIEHTpalus He3amep3arolieil Bobl,
00y CIOBIICHHAs KIETKAMH posiokeii C S m%*CEP/ 100,
TO U3MEHEHUE KOHIIEHTPALH He3aMep3aroruer/r BOJIBI,
CBSI3aHHOE€ € TMPUCYTCTBUEM KpEMHE3eMa,
OIIPENIEISAETCS COOTHOIEHUEM:

AC, ;=Cyy o~ Cyy (502 €, J15C, /100 (5)

3asucumoctu AC, (T) u AC,, (C ﬂp) MIPUBEIEHBI
Hapuc.2,au b coorBeTcheHHo 3 pucC. 2 CIeayerT,
YTO 3TH 3aBUCUMOCTH HE SIBJISIFOTCS MOHOTOHHBIMH,
XOTSI B LIEJIOM MPUCYTCTBHE B KJIETOYHOM CyCIEH3UU
KpeMHe3eMa IPUBEJIO K YMEHBIICHNIO KOHIIEHTPaIiy
He3aMep3arolIei BOIbI B cucTeMe. B o6macTi HU3KUX
TeMIIepaTyp C POCTOM KOHIIEHTPAIUH KJIETOK U
MOBBIIIIEHUEM TEMITEPATYPBhI CYIIECTBYET TCHICHIIHSI
ymenbienns senuaunbl AC, . Hanbonbias nerua-
paramus 00pa3inoB Ha6nrorlaerc;r pu C =2 % macc
uC, = 25 % macc. Ilpu T 273 K nns Beex
U3Y4YEHHBIX 00pa3loB UMeEeTCs TEeHICHIHUs pocTa
BEJIMYMHBI ACH o> TIpUYEM Uit 00pasioB, coxep-
kamux 1 u 6 % Macc KJIeTOYHOI MAaccCHI, AC
CTAHOBHTCS MTOJIOKUTEIBHOM.

Kak cnenyer I/I3 nauHbIX Tabn. 1, ¢ pocrom C,
senuunnHa C, °BHavame yMeHbIIAeTCd, a 3aTeM
BO3pacTaer HpI/IMepHO B 1,5 pa3a oTHOCHUTENBHO
NnepBOHAYAILHONH BEIUYUHBI, KOTOPOH CIYXKHUT
CYCIIEH3HS KpEeMHEe3eMa MPHU OTCYTCTBHH JIPOXIKEH.
KonuenTpamust crabocsssanHoi Bozsl ¢ poctom C
or 0 mo 25 % wmacc yMeHbLIaeTCs BIBOE.
KonnenTtpanus o00ux THIOB CBSI3aHHOW BOJBI
cosnazaer npu C, =25 % macc. Ecin He npuHuMaTh
BO BHHUMAHHE CKayKOOOpPa3HOTO MOHMKEHUSA
BCITMYHHBI Y, TIPH Cﬂp = 2 % macc, Ha OCHOBaHHUU

250 —0—1 % [p, yeast
—A—2 % [p, yeast
- —V¥—3 % [p, yeast
200 ——6 % [p, yeast
- —+—12 % [p, yeast
150 —X—25 % [p, yeast
100+
on
=~
T~ &an 50_
5 g
55 O
T
QEQ -5041
4
-100+
-150
-200
190 200 210 220 230 240 250 260 270
a T (K) a

3y, = 2865, ), (4)

where the summing is accomplished for all experimental
points. The evaluation, made on the formula (4), shows
that the error in determining interphase energy did not
exceed 15%.

If at certain fixed temperature (T<273K) the
concentration of non-freezing water in aqueous
suspension of silica C 05i02 and the concentration of
non-freezing water *stipulated by yeast cells
CH JJestoexC /100 then the change in concentration
of fion- freezrng water connected to silica presence is
determined by the ratio:

ACH20=CH20- €y o502 €y 757 10HC, /100 (5)
o(T) and AC, (Cyem) dependencies are
presented inFig.2a andtz) correspondingly. The Figure
2 shows that these dependencies are not monotonous,
although in a whole the silica presence in cellular
suspension resulted in a reduction of concentration of
non-freezing water in the system. In the range of low
temperatures with the rise in concentration of cells and
temperature increase there is a tendency to the decrease
inthe AC,, value. The highest dehydration of samples
is observed at Cy = 2% (w/w) and C =25% (Wiw).
AtT - 273 K for all studied samples there is a tendency
of the growth of the Avalue, in addition for the samples,
containing 1 and 6% of cellular mass, ACH o gets
positive.

As the Table 1 data show, with the growth of Creat
the value C, ®° firstly reduces and then increases
approxrmately in 1.5 times in respect of initial value,
which is the suspension of silica at the absence of yeast.
The concentration of weakly bound water with the
growth of C . from 0 to0 25% (w/w) decreases twice.
The concentration of both types of bound water

—e— 210K
—A— 220K
—v— 230K
—e— 240K
—+— 245K
—x—250 K
—X—255 K
———260 K
o & & —1— 265K

0 5 10 15 20 25

6 Cpr % Mace; Cyeggss % (W/W)

Puc. 2. Biustane TeMneparypsl (2) ¥ KOHIEHTPALUH KJICTOYHOW Macchl (0) Ha THApaTannio BOAHBIX CyCIICH3UH IPOXOKEH,

cofepxkamux 5 % macc SiOz.

Fig. 2. Effect of temperature (a) and concentration (b) on hydration of aqueous suspensions of yeast, containing 5% (w/w)

of SiO,.
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3aBUCUMOCTH yS(CHP) MOXHO 3aKJIYUTh, YTO
BeIMYMHA Mex(asHoil suepruu ¢ poctom C
YMeHbIIIaeTcst B TOM ciy4ae, ecimu C, < 10 % macc,
a IaNbHEHIINIA POCT KOHLEHTPALUH KJIETOK HE PHBO-
JUT K CYIIECTBEHHOMY H3MEHEHHIO BEIMYMHBI Y,
MOJTY4EHHON HaMH.

Uto0Ob! onpeieNuThb, Kak MOBEPXHOCTb KPEMHE3eMa
BIMSIET HA BENWYMHY MeX(a3HOW SHEPrUH KIETKa-
BOJHAs Cpeaa, MOXXHO CPaBHUTH JAHHBIE, IIPUBE-
JICHHBIE B TA0JI. 1, C COOTBETCTBYIOIIEH 3aBUCUMOCTHIO
JUIsl OMHApHOM KJIETOYHO# cycmeH3uu (puc. 3, a).
Pasnuuus B BenMYMHAX Y, NIPH (QUKCH-POBAHHOM
KOHIIEHTPAlUNU KIETOYHOW MAacchl B CyCII€H3UU
OTIPEAENAIOT H3MEeHEHUEe CBOOOMHOW IHEPTUH B
pe3ylibTare B3aMMOAEHCTBHSI KIETKa-MOBEPXHOCTD
(puc 3, 0). Kak cnemyer u3 npuBeIECHHBIX NaHHBIX,
NPUCYTCTBUE KpPEMHE3eMa pPE3KO YMEHBIIAET
Mex(pa3HyI0 SHEPrui0 Ha TpaHulLe paszaena ¢as
KJIETKa-BOJa. DTO CBUAETEIbCTBYET 00 HHTEHCHBHOM
CBS3BIBAHMU KJIETOK C MOBEPXHOCTBIO KPEMHE3EMa.
Oco0OenHo 0onbIIOE pa3aUYue B BEIMYMHAX Y
OMHAPHBIX M TPOMHBIX CyCHeH3UI HaOII0qaeTcs npu
MaJbIX KOHIEHTPAINAX KJIETOYHON MacChl. Y 4acTOK
saBucumocTn Yy(C, ;) ciesa oT usnoma (puc. 3, a)
OTBeYaeT c1aboMy MEKKIETOYHOMY B3aUMOZIECHCTBHIO
(reneoOpazHoii (haswl He oOpasyercs). [IpucyrcTue B
CYCII€H3UHU YacTHUL AUCIEPCHOrO0 KpeMHe3eMa
HPUBOIUT K yMEHBIICHHIO BETUIUHBI Y, Ha 130 JDx/T.
Torma sTa BennumHa ONpeAeNseT MaKCUMAaJIbHYIO
SHEPTHUI0 B3aUMOAEHCTBUA KIETOK C MOBEPXHOCTHIO
KpeMHe3eMa.

[Ipn Oonpmux KOHUEHTpauusAx, Omaromaps
CHJIbHBIM MEKKJIETOUHBIM B3aUMOEHCTBHAM, KIIETOY-
Has cycleH3us oOpasyer rejaeoOpasHym (da3y.

240+
220+
200
180
; 160+

= \.\ -/\

100+

Ys, JIx/T
Ys, Vg

80 T T T T T
0 20 40 60 80 100

a a

Crp, % Macc; Cyeast, Y0 (W/W)

coincides at C s = 25% (w/w). If do not take in
account an abrupt decrease in the y value at
Cyem—2% (w/w), on the base of the VY. (Cymt)
dependence we can conclude that the value of
interphase energy with the growth in C _ reduces,
if C S10% (w/w), and further growth of cell
Concentratlon does not result in a significant change
in the y_ value.

In order to determine how the surface of silica affects
the value of the cell-aqueous medium interphase energy,
one can compare the data, presented in the Table 1
with the corresponding dependence for binary cellular
suspension, mentioned in the paper [9] (Fig. 3, a). The
differences in y, values under fixed concentration of
cellular mass in the suspension determine the change
in free energy in the result of the cell-surface interaction
(Fig. 3, b). As the mentioned data demonstrate the
presence of silica sharply decreases interphase energy
at the boundary of cell-water phase. This testifies to
an intensive binding of cells with silica surface.
Especially big difference is observed in the y, values of
binary and triple suspensions under low concentrations
of cellular mass. The site of y(C ) to the left from
the break (Fig. 3 a) corresponds toa weak intercellular
interaction (gel-like phase does not form). The presence
of the particles of disperse silica in suspension results
in the decrease in Y, value by 130 J/g. Then this value
determines a maximum energy of cell interaction with
silica surface.

Under high concentration due to strong intercellular
interactions, cellular suspension forms gel-like phase.
The introduction into such a suspension of 5% mass
disperse silica results only in a slight change in
interphase energy. Probably within this concentration

140

60- / \

40

0 EI'>10 15 20 25 30 35 40
Crp, % Macc; Cyeast, Y0 (W/W)

0 b

Puc. 3. BimsiHue KOHIIEHTPAINH KJICTOYHOM MacChl B CYCIICH3MU Ha MeX(a3HyI0 3HEPTHIO B CHCTEME, COZIEpXKaIIel BOLY
¥ KJIETOYHYIO Maccy (), a Takke Ha M3MEHEHUE CBOOOAHOM SHEepruu, 00yCIOBIEHHOE IPUCYTCTBHEM BEICOKOIMCIIEPCHOTO
SiO, (6) s cycnensnid, coxepkamux 5 % Macc KpeMHE3EMa.

Fig. 3. Effect of concentration of cellular mass in suspension on inter-phase energy in the system, containing water and
cellular mass (a) as well as on the change of free energy, stipulated by the presence of highly disperse SiO, (b) for the
suspensions, containing 5% (w/w) of SiO,.
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BBenenune B Takylo cycmeHsmo 5 % wMacc
OUCTIEPCHOTO KpEeMHe3eMa NPHUBOIUT JHIIb K
HE3HAYUTEIHHOMY U3MEHEHHIO MEK(a3HON SIHEPTUH.
[To-BuauMoMy, B 3TOM KOHLIEHTPAIL[HIOHHOM UHTEpPBAJIe
O0onpmias 4acTh KJIETOK MPUHUMAET ydyacTHE B
00pa3oBaHMU CBA3EH KIIETKA-KJIETKAa U HE y4acTBYET
B ()OPMHUPOBAHNH KOMIIEKCOB KJIETKA-TIOBEPXHOCTb.
HaunGonee BeposiTHO, 4TO M37IOM Ha 3aBUCUMOCTH
Ys(Cyp) mpu C,=2 % mMacc B TPOIHBIX CYCIICH3HSX
(Tabm. 1), xak 1 B OMHApHBIX cycreH3uax(puc. 3, a),
o0ycnoBieH (a3zoBBIM TEPEX0J0M, KOTOPBIN
MPOUCXOJUT B KIETOYHOW CYCIEH3UH C POCTOM
KOHIIEHTpAaIUH.

Hnsa 6onee monpoOHOTO W3YyUEHHS IMPOIIECCOB
B3alMOJEHCTBUSA KpEMHE3EMA C KOHLIEHTPUPOBAaHHON
KJIETOYHOM CycCHeH3Mell HaMM HCCIelO0BalluCh
M3MEHEHHUS XapaKTEPUCTHK CIIOEB CBSI3aHHOU BOJIBI B
TPOMHBIX CHUCTEMaX, COAEepKAUINX (PUKCUPOBAHHYIO
KOHIICHTPAIHIO KIIeTOUHOH Macchl (C = 12,5% macc),
u Bappupyemoi B auanaszone 0 + 5 % macc KoHIIEH-
Tpauuei kpemHesema. Ha puc. 4 mpusenens! rpaduku
3aBHCUMOCTH M3MEHEHHsSI CBOOOTHOW 3HEPTHH OT
KOHIIGHTpAIH He3aMep3aloiei BOABI U PacCUNTaH-
Hass Ha MX OCHOBE 3aBHCHMOCTHh H3MEHEHHS
Mex(pasHoH sHeprum OT KOHueHTpauuu SiO, B
CyCIIeH3UH. XapaKTePHUCTUKHU CJIOEB CBSI3aHHOU BOIBI
CYMMHPOBaHBI B Ta0m. 2.

W3 npuBeneHHBIX pe3yibTaTOB BUAHO, YTO C
pocrom C,, MeK(asHasi SHEPIHsi MOHOTOHHO YMCHB-
maetrcs, ecnu C<1% wmacc. [Ipu nansHeimem
KOHIICHTPUPOBAHUH CYCIICH3UH BEIIMYUHA Y OCTAETCSI
TIOCTOSHHOM B IMPOKOM JHara3oHe usMeHenns Cg, .
B ominume oT naHHBIX, IPUBENEHHBIX Ha pHUC 3, a,
yMeHbIIeHne Mex(a3HOi dHepTHH 00yCIOBIECHO

2,5
e —0—0 % SiO;
’0 \ —A—0.25% SO
2 01 —v—0.5 % SiO
5 MR —6—19%Si0,
== \‘& \ —+—25% Si0,
5 U
) L? RN
Lo RN
S AN
NN SN
0,51 * ».
\0\+\A\
o+ A e
0,0 T ' ' : ;
0 500 1000 1500 2000 2500
a Cu,0, Mr/r; CH,0, mg/g a

interval big part of the cells participates in the formation
of the cell-cell bonds and do not participate in the
formation of the cell-surface complexes. The break on
the y(C) dependence at C = 2% (w/w) in triple
suspensions (Table 1) and in binary suspensions as well
(Fig. 3 a) is rather stipulated with a phase transition,
occurring in cellular suspension with the rise in
concentration.

For more detailed studying of the processes of silica
interaction with concentrated cellular suspension we
have investigated the changes in characteristics of the
layers of bound water in triple systems, containing fixed
concentration of cellular mass (Cyeast = 12.5%(w/w))
and being varied by silica concentration within the range
of 0+5% (w/w). Fig. 4 shows the diagrams of
dependencies of the change in free energy on the
concentration of non-freezing water and calculated on
their base the dependence of the change in interphase
energy on the concentration of SiO, in suspension. The
characteristics of layers of bound water were
summarised in the Table 2.

The mentioned results demonstrate that with the rise
in Cg,, interphase energy monotonously reduces if
C<1% (w/w). Under following concentrating of the
suspension the value y remains constant within a wide
range of CSiOz change. In contrast to the data presented
in Fig. 3 a, the decrease in interphase energy is
stipulated with the reduction of both weakly and
strongly bound water (Table 2).

Obtained results testify to the fact that silica is
capable to actively affect the phase state of
concentrated cellular suspensions. The dependence
in VS(CSiOZ) in Fig. 4, b can be explained from the
point of view of the formation in a triple system,

1407

1201

0 T T T T T
0 1 2 3 4 5 6

o Csio,, mg/g  Csio, , MI/T b

Puc. 4. 3aBucuMocTs U3MEHEHHS CBOOOIHOM SHEPTUH OT KOHIIEHTPAIMHU He3aMep3arolei BObI (a) M OCTPOCHHAs Ha ee
OCHOBE 3aBHCHMOCTb W3MEHEHHUsI MeK(a3HOW SHEPrHU OT KOHIEHTpalWu KpemHe3ema (0) IUisi BOAHBIX CYCIICH3UH,

cofepxkamux 12,5 % mMacc KI1eTo4YHOW Macchl.

Fig. 4. Dependence in the change of free energy on the concentration of non-freezing water (a) and building on its base
the dependence of the change in inter-phase energy on the concentration of silica (b) for aqueous suspensions, containing

12,5% (w/w) of cellular mass.
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YMEHBIIICHUEM KOHIICHTpAaIlMu Kak ciiabo-
CBSI3aHHOM, TaK W CHIHLHOCBSI3aHHOM BOJEI
(Tabm. 2).

[TonyueHHble pe3ynbTaThl CBUIETEIb-

Ta6auna 2. XapaKTepUCTHKH CIIOEB CBI3aHHON BOJIbI B KOJUIOMTHOM
CUCTEeMe, colepxallell nucrnepcHbll kpemHeseM u 12,5 % macc
JPOKKEBBIX KICTOK.

Table 2. Characteristics of the layers of bound water in colloid
system, containing disperse silica and 12,5% mass of yeast cell .

CTBYIKOT O TOM, YTO KpPEMHEC3CM crmocobeH

aKTUBHO BIHATH Ha (a30BOE COCTOSIHHE  Cgy,, % macc DG DG,  [C, S mr/r |C, ", mr/r

o kx/Monb | kw/mMonb gg, L/r
KOHIIEHTPUPOBAHHBIX KIIETOYHBIX CYCICH3UMH. ¢ % (wiw) EJG/:\h EJG/V'\VA Cootimalg (Copimala | o g
3aBUCUMOCTD yS(CSi()z) Ha puc. 4, 6 MOXHO
TPaKTOBATh C TOYKHU 3pPEHUS (OPMHUPOBAHHS B 425 07 500 2300 135
TPOWHOW cHCTEMe, CopeprKalleil 4acTHUIIBI
BBICOKOIMCTIEPCHOTO SiO2 U KJIETKH APOAOKEH 0.25 34 0.9 700 1500 91
HOBOTO (pa30BOT0 COCTOSIHHS, B KOTOPOM

05 375 09 600 1600 87

YacTUIBl KpEeMHE3eMa CIO0COOCTBYIOT
MEXKJIETOYHBIM B3aUMOAEHCTBHUAM. DTO 22 05 450 1250 53
COCTOSIHHE XapaKTepU3yeTCa COOTHOILIEHUEM
KoHIeHTpaui kiaetok u SiO, 12:1. I'mapa- 25 238 0.85 470 1030 60

THUPOBAHHOCTH KJIETOK JUIS HEro HabmoaaeTcs
B 2 pa3a MeHbIIas, 4eM B OuHapHOH cucteme. Poct
KOHIIEHTPAIlMH KPEeMHE3eMa CBBINIE CTEXHOMET-
PUYECKOTO COOTHONICHMS HE BIHUSET HAa COCTOSHHE
CYCIIEH3UU.
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containing the particles of highly disperse SiO, and
cells of yeast of new phase state, in which the
particles of silica contribute to intercellular
interactions.

This state is characterised with the 12:1 ratio of
cell concentrations and SiO,. Cell hydration rate for it
is observed as twice less when comparing with binary
system. The growth silica concentration higher than
stoichiometric ratio does not affect the suspension state.
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