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Phase Transitions at the Temperatures Below 0°C in Mixtures
of Cell Suspensions with Human Placental Extract Fractions

Meronom nuddepeHuanbHON CKaHUPYOLIeH KaIOPUMETPHH UCCiIeoBaHbl (ha30BbIe Mepexobl BO (PaKIHIX IKCTPAKTOB C
MOJIEKYJIsIpHOM Maccoi 110 5; 50—70 u 750 k/la, moy4eHHBIX U3 IUIALEHTHI YEI0BEKa, a TAKXKE B KJIETOYHBIX CYCIICH3USIX IPUTPOLIUTOB
U Apoxcokedt Saccharomyces cerevisiae ¢ nodasiaeHueM dpakuuii sxkctpaktoB Hivke 0°C. BrIsBICHBI 0011 3aKOHOMEPHOCTH BIMSHUSA
KJIETOK Ha HM3KOTeMIIepaTypHbIe (ha30BbIe MEPEX0/Ibl B Pa3IHYHbIX (Gpakuusax skcTpakToB. HabmonaeTcs CyliecTBeHHOE CHIDKCHUE
MHTCHCUBHOCTH ITMKA HHBEPCHU U MTMKa IJIaBJICHHS YBTEKTHKH, 00ycioBieHHoe npucyTcTBreM NaCl. YkazaHHble (akTOPbI CBS3aHbI C
U3MEHEHHEM MEXMOJICKYISIPHBIX B3aUMOJCHCTBUI B XHUIKOH (aze B pe3ynbTare KOHKYPEHLIUH MEXIY aKTHBHBIMH LIEHTPAaMH
OpraHMYEeCKHX MOJIEKYJI 32 IIPHCOCIMHEHNE MOJIEKYJT BOAbl. CHIDKEHHE HHTEHCHUBHOCTH HU3KOYHEPIeTHIECKOTO POLecca MHBEPCHH,
CBsI3aHHOE C KOH(POPMALTMOHHBIM H3MEHEHHEM MOJIEKYJT BO ()paKLMsIX B IPUCY TCTBUH KIIETOK, 00YCIIOBIICHO B3aUMOJICHCTBUEM MOJICKYII,
Y4YacTBYIOIIMX B IPOLIECCE NHBEPCHH, C KIIETKAMH.

Kniouesvie cnosa: ppaxkumu 3KCTPaKTOB IUIALICHTHI, (a30BbIe IIEPEXO/Ibl, KJICTOYHAS CYCIICH3Us, SPUTPOLUTHI, Saccharomyces
cerevisiae, DJBTEKTHKa, HHBepCHUs, AU hepeHIaIbHas CKAaHUPYIOLIast KaIOPUMETPHS.

Mertonom nudepeHuialbHOT CKaHy0401 KaJopuMeTpil Oyiu fociimkeHi ¢pazoBi nepexoan y Gppakiiisix eKCTPAKTIB 3 MOJICKYJISIPHOIO
Macoro 10 5; 50-70 1 750 x[{a, oTpuMaHuX 3 IUIALIEHTH JIOAWHH, 2 TAKOXK Y KIITHHHHUX CYCIICH315X EPUTPOLMTIB i ApLKIXKIB Saccharomyces
cerevisiae 3 ofaBaHHsIM (ppakiiil excTpaxTiB Hik4de 0°C. BusiBieHo 3araibHi 3aKOHOMIPHOCTI BIUIMBY KJIITHH Ha HU3bKOTEMIIEPATypHi
(a3oBi nepexoau y pizHUX (pakiisx ekcTpakTiB. CriocTepiracThes 3HaUHe 3HMKEHHsI IHTEHCUBHOCTI MiKa iHBEPCil i MiKa IU1aBIeHHs
eBTEKTHKH, 00ymoBieHe npucyTHicTio NaCl. Bka3zani ¢akropu mos's3aHi 31 3MiHOIO MDXMOJEKYJSIPHUX B3aeMoZiil y pinkii dasi
BHACJIIJJOK KOHKYPEHTHOT OOpOTHOM Mi’K aKTHBHHMH LIEHTpaMH OPTaHiYHMX MOJICKYJ] 3a HPHUEIHAHHS MOJEKYJ BOIU. SHUKEHHS
IHTEHCHBHOCTI HU3bKOCHEPreTHYHOIO MPOLIECy iHBEPCii, sIke MOB'sI3aHe 3 KOH(POpMaLifHUMH 3MiHAMH MOJIEKYIT y (paKLisiX y IPUCYTHOCTI
KJIITUH, 00yMOBJICHO B3aEMOJII€I0 MOJIEKYJI, sIKi OepyTh y4acTh y Ipoleci iHBepcCil, 3 KIITHHAMH.

Kniouosi cnosa: dpaxiiii ekcTpakTiB IIaneHTH, (pa3oBi nepexo/y, KIITHHHA CYCIIeH3is1, epUTPOLMTH, Saccharomyces cerevisiae,
eBTEKTHKa, iHBepCis, qudepeHiiaibpHa CKaHyo4Ya KaJIopUMeTpis.

Using differential scanning calorimetry the phase transitions at the temperatures below 0°C in fractions of extracts derived from
human placenta with molecular mass up to 5; 50-70 and 750 kDa, as well as in suspensions of red blood cells and the yeasts
Saccharomyces cerevisiae supplemented with the mentioned fractions of extracts were studied. General regularities of the influence
of cells on low-temperature phase transitions in the fractions of extracts were revealed. A significant reduction in the intensities of the
inversion peak and the eutectic melting peak was found likely due to the presence of NaCl. These phenomena are likely caused by the
changed intermolecular interactions in the liquid phase as a result of competition between active centers of organic molecules for
binding the water molecules. Reduced intensity of low-energy process of inversion, caused by conformational change in molecules of
the fractions in the presence of cells, result from interactions of molecules involved in the process of inversion with the cells.

Key words: placental extract fractions, phase transitions, cell suspension, erythrocytes, Saccharomyces cerevisiae, eutectics,
inversion, differential scanning calorimetry.

BonHo-coneBbie 3KCTPaKThI TUTALIEHTHI B TIOCTE -
HUE TOJIbI TPUBJIEKAI0OT BHUMaHNE UCCIeI0BaTeNeH 13-
3a BBICOKOTO CONEpKaHUsI OMONOTHYECKH aKTHBHBIX
BemecTB. biarogapst 3ToMy 3KCTpPaKThl TUTAIIEHTHI
YEeJI0BEKa MOTYT MPOSBIATH aHTHOKCHIAHTHYIO [9],
MIPOTHBOBOCTIAIUTEIHLHYIO [ 7] B TPOMOOIHTHIECKYTO
AKTUBHOCTH [8], a TaKXkKe ABIATHCS CTUMYIUPYIOIIUM
areHToM penapanuu Ouojorndeckux Tkanei [10]. B
paborte [2] moka3aHo, YTO 3KCTPAKTHI IUIALIEHTHI YeJI0-
BEKa CHI)KAIOT OCMOTHYECKYI0 XPYNKOCTb 3PUTPO-
LIMTOB U MOBBIIIAIOT UX YCTOWYMBOCTD K BO3JEHCTBUIO
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Recently the attention of researchers has been at-
tracted to placental aqueous-saline extracts due to a
high content of biologically active substances. Due to
these substances the human placental extracts can
manifest antioxidant [9], anti-inflammatory [7] and
thrombolytic activities [8], as well as serve as a stimu-
lating agent of reparation for biological tissues [10].
Pogozhikh D.N. et al. [2] found the ability of human
placental extracts to reduce osmotic fragility of eryth-
rocytes and increase their resistance to the effect of
NaCl hyperconcentration and low pH. These results
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runepkoHueHTpanuu NaCl u Huzkoro pH. Otu pesyins-
TaThI JAIOT OCHOBAHHE MOJIaraTh, YT0 OMOJIOTHYECKH
aKTUBHBIE BEIIECTBA YKCTPAKTOB IUIANEHTHI HEMOC-
PEICTBEHHO B3aMMOJICHCTBYIOT C MeMOpaHaMu Kiie-
TOK, IPYTUMH KJIETOYHBIMH CTPYKTYpaMH M CBS3bI-
BaroTCs ¢ HUMU. OHUM U3 cr1oc00OB MPOBEPKH AaH-
HOTO TPEJIONIOKEHUSI MOXKET OBITh HCCIEIOBAHHUE
(ha30BBIX TIEPEXOJIOB B BOJHO-COJIEBBIX IKCTpPAKTaX
IUTALIEHTHI, a TaKKE€ B CMECSAX CYCHEH3HMH KIIETOK C
9KCTPAKTaMU U UX QPaKUUAMHU MPH TeMIepaTypax
Hmxe 0°C. U3 anain3a xapakTepa nposiBieHus Gpa3o-
BBIX IIEPEXO/IOB MOXKET OBITh N3BJICUeHA HHPOPMAIIHS
0 MEXMOJICKYJSIPHBIX B3aUMOAEUCTBUIX B CHCTEME
1 00 00pa30BaHUN KOMIUIEKCOB MEXy KOMIIOHEHTAMH
cuctemsl [1].

Lenb paboThl — MeTOIOM MU hepeHIIHATBHOM CKa-
HUPYIOLIEH KAJIOPUMETPUH U3yUHUTh (Da30BbIE IIEpexo-
Ibl B CYCIICH3MAX KJIETOK SPUTPOLUTOB U Saccharo-
myces cerevisiae ¢ nob6aBneHreM (paKIHi SKCTPaK-
TOB TUIAIICHTHI ¢ MOJIEKYISIPHOUN Maccoi 1o 5; S0—70
n 750 x/la npu Temnepatype Hike 0°C.

Matepnanbl 1 meToAbI

BonHo-coneBbie 3KCTPaKThl BBIAETSUIA U3 TKaHU
IJTALEHTHI Y€JI0BEeKa [0 METOIUKE, ONMCAHHOH B [4],
TOCJIE TECTUPOBAHUS Ha HATMYUE BUPYCHBIX MH(PEKIHIA.
OKCTpakKThl B 3aBUCUMOCTH OT KOHEYHOH Temmepa-
TYPbI OXJaKICHUS OBIIN pa3zesieHbl Ha TPH TPYTIIbL:
[IEPBYIO U BTOPYIO OXJKAAIN 1O TeMieparypsl —20
1 —80°C COOTBETCTBEHHO, 3aTEM XPaHUIN UX B MOPO-
3WIBHBIX KaMepax B TE€YEHHE 2,5 MEeCAIEeB; TPETHIO
TPYHIy 3KCTPaKTOB oxiaxkaanu 10 —196°C B cocyne
C JKUJKHM a30TOM. DKCTPAaKThl pa3MOpa)XMBajlu B
BoasHOM Oane npu 20°C, 3aTeM pazaeisiid UX METO-
JIOM Tellb-XpoMaTorpaduu Ha KOJIOHKe 22X2 cM ¢ ce-
tdagexcom G-200. st kKanuOPOBKU KOJIOHKH HCTIONb-
30BaJIM TOIy0O0# AEKCTpaH C MOJIEKYISIPHOM Maccoi
2000000, raroko3ookcumasy (180 x/la), Obramid
CBIBOpPOTOUHBIN ansOymuH (64 x/la) u mutoxpom C
(12 x1a). [Tomyumnu Tpu TIA ppaKLnii C MOJIEKYJISIP-
Hoti Maccoit 5; 50—70 u 750 x1a. Kornenrpanuro Oenka
OTIPENICJISITN CIIEKTPOGOTOMETPUIECKUM METOIOM.

JloHOpCKYIO KpOBB Ha KOHCepBaHTe “Immrorurup”
HeHTpUyTupoBaiy B Tedenne 5 muH pu 800 g. Dpurt-
POLIUTAPHBII OCaIOK ABAX 1Bl OTMBIBAIN (PU3HOIOTU-
YeCKUM pacTBOpoM. [lonydeHHyI0 S3puTpOLUTaAPHYIO
Maccy CMEIMBAIH € (PPaKIUSIMUA SKCTPAKTOB TUIAIICH-
THI B cooTHoteHn# 1:1. Jlpoxoku S. cerevisiae Beipa-
LIMBaJIM Ha cKoleHHOH cpene Cabypo B TeueHue 48 1
nipu Temmneparype 30°C, 3aTeM BeIpallileHHBIE KYJIbTY-
PBI CMBIBANIH (PUZHOIIOTHYECKHM pacTBopoM. KoH-
LIEHTpAIIUsI KJIETOK B 00pasiie coctapisiia 108 KOE/mi.
KuzHecnocoOHOCTh APOAOKEH ONMpenessid yaley-
HBIM MeToI0M Koxa 1o koimoHneoOpa3oBaHUIO Ha ara-
puzoBanHoi cpene Cabypo [5]. [lomydeHHbIE APOXIKH
CMEIMMNBANHU ¢ (PpaKkuMsIMU SKCTPAKTOB TUIALIEHTHI B
cootHomeHnu 1:1.
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enable the supposition that biologically active sub-
stances of placental extracts directly interact with cell
membranes and other cell structures making bounds
with them. One of the ways to check this supposition
may be the study of phase transitions in placental aque-
ous-saline extracts, as well as in the mixtures of cell
suspensions with the extracts and their fractions under
the temperatures below 0°C. The analysis of the mani-
festation character of phase transitions may provide
the information about intermolecular interactions in the
system and about the formation of complexes between
the system components [1].

The research aim was to investigate the phase tran-
sitions in red blood cell and Saccharomyces cerevisae
suspensions supplemented with the placenta extract
fractions of molecular weight up to 5; 50-70 and
750 kDa below 0°C by means of differential scanning
calorimetry method.

Materials and methods

Aqueous-saline extracts were derived from human
placenta tissue according to the method described by
Rozanova S.L. et al. [4], after testing for the absence
ofviral infections. Depending on final cooling tempera-
ture the extracts were divided into three groups: the
first and second ones were cooled down to —20 and
—80°C, correspondingly, later they were stored in freez-
ing chambers for 2.5 months; the third group of ex-
tracts was cooled down to —196°C in the vessel with
liquid nitrogen. The extracts were thawed in water
bath at 20°C, afterwards they were separated by gel
chromatography using 22x2 cm column with Sephadex
G-200. Blue dextran with molecular weight 2,000,000,
glucose oxidase (180 kDa), BSA (64 kDa) and cyto-
chrome C (12 kDa) were used to calibrate the co-
lumn. Three types of fractions with molecular weight
of 5; 50-70 and 750 kDa were obtained. Protein con-
centration was examined with spectrophotometric
method.

Donor blood with “Glugicyr” preservative was cen-
trifuged for 5 min at 800g. Erythrocyte sediment was
twice washed with physiological solution. The obtained
erythrocyte mass was mixed with the placental ex-
tract fractions in 1:1 ratio. S. cerevisiae yeasts were
grown on Sabouraud’s medium slope for 48 hrs at 30°C,
then grown cultures were washed with physiological
solution. Cell concentration in the sample made
10® CFU/ml. Yeast viability was assessed as colony
formation activity with Koch’s plate technique in
Sabouraud’s medium [5]. The resulted yeast suspen-
sion was mixed with placental extract fractions in 1:1
ratio.

Phase transitions were studied with differential
scanning calorimeter, designed at IPC&C of the Na-
tional Academy of Sciences of Ukraine [1]. This de-
vice according to Wendlandt’s classification can be re-
ferred to the apparatuses of DSC type (DTA) [6]. The
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HUccnenosanus (a3zoBbIX MEPEX0A0B MPOBOIMIH Ha
nuddepeHnmaTbHOM CKaHHPYIOMEM KallopUMETPE,
paspaboranHom B UIIKuK HAHY [1]. JlanHbIi
nprbOp cornacHo Kiaccuukauy Y 3HJIaHITa MOXK-
HO oTHectu K mpubopam tuma “JICK” (ITA) [6].
[Ipununm ero paboThl OCHOBaH Ha PErUCTPALIMHN TEILIO-
BBIX [TOTOKOB, MOCTYHAIOIIUX B 00pasel B mporuecce
€ro HempepbIBHOTO Harpesa [ 1, 6]. OcobeHHOCTh 1aH-
HOTO KaJOpHUMETpa B TOM, UYTO €ro pabouyro KaMepy
MO>KHO TIPEBAPUTENHHO OXJIATUTh 10 3aJaHHOH TeM-
niepatypsl B muamnasone 0...—196°C, 3aTemM TOMEeCTUTh
B sTueliky oOpasell, 3apaHee OXJIAKCHHBIN ¢ TpeOye-
MOW CKOPOCTBIO.

O06pa3sisl Maccoit okos1o 1000 Mr momeraay B TOH-
KOCTEHHBIN CTaKaH U3 HEP>KaBEIOLIeH CTalu C TONIIIH-
HoM cTeHOK 0,1 MM, 3aKpbIBaJTN KPBILIKOW U OXJTaX1aJIN
MIOTPYKEHHUEM B JKUIKUH a30T CO CPETHEHN CKOPOCTHIO
oxnaxneHus 3,3 rpaxg/c. Temneparypy ¢pa3oBbIX mepe-
XOJIOB OIIPEAETSUIN HA OCHOBAaHUU TEPMOTPaMM, MOy~
YEeHHBIX NIPU HarpeBe co ckopocThio 8,3%107 rpan/c
B amana3oHe temmepatyp —150...0°C. UnaTepmnpera-
LIUIO TEPMOTPaMM IPOBOIMIIN, KaK OTHMCAHO B paboTax
[1,6].

Pe3yAbTatbl M 00Cy)xaeHue

Ha JICK-Tepmorpamme (hpaxiiiu ¢ MOJEKYISIpHOI
Maccoi 1o 5 k/la U3 CBEXKENOIy4eHHOTO 3KCTpaKTa
ianeHTsl (puc. 1, A) 3aperucTpupoBaiy CleayIore
Tepmudeckre 3QHEKThI: 1 — y3Kuii SK30TePMUYECKUN
MUK TIpH Temneparype —85,5°C oroOpaxaert, BeposT-
HEe BCEro, NHBEPCHUIO MOJIEKYJ, HMEIOIINX yTIIEPO-
yrieponHsie cBsi3u. Jns nanHoro s ¢exra B nutepa-
Type ymoTpebiseTcs TepMUH “‘oOpaileHue KoHpu-
Typanuu’”’, CBI3aHHBIN C TIPOIIECCOM N30MepH3aryH [3];
2 — y3KUI MHTEHCUBHBIN 3HA0TEPMHUYECKUN UK TIPU
—21°C cOOTBETCTBYET MJIABJIEHUIO IBTEKTHIECKUX CO-
CTaBOB M3 MexaHudeckor cmecu kpucrainioB NaCl u
BOJIBI; 3 — IIABIEHUE JbJa B cucreme [1].

Ha Tepmorpammax ¢pakiuit ¢ MOJIEKyIIpHBIMU
maccamu 50—70 u 750 x/la u3 cBEeXKENPUTrOTOBIEHHBIX
9KCTPAKTOB IIJIAIIEHTHI YEJIOBEKA 3apErUCTPUPOBAIN
aHaJIoTH4HBIe (a30Bble nepexoasl (puc. 2, A u 3, A).

3aMOpa)kKBaHHE dKCTPAKTOB U XpaHEHUE UX MpPHU
—20°C He NpHUBOAAT K 3HAUYUTEJIBHBIM MU3MEHEHUAM
WHTEHCHBHOCTU HHBEPCUH Ha TEPMOTrpaMMe PppaKiyy,
coJieprKaliell HU3KOMOJIEKYJISIpHbIe OeJIKH, a IyIaBie-
HUE 3BTEKTUKH U IJIABJIEHIE CUCTEMBI OCTAIOTCS HEH3-
MEHHBIMU (cM. puc. 1, B).

CwMmermBaHme CyCIIEH3UH 3PUTPOLIUTOB C HU3KOMO-
JICKYJIAPHOH (ppaKIineit U3 IKCTPaKTa, 3aMOPOKSHHOTO
U TpenBapuTenbHOo XxpaHusmerocs npu —20°C B
TedeHue 2,5 MEcALEB, MPUBOIUT K 3HAYUTEIBHOMY
CHIDKEHUIO MHTEHCUBHOCTH ITMKA MHBEPCHUU U MHKa
IJIaBJICHUS BTeKTUKHU (cM. puc. 1, C).

Ha puc. 2, B npencrasiena tepmorpaMma cMecu
CYCIIEH3UH 3pUTPOLUTOB U (PPAKLINH C MOJICKYJIIPHOM
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principle of'its functioning is based on recording of heat
flows coming into the sample during its constant heat-
ing [1, 6]. The peculiarity of this calorimeter consists
in the fact that its operating chamber may be prelimi-
nary cooled down to the set temperature within the
range of 0..—196°C, later the sample preliminarily
cooled with a required rate to be placed into the well.

The samples of 1,000 mg were placed into thin-wall
stainless jar with 0.1 mm wall width, covered and cooled
by plunging into liquid nitrogen with an average cooling
rate of 3.3 deg/s. Temperature of phase transitions were
determined on the base of thermograms obtained when
heating with the rate of 8.3x107 deg/s within the tem-
perature range of —150...0°C. Thermograms were in-
terpreted as described earlier [1, 6].

Results and discussion

In DCS thermogram of the fractions with molecu-
lar weight up to 5 kDa from fresh placental extract
(Fig. 1A) the following thermal effects were recorded:
1 — narrow exothermic peak at 85.5°C likely repre-
sents the inversion of molecules possessing carbon-
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Puc. 1. ICK-tepmorpammsal: A — HU3KOMOJIEKYIIIpHast (hpax-
LUs1 C MOJIEKYJISIPHOM Maccoil 10 5 k/la u3 cBeXenpuroTos-
JICHHOTO JKCTpPaKTa IUIAlleHTHl; B — HU3KOMOIEKyIspHas
(hpaknms ¢ MONEKYIISIPHON Maccoi 1o 5 xJ]a n3 3aMopokeH-
Horo u xpanuserocs npu —20°C skcTpaxTa rmarenTsr; C —
CYCIIEH3HSI 3pUTPOLIUTOB C HU3KOMOJICKYJISIPHOU (hpakiuent
J0 5 k/la 13 3aMOpOKEHHOr0 U XpaHusiierocs npu —20°C
aKcTpakTa raneHTs (1:1).

Fig. 1. DSC-thermograms: A —low molecular fraction with
molecular weight up to 5 kDa from fresh placental extract;
B —low molecular fraction with molecular weight up to 5 kDa
from fresh and stored at —20°C placental extract; C —
suspension of erythrocytes with low molecular fraction up
to 5 kDa from frozen and stored at —20°C placental extract

(1:1).
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maccoit 5070 k/la, moy4eHHo# U3 3aMOPOKEHHOTO
n xpanuBierocs npu —20°C skcrpakra. Kak u B
PaccMOTPEHHOM BBIILIE CITydae, HaOM0aeTcs CHIKe-
HUE€ MHTEHCHBHOCTH ITMKOB MHBEPCHM U IIJIABJICHUS
9BTeKTHKH. Ete 6onpmmii 3¢ GexT CHUKESHUS HHTEH-
CHBHOCTH YKa3aHHBIX [IPOIIECCOB 3apETUCTPHUPOBAH Ha
TEpMOTrpaMMe AJIl CMECH CYCIEH3UU 3PUTPOLUTOB U
JaHHOM (hpaKIHu, 3aMOPOKEHHOH U XpaHUBIIEHCS IpH
—80°C (puc. 2, C).

Taxum 00pa3om, XpaHEHHE IKCTPAKTOB MJIAIICHTHI
ipu OoJiee HU3KMX TEMIIEpaTypax MPUBOANT K CHHXKe-
HUIO MHTEHCUBHOCTH ITHKA MHBEPCHH U TTHKA IIABJICHUS
9BTEKTHKH, YTO OKa3bIBaeT OoJiee OJIarompusTHOE
JeiCcTBUE HAa OMOJIOrHYECKHUe O0BEKTHI, TaK KakK (hak-
TUYECKH HCYE3aI0T HU3KOTEeMIlepaTypHbie (a3oBble
nepexoasl, CHOCOOHBIE BBI3BIBATH ONpEIEICHHBIE
KPHOMOBPEKACHUS ONOJIOTHYECKHUX CTPYKTYP.

Ha puc. 3 npuBeneHs! pe3ynbTaTsl HCCIEA0BAHUS
CMECH CYCIIEH3UH IPUTPOLUTOB U (HPaKLUU C MOJIe-
KysipHOM Maccoit mo 750 kZla. Ha Tepmorpammax
(pakuuy M3 CBEXEMPUTOTOBIEHHOTO 3KCTPaKTa
(puc. 3, A) 1 bpakuum U3 SKCTPAKTA, XPAHUBIIETOCS
ipu —20°C (puc. 3, B), oTnnunii B perucTpanyuy HHBEp-
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Puc. 2. ICK-tepmorpammsr: A — hpakxiiusi ¢ MOJIEKYIIIPHOH
Maccoit 50-70 x/la U3 CBEXKENPUTOTOBIEHHOTO KCTPAKTa
IUTAlEeHThl; B — cycrieHsust apuTpouuToB ¢ ppakuuen 50—
70 k/la 13 3amopokeHHOTO U XpaHusiierocst mpu —20°C
skcTpakTa maneHTHl (1:1); C — cycneH3us 3puTpounTOB ¢
¢bpaknueit 50-70 k/la 13 3aMOPOKEHHOTO U XPAHHUBIIIETOCS
mipu —80°C skcTpakTa maneHTs (1:1).

Fig. 2. DSC-thermograms: A —fraction with molecular weight
of 50-70kDa from fresh placental extract; B — suspension of
erythrocytes with fraction of 50-70 kDa from frozen and
stored at —20°C placental extract (1:1); C — suspension of
erythrocytes with fraction of 50-70 kDa from frozen and
stored at —80°C placental extract (1:1)
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carbon bonds. This effect is defined in the literature as
the “configuration rotation” related to the process of
isomerization [3]. 2 — narrow intensive endothermic
peak at —21°C which corresponds to melting of eutec-
tic compositions being mechanical mixture of NaCl
crystals and water. 3 — ice melting in the system [1].

In thermograms of fractions with molecular weights
0f 50-70 and 750 kDa from fresh human placental ex-
tracts we recorded the same phase transitions (Fig. 2A
and 3A).

Freezing of the extracts and their storage at —20°C
do not lead to significant changes of inversion intensity
in thermogram of the fraction, containing low molecu-
lar proteins, and the eutectics melting and the melting
of the system remain unchanged (see Fig. 1B).

Mixing of erythrocyte suspension with low molecu-
lar fraction from the extract, frozen and preliminarily
stored at —20°C during 2.5 months results in a signifi-
cant reduction of inversion intensity and eutectics melt-
ing peak (see Fig. 1C).

Fig. 2B demonstrates the thermogram of mixed
erythrocyte suspension and the fraction with molecu-
lar weight of 50-70 kDa, derived from frozen and stored
at —20°C extract. Like in the described above case we
observed the reduced intensity of peaks of inversion
and eutectics melting. Much higher decreasing in the
intensity of the mentioned processes was recorded in
the thermogram for the mixture of erythrocyte sus-
pension and the fraction frozen and stored at —80°C
(Fig. 2C).

Thus the storage of placental extracts at lower tem-
peratures results in the reduced intensity of inversion
peak and the peak of eutectics melting, that affects
the biological objects more favorably, since low tem-
perature phase transitions, capable of causing the cer-
tain cryodamages of biological structures, actually dis-
appear.

Fig. 3 shows the research results for the mixture of
erythrocyte suspension and the fraction with molecu-
lar weight up to 750 kDa. In the thermograms of frac-
tion from fresh extract (Fig. 3A) and the fraction from
the extract stored at —20°C (Fig. 3B) we noted no dif-
ferences in peaks of the inversion, eutectic melting and
melting of the system. However, like in previous ex-
periments, the reduction of inversion intensity and
eutectics melting was found in thermograms of the
mixture of erythrocyte suspension and extract fraction
with molecular weight up to 750 kDa (Fig. 3C).

The Table represents the temperature values for
phase transitions resulting from analysis of thermo-
grams of the studied system. In the mixtures of cell
suspensions and fractions the inversion temperature
values increase by 7-10°C, the temperatures of eutec-
tics melting decrease by 5.5-6°C, the melting tempera-
ture values of the whole system remain unchanged
within the error of the experiment. The binding of the
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CHH, DBTEKTHYECKOTO IIJIaBJICHHUS
¥ IUIABJIEHUSA CUCTEMEBI HE OTMe-
yeHo. OHAKO, KaK U B MpeAbl-

3HadeHus TeMIIepaTyp (pa30BbIX IEPEXOJI0B B CHCTEMAX, COJEPIKAIINX CYCIICH3UH
SPUTPOIIUTOB U (PPAKIIMU IKCTPAKTOB C Pa3TMIHON MOJIEKYIIIPHON Maccoi
Temperature values of phase transitions in the systems containing erythrocyte
suspensions and extract fractions with various molecular weight

OYIIUX 3KCIIEPUMEHTAX, yCTa-
Temneparypa ¢ha3oBBIX Iepexop0B, °C
HOBJICHO CHMKCHNE MHTCHCUB- M Temperature of phase transitions, °C
OAEKYAsipHast
HOCTU VMHBEPCUU U IUIABJICHUS Macca (paxi
9BTEKTHUKH Ha TepMorpaMmax 3chj[§)fliggai;Aa ™ Toe T T Toe Ta Tow | Toe T,
u
CMECH CYCIIEH3UU 3pUTPOLIUTOB weight of extract
fractions, kDa [eic) 3(—20°C) 9(—20°C) +
1 (HPAKIKUU IKCTPAKTA C MOJICKY- - E(—20°C) SPUTPOIHTH
. . E(—20°C) + RBC
nspHoil maccoit mo 750 x/la
(puc. 3,0), 750 -87 | —19 | —05| -8 | —19 | —o1 | —77 | —25 | -1
B tabOnuite massl 3HAYEHUS
teMiieparyp (a3oBBIX IEPEX0- 50—70 —87 —19 | —05 | —865| —20 —1 -79 | —25 -1
JIOB, TIOJTYYE€HHBIX HA OCHOBAHUH
aHajgn3a TepMOTpaMM HCCIe- Ao/Up to 5 —855| —205| —05| —84 | —20 | —05 | —79 | —26 -1

IyeMbIX cucteM. B cmecsx cyc-
MEH3MH KJIETOK U (PpaKIMii 3Ha4e-
HUS TeMIepaTypbl HUHBEPCHUU
noBeImarTes Ha 7—10°C, maB-
JICHUS DBTEKTUKH TTOHUKAIOTCS
Ha 5,5-6°C, 3HaUeHUs TeMITepa-
TYPBI IJIABJICHUS BCEH CHCTEMBI
OCTalOTCS HEM3MEHHBIMU B TIpe-
Jellax MOTPEITHOCTH dKcrepuMeHTa. CBsI3BIBaHHE
MOJIEKYJI, YYaCTBYIOIIUX B IMPOIECCE WHBEPCHUU, C

mpu —20°C.

3
v
AN
R e
1
: 1 L
[<ie]
I O
sl |
s° L/_,_/Jﬂ
C
32 |~ =~
2 t
o
=
‘6.0
5% | B
[]
E% n
! I L

éY—/_JU

-40

Temnepatypa, °C
Temperature, °C

Puc. 3. ICK-tepmorpammsr: A — hpakxiiusi ¢ MOJIEKYIIPHOH
Maccoil 750 x/la U3 CBEXKEMPHUTOTOBIEHHOIO IKCTPAKTA
aneHTsl; B — gppaxims ¢ MonekyspHoit maccoit 750 k/la
13 3aMOPOKEHHOT0 U XpaHuBIierocs npu —20°C skcTpakra
nianeHTsl; C — CyCIIeH3Usl SpUTPOLUTOB ¢ (pakuuen
750 x/la n3 3amMoposkeHHOTr0 U XpaHuBIIerocs npu —20°C
9KCTpakTa raneHTs (1:1).

Fig. 3. DSC-thermograms: A —fraction with molecular weight
of 750kDa from fresh placental extract; B — suspension of
erythrocytes with fraction of 750 kDa from frozen and stored
at —20°C placental extract; C — suspension of erythrocytes
with fraction of 750 kDa from frozen and stored at —80°C
placental extract (1:1).
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Ipumeyanusn: T, — temneparypa uusepcuu; T — TeMrepaTypa IIaBJIE€HHUS OBTEKTUKH,
T_— TemnepaTypa miaBinenus cuctembl; CO — Qpakuuu U3 CBEKENPUTOTOBIEHHOTO
9KcTpakTa mianeHTsl; H(—20°C) — hpakiu U3 3KCTPaKTa, 3aMOPOKEHHOTO U XPaHHUBIIETOCS

Notes: T, — inversion temperature; T — eutectics melting temperature; T, — system
melting temperature; FE — fractions from the fresh placental extract; E(—20°C) — fractions
from the extract frozen and stored at —20°C.

inversion-involved molecules with cell membranes
makes the inversion difficult and thereby contributes
to its decreased intensity and, as the Table shows, to
the increased temperature of this process.

Low temperature phase transitions in the system
containing low molecular fraction of placental extract
and S. cerevisiae cell suspension were studied to exa-
mine general regularities of cell effects on physical
processes in the suspensions, containing the fractions
of placental extracts and cells when temperature al-
ters.

When comparing thermograms of low molecular
fraction of the extract obtained from fresh placental
extract (Fig. 4A) and low molecular fraction of the
extract frozen down to —196°C (Fig. 4B) one may note
lower value of inversion peak intensity in Fig 4B. The
rest transitions were not changed.

In the thermogram for S. cerevisiae cell suspen-
sion in physiological solution (Fig. 4) there is just one
endothermic peak corresponding to cell suspension
melting. In the thermogram of mixture of low molecu-
lar fraction of the extract with S. cerevisiae cell sus-
pension in physiological solution (Fig. 4D) there are
found the following changes: the process correspond-
ing to the peak 1 (inversion) proceeds at higher tem-
perature (—82°C) and with lower intensity if compared
with the considered above frozen low molecular frac-
tion of the extract (Fig. 4B). The intensity of eutectics
melting peak significantly decreases.

The reduced intensity of eutectics melting in the
mixtures containing both erythrocytes in the presence
of fractions of all the types and S. cerevisiae with add-
ing low molecular fraction if compared with those from
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KJICTOYHBIMH MEMOpaHaMH 3aTPyIHSIET HHBEPCUIO U
TEM CaMbIM CIIOCOOCTBYET CHHKECHHUIO €€ UHTEHCHB-
HOCTH Y, KaK BUIHO U3 TaOJIUIIBI, TOBBIILICHUIO TEMIIE-
paTypbl JaHHOTO TpoLecca.

HccnenoBanusi HU3KOTEMIIEPATypPHBIX (ha30BBIX
MEPEXOJI0B B CHCTEME, COJepKalleil HU3KOMOJIEKY-
JSIPHYIO (GPAKIHEO SKCTPAKTA TUIAIIEHTHI U KJIETOYHYFO
CyCIIeH3HIO S. cerevisiae, OBLTH TTPOBEACHBI IS OTIPE-
JeNIeHHUs OOIIMX 3aKOHOMEPHOCTEH BIUSHHS KJIETOK
Ha (u3HYecKre TPOIECCH B CYCIEH3MIX, COJIepKa-
mMxX (HpaKkuyuu SKCTPAKTOB IUIALCHTHI M KIETKU MIPH
W3MEHEHHUHU TeMIIEPaTYPHI.

CpaBHHBasi TepMOTpPaMMbl HU3KOMOJIEKYISAPHON
(pakIK CBEKEPUTOTOBICHHOT0 SKCTPAKTA ITalleH-
THI (puc. 4, A) 1 HU3KOMOJIEKYJISIpHOH (hpaKLny IKC-
TpaKTa, 3aMoposkeHHOTO 10 —196°C (puc. 4, B), Mox-
HO OTMETHUTH O0JIee HU3KOE 3HAYCHUE HHTCHCUBHOCTH
nuKa nHBepcuu Ha puc. 4, B. OcransHbIe Tepexoant
HE TIpeTepreBaad U3MEHEHUH.

Ha Tepmorpamme iist CyCIieH3UH KIETOK S. cere-
visiae B (puszmonornaeckom pactBope (puc. 4, C)
HMEETCS JIHIIb OJTHH SHJIOTEPMUIECKUI ITUK, COOTBET-
CTBYIOILIMH IJTABIEHUIO KIIETOYHOH cycrnieH3uu. Ha tep-
MOTpaMMe CMECH HU3KOMOJIEKYIISIPHOH (PpaKIiK SKC-
TpaKTa ¢ CycIIeH3UeH KIIETOK S. cerevisiae B pU3HNO-
moruueckoM pactBope (puc. 4, D) HaOGmrogatorcs
Takue U3MEHEHHUS: TPOLIECC, COOTBETCTBYIOIIUM MUKy
1 (nHBepcust), mpoTeKaeT Npu OoJiee BEICOKOH TeMIe-
patype (—82°C) u ¢ MeHbIIEH HHTEHCHBHOCTBIO TIO
CPaBHEHUIO C PACCMOTPEHHOM BBIIIE 3aMOPOKEHHOU
HU3KOMOJIEKYIISIPHOH (hpakiiuei skcTpakTa (puc. 4, B).
3HAUYNTETTLHO CHIKAETCS] MHTEHCHBHOCTB ITUKA TIJIaB-
JICHHS DBTEKTHKH.

CHIKeHNEe UHTEHCUBHOCTH IUTaBJICHUS 3BTEKTHKH
B CMECSX, COJIEpKAINX KaK S)PUTPOLUTHI B IPUCYT-
CTBHH (paKIUil BCEX TUIOB, TaK U S. cerevisiae ¢ 10-
0aBJIeHHEM HU3KOMOJIEKYIAPHOH (ppakiuu, mo cpas-
HEHHUIO C (hpaKUMSIMH U3 CBEKEHPHUTOTOBICHHOIO
JKCTPaAKTa, BO3MOXKHO, 00YCIIOBJICHO TE€M, YTO OIpe-
JIeJICHHAsl 4aCTh MOJIEKYJI BOJbI CBSI3bIBACTCS C Opra-
HUYECKUMH KOMIIOHEHTaMH (PpaKIIK SKCTPAKTOB U B
00pa30BaHUU 3BTEKTUYECKHX COCTABOB HE IPUHUMAET
y4acTHus.

Mpel nosjaraeM, 4YTO CHM)KEHHUE MHTEHCUBHOCTH
HWHBEPCUH, HabII0MaeMoe P CMEIIMBAHUH (PPAKITIH
C CycCIleH3ueH S. cerevisiae, IO CPaBHEHUIO C KOHT-
POJBHBIM 00pa3LoM (paKLUU SKCTPAKTA, TAKXKE OIIpe-
JIeNISIeTCSl CBSA3BIBAHMEM MOJICKYJI, yYACTBYIOIINX B
WHBEPCHUH, C KIICTOYHBIMU MeMOpaHamu. Kak cBupe-
TEJILCTBYIOT MIOJTyYCHHBIE TaHHbIE, I3MEHEHNE HHTCH-
CHUBHOCTH U TEMIIEpPaTypbl NPOLECCOB WHBEPCHUU U
IBTEKTHKHU SBISAETCS OOMIMM (U3UKO-XMMHYECKUM
CBOWCTBOM CUCTEM, COJIEPXKAIIUX (PPaKIK IKCTPAK-
TOB IIJIALIEHTH! IPU AOOABICHUU K HUM Pa3IMYHBIX
KJICTOK.

KpnoGMOnOrMM
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fresh extract is likely stipulated with the fact that the
certain part of molecules is bound with organic com-
ponents of the extract fraction and does not partici-
pate in the formation of eutectic compositions.

We believe that the reduced inversion intensity, ob-
served when mixing the fractions with S. cerevisiae
suspension if compared with the control sample of ex-
tract fraction is also determined by the binding of in-
version-involved molecules with cell membranes. As
the findings demonstrate the change in intensity and
temperature of inversion and eutectics processes is a
common physical-chemical feature of the systems,
containing the fractions of placental extracts when
supplementing them with various cell suspensions.

Conclusions

In the research the common regularities of cell ef-
fect on low temperature phase transitions in different
placental extract fractions were found.

1. In the presence of cells the eutectics melting in-
tensity in aqueous-saline solutions of proteins, repre-
senting the placental extract fractions, decreased. The
obtained results may be explained by the change in

TennonornouwieHne, 3HAO
Heat absorption, endo
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I> >r
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Temperature, °C

Puc. 4. JICK-tepmorpammser: A — ¢pakuus 10 5 k/la u3
CBEXKETIPUTOTOBIICHHOTO SKCTPAKTA IDTAICHTHI; B — (hpakis
110 5 x/la U3 npeaBapUTEIbHO 3aMOPOKEHHOT0 10 —196°C
skcTpakra; C— apoxoku S. cerevisiae B GPU3HOIOTHICCKOM
pactBope; D — cycniensus apoxokeit S. cerevisiae B puzno-
JIOTUYECKOM pacTBope u ppakuus 1o 5 k/la u3 sxcTpakTa
CBE)KEIPUTOTOBIICHHOM TUTarieHTsI (1:1).

Fig. 4. DSC-thermograms: A —fraction with molecular weight
of up to 5 kDa from fresh placental extract; B — suspension
of erythrocytes with fraction of 5 kDa from preliminarily
frozen down to —196°C extract; C — S. cerevisiae in physio-
logical solution; D — S. cerevisiae in physiological solution
and fraction up to 5 kDa from the fresh placental extract

(1:1).
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BbiBOADI

B pabore BbIsIBIIEHBI 00IIIHE 3aKOHOMEPHOCTH BIIHS-
HUS KJIETOK Ha HU3KOTeMIIepaTypHble (a3oBble Iepe-
XOJBI B Pa3JINYHBIX (PPAKLUAX SKCTPAKTOB IUIALIECHTEI.

1. B mpucyTCcTBUM KJIETOK YMEHbBIIAETCS MHTEH-
CHUBHOCTH IUIABJICHUS HBTEKTHKH B BOIHO-COJIEBBIX
pacTBOpax OEJIKOB, IPEACTABISIOMINX CO00H (ppakumu
9KCTPAKTOB ManeHTH. [lomy4yeHHBIE pe3ynbTaThl
MOXHO OOBSICHUTh U3MEHEHHEM MEXMOJICKYIISIPHBIX
B3aMMOJEHCTBUN B XUIKOU (aze B pe3yabrare
KOHKYPEHIIMH MEX]Ty aKTUBHBIMH [IEHTPaMHU OpTaHu-
YECKUX MOJICKYJ 32 MPUCOCTUHEHUE MOJIEKYI BOJIBI.

2. IHTEeHCHBHOCTH HU3KO3HEPTeTUIECKOTO TPOIIec-
ca MHBEPCHH, CBS3aHHOTO C KOH(POPMAIIMOHHBIM H3Me-
HEHHEM MOJIEKYN BO (pakUUsIX SKCTPAKTOB, 3HAYHU-
TEeJILHO CHIKAeTCs PH 100aBIEHUH K HUM KJIETOUHBIX
CYCHEH3Hi B Pe3yJabTaTe B3aUMOJCHCTBUS OSIKOBBIX
MOJIEKYJ (PpaKLHii, yUaCTBYIOLIMX B IPOLIECCE HHBEP-
CHH, C KJIETKaMHU.

Aemopwl svipadicaiom 61a200apHOCMb KaAHO. OUOJL. HAYK
Po3zanosoi E.]J[. 3a nonyuenue ppakyuti sxcmpaxmos nia-
yenmul yenosexa u undc. I kamezopuu Apmysny A.FO. 3a
noJayuenue KiemouHnotl cycnensuu S. cerevisiae.
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intermolecular interactions in a liquid phase as a result
of competition between active centers of organic mol-
ecules to bind the water molecules.

2. Intensity of low energetic process of inversion,
related to conformational change of molecules in the
extract fractions, significantly reduces when adding to
them of cell suspensions as a result of interaction of
protein molecules of inversion-involved fractions with
the cells.
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