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Kpuorenu nonusuamnosoro crnupra ([IBC) obpasyroTcs
B pe3yJbTaTe KpHOreHHOH 00pabOTKH KOHIIEHTPUPOBAHHBIX PaCT-
BOPOB JlaHHOTO nojumepa. CBONCTBA M CTPYKTypa KpHoreieu
IBC (KI'TIBC) onpenensirotcst TakMMH (haKTOpaMu, KaK XapakTe-
PUCTHKH TOJIHMEPHOTO TeIeo0pa3oBareisi, ero KOHICHTPALHUs
B HCXOJHOM PacTBOpE, TEMIIEPATYPHBIC PEXKUMBI KDHOCTPYKTY-
puposanus. [IpuniunuansHoi ocodbernoctsio KI'TIBC siBisieTcst
Makporopucras rerepodastas Mopgosorus. Pazmeps! u «apxu-
TEKTypa» TaKUX 0P HMEIOT CYIIECTBCHHOE 3HAUCHHUE JIJISI HHTET-
panbabIX cBoiicTB KI'TIBC. B HacTosiIIee BpeMst 9TH relieBbIE Ma-
TepHaJIbl [IPUBIIEKAIOT OOJIBIIOE BHUMAHHUE B IUIAHE NX MCIIONB30Ba-
HUS TS IPAKTUYECKUX 1IeJIel, 0COOGHHO B TaKUX 00JacTsIX, KakK
OMOTEXHONOTHA W pa3paboTka MaTepUaoB OMOMEIUIITHCKOTO
Ha3HAYCHMUSL.

IMockoneky mist yenemsoro npumenenust KITIBC nHeo6xomu-
MO YETKO ITPEJICTaBIATh, KAK XapaKTePHUCTUKN CaMOro resieobpaso-
Batens (T. e. [IBC), ycioBust KpHOTEHHOTO MpoIIecca BIUSIOT Ha
KOMIDIEKC (DM3UKO-XUMHICCKHIX M IKCIDTyaTal[HOHHBIX ITOKa3aTemeit
rejieBoi MaTPUIIBI U Ha €€ OPUCTYIO MOP(OIOTHIO, HAMH OBLIH
BBINIOJIHEHBI MCCIIEOBaHMsI, PE3yJIbTaThl KOTOPBIX MOCIYKUIH
OCHOBOI U1t BBIOOpa Kpuorenei [IBC, obmagaromux Habopom
CBOICTB, KOTOpbIE HamOoJiee MOJHO OTBEYAIOT 00NacTH UX
npumenenust. Ha octose KI'TIBC 0b1t1 pa3paboTaHbl CIACAYIOIINE
CHUCTEMbI OMOTEXHOJIOTMYECKOTO MpPEAHA3HAYCHUS: HOCUTEIH
MMMOOIIM30BaHHBIX (PepMEHTOB (KaK JIsl KOBAICHTHOH (prKcarmu
OCIKOBBIX MOJIEKYJ, TaK M KOMIIO3UTHBIX OHMOKAaTaln3aTOpOB,
B KOTOPBIX HepacTBopuMas Gopma pepMeHTa BKIIIOYCHA B 00bEM
KpPHOTeNIs B KaueCTBE IUCIIEPCHOTO HAOJIHUTENS); HOCHTEIN
MMMOOWIN30BaHHBIX KIIETOK MHKPOOPTaHU3MOB, MAaKPOIIOPHCTHIE
nMMyHOa(PHUHHBIE COPOCHTBI; TeJIeBbIC OCHOBHI INTOTHBIX ITUTA-
TENBHBIX CPEL; «3AlHIICHHBIS) HOHOOOMEHHBIE CMOJIbI U 1p. Hau-
OoJiee MPeANOYTUTENBHOM GOPMOit YaCTHIT Pa3TUYHBIX HOCHTEIICH
SIBIISTIOTCSL C(EpUIECKIE TPAHYJIbI, TIOATOMY ObLIA CO3/1aHa CIIe-
LOUabHAs KPUOTPAHYISIIMOHHAs YCTAaHOBKA, MO3BOJISIFOIIAS TI0-
JIyyaTh rpanyaupoBanHsle kpuorenu [IBC pasmepom ot ~0,2 1o
3—4 MM C 10CTaTO4HO Y3KHUM pacHpeneIeHueM pa3MepoB YacTull.

[Toxazano, uto kpuorenu [IBC sBISIOTCS MEpCIEKTUBHBIMU
HOCHTEJISIMH JJIs1 IUMMOOWIIA3aIIUH MOJIEKYIT X KIIETOK. Makpomno-
puctas crpykrypa KI'TIBC oGecrieunBaeT He3aTpyIHECHHBIH
MacCOIepPeHOC CYOCTPATOB U MPOYKTOB/METabOIUTOB K U OT OHO-
JIOTHYECKH aKTUBHOTO JACHCTBYIOIIETr0 Hadalia (JIMraHabl, )epMeH-
THI, KJIETKH). XuMudeckas cTpykrypa [IBC maeT Bo3MOKHOCTh
C TIOMOIIBIO JOCTATOYHO MPOCTHIX HPEBpAILCHUI BBOJUTH pa3-
JTUYHbIe (YHKIHMOHAIbHBIE IPYIUPOBKU Ha HocuTenb. KITIBC
001a7af0T BEICOKIMH IIPOYHOCTHBIMH XapaKTEPHCTHKAMH, & MaT-
Py HOCHTES SIBISIETCS YIIPYTOBS3KUM HEXPYIIKHM MaTepHAaIoM,
HE [o/IBepraeMoM abpa3uBHOMY M3HOCY, AaXe IPH HHTEHCUBHOM
nepemenrBanny. KI'TIBC umeroT TepMoCTabMIIbHOCTD, JOCTATOY-
HYI0 115 QYHKIHOHUPOBAHHMS MMMOOWIM30BAaHHBIX TEPMOCTa-
OMIBHBIX (PEPMEHTOB M TEPMO(HIBHBIX IITAMMOB MHKpPOOpTa-
Hu3MOoB. Kpuorenu [IBC 061a1a0T BEICOKOH XUMHYECKOH U OHO-
JIOTHYECKO# CTOMKOCTBIO, a reiacobpasosarensr — [IBC — 6uo-
COBMECTHUMBIN HETOKCUYHBIH, TIOCTYIHBIN M HEOPOTr 0¥ OJIUMED,
KOTOPBIN MOXET HCIIOIB30BaThCS IIOBTOPHO 11O CIIE HHAKTHBALIUT
OUOJIOrNYECKUX KOMIIOHEHTOB.
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Cryogels of polyvinyl alcohol (PVA) are formed as a result of
cryogenic processing of the concentrated solutions of polymer.
Properties and structure of PVA cryogels (PVSCGs) are determined
by the factors such as characteristics of the polymer gel former,
its concentration in the initial solution, temperature regimens of
cryostructuring. The principal feature of PVSCGs is macroporous
heterophase morphology. Dimensions and ‘architecture’ of such
pores are essential for the integral properties of PVSCGs. Nowa-
days these gel materials due to their high porosity and excellent
mechanical properties attract a lot of attention in their use for
practical purposes, especially in such areas as biotechnology and
the development of materials for biomedical applications.

As for the successful use of PVSCGs it must be clear how the
characteristics of the gelling agent (i.e. PVA), the conditions of the
cryogenic process affect the complex of physico-chemical and
performance parameters of the matrix and its porous mor-phology,
we have carried out the investigations the results of which served
the base for selection of PVA cryogels with properties that best
correspond their field of application. The systems following
biotechnological purposes based on PVSCGs have been deve-
loped, they are the carriers of immobilized enzymes (for covalent
fixation of protein molecules and composite biocatalysts where
the insoluble form of enzyme is included in the scope of cryogel
as disperse filler); carriers of microorganisms’ immobilized cells,
macroporous immunoaffinity sorbents; gel bases of solid nutrient
media, ‘protected’ ion exchange resins, efc. The most preferred
form of particles of different carriers are spherical granules,
therefore there was developed a special cryogranulating set-up
allowing to obtain granulated PVA cryogels with size of from
~0.2 to 3—4 mm with rather narrow distribution of particle sizes.

It has been shown that PVA cryogels are prospective carriers
for immobilization of molecules and cells. Macroporous structure
of PVSCGs provides unhindered mass transfer of substrates and
products / metabolites to and from the biologically active effective
agents (ligands, enzymes, cells). The chemical structure of PVA
enables with quite simple transformations to introduce various
functional groups to the carrier. PVSCGs have high strength
characteristics, and the matrix of the carrier is viscoelastic non-
fragile material, not exposed to the abrasion even during intensive
stirring. PVSCGs have thermal stability sufficient for the
functioning of immobilized thermostable enzymes and thermo-
philic strains of microorganisms. PVA cryogels have high chemical
and biological stability, gelling agent PVS is biocompatible, non-
toxic, available and inexpensive polymer that can be re-used after
inactivation of biological components.
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Kax mokazanu npoBeeHHbIE HAMU paHee KPHOMHUKPO-
CKOITMYECKUE MCCIICIOBAaHUS B 3aBUCHMOCTH OT pPeXHMa
OXJIQXKICHUS U COCTaBa BHEKJICTOYHOM CPE/IBI B CyCIICH3UH,
a TaKke B pe3yibrare (a3oBoro rnepexona B Hed (hopmu-
pyeTcst BHEKJICTOUHBIHN Jies pa3nnyHoi Mmopdonorun. [Ipu
9TOM COXPAHHOCTh 3aMOPOKEHHBIX KIIETOK 3aBUCHT OT (hop-
MBI 1 pa3Mepa BHEKJICTOYHBIX KPHUCTAIIIOB, IIOCKOIBKY CTPYK-
Typa BHEKJICTOYHOT'0 JIba OKa3bIBACT BIIMSIHUE HA XapaKTep
MaccooOMeHa MEXIy KIeTKaMH U OKPYXKAIOIIeH UX CPemoi.
B cBoro ouepenp, hopmMupyromascs Ipu 3aMOpaKNBaHUN
Mopdosoruueckas CTpyKTypa JibJla OTIPEACIISeTCS MEXaHU3-
MOM ee pocTa. OTINYUTEIbHBIM IPU3HAKOM HU3BECTHBIX
MEXaHI3MOB POCTa KPUCTAIJIOB SABIISACTCS pa3InyHas 3aBH-
CHMOCTb JIMHEHHOM CKOPOCTH POCTa IPaHU KpUcTaJlia V OT
nepeoxIaxAeHus cuctemMbl AT,

B pabote smHelHas CKOPOCTH POCTa KPUCTAILIOB JIb/Ia
KaK (QYHKIHS MEepPEeoXIaXICHUS U3ydeHa Ha MOJICJIN BHe-
KJICTOYHOM CpeIibl, KOTOPBIH NpeCcTaBIseT OO0 pacTBOp
TUO(GUIN3NPOBAHHON IJIa3MBI KPOBHU YEJIOBEKa, COAEPIKa-
muit kpuomnpotexropsl I1, JIMCO, II2I m.m. 1500 u [IBIT
M.M. 12000. YeTaHOBIICHO, YTO HE3aBUCHUMO OT BH1a KPHO-
MIPOTEKTOPA, €T0 KOHLIEHTPALUU U BEITUYUHBI IEPEOXIIaXK-
JICHHsI BHEKJIETOYHOT'O PacTBOpa aHAJIUTUYECKas 3aBUCH-
MOCTb JIMHEHHOW CKOPOCTH POCTa KPUCTAJUIOB JIbJA Ipe-
UMYIIECTBEHHO MPEICTaBICHA IBYMsI ClIaraéMbIMH. DTO
YKa3bIBAaeT Ha peasn3aIfio B CHCTEME OJJHOBPEMEHHO JIBYX
MEXaHU3MOB pocTa: HopManbHOro (V~AT) 1 JUCIOKAIIOH-
HOro (V~AT?). YBennueHe KOHIICHTPALHN KPHOIIPOTEKTOPa
B PacTBOpE NPUBOANT K MHTMOMPOBAHMIO KaK HOPMAJILHOM,
TaK U AUCIOKALMOHHOHN COCTaBIIAIOIUX pocTa. [Ipu 3Tom
JUCIIOKAIIOHHAs COCTaBIISAONIas 0ojiee UyBCTBUTEIbHA K
HAJIMYHIO KPHOTIPOTEKTOPOB B PacTBOPE, YeM HOPMAaJIbHAS.
[To crenenn HHrMOMPOBaHKSI HOPMAITBHOM COCTaBJISIFOLICH
pocTa KpUONPOTEKTOPHI pacnonaratrcs B psg 91 > 1100
1500> IMCO >I1BII-12000, a qucI0KaOHHOM COCTABIISIO-
mieii — B psg OI' > JIMCO >TIBII-12000 > IT3I-1500. Owe-
HEHBI BEJIMYMHBI KPUTUYECKHX Nepeoxnaxaennii AT , ipu
KOTOPBIX BKJIAJ] B TUHEHHYIO CKOPOCTH POCTa KPUCTAILIOB
JIbJ]a 000MX MEXaHN3MOB OJIMHAKOB, 1 OIPe/IeIICHbI Te 00J1ac-
THU NEPEOXITAKACHUN, T7ie IpeBalupyeT oauH u3 Hux. [Ipe-
o0yiajaHne TOro WJIM MHOTO MeXaHW3Ma (hpopMHUpOBaHUS
BHEKJIETOYHOH MOP(OJIOTHYECKOH CTPYKTYphI JIbJa OKa-
3BIBAET BIIMSHUE HA COXPAHHOCTH OMOJIOTMYECKUX OOBEKTOB.
ITockonbKy NMpU IHUCIOKALIMOHHOM MEXaHM3MeE JIMHEHas
CKOPOCTb POCTa KPUCTAJLIOB JibJia 00JIblIle, YeM IpH HOP-
MaJIbHOM, OBICTPOE YBEIIMUYECHHUE I'PaJUEHTa OCMOTHIECKOTO
JlaBJICHUs] Ha MeMOpaHe, 00yCIIOBIEHHOE BHIMOPAXKHBA-
HHEM BHEKJIETOYHOH BOJIbI, MOXKET IPUBECTH K THOCITH KIIET-
KU YK€ B TeMIIepaTypHOH 30He ()OPMHUPOBAHUS IEPBUUHON
KPHCTAJUTMUECKOH CTPYKTYpHl. OTCIOzIa CleayeT 1enecooo-
Pa3HOCTh MaKCHMMaJIbHOTO WHTMOWPOBAHUS ATOM COCTaB-
JISTFOIIEH pocTa, YTO, KaK yCTaHOBJIEHO, Hanbosee a3 dexTns-
HO JIOCTHTraeTcs PHU COAEPAKAHUN BO BHEKIIETOUHOH cpefie
or.
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As cryomicroscopic investigations which were carried
out by us showed, depending on a mode of cooling and
structure of extracellular environment in suspension, and
also as a result of phase transition in it extracellular ice of
various morphology was formed. Moreover the survival of
frozen-thawed cells depends on a form and size of extra-
cellular crystals as the structure of extracellular ice influences
the character of mass transfer between cells and environ-
ment. In its turn, the morphological structure of ice which
was formed during freezing was determined by the mecha-
nism of its growth. The distinctive feature of the known
mechanisms of growth of crystals is various dependence
of linear growth rate of a crystal face v from system super-
cooling AT.

In the research a linear growth rate of ice crystals as the
function of supercooling is studied in the model of extra-
cellular environment, which represents the solution of
lyophilized human blood, containing cryoprotectants EG,
DMSO, PEG m.w. 1500 and PVP m.w. 12000. It is established
that irrespective of cryoprotectant type, its concentration
and value of extracellular solution supercooling, analytical
dependence of linear growth rate of ice crystals is mainly
presented by two components. It indicates the realization
in the system of two mechanisms of growth simultaneously:
normal (V~AT) and dislocational (V~AT). The increase in
concentration of cryoprotectant in solution leads to in-
hibition of both normal and dislocational growth compo-
nents. Thus the dislocational component is more sensitive
to existence of cryoprotectant in solution, than normal one.
By degree of inhibition of normal growth component,
cryoprotectants are in a row EG > PEG -1500 > DMSO >
PVP-12000 and dislocational component in a row EG >
DMSO > PVP-12000 > PEG-1500. The values of critical
supercoolings AT at which the contribution to linear
growth rate of ice crystals of both mechanisms is identical
are estimated and the areas of supercoolings where one of
them prevails are found. Prevalence of this or that mechanism
of formation of extracellular morphological ice structure
influences the safety of biological objects. As at the dis-
locational mechanism a linear growth rate of ice crystals is
more than at normal one, the fast increase of osmotic pres-
sure gradient on a membrane caused by freezing-out of extra-
cellular water, can cause the death of a cell even in tempera-
ture zone of primary crystal structure formation. Herewith
the expediency of maximum inhibition of this growth
component, as it was established, is most effectively achie-
ved, when an extracellular environment contains EG.
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MexaHi3MH NPOHUKAHHS TIIILEPUHY Kpi3b MeMOpaHu
EPUTPOLIUTIB JIIOIUHK € Hapa3i TUCKYCIHHUM IHTaHHSIM.
[ninepuH — HAROLIBII TIAPOQITBHUMN 3 BIIOMHX KPI1OIIPOTEK-
topiB. KoedimienT oro po3momisly Mixk TiapohoOHOO
(a3oro Ta Bomoro ctanoBuTh 0,005, 10 HA TOPSITOK MEHIIIE,
Hix 1,2-niponanziony (0,076). Tomy #oro npoHuKaHHS Kpi3b
JinigHU Oirap BKpail yTpyaHeHo. Ae Oyo moKa3aHo, M0
00po0OKa epUTPONUTIB CYyIb(PTiIPUIBPHUM pEarcHTOM
pCMBS, 1110 € G10KaTOpoM OITKOBHUX KaHAaJIIB, HE BIUINBAE
Ha TX POHMKHICTB JI0 TIIILEPHHY, i 3p00IEHO BUCHOBOK, LII0
DIIEPHH POHUKAE B €PUTPOLIMTH JIMIAHUM HUIIX0M. B ToM
K€ yac B IHIIUX poOOTaxX MOKa3aHo, 0 B MEMOpaHax epuT-
POLIUTIB JIIOAMHYU ICHYIOTh DIILIEPHHOBI KaHAIH, YTBOPEHI
KaHaJIoyTBOpIoounM OiikoM AQP3, i rminepuH, SAkuid Ha
JYMKY aBTOpIB, IPOHUKAE B Ili KJIITHHH 110 CrIeHU(PIYHIM
KaHaJIaMm.

Enepris aktuBarii — oHa 3 HAHBKITUBIIIHX XapaKTSPUC-
THK TPAHCHOPTHHUX HPOLECiB. APryMEHTOM Ha KOPHCTh
TPOHHMKAHHS MOJICKYJT Kpi3b ITa3MaTHYHI MEMOPAHH 38 THM
YH {HIIAM MEXaHi3MOM € 3HAYeHHS BUJUMOI CHEepTii aKTH-
Balii 0pOro mpouecy. Ha mpakTuui 4ucenbHy BETHYHHY
eHeprii akTuBarlii (£ ) BU3Ha4aroTh 3 Haxuity rpadika In & Biz
1/T 3rimHo 3 piBHsIHHSIM ApeHiyca. [I[poHnKaHHIO pe4OBHH
3a KaHaJbHUM MEXaHi3MOM BIZINOBIIa€ 3HAUCHHS eHEepril
akTHBaii B qiana3oHi 15-25 k/Ik/Molib, sIKe y3ropKy€eThCs
31 3HaYeHHsIMU eHeprii aktuBauii audysii B 00’eMHOMY
pozunHi. [Ipy MPOHUKAHHI MOJIEKYIT IIUIIXOM PO3YHHEHHS
1 muys3ii B i THOMY MaTPUKCI CHEpTis aKTUBAIIil Ma€ 3Ha-
yerHs 30-85 k/Ix/Momb i OiibIe.

Jnst BU3HAYCHHS MEXaHi3MiB HPOHHKaHHS TIIINEPHHY
B €PUTPOLIMTH JIFOAUHU HaMH OyJia TOCIIiJUKEHA TeMITepaTyp-
Ha 3aJIe)KHICTh MPOHUKHOCTI MEMOpPaH €PUTPOLHUTIB IS
MOJICKYT Ii€] pEYOBUHU B fAiana3oHi remneparyp 37...4°C.
KoediuieHTr NpOHUKHOCTI BU3HAYAJIM 3 YACOBHX 3aJI€KHOC-
Teif reMoJIi3y epUTPOLMTIB Y BOAHUX PO3YHHAX [VIILIEPHUHY,
OTPUMAaHUX METOJIOM MaJIOKyTOBOI'O PO3CIIOBAHHS CBITJIA.

Y pesyinbrari anpokcuMalii eKCepuMeHTAIbHUX TOYOK
B KOOpIMHAaTax ApeHiyca Oyiy OTpUMaHi 3HaYeHHs eHepril
aKTHUBAIli{ IPOHUKAHHS TJIIICPUHY KpPi3h MEMOpaHH €pUT-
porumTis moauHu: 76 + 13 xJ/Monb B iana3oHi TeMreparyp
37...16°C ta 159 £ 15,6 x/Ix/mMonb B maianazoni 12...4°C.
OtpumaHi y HaIoMy JOCIIPKCHHI 3HAaUCHHS €HepTii aKTH-
BaIlii XapaKTepHi AJIA JIiITi THOTO IUIAXY. B TOii ske 9ac BoHU
MIPAaKTHYHO CHIBIAJAl0Th 3 TAKUMH ITPH BUKOpPHUCTaHHI 1,2-
MPOIAHIIONY 1Sl 00POOJICHHUX OJI0KATOPOM OLITKOBHX KaHAIIB
€pHUTPOLMTIB (TOOTO JJIsi IPOHKKAHHS 1,2-IIPONaHAIoNy Kpi3h
JIiniHui Gimap), Xxo4ua sl Takoi HaA3BUYaiHO rinpodiibHOT
PEYOBUHH, SIK TITILIEPUH, MOXHA OyJ10 O 04iKyBaTH I1ie O1JIb-
IIMX 3HAYEHb SHEePTii aKTHBAILii.

TakuM 4MHOM, NUTAHHS PO MEXaHI3MU MPOHUKAHHS
IJIIEepUHY B €PUTPOLUTH JIFOJMHHU OTPeOye ITOJaIBIIOTO0
BHUBYCHHS.
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Nowadays the question about mechanisms of glycerol
penetration through the membranes of human erythrocytes
is debatable. Glycerol is the most hydrophilic known cryo-
protectant. Its distribution coefficient between the hydro-
phobic phase and water is 0.005, which is far less than 1,2-
propanediol coefficient (0.076). Therefore, its penetration
through the lipid bilayer is extremely difficult. But there was
shown that treatment of erythrocyte sulthydryl reagent
pCMBS, being a blocker of protein channels, did not affect
their permeability to glycerol and concluded that glycerol
penetrated into erythrocytes with lipids. At the same time,
other researches show that in human erythrocyte membra-
nes there are glycerol channels formed by channel-forming
protein AQP3, and glycerol penetrates into these cells
through specific channels.

Activation energy is one of the most important charac-
teristics of transport processes. The value of visible activa-
tion energy of this process is an argument in favor of mole-
cules penetration through the plasmatic membranes with
one or another mechanism. In practice, the numerical value
of activation energy (£ ) is determined by curve slope In &
from 1/T according to Arrhenius equation. Penetration of
substances with channel mechanism corresponds the acti-
vation energy value within the range of 15-25 kJ/mol, agreed
with activation energy values of diffusion in bulk solution.
Activation energy during penetration of molecules by dis-
solution and diffusion has a value 30-85 kJ/mol or higher in
lipid matrix.

To establish the mechanisms of glycerol penetration in
human erythrocytes we investigated the temperature depen-
dence of erythrocyte membrane permeability for molecules
of this substance within the temperature range of 37...4°C.
Permeability coefficients were established with time-depen-
dent hemolysis of erythrocytes in glycerol aqueous solu-
tions, obtained by small-angle light scattering.

As a result of approximation of experimental points in
Arrhenius coordinates there were obtained activation ener-
gy values of glycerol penetration through the membranes
of human erythrocytes. It was 76 + 13 kJ/mol within the
range 37...16°C and 159 + 15.6 kJ/mol in 12—-4°C. The acti-
vation energy values obtained in our study are characteris-
tic for lipids. At the same time, they practically coincide
with those using 1,2-propanediol for channel blocker of
erythrocytes treated with protein (i. e. for penetration of
1,2-propanediol through the lipid bilayer), although we
would expect higher values of activation energy of an
extremely hydrophilic substance as glycerol.

Thus, the question about the mechanisms of glycerol
penetration into human erythrocytes requires the further
study.
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Karopumerpuyeckoe nccaeaoBaHMe TepmOAeHaTypauuu
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Calorimetric Investigation of Hemoglobin Thermodenaturation with Cryoprotectants
Yu.S.GovorOVA, A.V. ZINCHENKO
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of the National Academy of Sciences of Ukraine, Kharkov, Ukraine

TepMoanHaMHUeCKHe XapaKTePUCTHKH IPOIIecca TeTIo-
BOM JIeHaTypaliy OCJIKOB MO BIMSHUEM Pa3INYHBIX (H-
3UKO-XMMUYECKUX (PaKTOPOB IO3BOJIAIOT CyAUTH O KOH(POP-
MAaIMOHHBIX M3MEHEHHUIX MOJIeKyJ. Tak, cocTaB cpeabl U
TEMIIEpaTypa UTPAIOT CYIIIECTBEHHYIO POJIb B OICPKAHUH
HATHBHOW KOH(OpMAIK MAKPOMOJIEKYIT. DTH (haKTOPHI SIB-
JISIFOTCSI BAXKHBIMH B KPHOOMOJIOTHH TIPH pa3padOTKe TEXHO-
JIOTHH KOHCEPBUPOBAHMSI HU3KMMH TEMIIepaTypaMu O1oio-
TMYECKUX CHCTEM B IIPUCYTCTBUH KPHO3ALIUTHBIX CpPEl.

B nHacrosmieit pabore meromom auddepeHnnaIbHOn
ckanupytomier kazopumerpu (J{CK) mpoBeneno uccnemno-
BaHHE BIMAHUA IuiepuHa, 1,2-mponananona (1,2-I11),
mumerwicyiabpokenaa (AMCO) 1 OKCHITHIMPOBAHHOTO IVTH-
LEPHHA CO CTEMEHBI0 noauMepusanuu n =5 (OOI, _,) Ha
TEPMOMHAMIYECKHE M KHHETHIECKUE MTapaMeTphl TEpMO/Ie-
HaTyparyy reMorIo0nHa YeJIOBeKa U HEKOTOPBIX CENbCKOXO0-
3CTBEHHBIX )KMBOTHBIX Ha ocHOBe aHaym3a JICK Tepmorpamm.

IemoriIoOMH MmoNy4yanu U3 KpOBU YeEJIOBEKa, JIOMIAIN
1 ObIKa 10 N3BECTHON MeTomKe. KoHneHTparus reMorioou-
Ha, OTIpeJICJICHHAs METOIOM CIIEKTPO(OTOMETPUH, COCTaB-
nsuta S MMods. TepMorpaMME! perucTpupoBaiti Ha qudde-
PEHIIATBFHOM aqrabaTHYeCcKoOM CKaHUPYIOIEM MUKPOKa-
nopumerpe [JACM-4. O6nacTh CKaHUPOBAHUS — OT 25 10
90°C. CropocTb HarpeBa — 1 rpajy/MuH.

Hamu paccuntanbl 3HaYEHHSI KATOPUMETPHUYECKOH DH-
TaJIbIINH, SHEPT MY aKTHBALMH U TEMIIEPATypbl TEPMOICHATY-
panuy reMorioonHa ¢ oOaBJIeHUEM Pa3INIHBIX KOHIICHTPa-
i tunepuna, 1,2-I1J1, IMCO u O3T" _ .. Pacyernsie 3Ha-
YEHUsI SHEPTUH aKTUBALIMH 3HAYUTEIIFHO IPEBBIIIAIOT 3HAYE-
HUS KaJIOPUMETPHUYECKON IHTAIBINY TEPMOICHATY PN
remonnioouHa. [TocTpoeHs! 3aBUCHMOCTH KaJOpUMETpHYeCc-
KOH 3HTAJIBITUH 1 TEMIIEPATYPHI ICHATY pallii FeMOrIo0MHa
OT KOHIIeHTpauuu rmunepuna, 1,2-I11, AMCO u OSl"n: 5
[Toxa3aHo, YTO HCTIONB3yEMBIE KPUOTIPOTEKTOPHI HPUBOIAT
K CHIDKCHHIO TEMIIEpaTyphl U CIOKHOMY MOBEIECHUIO Ka-
JIOPUMETPHYECKON SHTAIBIINU TEPMOACHATYPAIIUN T€MOTIIO-
OrHa C pOCTOM KOHLIEHTPALIMH KPHOTIPOTEKTOPA B PACTBOPE.
Otn (paxThl yKaseBaroT Ha o, uto OOI" _, 1,2-I1{m IMCO
CITOCOOCTBYIOT Pa3phIXJICHUIO MOJIEKYJI TeMOIIIOOMHA YelIo-
BeKa, ObIKa U JIOIIA]IH, a TAKXKE TTOHMKEHUIO TEPMOCTA0MITb-
HocTH Oenka. VIcKITioueHue coCcTaBiseT NIMUEPHH, KOTOPBIH
HE BBI3BIBAET CYIIECTBEHHOI'O OTKJIOHEHHUS TeMIepaTyphl
JieHaTypaly TeMoriioOnHa B Npenenax KOHLIEHTPaluu
rmunepuHa 040 macc.%.

Takum 00pa3oM, INUIEPHH, SBISSICH XUMUYECKHM IIIare-
POHOM, CIIOCOOCTBYET COXPaHEHHIO T€PMOCTAOMIBHOCTH
reMOIIOOHHA, T. €. CTAOMIM3UPYET OCIIKU HecTeuduIecku
K CTPYKType MaKpOMOJIEKYJ B IX COBMECTHBIX KOMITJIEKCaX,
00pazyromuxcs 3a cyeT caadbIX B3aUMOACHCTBHH (THApO-
(oOHBIX, BaH-/1ep-BaaibCOBBIX, BOOPOAHBIX CBsi3ei). Cte-
TICHb [T0JJOOHOTO BO3CHCTBHS 3aBUCHUT OT CTPOCHHSI MOJIe-
KyJIbI TeMOITI00HHA.

KpuoGMOROrIM

T.22,2012, Ne3

Thermodynamic characteristics of thermal denaturation
of proteins under the effect of various physical and chemical
factors allow to estimate the conformational changes of
molecules. Thus, medium composition and temperature play
an important role in maintaining native conformation of
macromolecules. These factors are important for cryobio-
logy in development of low temperature preservation tech-
nologies of biological systems with cryoprotective media.

In the present work there was performed by differential
scanning calorimetry (DSC) the study of glycerol, 1,2-
propanediol (1,2-PD), dimethyl sulfoxide (DMSO) and
oxyethylated glycerol with the polymerization degreen =15
(OEG, _,) effect on thermodynamic and kinetic parameters
of human hemoglobin thermodenaturation, and some live-
stock ani-mals on the basis of DSC thermogram analysis.

Hemoglobin was derived from human, bovine and canine
blood according to the standard method. Hemoglobin
concentration determined by spectrophotometry, was 5 mM.
Thermograms were recorded with a differential scanning
microcalorimeter DASM-4. Scan area was from 25 to 90°C.
Heating rate was 1 deg/min.

We calculated the values of calorimetric enthalpy, acti-
vation energy and hemoglobin thermodenaturation tempe-
rature with the addition of various concentrations of glyce-
rol, 1,2-PD, DMSO, and OEG, _,. Calculated values of
activation energy are significantly higher than calorimetric
enthalpy ones of hemoglobin thermodenaturation. There
were built the dependences of calorimetric enthalpy and
hemoglobin thermodenaturation temperature on concentra-
tion of glycerol, 1,2-PD, DMSO, and OEG __.. It was shown
that the use of cryoprotectants resulted in temperature
reduction and complex behavior of calorimetric enthalpy of
hemoglobin thermodenaturation with increasing cryopro-
tective concentration in solution. These facts suggest that
the OEG | _, 1,2-PD and DMSO contribute to loosening of
molecules of human, bovine, canine hemoglobin, as well as
a decrease of protein thermal stability. Glycerol, which does
not cause a significant deviation of hemoglobin denatura-
tion temperature within the range of glycerol concentration
0-40 % w/w is an exception.

Thus, glycerol, being a chemical chaperone, enables to
preserve hemoglobin thermal stability, i. e. nonspecifically
stabilizes proteins to the structure of macromolecules in
their combined complexes formed by weak interactions
(hydrophobic, Van der Waals, hydrogen bonds). The rate
of this effect depends on the structure of hemoglobin mo-
lecule.
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BAnsiHne cHuKeHusi Temnepatypbl M BUAA KPUOMPOTEKTOpa

Ha KPUCTAAAOTE€HHble CBOWMCTBA MAA3Mbl AOHOPCKOM KpOBM
A.A.KocTses!, A.K.MAPTYCEBMY?

'OrbYH “KupoBCkuii Hay4HO-MCCAEAOBATEABCKMI MHCTUTYT remMaToAOr1m
n nepeansanmns kposn OMBA Poccun”
ZHI/I)KE'I'OPOACKMIZ Hay'—IHO-MCC/\EAOBaTe/\bCKMVI HUHCTUTYT TPaBMaToOAOTrMn U OPTOMNeEANn
Effect of Lowering the Temperature and Type of Cryoprotectant
on Crystallogenic Properties of Donor’s Blood Plasma

A.A.Kostvaev!, A.K.MARTUSEVICH?

'Kirov Institute of Hematology and Blood Transfusion, Kirov, Russia
?Nizhny Novgorod Research Institute of Traumatology and Orthopedics, Nizhny Novgorod, Russia

[enbro pabOTHI SBIISUIOCH UCCIIEA0BAHIE OCOOCHHOCTEH
KPHUCTAJUTOT'CHHBIX CBOMCTB IIJTa3MbI KDOBH C Y4E€TOM YPOBHS
TUIIOTEPMHUHU U BUJIa BHECEHHOTO 71 Vi{rO B KPOBb BOJHOTO
pacTBOpa KpHOMIPOTEKTOpa.

KpucramiorenHsie cBOMCTBA MJIa3Mbl U3 IOHOPCKOH KPO-
BH, B KOTOPYIO OBIJIH BHECEHBI PACTBOPHI KPHOIIPOTEKTOPOB:
1 —-5% IMCO; 2 — 5% JAMALII + 5% 1i1r0K036I (pacTBOp
«Tpomboxpuoamany); 3 — 5% runepuna + 4% TIIIOKO3HI,
OLICHMBAIIH {7 Vitro J10 ¥ IOCIIe BO3AEHCTBUS OTPULIATENBHBIX
temnepatyp. Cmecu 3amopaxkusanu 10 —80 mm —196°C ¢
MTOCIICAYIONINM OTOTPEBOM Ha BoAsHOH Oane mpu 38°C.
NuxyOupoBanne KpoBU IPOBOAMIN B TepMocTaTe pu 37°C
B TeueHne 4 u 24 4. Kpucrammmzanuio chopMUpOBaHHBIX
OrocucTeM HCCIIEI0BAIIH ITyTEM KaueCTBEHHOTO M KOJIMIECT-
BEHHOTO aHaJH3a JCTUAPATUPOBAHHBIX 0€3 TepMHUECKON
CTUMYJIALIUH KalleJb IJIa3Mbl C HCII0JIB30BaHHEM KOMILIEKCa
BU3yaMeTpHUECKHX napameTpoB [Maprtycesuu A.K., I'pu-
mmHa ALA., 2009].

YCTaHOBJICHO, UTO O CTETIEHH BBISBJICHHBIX IPU3HAKOB
JECTPYKINH ONOCHCTEMBI C KPHOTIPOTEKTOPAMH, BBIIEPKAH-
HbIMU TTpu 22 + 2°C, cnenytot: 5% AMCO > 5% AMAILL +
5% rimoko3b1 > 5% muueprHa + 4% rOKO3bL.

B cepun onbiToB ¢ ucnonp3oBaHneM «TpomOokpuo-
JIMai, MOJIBEPTHYTOr 0 3aMopaxxuBaHuto 10 —196°C, kpuc-
TaJJIOreHHBIE CBOWCTBA IUTa3MbI PAa3BUBAJIMCH B Ooj1ee Oraro-
NPUSATHOM HaIpaBJICHUH 10 CPABHEHUIO C OMOCyOCTpaToM,
KOTOPBIN COIEprKal TOT e TeéMOKOHCEPBaHT, HO 3aMOpO-
skeHHBIH 10 —80°C. JlaHHas TeHIEHIIMS MPOCIIEeKNUBaIaCh
yepes 4 u 24 4 uHKyOaI[i KPOBU B TEPMOCTATE.

Ho6aBka 5%-ro pactBopa IMCO Bo Bcex 6uomnpodax
JIEMOHCTpHpPOBaJia 0OJIBLIYI0 COXPaHHOCTh (PU3UOJIOTHUEC-
KOM KapTHHBI CTPYKTypu3anuu mia3mel, uem JJMAILL + 5%
T0K03bI ik 5% mnuepuHa + 4% moko3bl. BHecenue B
KPOBB KPHUOIIPOTEKTOPOB, ITOJBEPTHY THIX 3aMOPAKHBAHHIO
10 —80°C, criocoOcTBOBAIO O0JIEe OBICTPOMY PA3BUTHIO IIPO-
LIECCOB CTPYKTYPH3AIINH B IJIa3Me, YeM IIPU BHECEHUH 00-
Pa3LOB TeX K€ PAaCTBOPOB, 3aMOpoxkeHHbIX 10 —196°C. Co-
XPaHHOCTh KPUCTAJUIOTCHHBIX CBOMCTB CPOPMHUPOBAHHOM
CHCTEMBI «I1JIa3Ma KPOBH — KPHUOTIPOTEKTOP» ObLIA BEIIIE
IPU UCHOIB30BAHUN IPENapaToB IOCIIe 3aMOpPaXKUBAHUS
no—196°C.

Taxum 06pa3om, cpeu HCIBITAHHBIX KPHOIIPOTEKTOPOB
Hanbosee GU3MOIOTHYHBIM [0 KPHCTAIUIOTEHHBIM CBOMCT-
BaM CHCTEMBI «IlJIa3Ma KPOBH — KPHOIIPOTEKTOPY SIBJISETCS
5% pacrBop AMCO, a Haubosee MpeanoOYTUTEIbHBIM —
pexuM 3aMopaxuBanus npu —196°C.

KpuoGMOROrIM

T.22,2012, Ne3

The research aim was to study the crystallogenic prop-
erties of plasma according to hypothermia level and type of
aqueous cryoprotectant, introduced into blood in vitro.

Crystallogenic properties of plasma from donor's blood,
wherein cryoprotective solutions were introduced: 1 — 5%
DMSO, and 2 — 5% DMAC + 5% glucose (Thrombocryo-
dmac solution), and 3 — 5% glycerol + 4% glucose were
evaluated in vitro prior to and after the exposure to freezing
temperatures. The mixture was frozen at —80 and —196°C,
followed by warming on water bath at 38°C. Blood was in-
cubated in an incubator at 37°C for 4 and 24 hrs. Crystalliza-
tion of the formed biosystems was investigated by qualita-
tive and quantitative analysis of dehydrated without ther-
mal stimulation drops of plasma using the complex of
visuametry methods [Martusevich A.K., Grishin A.A., 2009].

It has been found that according the destructive effect
on biosystem with cryoprotectants at 22 + 2°C the studied
solutions made the following row 5% DMSO > 5% DMAC +
5% glucose > 5% glycerol + 4% glucose.

In the series of experiments with Thrombocryodmac
subjected to freezing down to —196°C, crystallogenic plasma
properties developed in more favorable direction if com-
pared to biological substrate, which contained the same
hemopreservative but frozen down to —80°C. This tendency
was observed after 4 and 24 hrs of blood incubation in the
thermostat.

The addition of 5% DMSO solution in all the bioassays
showed higher preservation of physiological picture of
plasma structuring than DMAC + 5% glucose or 5% glyc-
erol + 4% glucose. Introduction in to the blood of cryopro-
tectants subjected to freezing down to —80°C, promoted
the development of more rapid structuring processes in
plasma than when introducing the samples of the same so-
lutions, frozen down to —196°C. Preservation of crystallo-
genic properties of the ‘blood plasma — cryoprotectant’
system was higher using the solutions after freezing down
to—196°C.

Thus, among the tested cryoprotectants the most phy-
siological from the point of view of crystallogenic proper-
ties of the ‘blood plasma — cryoprotectant’ system was 5%
DMSO solution, and the most preferred freezing protocol
was at—196°C.
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KAacTepHas kpucTtaaAu3aumsi BOAHbIX pactsopos [1950-1500
E.B. Aasbiaosa, A.N. Oceukmi, B.M. PeaHmkos, C.C. CEBACTbSHOB
MHCTUTYT npobaem Kpnobuorormmu mu kpmomesnumHsl HAH Ykpaurbl, r. Xapbkos

Cluster Crystallization of PEO-1500 Aqueous Solutions

E.V. DAavyDova, A.l. Osetsky, V.I. REzNIkov, S.S. SEVASTYANOV
Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine, Kharkov, Ukraine

M3ydeHue nporeccoB KpUCTAIIU3aMKU BOAHBIX PACTBO-
POB KPHOIIPOTEKTOPHBIX BELIECTB — OJHO M3 BAXKHEUIIUX
HampaBJIeHU COBpeMEHHON KPHOOHUOJIOTHH, TaK KaK C HUMHU
CBSI3BIBAIOT OCHOBHBIC MEXaHU3MBI TOBPEIKICHUS KPHOKOH-
cepBupyeMbIx 0n000bekToB [B.J. Fuller 1 mp., 2004]. OnHako
00111e 3aKOHOMEPHOCTH ATHX MTPOILIECCOB He CHopMyITHpO-
BaHBI 10 CHX HOP. DTO HANVIAIHO IPOABIIIETCS U IIPU U3yde-
HUH SBJICHUA KjacTepHOi kpuctamuzanuu [A.l. Osetsky,
2011].

Beenenue kactepHOH (a3bl HO3BOJSAECT HOCTPOUTD MTOJI-
HbIE JUarpaMMbl COCTOSIHUN KPUOIPOTEKTOPHBIX PACTBOPOB
1 TTOHATH MIPUPOAY FKCIICPUMEHTAIFHO HAOTIOIACMBIX ITPH
X OTOrPEBE OT TEMIEPATYpPhbl CTEK/IOBAHMS T, HO HE HaXo-
JIIIX OOBSCHEHUS B pAMKaX MOJICITH 3BTCKTHIECKOH KpHC-
TaJUTH3aIMHU (P PEKTOB: JOMOIHUTEIBHYIO KPUCTAIUTU3ALHIO
U JIBa [TOCITIEAYIOMINX MTUKA IJIaBIeHUs. B To ke Bpems Bce
0COOEHHOCTH 00pa30BaHuUs HOBOM KiIaCTepHOMU (a3bl Tpe-
OYIOT IOTIOJTHUTENBHBIX UCCIIEIOBAHN.

IIpu n3yueHuu KIACTEPHON KPUCTAIIM3ALMM BOJHBIX
PacTBOPOB IMIHIIEPHHA BEICKA3aHO NMPEAIOI0KEHHUE, YTO i
MPENIIECTBYET MPOIecC 00pa30BaHMsI TPEXMEPHBIX acco-
LIMATOB U3 THAPATUPOBAHHBIX MOJEKYJ KPHOIIPOTEKTOPHOTO
pemectsa [E.B. laBeinoBa, A.U. Ocenkuit, 2011]. Onnako
AQHAJIM3 MOKA3bIBAET, UTO B CHJIY BIIMSHUS SHTPOINUUHOTO
(hakTOpa TaKMe acCOIMATHI B pACTBOPAX ITIHIIEPHHA CTaHO-
BATCSl yCTOMYMBBIMU Npu Temmneparypax 1...T » UTO HCK-
JII0YaeT KJIACTEPHYIO KPUCTAJUIN3ALIMIO Ha ATAIIe OXJIaXe-
Hus. VccrneqoBaHusl MPOBOAMIN C YIETOM TOTO, YTO MPHU
nepexoze oT munepuHa kK [120-1500 BiaustHUE SHTpO-
MIUITHOTO CJIaraeéMOT0 B BRIPAKEHUH JIJIs1 CBOOOTHOM SHEPTUU
CHCTEMBI 0cllabeBaeT U MPOLECCH 00Pa30BaHUS YCTOWIH-
BBIX aCCOIIMATOB U KJIACTEPHON KPUCTAJIM3AI[MH MOTYT
HaOFOaTHCS pH OOJIee BRICOKUX TeMIieparypax. B HacTos-
mieii paboTe ¢ MOMOIIBI0 METOAa 00bEMHOM CKaHUPYFOIICH
TEH30IMJIaATOMETPUH KIIaCTEpHAsi KPUCTAILTU3ALMsI BIIEPBbIC
3aEKCHpOBaHA Ha ATAIe OXJIAXKICHUS pacTBOpa B MHTEP-
Base Temrepatyp —50...—70°C, 4To MOXKET CITy>KUTh OO~
HUTEIEHBIM MTOATBEPKICHHEM KakK 3PQeKTa KIacTepHOMN
KPUCTAIITH3ALINH, TaK U TUIIOTE3bI IBYXCTYIIEHYATOH TPHUpPO-
JIBI 9TOTO SIBIICHHUS.

KpuoGMOROrIM

T.22,2012, Ne3

The study of crystallization processes of cryoprotective
substances' aqueous solutions is one of the most important
directions of contemporary cryobiology, since the main
mechanisms of injury of the biological objects under cryo-
preservation are related to them [B.J. Fuller et al., 2004].
However, general regularities of these processes have not
been specified yet. This is vividly manifested when studying
the phenomenon of cluster crystallization [A.I. Osetsky,
2009].

Introduction of cluster phase enables the building of
complete diagrams of the states of cryoprotective solutions
and understand the nature of experimentally observed at
their thawing from vitrification temperature 7, but not
having the explanation within the frames of the model of
eutectic crystallization effects: additional crystallization and
two following peaks of melting. At the same time all pecu-
liarities of the formation of new cluster phase require
additional studies.

When investigating the cluster crystallization of glycerol
aqueous solutions there was supposed that it was preceded
by the formation of 3D associates of cryoprotective sub-
stance hydrated molecules [E.V. Davydova, A.l. Osetsky,
2011]. However, the analysis shows that due to entropia
factor these associates in glycerol solutions become resis-
tant at temperatures 7... T, that excludes cluster crystalliza-
tion at cooling stage. The studies were performed taking
into account the fact that during transition from glycerol to
PEO-1500 the effect of enthropia summand in the expression
for the system free energy weakens and the processes of
formation of resistant associates and cluster crystallization
can be observed at higher temperatures. In this work by
means of volumetric scanning tensodilatometry the cluster
crystallization was for the first time found at solution cooling
stage within temperature interval —50...—70°C, which may
serve as additional evidence of both the effect of cluster
crystallization and the hypothesis of two-step nature of
this phenomenon.
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M3meHeHne mexaHU4YeCcKoW CTaOMAbLHOCTU 3PUTPOLMTOB YEAOBEKa B MPUCYTCTBUM
KPUOMPOTEKTOPOB: POAb MOHHOW CUAbI CpPeAbl U KaAbLUs
H.I". 3emagHckmx, AWM. AAEKCAHAPOBA, A.A. BABMIMYYK
MHCTUTYT npobaem Kpnobuorornu u kpmomesnumHsl HAH Ykpaunrbl, r. Xapbkos
Change of Human Erythrocyte Mechanical Stability in Presence
of Cryoprotectants: Role of lonic Strength and Calcium
N.G. ZEMLYANSKIKH, D.l. ALEXANDROVA, L.A. BABIYCHUK

Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine, Kharkov, Ukraine

BBDKHBaEMOCTh 3pUTPOIUTOB B IPOILIECCE 3aMOPaKH-
BaHUSI-O0TOTPEBA B IPUCYTCTBUU KPHOIIPOTEKTOPOB MOXKET
OBITH CBSI3aHA KaK C M3MCHEHHEM XapaKTepa KpUCTaJIH3a-
WU XKUIKOH (a3bl, TaK ¥ C BOZMOKHOCTHIO MOTU(DUKAIIH
CTPYKTYPHBIX CBOWCTB U (DYHKLIMOHAIBHOW aKTHBHOCTH
KOMITOHEHTOB KIICTKH. {7 3pUTPOIUTOB CTPYKTYPHBIH
U (yHKIIMOHAJIBHBIM OTBET Ha BO3ACHCTBUE KPHOIIPOTEKTO-
POB CBsI3aH, MPEKIE BCETo, C peopraHm3alfeil Iia3MaTu-
yeckoil MeMOpaHbl. MexaHu4eckast CTaOMIIbHOCTh PUTPO-
LIMTOB — O/IHA M3 HanOOJIee BaXKHBIX (DYHKLIMOHATIBHBIX XapaK-
TEPUCTHUK, KOTOpAs OIPEACTICTCS CTPYKTYPHBIMH CBOUCT-
BaMH JIMITAHOTO OUCIIOS M COCTOSIHHEM OCJIKOB MeMOpaH-
HO-ITUTOCKEIICTHOTO KOMIUTEKCA.

Lenp qaHHOTO MICCIIEAOBAaHNS — U3YUEHHE BIMSHUS psiia
XUMHYECKUX COCAMHEHUH, 00JIaafoIIX KPHOIIPOTEKTOP-
HBIMH CBOWCTBaMU, Ha YCTOMYHUBOCTE SPUTPOIIMTOB YEIIO-
BeKa IIPU MEXaHUUECKOM CTPEeCcCce; OIICHKAa MO HUIIPYIO-
IICH POJTH SIICKTPOIIUTOB H HOHOB KaJIBIIHSL, IPHCYTCTBYIO-
IIMX BO BHEKJIETOYHOH CpeJie, Ha COCTOSHUE KIETOK B JaH-
HBIX YCIIOBHSX.

MexaHHYeCcKyI0 YyBCTBUTEIIBHOCTH OLIEHUBAJIN IO YPOB-
HIO TEMOJTH3a KJICTOYHBIX CYCIICH3HH B CPeIax, COACPKAIIIX
pasnnunble KoHueHTpanuu NaCl, muneposa, MaHHUTONA,
caxapo3sbl, [191'-1500 u nexcrpana m.m. 40000.

[NoyueHHBIE pe3yBTaThI TOKA3aJIH, YTO ITPH MEXaHUIEC-
KOM CTpecce runeproanyeckue koneHrparyu NaCl u maH-
HUTOJIA AeCTAOMITN3UPOBAIIH KIICTKH, a caxapo3a, IeKCTpaH,
runepon ¥ [ 121 moHmkanm ypoBeHb reMoJIi3a OTHOCUTEIb-
HO KOHTpOJIsL. MakcuMalbHyT0 3¢ (PEeKTUBHOCTD B CTaOMIN3a-
LUK 3PUTPOLUTOB NMPOosBIsLIN runepoi u [0 (5-15%).
YpoBeHb reMoiin3a Bo Bcex cpeziax, He comeprkanux NaCl,
CYIIECTBCHHO BO3PACTAJI II0 OTHOIICHUIO K TEMOJTN3Y B aHa-
JIOTHYHBIX pacTBopax ¢ BkmodeHuem 150 MM NacCl, urto
MOJKET OBITh BBI3BAHO H3MCHCHHEM MEMOpPaHHOTO MOTEH-
uuana. Beenenne Ca?t u OJ/ITA B pactBop I1O1 noBsiiiano
TeMOJIN3 TPAKTUYIECKHU B 2 paza [0 CPABHEHHUIO C HCXOIHBIM
pactBopoM. B rmunepon-conepxkameit cpene A TA BbI3bI-
BaJI CXOAHYIO peaknuio, ogHako Ca®t He OKa3bIBaJl 3HAYH-
Moro BiusHAA. D¢ dext IATA Ha 3pUTPOLUTHI, OYEBUIHO,
CBsI3aH C €ro BIMsHUEM Ha MeMOpaHocBsa3anHbIi Ca®!, uTo
HETaTHUBHO OTpa)kaeTcs Ha CTPYKType MEMOPaHHBIX KOM-
noHeHToB. Biustaue Ca®' B [131- 1 miniieposi-coaepikaiux
pacTBOpax Ha MEXaHHMYECKYIO CTa0MIBHOCTh HPUTPOIIUTOB
MOXET OBITH 00YCIIOBIICHO Pa3ITYHBIM COCTOSTHIEM CHCTEM,
perynupyromux ypoeHb Ca*" B KJI€TKax B MPUCYTCTBHH
JTAHHBIX BEIIICCTB.

TakuMm 06pazoM, KPHOIIPOTEKTOPHBIE COCTUHEHIS MO-
TYT IOBBIIATh MEXaHUUECKYIO YCTOHYMBOCTE 3PUTPOLIUTOB,
YTO YKa3bIBacT HA MX CIIOCOOHOCTD CTAOMIIN3UPOBATH SPUT-
POLIMTHI K Pa3IMYHBIM THIIAM CTPECCOBBIX BO3JCHCTBUI Ha
OCHOBE HEKHX OOIIVX ITPUHIIUITOB MITH HAa BO3MOXKHOCTb TOT'O,
YTO MEXaHHYECKask CTAOMITH3aIHs SIBJISIETCS] COCTABHBIM dJIe-
MEHTOM KPHO3aIIUTHI KJIETOK.

KpuoGMOROrIM

T.22,2012, Ne3

Survival of erythrocytes during freeze-thawing in the
presence of cryoprotectants can be associated with the
change in the liquid phase crystallization character and with
the possibility of modifying the structural properties and
functional activity of cell components. For erythrocytes a
structural and functional response to the cryoprotectant is
primarily associated with the reorganization of plasma
membrane. Mechanical stability of red blood cells is one of
the most important functional characteristics, which is
determined by structural properties of lipid bilayer and the
state of the proteins of membrane-cytoskeletal complex.

The research aim was to study the effect of a number of
chemical compounds with cryoprotective properties on the
resistance of human erythrocytes to a mechanical stress,
evaluation of a modifying role of electrolytes and calcium
ions present in extracellular environment, on the state of
cells under these conditions.

Mechanical sensitivity was assessed by the level of
cell suspension hemolysis in media containing different
concentrations of NaCl, glycerol, mannitol, sucrose, PEG-
1500 and dextran with 40,000 m.m.

The obtained results showed that during mechanical
stress hypertonic concentrations of NaCl and mannitol
destabilized the cells, and sucrose, dextran, glycerol and
PEG reduced the level of hemolysis compared with the
control. Glycerol and PEG (5-15%) showed a maximum
efficiency in erythrocyte stabilization. Level of hemolysis
in all the media not containing NaCl significantly increased
if compared to hemolysis in similar solutions with the
inclusion of 150 mM NacCl, which may be caused by the
change of membrane potential. Introduction of Ca*" and
EDTA in PEG solution increased the hemolysis twice if
compared to the initial solution. In the glycerol-containing
medium EDTA induced similar reactions, but Ca?* did not
affect significantly. Effect of EDTA on erythrocytes is
obviously related to its effect on membrane-bound Ca*,
which negatively affects the structure of membrane com-
ponents. Effect of Ca?* in PEG and glycerol-containing
solutions on the mechanical stability of red blood cells may
be stipulated by different states of the systems regulating
the level of Ca?* in cells in the presence of these substances.

Thus, cryoprotective compounds can increase the
mechanical stability of erythrocytes indicating their ability
to stabilize the erythrocytes to different types of stress on
the basis of some general principles or to the possibility
that mechanical stabilization is an element of cell cryopro-
tection.
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MccaeaoBaHMe KPUOMPOTEKTOPHBbIX U (PU3NKO-XMMHUYECKNUX CBOWCTB CpeA
Ha OCHOBE OKCU3TMAMPOBAHHOTO METMALICAAO3OAbBA

A.B. HukoaeHko, O.B. Bszosckas, B.B. YekAHOBA
MHCTUTYT npobaem Kpnobuorornu u kpmomesnumHsl HAH Ykpaunrbl, r. Xapbkos

Study of Cryoprotective and Physicochemical Properties
of Media Based on Oxyethylated Methyl Cellosolve
A.V. NIkoLENKO, O.V. VYAZOVSKAYA, V.V. CHEKANOVA

Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine, Kharkov, Ukraine

IIpoBeieHO KOMILJIEKCHOE UCCIIE0BaHNE KPUOIIPOTEKTOPHBIX
1 (PU3MKO-XMMUUYECKUX CBOICTB KOMIIO3UIIMOHHBIX CPEI Ha OCHOBE
OKCHATHIIMPOBAHHOTO MeTHIIeIuI0306Ba (OOMLI). B xauecTe
KPHO3aIUTHBIX cpef ucnoab3oBanu 20 u 30% OOMII, mpuro-
ToBneHHble Ha 50 u 150 MM pactBopax NaCl, 20% ODMI] — na
100 MM NaCl ¢ no6asnennem 90 MM caxapo3sl, 20% ODOMII —
Ha 50 MM NaCl ¢ 200 MM rroko30it, 20% OOMIL] — Ha 50 MM
NaCl ¢ 200 MM marHUTOM. KpHOTIPOTEKTOPHBIE CBOWCTBA CpEJl
OLIGHMBAJHCh MO KOMILJICKCY MOKa3aTelel, XapaKTepu3yIoInX
COXPAHHOCTB IPUTPOLIUTOB: TEMOJIN3Y, OCMOTHYECKOW XPYIKOCTH,
BHYTPUKJIETOYHOMY COJICP KaHHIO Kaus 1 HaTpust. Onpenensiy
(PM3UKO-XMMIYECKHE CBOMCTBA CPeJl: OCMOTHIHOCTh, HOHHYIO CHILY,
JMHAMHYECKYIO BSI3KOCTh, HOBEPXHOCTHOE HATSDKEHHE, INIOTHOCTb,
TEMIIepaTypy 3aMep3aHusl.

YCTaHOBICHO, YTO COXPAHHOCTh KPHOKOHCEPBHPOBAHHBIX
SPUTPOIUTOB 3aBUCHT OT COCTaBa KPHO3ALIUTHBIX CPeA U UX (H-
3MKO-XMMHYECKUX CBOICTB. BBeieHNE yIIIeBOIOB B KPHO3AIIUTHbIC
cpenbl Ha ocHoBe 20% ODOMII npuBOIUT K MOBBIIICHUIO TTOKA-
3aTeliel INIOTHOCTH, BI3KOCTH, TIOBEPXHOCTHOTO HATSKCHHUSI OTHO-
CUTENFHO MOKa3aTesei, MOTy4YeHHBIX 11t cpensl ¢ 20% ODMIL]
Ha 50 MM NaCl. [Ipu 3ToM TeMmIepaTypa 3aMep3aHusi Cpel
mensercs ot —2,80 1o —4,30°C. B npucyTcTBUH YINIEBOIOB IIPH
ucronp3oBanuu cpen ¢ 20%-it konnentpanueit OOML] Ha6-
mofiaeTcsl HauboJee BBICOKAS COXPAHHOCTh SPUTPOILHUTOB IO
[0Ka3aTesIM OCMOTHYECKOW XPYIKOCTH BHYTPUKICTOUHOMY
COZCPIKAHUIO KaJMsl U HATPUSl U COCTABIsIET B cpenHeM 85%.
C yBemmuenueM konnenTtparuu OOMII ¢ 20 no 30% B mpucyTcT-
Buu 150 MM NaCl Ha oHE MOBBIIEHUS BSI3KOCTH, ITIOTHOCTH
Y MOHMKEHHsI TEMIIepaTypbl 3aMep3aHus cpelbl HabomaeTcs
YMEHBIICHUE BEJIMYMHBI TOBEPXHOCTHOTO HAaTsDKeHHs. CHIKEHHE
MIOBEPXHOCTHOTO HATSDKCHUSI MOXKET IMIPUBOJUTH K MEHEE BBIpa-
KEHHOMY KOHTAKTy CpPeJIbl C KIIETKaMH H, KaK CIIC/ICTBUE, YMEHb-
HICHUIO ee Kpro3anuTHoro aericteus. Ha ¢poue 1-1,5%-ro remo-
JIM3a SPUTPOLUTOB mociie 3amopaxkuBanusi ¢ 30% OOMI] Ha
150 MM NaCl otmeyaroTcst caMble BEICOKHE 3HAYSHHSI OCMOTHYEC-
KO XpYTIKOCTH, B cpeHeM 45%. DpUTPOIHUTHI HOCIIE 3aMOpPakKu-
BaHMsI C KPUO3ALIMTHBIMU CpeiaMu Ha 0CHOBE 20% KOHLICHTpaK
OODMILII B 1,5-2 pa3za 6osee yCTOHYUBBI K OCMOTHYECKOMY ILLIOKY,
4YeM KIIeTKH rocie 3amopaxuBaHus ¢ 30%-# KOHIEHTpanuen
OOMLL. ITpu 5TOM CHIKEHHUE COMIEPKAHMS CON HIDKE (DH3HUOJIOTH-
yeckoro ypoBHs B cpenax ¢ 20 u 30% OSMII noeeliaer kpuo-
YCTOWYHBOCTh SPUTPOLIMTOB, YTO MOXKET OBITH 00YCIIOBIICHO TO-
HUYHOCTBIO U HOHHOH CHJIOH HCTIONB3YEeMBIX KPHO3AIUTHBIX CPel.

BrisiBIeHO MHOTO(AKTOpPHOE BIMSHUE HCCIETOBAHHBIX
(M3UKO-XMMHYECKUX CBOMCTB KPHO3AIIUTHBIX CPeJ] Ha CTPYKTYP-
HO-(QYHKIMOHAJILHOE COCTOSIHUE dPUTPOLUTOB 0 M IOCIe
3amopakuBaHus. [Ipu pa3paboTke KOMIIO3UIIMOHHBIX KPHO3a-
IIUTHBIX CPeJ HEOOXOAMMO YYHTHIBATh KOHIICHTPALHOHHOE
COOTHOIIICHHE KOMIIOHEHTOB CPE/ibI (3JEKTPOIUT/HEATEKTPOIUT)
U UX (QU3NKO-XUMHUYECKHE CBOcTBa. [IpUCYTCTBHE YIIEBOIOB
B KOMIIO3WIMOHHBIX CPEAax B ONpPEEeNICHHBIX COOTHOMICHHUSIX
¢ NaCl noseimaer 3 QpeKTUBHOCTE KPUOKOHCEPBUPOBAHUS
IPUTPOLUTOB.

KpuoGMOROrIM

T.22,2012, Ne3

Investigation of cryoprotective and physicochemical pro-
perties of compositional media at the base of oxyethylated methyl
cellosolve (OEMC) has been performed. As the cryoprotective
media we used 20 and 30% OEMC prepared on the base of 50
and 150 mM solutions of NaCl, 20% OEMC on 100 mM NacCl
supplemented with 90 mM sucrose, 20% OEMC on 50 mM
NaCl with 200 mM glucose, 20% OEMC on 50 mM NaCl with
200 mM mannitol. Cryoprotective properties of the media were
evaluated by the complex of indices characterizing erythrocyte
survival: hemolysis, osmotic fragility, intracellular content of
potassium and sodium. We determined physicochemical proper-
ties of the media: osmotical density, ionic strength, viscosity,
surface strain, density, freezing temperature.

We have established that cryopreserved erythrocyte survival
depends on the content of cryoprotective media and their physico-
chemical properties. Introduction of carbohydrates in cryoprotec-
tive media based on 20% OEMC induces increasing the indices of
density, viscosity, surface strain in relation to the indices obtained
for medium based on 20% OEMC with 50 mM NaCl. Moreover
freezing temperature of the media changes from —2.80°C down to
—4.30°C. In the presence of carbohydrates using the media with
20% OEMC we observed the highest erythrocyte survival by the
indices of osmotic fragility and intracellular content of potassium
and sodium and it made 85% at average. Increasing OEMC con-
centration from 20 up to 30% in the presence of 150 mM NaCl
on the background of increasing viscosity, density and decreasing
freezing temperature of the medium we noted decreasing surface
strain. Decreasing surface strain may lead to less expressed contact
of the medium with cells and consequently decrease of their
cryoprotective effect. The highest indices of osmotic fragility
(45% in average) are noted on the background of 1-1.5%
erythrocyte hemolysis after freezing with 30% OEMC with
150 mM NaCl. Erythrocytes after freezing with cryoprotective
media based on 20% OEMC are by half or twice more resistant to
the osmotic shock than the cells after freezing with 30% OEMC.
Furthermore the decrease of saline content lower than physiological
level in media with 20 and 30% OEMC increases erythrocyte
cryoresistance that may be stipulated by tonicity and ionic
strength of the used cryoprotective media.

We revealed multi-factor effect of the studied physicochemical
properties of cryoprotecive media on structure-functional state
of erythrocytes prior to and after freezing. When developing the
compositional cryoprotective media one should consider the
concentration ratio of media components (electrolyte/non-electro-
lyte) and their physicochemical properties. The presence of carbo-
hydrates in compositional media in certain ratios with NaCl rises
the efficiency of erythrocyte cryopreservation.
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O BAMSHMM HM3KMX Temnepatyp Ha OMOMAKPOMOAEKYAbI
O.A. Hapama, E.A. Po3anosa, M. WEeTMHCcKkmM, 2.0. HAPAMA
MHCTUTYT npobaem Kpnobuorormmu mu kpmomesnumHsl HAH Ykpaurbl, r. Xapbkos

On the Low Temperature Effect on Biomacromolecules
O.A. NAarDID, E.D. Rozanova, M.1. ScHEeTINSkY, E.O. NARDID

Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine, Kharkov, Ukraine

YeoBust, B KOTOPBIX HAXOAATCSl OMOMaKpOMOJIEKYJIBI ITpH
KPHOKOHCEPBHPOBAHUH, MOTYT OKa3bIBaTh CYIIECTBEHHOE
BIIMSIHHE Ha KOH(OPMAIHIO Oelka, TaK Kak IIPH 3TOM MOTYT
N3MEHSATHCS THAPO(OOHBIE B3aNMOICHCTBHS M BOJIOPOJTHEIE
CBSI3H, ONIPEIEIISIONINE U CTAOMIN3UPYIOLINE TPETUIHYIO U
YEeTBEPTHYHYIO CTPYKTYpbl. HapymieHne Mexmonexyssp-
HBIX B3aUMOJCHCTBHUI MOKET PUBECTH K CTPYKTYPHOH pe-
OpTaHMU3alny, MPOSBIISIONICHCS B arperaniy OTACIbHBIX
6romakpomorexyil. Takre n3MEeHeHNs OTAeIbHBIX OMOMaK-
POMOJIEKYIT CKa3bIBAIOTCSI Ha BBIMTOIHAEMBIX UMH (DYHKIISX,
o0ecIieYeHNH UX YCTOWYNBOCTH U HaIMOJICKYJISIpHOI opra-
HU3aIHH.

B nacTtostmiei pabore n3ydeHbl 3aKOHOMEPHOCTH BIHSA-
HUSI HU3KHUX TEMIIEpaTyp M KPHOIIPOTEKTOPOB Ha BHYTPH-
1 MEXMOJICKYJISIPHbIE B3aNMOJCHCTBHSI OCJIKOB M OLIEHEHA
POJIb 3THX B3aMMO/ICHCTBHI B pE3UCTEHTHOCTH OMOCTPYKTYD
TIPY HU3KOTEMIIEPaTyPHOM BO3/ICHCTBUH.

JIMHAMHUYECKYIO CTPYKTypPy BOZHO-OEIKOBOM CHCTEMBI
M3y4ajaH, UCIIONb3Ysl THAPO(HUIBHBIN CIIMHOBBIN 30HN
TEMIIOH u crima-MeueHyro creapuHoByto kucioty (16-11C).
Cnexrpsl OIIP peructpupoanu Ha cnekrpomerpe «Bruker
ER-100». I'enb-xpoMoTorpaduio 0CyIecTBISUIN Ha KOJIOHKE
1x27 eMm ¢ cedanexcom G-200. [t XapaKTepUCTUKN KOH-
¢dopManuu OMOMaKpOMOJIEKYJT MCIOIb30BATN CHEKTPHI
TIOJIOIIEHHS 1 MIX TIEPBBIE TIPOU3BO/IHBIE, @ TAKXKE HX CTICKTPBI
¢moopecueHnny. CrieKTpbI MOMIOMIEHUS PErUCTPHPOBAIN
Ha criektpodoromerpe «Pye Unicam SP 8000», cnexTpsl
¢dyopectennuu — Ha criekrpodayopumetpe «Hitachi F-
4010». O0pa3ubl 10 pa3INIHEIM PEXHMaM 3aMOPAXKHUBAIH
B ammynax «Cryovial», ororpeBasin Ha BoasiHOI OaHe npu
temmneparype 36°C.

YCTaHOBIIEHO, YTO U3MEHEHHS NapaMETPOB CIIEKTPOB
OITP cIMHOBBIX 30HI0B B CBIBOPOTKE KOPIOBOH KPOBH ITOCTIE
MEJICHHOT'0 3aMOPaXUBAHUS U TOCIIETYIOMETr0 OTOrPeBa
YKa3bIBalOT Ha KOH(OpPMaIMOHHbIC N3MEHEHHs OEIKOB,
HMEIOIINX XapakTep pa3pbixieHus. [lokazaHo, 4To MeIeH-
HOE OXJIJK/ICHUE PUBOJIMT K arperarny OeKoB CBIBOPOTKH,
OCHOBHYIO POJIb B KOTOPOH UTPAIOT CHIBOPOTOYHBIH alib0y-
MUH ¥ IMMYHOTII00yuHEL [Togo6HbIe ITpo1iecch oOHapy-
YKEHBI B (DOJUTHKYIIAPHOM KUAKOCTH M SKCTPAKTAX IUTALICHTHIL.
NzyueHo BnusiHNE CKOPOCTEH 3aMOpaKUBaHUS Ha KOH(POP-
MaIHIO U aKTUBHOCTb ITFOKO300KCH1a3bI B PACTBOPE U Yac-
TUYHO COTOJIMMEPHU30BaHHOM C IOMOILBIO IIIOTAPOBOTO
anpzeruza. [IpoBeneHHbIE HCCIeIOBaHMUS TO3BOJIMITH OTIpeE-
JICTIUTD ONITUMAJIbHBIE PEXKUMBI 3aMOPAKUBAHUS U KOHEU-
HBIE TEMIEpaTypbl AIUTEILHOTO HU3KOTEMIIEPATypHOTO
XpaHEHNS] MUHHATIOPHBIX JJIEKTPOXUMHUUYECKHUX (PEPMEHTHBIX
O61oceHCOpOB 0€3 CYIIECTBEHHOTO BIMSHUS Ha BETUUNHY
€ro OTKIIMKA.

Ha ocHoBe ananmsa sKkcriepIMEeHTaIbHBIX JAHHBIX MPEa-
JI0)KEH MEXaHN3M KOH(OPMALMOHHO-CTPYKTYPHBIX KPHO-
MOBPEKACHUH OnoMakpomoineKyil. O0cyskaaeTcst MOmyJIsi-
LIUSI MEKMOJICKYJISIPHBIX B3aUMOJEHCTBUI HU3KUMH TEMITe-
patypaMu M IPakTH4YeCcKOE HCIIOIb30BaHUE IMOTYYEHHBIX
Ppe3yIbTaToB.

KpuoGMOROrIM
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The conditions, whereat the biomacromolecules are
under cryopreservation, may significantly affect a protein
conformation, since in this case the hydrophobic interac-
tions and hydrogen bonds, determining and stabilizing the
tertiary and quaternary structures can change as well. The
disorder in intermolecular interactions may result in a struc-
tural rearrangement, manifesting in aggregation of some
biomacromolecules. Such changes in some biomacromo-
lecules affect the accomplished by them functions, provi-
sion of their resistance and supramolecular organization.

In this research there were investigated the regularities
of low temperature and cryoprotectant effects on intra- and
intermolecular interactions between proteins and evaluated
the role of these interactions in biostructure resistance un-
der low-temperature effect.

Dynamic structure of water-protein system was studied
using the hydrophilic spin probe TEMPON and spin-labeled
stearic acid (16-DS). The EPR spectra were recorded with
spectrometer Bruker ER-100. Gel chromatography was per-
formed in 1%27 cm column with Sephadex G-200. To charac-
terize the conformation of biomacromolecules we used the
absorption spectra and their first derivatives, as well as
their fluorescence spectra. The spectra of absorption and
fluorescence were recorded with spectrophotometer Pye
Unicam SP 8000 and spectrofluorometer Hitachi F-4010,
correspondingly. The samples were frozen by various regi-
mens in cryovials, thawed in a water bath at 36°C.

The changes in parameters of spin probes EPR spectra
in cord blood serum after a slow freezing and following
thawing were established as indicating to conformational
changes in proteins, having loosening nature. Slow cool-
ing was shown to result in serum proteins aggregation,
where the main role was played by serum albumin and immu-
noglobulins. The similar phenomena were found in follicular
fluid and placenta extracts. The effect of freezing rates on
conformation and activity of glucose oxydase in solution
and partially copolymerized with gluteraldehyde was under
study. The research performed enabled to determine the
optimal freezing regimens and final temperatures for a long-
term low temperature storage of miniature electrochemical
enzyme biosensors without significant effect on its response
value.

Basing on the analysis of experimental data there was
suggested the mechanism of conformational and structural
cryodamages of biomacromolecules. The modulation of
intermolecular interactions by low temperatures and a prac-
tical use of the results obtained are discussed.
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KpiokoHcepByBaHHSI WTaMy nepellenAlOBaHnX KAITUH Hupku BiBui FLK-SBBL,
SIKUii MPOAYKYE BipyC AeiiKO3y BEAMKOI poratoi XyAoOu
M.IO. CrerHin', B.T. CterHin', A.M. TOAbLIEB?
" HauioHaAbHmit TexHidHni yHisepceutet “XI117, m. Xapkis
2[HCTHTYT npobaem Kpiobioaorii i kpiomeanumtmn HAH Ykpaitm, m. Xapkis

Cryopreservation of Inoculated Lamb Kidney FLK-SBBL Strain Cells,
Producing Virus of Bovine Leukemia
M.Yu. SteaNiy!, B.T. SteaNiy!, A.M. GoLtsev?

'Institute of Experimental and Clinical Veterinary Medicine, Kharkov, Ukraine

2Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine, Kharkov, Ukraine

Kynbrypa kimitiH QostikymspHoi tiM¢omu eMOpioHaIbHOT
Hupki BiBli FLK-BLV B YkpaiHi BukopuctoByeThces B 0io-
TEXHOJIOT1{ BUPOOHUIITBA JICHKO3HOTO aHTHUTEHY JUIS CEPOII0-
TiYHOI 1IarHOCTHKH JICHKO3y BeJIMKOI poraroi xynoou. Tomy
BHHUKJIA HEOOXITHICTH PO3POOUTH CIOCIO KPiOKOHCEPBY-
BaHHs [ITaMy IEPEeIICIUTIOBAaHUX KIIITHH HUpKH BiBLi FLK-
SBBL, sikuii mpoyKye Bipyc Jieiiko3y BEIHMKOI poraroi xy-
J00H.

30yAHHK JIEHKO3y BEINKOI poraroi Xyno0r — OHKOTeHHHUI
PHK-Bipyc 3 poauHU PETPOBIpYCiB, SKHH MapasuTye
y JISHKOIMTAX, Ma€ ONM3bKY TEHETHYHY i aHTUT'€HHY CITOpiJI-
HEHICTh 3 BipycoM T-KIIITUHHOTO JICHKO3Y JIFOAUHH THITIB 1
i 2 Ta T-kniTuHHOTO Neiiko3y MaIl. [Ipu qoTprMaHHi ONTH-
MaJIbHHX YMOB KYJIBTUBYBaHHS XpOHIYHO iH(IKOBaHI KIIITHH-
Hi ninii (FLK-BLV) 3narri 3a0e3meunTs penponyKILiio Bipycy
pOTSToM TpuBaioro yacy (monan 200 macaxis). [Tepermern-
JOBaHa KyJabTypa KIITHH QOoNiKysipHOT TiMpomu emOpio-
HansHoi HUpkH BiBii FLK-BLV(FLK-SBBL, FLK 50/100, FLK
71) cxitanaerbes 3 (hiOpOOIACTONOMIOHNX KITITHH 3 OKPYIITAMU
spaMHu; PIiCT KIIITHH HEPIBHOMIPHHMH, sipa MatoTh Bif 2 110 7
JpiOHUX sepelb PI3HOMaHITHOI (hOpMIL;, IATOILIA3Ma Ipio-
HOciTYacTa. Perutikartist Bipycy JISHK03y HE CYTIPOBOIIKY€ETh-
csl pyHHYBaHHSAM MOHomapy kiIiTiH. CyOrliHis KylIbTypu
FLK-BLYV 0ysa orpumana B 1973—1974 poku Van der Maaten
y CIIIA (National Animal Disease Center, AiioBa) 3 eM0-
PIOHAIBHOI HUPKHU BIBI IIISIXOM IMOMAJIBIIOI 1HOKYJISIIT
KJITHH JIEHKOIIUTAMH Bijl XBOPOi JIEHKO30M BEIHKOI poraroi
xyno6u. Po3po0OiieHuit crioci0 BKITIOYA€ MOESTAITHE 3aMOPO-
YKyBaHHS: Ha TIEPLIOMY €Talli POTSATOM I'OJIMHH IIPH TEMITe-
parypi 4°C, Ha IpyromMy — B rapax piIkoro a3oTy npoTsrom
18 roAMH 3 HACTYTHUM 3aHYPEHHSM Yy PIJKHUIA a30T; CyMilll
noxuBHUX cepenosu] DMEM 1199 (1:1) (70%), 3 cupoBat-
KOO0 KpOBI BEJIMKOI poraroi Xyoou (20%) Ta AuMeTHIICYITh-
¢doxcumy (10%).

npo6nemsl
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Cell culture of follicular lymphoma of fetal lamb kidney
FLK-BLV was used in Ukraine in biotechnology of leukemic
antigen production for serological diagnosis of bovine
leukemia. Therefore, it was necessary to develop the cryo-
preservation method for strain of inoculated lamb kidney
FLK-SBBL cells, producing a virus of bovine leukemia.

The pathogenic agent of bovine leukemia is oncogenic
RNA virus of retroviruses family, parasitizing in leukocytes
is of close genetic and antigenic relation with virus of T-cell
human leukemia of types 1 and 2, and T-cell leukemia of
monkeys. When keeping optimal culturing conditions,
chronically infected cell lines (FLK-BLV) can provide
reproduction of virus for a long time (more than 200 passa-
ges). Inoculated cell culture of follicular lymphoma of fetal
lamb kidney FLK-BLV (FLK-SBBL, FLK 50/100, FLK 71)
consists of fibroblast cells with rounded nuclei, cell growth
is irregular, nucleus has from 2 to 7 small nucleoli of varied
shapes; small-netted cytoplasm. Leukemia virus replication
is not accompanied by destruction of monolayer cells. In
1973-1974 FLK-BLYV subline culture was obtained by Van
der Maaten in the USA (National Animal Disease Center,
Ames, Lowa) from fetal lamb kidney by further cell ino-
culation with leukocytes from animals with leukemia. The
developed method includes a stepwise freezing: the first
stage is exposute for an hour at 4 °C, the second one — in
liquid nitrogen vapors for 18 hours with further plunging
into liquid nitrogen, a mixture of nutritional media DMEM
and 199 (1:1) (70%), with bovine serum (20%) and dimethyl
sulfoxide (10%).
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Perspectives of Using Cryopreservation for Pear (Pyrus L.)
Shoots Preserved in Liquid Nitrogen Vapours
V.G. VerzHuk!, A.S. ZHesTkov?, V.M. Kotov?, Yu.V. Zuemikov!, D.S. DorRoOKHOV?
'N.I. Vavilov Research Institute of Plant Industry of Russian Agricultural Academy, St.-Petersburg, Russia
2I.V. Michurin Research Institute of Genetics and Selection of Horticultural Plants of
Russian Agricultural Academy, Michurinsk, Russia
3 Maikop Experimental Station of N.I. Vavilov All-Russia Research Institute of Plant Industry
of Russian Agricultural Academy, Maikop, Russia

3agadya coxpaHeHUs TeHO(QOH/1a KyIbTYPHBIX pacTCHUH
SIBJISICTCS OTHOM M3 TVIaBHBIX B PACTEHUEBOACTBE, IIOCKOJIBKY
B YCIIOBHSIX ITOCTOSTHHOTO BO3AEHCTBUS HEOIaronpusITHBIX
9KOJIOTHUECKHUX, KIIMMATHYECKUX, TEXHOT€HHBIX U aHTPOTIO-
TeHHBIX (PAKTOPOB HEBO3MOXKHO TapaHTUPOBATh COXPaH-
HOCTh YHUKAJIBHBIX TeHOTHIOB [I pumenko u ap., 2004].

Ha ocHoBe merona ®opcnaiina [Forslin et al., 1988] Ha-
MH OBIITH 0TpaboTaHBI METOBI KPHOKOHCEPBUPOBAHMUS TUIO-
JIOBBIX U ASTOJJHBIX KYJIBTYp Ipu AnTenasHoM (1,5-2 mMecsina)
MOJICYIIUBAHUU YEPEHKOB 0 BIaXHOCTH 28—35% [Bepikyk
u ap.,2010].

OcHoOBHas 11eJTb TaHHOH paOOThI — POBEICHNE KPUOKOH-
cepBupoBaHus 1oderoB rpymu (Pyrus L.) ¢ 3aknagkoit Ha
JUINTENIBHOE XpaHEeHHe B mapax azora npu —183...-185°C
U OIIpEJIENIeHNE UX JKU3HECHOCOOHOCTH IyTeM NMPUBUBKU
B KOJUICKIIMOHHBIX CaJ[aX Ha BETBU B3POCIIBIX ICPEBHEB.

MatepuanoM HccleqoBaHHua ObUTH 00pa3lbl KOJIEK-
IIUOHHBIX cOpTOB Ipymm (Pyrus L.) u3 cagza BHUUI u CIIP
uM. Muuypuna u Maiikonckoi onbeiTHOW cranuuu BUP.
[Tocne moacymmBaHus B HU3KOTEMIIEPaTypHOM HHKyOaTope
YEepEeHKN 3aMOPAXHUBAIM METOIOM ITPOrPaMMHOTO 3aMOpa-
>kuBaHusl BHayane 10 —30°C co CKOPOCTBIO OXJaXKIEHUs
0,5 rpan/mun, 3atem 10 —90°C, yBeIH4INB CKOPOCTh OXJIaX-
JeHus 1o 1 rpaa/MuH, 3aTeM YepeHKH MOTpy>Kalli Ha JJTH-
TeJIbHOE XpaHeHue B mapsl azora (—183...—185°C). BecHoit
JUTS OLICHKH JKM3HECTIOCOOHOCTH YaCTh COXPAHIEMbIX YepeH-
KOB Pa3MOPaXHBAJIN U IPUBUBAIIN HAa BETBH B3POCIIBIX Jie-
peBbeB. Uepes 1,5-2 Mmecsa nocie NpUBUBKY (Mail-HIOHB)
OLICHMBAJIM MIPOLICHT, POCT U PAa3BUTHE MIPYKUBILIUXCS YePEH-
KOB JIETOM.

AHaIM3 NPIKUBAEMOCTH YEPEHKOB IPYIIH, IPHUBUTHIX
B KOJIIGKLIHOHHBIX Calax, OKa3al Pa3In4HYIO UX )KU3HECIIO-
COOHOCTB B 3aBUCHIMOCTH OT COPTOB. B nporieHTHOM 0THO-
LIEHUU 3TH pa3uuus cocTapisiim ot 23,2 + 1,4 no 86,7 +
6,2%. BrIcOKas )KH3HECTIOCOOHOCTh YePCHKOB KOJUICKITHH
BHUWUTI u CITP num. N.B. Muuypuna 6su1a y coptoB Cro-
pocrenka (54,5 + 1,1%) n Uynecunnma (50,0 + 0,8%), a y cop-
TOB MaliKOIICKOM ONBITHOHM craHimu — PaccBer u [uBa
Kypckas (86,7 + 6,2%).

TakuMm 06pa3om, 1ociie KPUOKOHCEPBUPOBAHUS U JIJTH-
TENBHOTO XPAaHEHMS B [Tapax a30Ta YEPEHKH IPYIIHN coXpa-
HSUTH KM3HECTIOCOOHOCTD 1 TIOKA3bIBATIM PA3TUIHYIO MPIKHU-
BaeMOCTb B CaJly B 3aBHCHMOCTH OT COPTOB.
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The task of preserving gene pool of cultivated plants is
one of the main ones in plant growing, since under constant
unfavourable effects of ecological, climatic, man-caused and
anthropogenic factors it is impossible to guarantee the
preservation of unique gene types [Grischenko et al., 2004].

On the base of Forslin method [Forslin et al., 1988] we
have performed the cryopreservation method of horticultural
and berry cultures at long-term (1.5-2 months) pre-drying
of the shoots to the humidity of 28-35% [Verzhuk et al.,
2010].

The main aim of this work was to cryopreserve the pear
(Pyrus L.) shoots by storing in nitrogen vapours at —183...
—185°C as well as to assess their viability by grafting in col-
lection gardens on branches of adult trees.

Research material were the samples of collection species
of pear (Pyrus L.) from the garden of I.V. Michurin Research
Institute of Genetics and Selection of Horticultural Plants
and Maikop Experimental Station of N.I. Vavilov All-Russia
Research Institute of Plant Industry. After pre-drying in
low temperature incubator the shoots were frozen down to
—30°C with cooling rate of 0.5 deg/min and then down to
—90°C with increased up to 1 deg/min cooling rate, then the
shoots were plunged into nitrogen vapours (—183...-185°C)
for a long-term storage. In spring to estimate the viability
the part of the shots to be preserved were thawed and graf-
ted to the branches of adult trees.

Analysis of pear shoots’ survival grafted in the collec-
tion gardens has shown their different viability depending
on the species. In a percentage these differences made from
23.2 + 1.4 to 86.7 + 6.2%. High viability of the shoots of
I.V. Michurin Research Institute of Genetics and Selection
of Horticultural Plants’ collection was found for the Skoro-
spelka (54.4 + 1.1%) and Chudesnitsa (50.0 + 0.8%) species
and for the ones of Maikop experimental station these were
Rassvet and Gliva Kurskaya (86.7 +6.2%).

Thus after cryopreservation and long-term storage in
nitrogen vapours the pear shoots preserved the viability
and showed different grafting in a garden depending on
the species.
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MapameTpn NpOpPOCTaHHA i MOPO3OCTINKICTb MPOPOCTKIB O3UMMX KYABTYP MiCAS
nepeAnociBHOI 0OPOOKM HACiHHSI KpionpoTeKTopamu
[.1O. AbskOHEHKO, A.M. KomMnaHieLb, A.M. TOAbLIEB
IHcTuTyT Npobrem kpiobioaorii i kpiomeanunumn HAH Ykpainm, m. Xapkis
Parameters of Germination and Frost Hardiness of Winter Crops Sprouts
After Pre-Seeding Treatment of Seeds by Cryoprotectants
G.Yu. DyakoNENKkO, A.M. KomPANIYETS, A.M. GOLTSEV

Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences of Ukraine, Kharkov, Ukraine

3arubenp 03MMHX KYJIBTYp BHACHIZOK BHMEp3aHHS
3aB/la€ 3HAYHUX EKOHOMIYHMX 30MTKIB Hallil KpaiHi.
B IncturyTi npobnem kpioGiosnorii 1 kpiomeauunau HAH
VYKpaiHu mpoTAToM 0araTboxX POKiB NMPOBOASTHCS JIOCHTi-
JOKEHHS 111 HU3bKHUX TeMIIepaTyp 1 pi3HUX KJIACiB XIMIYHUX
CIOJIYK Ha POCIIHU y TIepi0A X aKTUBHOT )KUTTEAISITBHOCTI 3
METOIO IiJBUIIEHHS iX CTIMKOCTI 0 il HECHPUATINBUX
MIPUPOTHHUX YMOB (3aMOPO3KH, iH(peKIi1, Tomo). [Tizcymxom
i€l poboTH € po3poOka KOMIUIEKCHUX arpoXiMiuHUX Ipe-
napartiB «Jlopcait» 1 «tOmiTep» s nepeanociBHoi 00poOKu
HAaciHHS 1 BEreTaTUBHUX POCIIMH 3 METOIO MiJABHILEHHS iX
CTIMKOCTI 10 1ii HU3bKUX TEMIIEPATyp.

VY naniit poOOTi JOCIHIHKEHO BIUTHB MEPEANIOCIiBHOT 00-
PpOoOKM HACiHHS O3UMOTO pirakKa i 03UMOi MIIEHHIIi PO3UHHA-
MU LIMX TIpernapariB, a TAKOXK KPiOMPOTEKTOPiB MOTieTUIICH-
OKCHIIB Ha OIOMETPWYHI TMapaMeTpH iX MPOPOCTAHHS MPH
PI3HHX TeMIepaTypax, MOpO30CTIHKICTh MPOPOCTKIB, BMICT
PO3YMHHUX BYIJICBOJIB Y POCIHHAX.

ExcniepiMeHTH IPOBOAMIN B T1aOOpaTOPHUX YMOBax 3
HACiHHAM 03UMOI MIIEHUII1 copTy XapkiBchka-105, o3umoro
pinaka copriB Jlanran i Amiant. Pinak Jlanrasn Takoxx BUCiBaIl
Yy BiOKpUTOMY IpyHTi. 3aCTOCOBYBAIM PO3YMHH Pi3HHUX
KoHLeHTpauii kpionporekropis ITEO-400 i ITEO-1500, xomr-
JIEKCHUX arpoxiMivHux npenaparis «kOmitep» i «lopcaii».
JlabopaTopHy CXOXKICTh BU3HAYAIH 32 yMOB ()OHOBOI TEMIIE-
parypu (20°C) i Hu3bKoi Ho3uTHBHOI Temneparypu (5...10°C).
Busnauanu BMICT pO3UYMHHHUX BYIJIEBOIB y HaA3eMHil
YaCTHHI CBUKUX pOCIHH. MOPO30CTIHKICTh POCITHH JOCTi-
JOKYBaJIM 32 METO/IOM IIPOPOCTKIB MIPHU X MPOMOPOKYBaHH1
no—7,-151-20°C.

BcraHnoBneHa cTUMYITIOFOUA JTis TEPEIOCIBHOT 00pOOKH
HaciHHS 000X KyJIBTYp PO3YMHAMHU KPiOMPOTEKTOPIB i
npenapaTis «Jlopcaii» Ta «OmiTep» mpu ix mpopolryBaHHI
ipu 3HWKeHiH (5—10°C) Temmiepatypi, a TAKOX ITiABUIIIEHHS
MOPO30CTIMKOCTI MPOPOCTKIB pimaka i MIIEHUI] Mmicis
IpoMopokyBaHHs 10 —7,—15 1 —20°C. Tak, micast mpoMopo-
JKyBaHHS IIPOPOCTKiB 00po0bIreHo1 mmenuti 10 —20°C Buxu-
110 110 87,4% (ipu 67,7% y KOHTpOi), a IPOPOCTKIB pimaka
Jo —15°C pisaung Oyna me Oinbuioro: 96,9% y kpamomy
BapiaHTi mpu 55,1% y KoHTpOIII.

BusiBiieHo, 1o B mpopocTKax MIIEHUII 1 pinaka, BUPO-
LIEHHUX 3 00pOOIEHOT0 HACIHHS, aKyMYIOETHCS 10CTOBIPHO
OlTBIIIE PO3YMHHUX BYTJICBOAIB y TOPIBHAHHI 3 KOHTPOJIb-
HUMU. J{OCHi)KEHHSIMH HE BHUSBJICHO XPOMOCOMHHUX abe-
pauiil i miABMIEHHS KUTBKOCTI MIKpOsAep Y IOCIHiKEHUX
3paskax, 10 CBIIYHUTH PO BiJICYTHICTh TOKCUYHOT il TaHUX
IpernapariB Ha i BUAA POCIHUH.

ITepennociBHa 00poOKa HaciHHS pinaka i MIIeHUI po3-
yrHaMu KpionporekTopiB ITEO-400, [IEO-1500, mpemapaTis
«Jopcait» 1 «fOnitep» CTUMYIIOE TPOPOCTAHHS HACIHHSA
mpu 3HmKeHiH (5...10°C) TemnepaTypi, miABUILYE MOPO30-
CTIMKICTB MPOPOCTKIB, a TAKOXK aKyMYJSALiI0 PO3UNHHUX
BYIVIEBOIB Y pOCIHHAaX. BcTaHOBIIEHA BiZICY THICTH TOKCUYHOL
Il mpemapaTiB HAa TEHETUYHUH arapar pinaka i mieHuI.
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The death of winter crops resulted from freezing-out
causes significant economic damages in our country. The
investigations of influence of low temperatures and various
classes of chemical compounds on plants during their vital
activity to increase their resistance to the effect of unfavou-
rable environmental conditions (frosts, infections efc.) have
been carried-out at the Institute for Problems of Cryobiology
and Cryomedicine of the National Academy of Sciences of
Ukraine for many years. The development of complex agro-
chemical formulations Dorsaj and Yupiter for pre-seeding
treatment of seeds and vegetative plants to increase their
resistance to low temperatures is the result of this work.

The influence of pre-seeding treatment of seeds of winter
rape and winter wheat by solutions of these chemicals and
also cryoprotectants of polyethylene oxides on biometric
parameters of their germination at various temperatures,
frost resistance of sprouts, the content of soluble carbohyd-
rates in plants are investigated in this work.

Experiments were carried-out in laboratory conditions
with seeds of winter wheat of a cultivar Kharkivs’ka-105
and winter rape of cultivars Dangal and Atlant. The Dangal
rape was also sowed in open soil. The solutions in various
concentrations of cryoprotectants PEO-400 and PEO-1500
and complex agrochemical formulations Dorsaj and Yupiter
were applied. Laboratory similarity in conditions of back-
ground temperature (20°C) and low positive temperature
(5...10°C) was determined. The content of soluble carbohyd-
rates in a top part of fresh plants was determined. Frost
resistance of plants was investigated by method of sprouts
at their frost penetration down to —7, —15 and —20°C.

The stimulating effect of pre-seeding treatment of seeds
of both cultures by cryoprotective solutions and formula-
tions chemicals Dorsaj and Yupiter at their germination at
lowered (5...10°C) temperature, and also the increase of frost
resistance of sprouts of rape and wheat after frost penetra-
tion down to -7, —15 and —20°C are established. After
freezing of sprouts of processed wheat down to —20°C
survived up to 87.4 % (67.7 % in the control). Rape sprouts
were frozen down to —15°C and the difference was even
higher: 96.9 % in the best option vs. 55.1% in the control.

In sprouts of wheat and rape which are grown from the
processed seeds a significantly higher content of soluble
carbohydrates was revealed comparing with the control.
Chromosome aberrations and the increase in quantity of
micronuclei in the studied samples are not revealed during
the investigations that testifies to the absence of toxic
action of these chemicals on these types of plants.

Pre-seeding treatment of seeds of rape and wheat by
cryoprotective solutions of PEO-400, PEO-1500, formula-
tions Dorsaj and Yupiter stimulates germination of seeds at
lowered (5...10°C) temperature, increases frost resistance
of sprouts, and also accumulation of soluble carbohydrates
in plants. The absence of toxic effect of chemicals on genetic
apparatus of rape and wheat is found.
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KpuokoHcepBMpOoBaHMe mepuUcTem YeCHOKa
B KOMOMHMPOBAHHBIX KPUO3ALMTHBIX CpeAax

HO.C. Abicak, A.T. Xoabko, T.MD. CtPmeyAb, A.M. KOMMNAHMEL
MHCTUTYT npobaem Kpnobuorornu u kpmomesnumHsl HAH Ykpaunrbl, r. Xapbkos

Garlic Meristem Cryopreservation in Combined Cryoprotective Media

Yu.S. Lvsak, A.T. KHopko, T.F. SwisuL, A.M. KOMPANIETS
Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine, Kharkov, Ukraine

B mpakTrke KpHOKOHCEPBUPOBAHUS MEPHCTEM YECHOKA
OoJiee MIMPOKOE MPUMEHEHHUE HALTH PEKUMBI OBICTPOTO
OXJIKICHUSL.

Lenp HacTosIIel paboThl — uccienoBanue PHeKTHB-
HOCTH PEXHMa IUTABHOTO 3aMOPaKUBaHHsI MEPUCTEM Yec-
HOKa C HCIOJIb30BaHHEM KPHO3AIIUTHBIX CPeJl Ha OCHOBE
cMecel KpHOTIPOTEKTOPOB Psia aMUI0B, THOJIOB, TIOJTHOJIOB.
HccnenoBanu 1enecoo0pa3HOCTh HCIOIB30BAHUS dTama
TIpeIBapUTEIIHHOM XOI0I0BOH a/IaNTaliy (3aKaInBaHKE) TS
HOBBIIICHHS )KU3HECTTOCOOHOCTH MEPUCTEM YECHOKA MOCIIe
KPHOKOHCEPBHUPOBAHUSL.

Mepuctemsl yecHOKa (Allium sativum) BBIIECISITA U3
3yOKOB Ha cpely KynbTHBHpoBaHus Murashige & Skoog
(MS). 3akanuBaHue MPOBOAMIIN B TeueHKE 5 cyTok mpu 10°C
Ha cpene MS 6e3 GpUTOropMOHOB, C KOHIICHTpALIMEH caxa-
po3er 0,3 M. 3akasnieHHbIE 1 He3aKaJIeHHBIE MEPHCTEMBI KPHO-
KOHCEpBHUPOBaIU. VICIONB30BaNIN CIEAYIOIINE PACTBOPHI
KpHONpoTeKTopoB Ha cpeae MS: 1) 1,2-nponanauoun (1,2-
I1J1) B xoHnenTparmu | M u nonmusuammupponunoH (I1BIT)
¢ M.M. 24000 B xoH1eHTpauu 3,5%; 2) MeTuianeTaMu/
(MAnD) 0,5 M u nommaytanerokcun (I120)-6000 — 3,5%; 3)
1,2-11 1 M, MAn 0,5 M u I[1BI1-3,5%); 4) 1,2-I1]] 1 M,
MA1 0,5 M u IT90-6000 —3,5%.

Brina Taxoke nccnenoana 3pQpEeKTUBHOCTD 3aMOPAXKH-
BaHUs MEPUCTEM 0€3 KPHOITPOTEKTOPOB.

3aMOpa)KMBaJI MEPUCTEMBI B TePMETUYHBIX IIJIEHOYHBIX
KOHTEIfHepax B Iapax a30Ta ¢ HOCJIEIYIOIUM MOTPY>KeHUEM
B )KHUIIKHH a30T, OTOrpeBaIM UX Ha Bo3xyxe mpu 20°C, OTMBI-
BAJIM OT KPUOTIPOTEKTOPOB U KYJIBTUBHPOBAIIN B YCIOBHUIX
¢urorpona. OLIeHNUBaIN COXPAaHHOCTS (5-€ CYTKH KyJIbTUBH-
poBaHUs) U KU3HECTIOCOOHOCTH (30-€ CyTKH) MEpUCTEM.

[IpoBeneHHbIE SKCIIEPUMEHTHI ITOKa3allH, YTO BO BCEX
IpyIax MEpPUCTEM COXPAaHHOCThH IMOCJE KPHOKOHCEPBH-
poBanus Obia He HIKE 80%.

CoxpaHHOCTB IPEABAPUTEIILHO 3aKAICHHBIX U KPUOKOH-
CEpPBHUPOBAHHBIX B 3-KOMITIOHEHTHBIX KPUO3AIUTHBIX Cpeiax
MEpHUCTEM MPAKTUYECKH HE OTJIMYANaCh OT COXPAHHOCTH
He3aKaJIeHHBIX (cooTBeTcTBEHHO 90-95%). st MepucTeMm,
KPHOKOHCEPBHPOBAHHBIX B 2-KOMIIOHEHTHBIX Cpe/iaX, 3TOT
nokasateinb cocTaisin 80—85% mis He3akaneHHbIX U 90—
95% — nns 3akaneHHbIX. [lokazaTenn KU3HECTIOCOOHOCTH
KPHOKOHCEPBHPOBAaHHBIX MEPUCTEM 110 A0COITIOTHBIM BEITH-
YyyuHAM OBLITM MEHBIIIE TTOKa3aTesield COXPAaHHOCTH, OJHAKO
1 B IaHHOM CiIy4ae 3-KOMIIOHCHTHbIE KPHO3AIUTHBIC CPEIIbI
661t O0s1ee addextuBHBI (75 1 60% KUBBIX MEpHCTEM) TIO
CPaBHEHHMIO C 2-KOMIOHEHTHBIMH (50 1 25%).

KuznecnocoOHOCTE MEpHCTEM, 3aMOPOXKEHHBIX 0e3
KPHOIIPOTEKTOPOB, COCTaBMIA 55% /st He3aKaJICHHBIX 00-
pasuoB u 70% — 11 3aKaJCHHBIX. DTO CBUICTEIBCTBYET
0 XOpOIIEM COCTOSTHIH 00beKTa 1 3 (HEKTHBHOM PEXUME
3aMOpPaXMBaHHUSA-OTOTPEBA.
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The regimens of rapid cooling have become more widely
applied in practice of garlic meristem cryopreservation.

This research aim was to study the efficiency of mild
freezing regimen for garlic meristems with use of cryoprotec-
tive media, based on cryoprotectant mixtures of amide, diol
and polyol series. The expediency of using the preliminary
cold adaptation stage (hardening) to increase garlic meristem
viability after cryopreservation was under study.

The garlic meristems (4/lium sativum) were isolated from
cloves in Murashige & Skoog (MS) culture medium. Harde-
ning was implemented within 5 days at 10°C in MS medium
without phytohormones, with 0.3 M sucrose concentration.
The hardened and non-hardened meristems were cryopre-
served. The following cryoprotective solutions were used
on the base of MS medium: 1) 1,2-propanediol (1,2-PD) in
1 M concentration and polyvinylpyrrolidone (PVP) with
m.m. 24000 in 3.5% concentration; 2) methylacetamide (MAc)
0.5 M and polyethylene oxide (PEO) — 6000 3.5%; 3) 1,2-PD
1 M, MAc0.5Mand PVP 3.5%;4) 1,2-PD 1 M, MAc 0.5 M
and PEO-6000 3.5%.

The efficiency of meristems freeze-thawing without cryo-
protectants was also assessed.

The meristems were frozen in sealed film containers in
nitrogen vapor followed by immersion into liquid nitrogen,
then thawed in air at 20°C, washed from cryoprotectants
and cultured under phytotron conditions. There were asses-
sed the integrity (5" day of culture) and viability (30" day)
of meristems.

The experiments performed demonstrated the survival
after cryopreservation in the all the meristem groups to be
not lower than 80%. The integrity of pre-hardened and cryo-
preserved in 3-component cryoprotective media meristems
almost did not differ from that in non-hardened ones (90—
95%, correspondingly). For the meristems, cryopreserved
in 2-component media, this index for non-hardened and
hardened ones was 80-85% and 90-95%, correspondingly.
The viability indices of cryopreserved meristems by the
absolute values were lower than those of integrity, but in
this case 3-component cryoprotective media were more
efficient (75 and 60% of live meristems), compared to the 2-
component ones (50 and 25%).

The viability of meristems, frozen without cryoprotec-
tants for non-hardened and hardened samples made 55 and
70%, correspondingly. This testifies to a good state of the
object and efficient regimen of freeze-thawing.
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