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Metonom Y®-crekTpoOTOMETPHH HCCIIEA0BAIN BIMSHUE HU3KOMOJICKYSIPHBIX MpOHHUKatomux kpuonpotekropos (KII):
munepuHa, 1,2-nponanguona (1,2-I11) u numeruicynspokcnna (IMCO), a Takke 3aMOpaKUBaHUSA-OTOTPEBA B IPUCYTCTBHU dTHX
KII Ha koH(OpMAaLIMOHHOE COCTOSTHUE OETTKOB MUKpOoCcOMalbHBIX MeMOpaHn (BMM) u3 nedenu kpeic. [TokazaHo, uTo 3¢ heKTHBHOCTH
B3aumoyeiictus KIT ¢ BMM 3aBHCHT Kak OT UX KOHIECHTPAIMH, TaK ¥ HHIUBUIAYAIbHBIX (PU3UKO-XUMHUCCKUX CBOMCTB. CTereHb
Biusiaus KIT va BMM Bo Bpemst Liykiia 3aMOpa)KMBaHHUsI-OTOIPEBa 3HAUUTEIBHO 3aBUCUT OT IPEIBAPUTEIbHON CEHCHOMIM3ALNH
MHKpPOCOMAIIBHBIX MeMOpaH Ha dtane ux sxsunnopanu ¢ KI1. Mccnenosannsie KI1 mo Bo3pacTanuio nepTypOHpyIOEero BIUSHIS Ha
coctostae BMM MOXHO pacronoxuts B psia: rmunepus < [1/1 < IMCO.

Kniouesvie cnosa: Mukpocombl, OEIKH, KPUOTIPOTEKTOPBI, NIULEPUH, 1,2-MponaHIuo, AMMETHICYIb(QOKCHI, 3aMOPaXKUBaHHE,
CIIEKTPOPOTOMETPHUS.

Meronom YO-cniekrpodoromMeTpii JOCIipKYBai BILTMB IPOHUKAIOUMX HU3bKOMOJIEKYIIpHUX KpionpotekTopis (KII): niinepuny,
1,2-nponaugiony (1,2-I1[]) i aumernncynspokcuny (JJMCO), a Takox 3amMopoxKyBaHHs-BinirpiBanus y npucytHocti uux KII Ha
KoHpopMauiituii cran 6inkiB MikpocomansHux MeMOpan (BMM) i3 neuinku mypis. [TokazaHno, mo edekrusnicTs B3aemonii KII i3
BMM 3anexwurts sk Big konuentpauii KI1, tax i Bifg inauBigyanbHux ¢isuko-xiMiunux BaactuBoctedd. Ctyninb BBy KITHa BMM mig
4ac 3aMOPOXKYBaHHsI-BIZIrpiBaHHS B 3HAYHIM Mipi 3aIeXKUTh Bijl MOIepeHbo1 ceHCHOinizamii MikpocoManbHUX MeMOpaH Ha eTami ix
exBiniopauii 3 KI1. Jocnimkeni KII no 3pocranHio neptypOytodoro BILIMBY Ha ctaH BMM MoxHa po3TalnyBaTy B s DIiLepuH <
1,2-I1]] < IMCO.

Kniwowuoegi cnosa: mixkpocomu, OiKH, KpiONPOTEKTOPH, TIilepHH, 1,2-MponaHaion, AMMETHICYIb()OKCH, 3aMOPOIKYBaHHS,
CIIEKTPOPOTOMETPIsL.

Effect of penetrating low molecular cryoprotectants (CPs): glycerol, 1,2-propanediol (1,2-PD) and dimethyl sulfoxide (DMSO)
as well the one of freeze-thawing with these cryoprotectants on conformational state of microsomal membrane proteins (MMP)
derived from rats’ liver have been studied with UV-spectrophotometry. The efficiency of CPs interaction with MMP has been shown
to depend both on their concentration and individual physical and chemical properties. The degree of CPs effect on MMP during
freeze-thawing in greater extent depends on pre-sensibilization of microsomal membranes at the stage of their equilibration with CPs.

Examined CPs on ascending of perturbing effect on MMP state could be disposed in the row: glycerol < 1,2 PD < DMSO.
Key-words: microsomes, proteins, cryoprotectants, glycerol, 1,2- propane diol, dimethylsulfoxide, freezing, spectrophotometry.

Bo3zgaelicTBue HU3KHUX TeMIEpaTyp MPUBOJIUT K
HapyIICHUIO JIUTTUA-OSIKOBBIX ¥ JIMITH]I-JTHITHTHBIX
B3aMMO/ICHCTBHI B OHHUX U3 HAaUOOJIee KPHOITAOUITh-
HBIX CTPYKTYp KIJIETKH — X MeMmOpaHax [5, 16].
NHnnuupoBaHHBIE MOHMKEHUEM TEMIIEPATYPHI
CTPYKTYpHBIE TEPECTPONKN OOIIMX W aHHYISIPHBIX
TunUn0B, 3G(EKTH, CBI3aHHBIC C JCTHAPATAIHCH,
TUTEPKOHIIEHTpAMeN Cole, Kpucrammianuei [7],
MOTYT BBI3BIBATH MPOCTPAHCTBEHHOE TEpepacipe-
neneHue OeIKoB, HapylIEeHUE MX TPETHYHOH U
YeTBEPTUYHOU CcTpyKTYp [16], arperanuu c oOpa-
30BaHUEM S—S CIIUBOK [24], nucconuanuu JUmonpo-
TEUHOBBIX KOMIIeKkcoB [25]. Takum obOpazom,

Low-temperature effect results in the disorder of
lipid-protein and lipid-lipid interactions in ones of the
most cryolabile structures of a cell: their membranes
[5, 16]. Temperature reduction-initiated structural re-
arrangements of general and annular lipids, the effects
associated with dehydration, hyperconcentrations of
salts, crystallization [7] may cause a spatial redist-
ribution of proteins, the impairment of their tertiary and
quaternary structures [16], aggregation with the
formation of S-S cross-linking [24], dissociation of
lipoprotein complexes [25]. Thus preservation of native
structure of membrane proteins and protein-lipid
interaction in membranes is decisive factor not only in
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COXpaHEHHE HATUBHOUN CTPYKTYpPHl MeMOpPaHHBIX
O€JIKOB M OEJIOK-JIMIIUAHBIX B3aMMOJENCTBUHA B
MeMOpaHax SIBISETCS pemaroimuM (GaKTopoM He
TOJIBKO B MOAJICPKAHUM MHTETPATUBHON LIETIOCTHOCTH
KJIETOK, HO U B oOecneueHNH uxX (yHKLIHOHAIBHOM
MOJTHOLIEHHOCTH B ITPOLIECCE KPUOKOHCEPBUPOBAHMSL.

OpHUM U3 MyTel peleHus 3TOH MpoOJIEMBI SIB-
JSI€TCS UCMOJIb30BaHNE UCKYCCTBEHHBIX KPHO3ALIUT-
HBIX BEIECTB — KPUOTIPOTEKTOPOB (HEKOTOPHIE OJTHO-
aTOMHBIE CITUPTHI, TIOJINOJIBI, caxapa M BBICOKOMOJIEKY -
JsIpHBIE coenuHenus) [3, 21]. YcTanoBiIeHO, 9TO HapsI-
Iy ¢ Monu(rKanuen CBOMCTB pacTBOPUTENS (BOMBI),
MIPUBOAIIEH K OCTTa0JICHUIO BIMSAHUS Ha KIIETKH KPUC-
TaJUIM3alMH ¥ TUIIEPKOHIIEHTPAINH CoJiel (Kosmura-
TuBHBIE cBolicTBa), KII MOTryT OKa3bIBaTh 3alIUTHBIN
3(pPeKT B OTHOUIEHUU KIETOYHBIX MEMOpaH U HX
KOMITOHEHT CITIQ)KUBAHUEM, CIBUTOM B 00J1aCTh HU3KUX
TEMIIepaTyp WIH yCTpaHeHHeM (a30BbIX IEPEX0I0B
MeMOpaHHBIX TunuAoB [18]. KpuomnporekTops! cro-
COOHBI CTaOMIM3HUPOBATH KOH(POPMALINIO BOAOPACTBO-
PUMBIX OEITKOB ITyTeM COpPOIIMH Ha X TOBEPXHOCTH U
YaCTUYHOTO 3aMeleHus ruapaTHoi Boasl [1, 13], a
TaK)Ke BIUATH HA TEPMOCTAOUIBLHOCTh MEMOPAHHBIX
6enkoB [10]. B To sxe BpeMs 0 MeXaHU3MaX BIUSHUS
KII Ha cocrostare 6enkoB B cocTaBe OrnomMeMOpaH Ha
Pa3IMYHBIX 3TallaX HU3KOTEMITEPaTypHOTO KOHCEPBH-
poBaHus, BKiItoUaromero skBuianOpanuio ¢ KII u
COOCTBEHHO MPOLEAYPY 3aMOPaKHUBAHUS-OTOTPEBA,
M3BECTHO HEMHOTO.

Hens nanHoW pabOTBl — M3y4YEHHUE BIUSHUSI
mmuepuna, 1,2-I11 u JIMCO na 0enku npupogHbIX
MeMOpaH Ha sTane 3xkBunuoOpaunu ¢ KII, a Taxxke B
COYETAaHHHU C JIEMCTBUEM HHU3KOTEMIIEPaTypHOTO
(haxTopa (3aMOpakKMBaHUSA-OTOTPEBA) METOIOM Y-
criektpodoToMeTpuu [8]. Moaenpio 11t TPOBEICHUS
WCCIIeIOBaHUH BBIOpaHbI MEMOpaHbI, 00pa30BaHHBIC
9HJIOTNIA3MATUYECKUM PETUKYJIYMOM TI€UYE€HU KPBIC
(Mukpocomsl) [2].

Marepuanbl n mertoanl

MukpocoMaibHy0 (ppakiuio U3 romMoreHara
MIEYEHHU KPBIC MOJIydann MeToioM anddepeHnnans-
Horo neHTpudyruposanus npu 105 000 g B TeueHue
60 muH B cpeae, cogepxameit 1,15% KCI u 0,5 MM
OATA, pH 7,4 [2]. IlpenapaTsl MUKPOCOM HCIIOJIB30-
BaJId HETIOCPEICTBEHHO IIOCJE MOJy4YeHHS. DKCIIe-
PUMEHTHI POBOIMIIM Ha 5 HE3aBUCHMO TTOTYYEHHBIX
npenapatax ¢ conepkanuem oenka 0,1-0,75 mr/mu.
Ocanoxk pecycnieraupoBain B 50 MM tpuc-0ydepe,
pH 7,4. Conepxanne Genka B CyCIIEH3UH MUKPOCOM
onpenensum MetoaoMm Jloypu [26].

B pa6ore npumensuinl,2-I1] (ITO “Xumnpom”,
Kemeposo) mapku “x.4.”, AMCO u munepus “u.i.a.”
(“Peaxum™, Mocksa), DJITA n KCIl kBanudukanuu
“g.m.a.” (“Sigma”, CILIA). [lepen ncnons3oBaHueM
[JIMLEPUH JOTOJHUTENBHO OYMINAINA BaKyyMHOM
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keeping integrity of cells, but also in providing their
functional integrity during cryopreservation.

One of the ways to solve this problem is the usage
of artificial cryoprotective substances: cryoprotectants
(some monoatomic alcohols, polyols, sugars and highly
molecular compounds) [3, 21]. It has been established
that together with modification of solvent (water)
properties, resulting in weakening of the effect on cells,
crystallization and hyperconcentration of salts
(colligative properties), CPs may render protective
effect in respect of cell membranes and their com-
ponents by smoothing, shifting towards low tempe-
rature region or eliminating phase transitions of
membrane lipids [18]. Cryoprotectants are able to
stabilize the conformation of water-soluble proteins by
sorption on their surface or partial substitution of
hydrate water [1, 13] as well as affect thermostability
of membrane proteins [10]. At the same time there is
poor knowledge about the mechanisms of CPs effect
on the state of proteins in biomembrane composition
at different stages of low temperature preservation,
including equilibration with CPs and freeze-thawing
itself.

The research aim is to study the effect of glycerol,
1,2-PD and DMSO on proteins of natural membranes
at equilibration stage with CP and also in combination
with the effect of low temperature factor (freeze-
thawing) by UV-spectrophotometry [8]. Membranes
formed by rats’ liver endoplasmatic reticulum
(microsomes) were chosen as the research models [2].

Materials and methods

Microsomal fraction derived from rats’ liver
homogenate was obtained by differential centrifugation
at 105 000g for 60 min in the medium containing 1.15%
KCL and 0.5 mM EDTA, pH 7.4 [2]. Preparations of
microsomes were used right after obtaining.
Experiments were performed in 5 independently
obtained preparations with protein content of 0.1-0.75
mg/ml. Sediment was re-suspended in 50 mM tris-
buffer, pH 7.4. Protein content in suspension of
microsomes was examined with Lowry method [26].

In research there were used 1,2-PD (“Khimprom”,
Russia) of “chemically pure” grade, DMSO and
glycerol of “pure for analysis” grade (“Reakhim”,
Moscow, Russia), EDTA and KCI of “pure for
analysis” grade (“Sigma”, USA). Before being used
glycerol was additionally purified by vacuum distillation,
1,2-PD and DMSO was done with preliminary
absorption with activated carbon or aluminum oxide
with following vacuum distillation. CPs solutions were
prepared with twice distilled water using weighting and
concentration was expressed in w/w percentage.

Microsome incubation in CPs solutions was
performed at 20°C for 10 min. To investigate low
temperature effect on MMP there was chosen less

PROBLEMS
OF CRYOBIOLOGY
Vol. 15, 2005, N22



muctrwsnueit, 1,2-11J1 u JIMCO — npenBaputens-
HOM afcopOIrei Ha aKTHBHPOBAHHOM YTJI€ TN OKHCH
aJIOMHUHUS C TOCHEeAYyoUeld BaKyyMHON AUCTHII-
nsiuueit. PactBopst K11 roToBuiu Ha ABaXKIbI AUCTHII-
JMPOBAaHHOHN BOJIE METOIOM B3BEILIMBAHMS 1 BBIpaXKa-
JI¥ KOHLEHTPALIMIO B MAaCCOBBIX MTPOLIEHTaxX (Macc. %).

Wnky6anuio mukpocom B pactBopax KII nmpousso-
quna npu 20°C B Teuenune 10 mun. s u3yuenus
BIMSHUS HU3KON TemnepaTypsl Ha BMM 0611 BRIOpaH
HauMeHee MOBPEKIAOIINUN PEXUM, MO3BOJISIOMINI
CBECTH K MUHUMYMY 3(p(PeKThI, COMyTCTBYIOLINE CHA-
JKEHUI0 TemriepaTypsl [ 12, 22]. s aToro o6pasimsl B
MTOJIMCTUPOJIOBBIX amIynax oobemoMm 3,0 My morpy-
xanu B xunkuid azor (—196°C) (cpenHsisi CKOPOCTb
3aMOpaXuBaHus cocTapisiia koo 200°C/MuH) u moc-
Jie OKOHYAHUS KPUCTAITU3AH OTOTPEBAJIN Ha BOJIS-
Hoii 6ane 10 37°C npu nepemMenMBaHuy.

CriexTphl MOMIOLIEHUsT OEIKOB MHUKPOCOMAaJIbHBIX
MeMmOpan B oonactu 200—400 HM perucTpupoBaiu Ha
crektpodoromerpe Hitachi U-3210 (Amonust). Criext-
paibHBIE U3MEPEHHUS BBITOIHINCH TPU KOMHATHOW
temneparype (20°C) B cTaHIAPTHBIX KBapIEBBIX
kroBeTax 1x1x3 cwm.

Crniexktpsl obpabareiBanu B mporpamme Microcal
Origin 6.0. Aranu3upoBaiy NEepBbIE MPOU3BOIHBIE
cnektpoB noromenus (1T1CIT) 6enxoB Mukpocomas-
HbIX MeMOpaH, a Takxke ux nuddepeHunanbHble
COJIbBEHTHO-IIEPTYPOALIMOHHbIE CIIEKTPBI OIJIOLIEHHS
(CILAC), momyyeHHBIE B TPUCYTCTBUH OPraHUYECKUX
no6aBok [23]. TlonoxeHue CIEKTPOB MOTIIOMICHUS
BMM omnpenensinu mo Toyke oOpamieHusl B HOJb
HICIL I'paduxu CIIAC cTrpomn Kak 3aBUCUMOCTb
oT xoHueHtpauuu KII oTHomeHnus pazHocTu B
MaKCHUMyMax CHeKTpoB morsomieHus (mpu 270 HM)
“mukpocoMbltKIT” — “mukpocombr” (AA, ) K
MaKCUMyMYy CIIEKTpa MOTIOUIEHNUS MHUKPOCOM IpHU
orcyrctun KII (A ). Bennunny ceeropaccesHus
CYCIICH3HEW MUKPOCOM OTIPEAETISIIHA IIPU OTCYTCTBUHU
coOCTBEHHOTO TorIoNIeHHst 6eTKoB (650 HM).

OKCIIEpUMEHTHI NIPOBEIEHBI B COOTBETCTBUU C
“O0MmuUMHU PUHITUTIIAME YKCIIEPUMEHTOB Ha KHBOT-
HbIX”, omoOperHpIMU | HarmoHaapHBIM KOHTPECCOM
o 6wostuke (Kues, 2001 r.) u cormacoBaHHBIMU C
nonokeHUsIMU ““EBpOIeicKoil KOHBEHIIMH O 3aLIUTe
[T03BOHOYHBIX JKUBOTHBIX, HCIIOJIB3YEMBIX JIJISI IKCIIE-
PUMEHTANBHBIX U APYTUX HaydHbIX neneit” (Crpac-
oypr, 1985).

CrartucTuiecKyto 00padOTKy pe3yIbTaTOB BBIMOJ-
Hsun 1o Metoxy CrteromenTa [11] ¢ ucmonp3oBaHueM
MIPOrpaMMHOTO makeTa “Statgraph”.

Pe3yAbTathl M 00Cy)XAeHHe

CriexTphl MOMIOLIEHUsT OEIKOB MHUKPOCOMAaJIbHBIX
MeMOpaH peructpupylorcs B YP-obnacTu, xapax-
TepHOW I OenkoBbIX Xpomodopos (200-350 um),
OJIHAKO MX aHAJM3 3aTPYyAHEH HM3-3a 3HAYMTEIHBHOTO
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damaging regimen, enable minimizing the effects
accompanying temperature reduction [12, 22]. With
this aim the samples in 3.0 ml polysterol ampoules were
immersed into liquid nitrogen (-196°C) (an average
freezing rate made about 200°C/min) and after finishing
crystallization they were thawed up to 37°C with mixing
on water bath.

Absorption spectra of microsomal membranes
within the range of 200-400 nm were recorded with
Hitachi spectrophotometer (Japan).

Spectral changes were carried-out at room
temperature (20°C) in 1x1x3 c¢m standard quartz
cuvettes.

Spectra were processed with Microcal Origin 6.0
software. First derivatives of absorption spectra
(IDAS) of microsomal membrane proteins were
analyzed, as well as their differential solvent-perturbing
absorption spectra (SPAS), obtained with the presence
of organic additives [23]. Location of MMP adsorption
spectra were found using zero crossing point for IDAS.
SPAS diagrams were plotted as the dependence on
CPs concentration of the ratio of the differences in
absorption spectra maximums (at 270 nm) “micro-
somes+CPs” — “microsomes” (AA, ) to the maximum
of absorption spectra of microsomes with no CPs
(DA, ). The value of light dispersion by microsome
suspension was found with no own absorption of
proteins (650 nm).

The experiments were performed with keeping
“General principles of experiments in animals”, adopted
by the First National Congress on Bioethics (20.09.01,
Kiev, Ukraine) and coordinated with the statements
of “European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Scientific Purposes” (Strasbourg, 1985).

The results were statistically processed with
Student’s method [11] using “Statgraph” software.

Results and discussion

Absorption spectra of microsomal membrane
proteins were observed in UV-region, characteristic
for protein chromophores (200-350 nm), but their
analysis was complicated due to considerable effect
of dispersed light, caused both by suspension of native
membranes and the change in aggregate state of
vesicles after freeze-thawing (Fig. 1,a). In contrast to
initial CPs their derivatives contain more useful
spectral information and practically free of the effect
of dispersed light [8]. Therefore in our research we
analyzed 1DAS, use of those significantly reduced the
effect of turbidity on MMP CPs (Fig. 1, b).

Analysis of MMP 1DAS demonstrated that they
had main negative maximum in the range of 285-295
nm, within which two peaks are resolved: at 286 and
292-294 nm as well as negative peaks at 278, 272,
266 nm. In some cases there is found a shoulder at
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BIIMSTHUSL PACCESTHHOTO CBETA, BRI3BAHHOTO KaK CyCITeH-
3Wel HAaTUBHBIX MeMOpaH, TaK ¥ U3MEHEHHEM arperat-
HOTO COCTOSIHHMSI BE3MKYJ IOCIE 3aMOpPAKUBAHUS-
otorpesa (puc. 1, a). B otmuuue ot ucxogusix CIT ux
MIPOM3BOAHBIE COAepkKaT OOJIbLIE MONIE3HON CHEKT-
payibHON MH(OPMALIMK U PAKTHYECKH CBOOOIHBI OT
BIUSIHUS paccessHHOTO cBeta [8]. [loaromy B padote
™Mbl aHanu3upoBanu 1T1CII, ucronb30BaHne KOTOPBIX
CyIIEeCTBEHHO cHUXkaeT 3¢ext myTtHoctu Ha CII
BMM (puc. 1, 6).

Anamuz 1TICIT BMM mnokasan, 94TO OHH UMEIOT
OCHOBHOW OTPHIATENbHBIH MaKCHUMYM B 00JIaCTH
285-295 HM, B KOTOPOM paspelaroTcs ABa MUKa: Ipu
286 11 292-294 HM, a TaxKe OTpULIATETbHBIE TUKU TTPU
278,272,266 HM. B HEKOTOPBIX CiTydasx NposBIsSIETCS
rwtedo npu 300-305 am. Hecmotpst Ha To, uTo hopma
1TICIT BMM 3aBUCHT OT HHIMBHIYAJIBHOTO OEIIKOBOTO
cocTapa IpenapaToB, OCHOBHbIE OSTKOBBIE TUKH (TIPH
286 u 292-294 HM) HAOTIONATUCH BO BCEX HCCIIEIO-
BaHHBIX 00pa3Lax ¢ BapHalUsIMH B COOTHOLICHUH UX
nHTeHCcHBHOCTEH. Takum ob6pazom, 1TICII moryT
OBITH MCIIOJIB30BAHBI HE TOJBKO JUISI HM3Yy4YECHUS
BIUSHHS BHEIIHUX Bo3aeiicTBuit Ha BMM, HO m 11
Ka4eCTBEHHOW XapaKTePUCTHKH OENKOBOIO COCTaBa
WHANBUIYaIbHBIX MTPETIapaTOB MUKPOCOM.

CormacHo McCCleOBaHUSM, BBITTOJTHEHHBIM Ha
MOJIETLHBIX CHCTeMax M Oeikax [8], momoca mpu
292-295 HM OTHOCHUTCS MPEUMYILECTBEHHO K IOTJIO-
LieHuIo TpuntoaHoBbix octarkoB BMM, a B mostocy
mnpu 286 HM OCHOBHOW BKJIaJl BHOCUT MOIJIOIICHUE
THUPO3UHOB. B mosoce! mpu 267 1 272-278 Hm — denu-
aJIaHWHOBBIE ¥ TUPO3UHOBBIE ocTaTk bBMM cooTBet-
crBenHo. [Ipupona nonoc, Habmonaemsix mpu 300-
305 M, OKOHUATENBHO He BhIsICHEeHaA. [Ipenmonaraer-
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300-305 nm. In spite of the fact that MMP 1DAS
shape depends on individual protein composition of
preparations, main protein peaks (at 286 and 292-294
nm) were observed in all studied samples with
variations in the ratio of their intensities. Thus 1DAS
may be used not only for studying the effect of outer
influences on MMP but also for qualitative characte-
rization of protein composition of individual microsomal
preparations.

According to the researches carried-out in model
systems and proteins [8] the band at 292-295 nm refers
mainly to the absorption of tryptophan residuals of
MMP and in the band at 286 nm the basic contribution
is paid by the absorption of tyrosines, in the bands at
267 and 272-278 nm the one is done by phenylalanine
and tyrosine residuals, correspondingly. The origin of
bands observed at 300-305 nm is not completely eluci-
dated. It is supposed to be stipulated by perturbation
of significantly shifted towards long wave region of
the absorption band for tryptophan residuals as a result
of the effect of adjacent charged groups or formation
of hydrogen bond [8]. In complicated multicomponent
protein-lipid systems to those microsomal membranes
are referred the data of absorption band do not allow
the judging on conformational state of individual proteins
being in their composition.

However they enable to obtain integral charac-
teristics of MMP state which are in a direct
dependence on the parameters of lipid bilayer. By other
words, on absorption spectra (or by means of their
1DAS), reflecting the MMP closest microenvironment
(polarity, accessibility to solvent etc.) one can judge
about the effect of studied physical and chemical
factors on the state of protein-lipid membranes.
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Puc. 1. Buz crieKTpoB MOIIOMICHHS OSITKOB MHKPOCOMAJIBHBIX MEMOpaH 13 TICYCHH KPHICHI () ¥ HX MIEPBBIX MPOU3BOAHBIX (0):

1- KOHTPOIJIb; 2 —mocie 3aMOpPAKUBAHUA—OTOIPEBA.

Fig. 1. Absorption spectra of proteins of microsomal membranes derived from rat’s liver (a) and those for their derivatives (b):

1 — control; 2 — post-thaw.
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Cs1, ITO OHA 00y CIIOBJICHA TepTypOaIeil 3SHAYNTEITLHO
CMEIIEHHON B JUIMHHOBOJHOBYIO 00JIaCTh TMOJIOCHI
MOTVIOIIEHUS TPUNTO(AHOBBIX OCTATKOB B PE3YJILTATE
BIIMSIHHS COCETHUX 3apsDKEHHBIX MPYII MM 00pa3oBa-
HUA BOIOPOIHOM cBsi3U [8]. B ClI0KHBIX MHOTOKOMIIO-
HEHTHBIX OCIOK-TTMIHUIHBIX CUCTEMaX, K KOTOPBIM OT-
HOCATCS MUKPOCOMalIbHbIE MEMOpaHbl, JaHHBIE TO-
JIOCHI TIOTJIOIIECHHS HE TTO3BOJISIFOT CYJUTH O KOH(OopMa-
LHOHHOM COCTOSHUHM WHIWBUAYATBHBIX OENKOB,
BXOASIINX B X cocTaB. OHAKO OHH JAfOT BO3MOXK-
HOCTH MOJYYHUTh MHTETPAIBHYIO XapaKTEPUCTHKY
cocTossHusI BMM, KOTOpo€ HaXOIUTCsI B HEMOCPEACT-
BEHHOH 3aBHCHUMOCTH OT MapaMeTpPOB JHUIUIHOTO
6ucnos. IHbIMU CIOBaMU, TIO CTIEKTPaM MOTIIOIIEHHUS
(nmm o mx 1I1CII), oTpakaromum COCTOSIHHE OJIH-
kKaimero MUKpokpyxeHuss bMM (moaspHOCTS,
JOCTYITHOCTh PacTBOPUTENIO U T.II.), MOXKHO CYAMTH
0 BIIMSIHUHU MCCIIEAYEMbIX (PU3MKO-XMMUYECKHX (aK-
TOPOB Ha COCTOSIHHE OENOK-JIMIUIHBIX MEMOpaH.

Hecmotps Ha To, yTo napametpsl CI1 BMM o6Ha-
PYKHBAIOT 3aBUCHUMOCTD OT KOJMYECTBEHHOTO COOTHO-
IIEHUS] BXOAAIINX B MX COCTaB OEIKOB, B pEaKInU
BMM Ha BHenIHIE BO3IEHCTBUS (B YaCTHOCTH, ICHCT-
BHE€ HU3KOW TeMITepaTypbl 1 OPraHUIeCKUX J0OABOK)
BBISIBJISIIOTCS OTIpEe/IeTICHHbIE 3aKOHOMEPHOCTH.

B pa6ore [12] mokazaHo, 9T0 OBICTPOE MTOTPYIKEHHE
B KHMJKHH a30T U MOCIEAYIOIMIHNA OTOIPEB HE BBI3bI-
BaIOT CYIIECTBEHHBIX HapyLIeHUH ruapodoOHOCTH
TOBEPXHOCTH MUKpOCOM, ckopocTH [10JI, ypoBHS 1111-
toxpoMma P-450 n aktusHocTH HA JIOH-inToxpom C
penykrassl. B To jxe Bpems maxke Takod, HaMMEHee
MOBPEXKIAIOLINH, PEKUM KPUOBO3ICHCTBHS OTPAKaCT-
cs1 Ha QYHKIMOHAIbHOW akTHBHOCTH BMM 1 ipuBoauT
K CHIDKEHHUIO CITOCOOHOCTH MHUKPOCOMAaIbHOM MOHO-
OKCUTE€HA3HOM CHCTEMBI OKHCIIATH 4-TUMETHIaAMHUHO-
XaJKoH [17], 9TO MOXKET OBITH CBSI3aHO C TTOBPEIKIIC-
HHEM TEPMHUHAJIBHBIX yYaCTKOB I[EMH IepeHoca
3JIEKTPOHOB HJTH CHCTEMBI THJIPOKCHIINPOBAHUS. Y UH-
TBIBast, 9YTO 3TH M3MEHEHHS MOTYT OTPa3UThCA Ha
CIIEKTpaJibHBIX cBoMcTBax BMM, Ha HayaIbHOM 3Ta-
e UCCIeJOBaHMUS HaMHU ObUIO M3YUEHO BIIUSHHE
JaHHOTO pexkrMa 3aMmopakuBanus Ha CII BMM.

YcraHOBIIEHO, YTO TIOCIIE 3aMOPaKUBAHUS HA (POHE
HEKOTOPOro M3MEHEHHS 00Ieil MHTEHCUBHOCTH
criekTpa HabmroparoTcs HeOoibiue (okono 1 HM)
CABHUTHY KaK OCHOBHOTO OTPUIATEIbHOTO MaKCHMyMa
ITICII, Tak ¥ OTAENBHBIX MOJIOC ¢ M3MCHCHUEM
COOTHOIIEHHUS] UX MHTEHCHUBHOCTEH (puc. 1, 0). Otn
W3MEHEHHUS, MO-BUINMOMY, 3aTParuBaioT B MEPBYIO
ouepesb nepudepuueckre OCNKH, MOCKOIbKY 00JIb-
IIMHCTBO MUKPOCOMAJILHBIX OCJIKOB SIBIISIOTCS MEPHU-
(epruueckuMu 1, BO3MOXXHO, YaCTUYHO COPOUPOBaH-
HBIMHU Ha MIOBEPXHOCTH BE3UKYJI, a OIS OCJIKOB, [IIy-
OOKO OrpYKEHHBIX B OUCIION, He IpeBbImaeT 35% ot
ux obuero xkonuuectsa [9]. Takum oOpa3zom, cpaBHU-
TeJIbHAs! KPUOYCTOWYMBOCTH MUKPOCOMAJIBHBIX MEM-
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In spite of the fact that MMP AS parameters
manifest the dependency on quantitative ratio of
entering them proteins in MMP response to outer
effects (in particular, the effect of low temperature
and organic additives) there are observed certain
regularities.

The paper [12] reported that a rapid plunging into
liquid nitrogen and following warming did not cause
drastic impairments in hydrophobicity of microsomal
surface, LPO rate, level of P-450 cytochrome and
activity of NADPH-cytochrome C reductase. At the
same time even such less damaging cryoeffect regimen
affected MMP functional activity and resulted in a
reduction of the capability of microsomal mono-
oxygenase system to oxidize 4-dimethylaminochalcon
[17] that could be related to a damage in terminal sites
of electron transfer chain or hydroxylation system.
Taking into account that these changes may affect
MMP spectral properties at initial research stage we
have studied the effect of this freezing regimen on
MMP AS.

It has been found that after freezing on the
background of a change in total spectrum intensity there
were observed slight (about 1nm) changes of both
main negative maximum of 1DAS and some bands
with varying the ratio of their intensities (Fig. 1, b).
These changes probably may affect firstly peripheric
proteins because the majority of microsomal proteins
are peripheric and may be perhaps partially absorbed
on vesicle surface and a share of proteins deeply
submerged into a bilayer does not exceed 35% of their
total number [9]. Thus comparative cryoresistance of
microsomal membranes to rapid freezing in this case
is an advantage of model system as it enables
emphasizing the contribution of the effect of cryo-
protective additives into the object under study at
minimal disorders caused by freeze-thawing.

All investigated CPs render the effect on MMP
AS parameters, by changing their intensity, shape and
location. Dependence of intensity of 1DAS on the
concentration of CPs, which correlates with that for
initial CPs has an analogous character for peaks at
288 and 292-294 nm and may be estimated on the
intensity of the highest peak (Fig. 2, a). The character
of curves depends both on concentration and chemical
properties of CPs (Fig. 2, b). In this case also there is
observed a shift towards long wave area of CPs
maximum location.

Freezing and following warming of microsomes with
CPs presence do not change the move of dependencies
of IDAS intensities and AS location on the concentra-
tion of CPs, but they affect absolute values of these
parameters. Observed reductions of intensity of MMP
AS for glycerol and arise for 1,2-PD and DMSO along
with a decrease in long wave shift of spectra maximums
(Fig. 2) may be the result of cryoeffect-initiated change
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OpaH K OBICTPOMY 3aMOpaXKUBAHHUIO B ITOM CITydae
SBIISIETCS IPEUMYIIIECTBOM JaHHOW MOJEIBHOM CHC-
TEMBI, TaK KaK MMO3BOJISIET BBIJCIUTH BKIIA] A deKrTa
KpHO3AIUTHBIX JT00aBOK B HCCIIEIyEeMbIi O0BEKT IPU
MUHUMAJIbHBIX HAapYUICHUSIX, BHI3BAHHBIX 3aMoOpa-
’KUBAHUEM-OTOTPEBOM.

Bce uccnenosannnie KII oka3biBatoT BIusiHUE HA
napametpsl CI1 BMM, n3MeHss MX MHTEHCUBHOCTb,
(hopmy 1 monoxeHune. 3aBUCUMOCTh MHTEHCUBHOCTH
ITICII ot xonnienTparuu K11, koTopast Koppenupyer ¢
WHTEHCUBHOCTHIO ncxonHbIX Cl1, mveeT aHATOTMIHBII
XapakTep st muKoB Tpu 288 11 292-294 HM U MOXKET
OBITH OIIEHEeHA [T0 NHTEHCUBHOCTH HAaOOJIBIIIETO MTHKa
(puc. 2, a). Xox xpuBsix 1IICII 3aBHCHT Kak OT KOH-
LIEHTpAINH, TaK 1 0T xuMudeckux cBoiicts KII (puc.
2,6). IIpu aTOM Takxke HaOIIOAACTCSI CIBUT B JUTMHHO-
BOJIHOBYIO 00JIacTh Tojoxenus Mmakcumymos CI1.

3amMopakUBaHKE U MOCIEAYIOIUNA OTOIPEB MUKPO-
coM B nipucyTcTBUM KII HEe U3MEHSIOT X0/ 3aBUCUMOC-
teil uatencuBHoctu 1IICII u monoxenus CII ot
koHueHTpauuu KII, oqHako oka3biBalOT BIMAHUE Ha
a0COJTIOTHBIC 3HAYEHUS ITUX MapaMeTpoB. Haliro-
naeMble cHkeHnsa uHreHcusHoctu CIT BMM s
murepuHa 1 nosbimenue 1t 1,2-11J1 u IMCO, napsi-
JIy CO CHH)KEHHEM JNTHHHOBOJIHOBOTO CJIBUTA MAKCH-
MyMa CIIEKTPOB (pHC. 2), MOTYT OBITH CII€JICTBUEM
WHUIIUMPOBAHHOTO KPUOBO3JEUCTBUEM W3MEHEHUS
MIPOHUIIAEMOCTH MHKPOCOMAaJbHBIX MeMOpaH, B
pe3ylibTaTe KOTOPOro U3MEHsIeTCS JOCTYHNHOCTh
BMM pactBopuresio.

Ananus gopmsr 1TICIT BMM mnoxkazan, urto KII
BBI3bIBAIOT U3MEHEHUS COOTHOLIEHUSI HHTEHCUBHOCTEH
OTpHULATENBHBIX MAaKCUMyMOB Ipu 286 u 292 HM n
MOJTYIIUPUHBI CIIEKTPOB, 00YCIOBIEHHONW yMEHB-
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Peak intensity at 286 nm
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MHTEHCUBHOCTb nuKka npu 286 HM
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KoHueHTpauusa kpuonpotektopa, %
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in permeability of microsomal membranes resulted in
the alteration of MMP accessibility to solvent.

Analysis of the shape of MMP 1DAS showed
that the CPs caused the changes in the ratio of
intensities of negative maximums at 286 and 292 nm
and halfwidth of spectra stipulated by a reduction on
the contribution into absorption spectrum of protein
chromophores within the range of 260-275 nm (Table).
Slight changes in the shape of 1DAS are observed in
DMSO presence. This enables the supposing that
DMSO under concentration higher than 10% causes
significant exciting effect not only on microenvironment
of protein chromophores but also the state of lipid
matrix of microsomal membranes. Repeated increase
in 1DAS intensity observed within the area of high
DMSO concentrations is probably associated exactly
with destruction of bilayer and change in aggregate
state of microsomes (Fig. 2, a).

Freeze-thawing of microsomes in glycerol presence
results in some relaxation of spectrum halfwidth (AA
parameter) towards its increasing. At the same time
in 1,2-PD and DMSO presence the effect of low
temperature and accompanying factors causes
following but insignificant reduction of AA S parameter.
Under conditions of additional effect of temperature
factor differences in the interactions of the studied CPs
with lipid bilayer stipulated by the peculiarities of their
chemical structure, are supposed to be more
manifested.

Deviations from linearity of SPAS plots under CPs
effect reflecting the change in state of surface
chromophore groups of MMP are not observed in GL
presence and occur at 10 and above 30% DMSO
concentrations (Fig 3, a). After freezing the
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Puc. 2.BiusiHie KPUONPOTEKTOPOB M 3aMOPaKMBAHUS Ha MWHTEHCHBHOCTH OTPHLATENBHOIO MHKa HpH 286 HM (a) u
nionoxkerne Houtst (0) 1TICTI BMM: 1 — mmmnepun; 2 — 1,2-I11; 3 — AMCO; * — 3amMmopaskuBaHue.

Fig. 2. Effect of cryoprotectants and freezing on intensity of negative peak at 286 nm (a) and “zero” position (b) MMP 1

DAS: 1 —glycerol; 2 — 1,2-PD; 3 - DMSO; * — freezing
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IIEHWEM BKJIaJa B CIIEKTP TOTJIOMIEHUS OETKOBBIX
xpomogopoB B obmactu 260-275 M (Tabnuna).
HanGonpmue nzmenenuss ¢opmsl 1IICII nabiro-
naiorca B npucytctBuu JMCO. DTo mo3BoiseT
npeanonokuTh, 4ro JIMCO B KoHIIEHTpamuu Oosee
10 % oxa3pIBaeT CyIIECTBEHHOE BO3MYILAIOIEE
BIIMSIHUE HE TOJBKO HA MUKPOOKPYKEHHE OENKOBBIX
XpoMo(OpOB, HO U Ha COCTOSIHUE JIUITUAHON MaTPHLIBI
MUKpPOCOMaJIbHBIX MeMOpaH. Bo3-
MOYKHO, IMEHHO C pa3pyLIeHHueM Ou-
CJ0sl U U3MEHEHHEM arperaTHoro
COCTOSTHUSI MUKPOCOM CBSI3aHO IOB-
TOPHOE yBEITMUEHNE HHTEHCHUBHOCTH
1IICII, nadmrogmaemoe B oOlacTu

concentration dependencies of SPAS plots do not
significantly change. This means that after cryoeffect
the character of CP influence on surface chromophore
groups of MMP when compared with the control
(microsomes + CP) is kept. Alteration of slope for
MMP SPAS plots at joint effect of CP and low
temperature factor reflects the reduction of acces-
sibility of protein chromophores to solvent, caused by

BrusHIE KpHOMPOTEKTOPOB U 3aMOPAKUBAHUA-OTOTPEBA HA MOMYIIUPUHY U
otHomeHre MUHUMYMOB 1TICTI BMM npu 286 1 292 um

Effect of cryoprotectants and freeze-thawing on half-width and ratio of
minimums of MMP 1DAS at 286 and 292 nm

BBICOKHX KoHIeHTpanuit JJMCO
(puc. 2, a).

XapakTepucTuKa 1 — ¥ IPOU3BOAHOU CIEKTPa IIOTAOIIEHUST
Characteristics of 1st derivative of absorption spectra

Kounnenrpanus
- _ KPUOIPOTEKTOPa Al Al

3aMOpaKMBaHUE-OTOTPEB MUKPO Cryoprotectant ml‘jj,ihﬁ A/ By ml‘jj,;?fl A/ Ay

COM B IIPUCYTCTBUM ITIMLICPUHA ITPH- concentration
= Wukybanusa 10 mus npu 20°C TMocae 3aMOpakuBaHNA — OTOrpeBa
BOAWT K HEKOTOpPOM pEjakcanuu Incubation during 10 min at 20°C After freeze — thawing
MOJTYIIMPHUHBI CIIEKTpa (mapameTpa
KonTpoab

AA| ) B HaNpaBIEHUHU €0 yBEIHYe- Control 36+0,5 1,0£0,02 36+0,5 110,03
Hus. B TO ke Bpems B IPUCYTCTBUU
1,2-I1JT u AMCO pnelicTBre HU3KOI Trunepun Glycerol
TEMIICpATYphl N COMYTCTBYIOIINX 5% 34%0,5 1,10,03 350,5 1,10,03
(akTOpOB BBI3BIBACT JalbHEHIIEE,
XOTsI M1 HE3HAUUTENBHOE, CHI)KEHUE 10 % 33+1,0 1,12:0,04 35%0,5 1,00,06
AA, . MOXHO OPeIToNoKuTh, 4TO B
YCJIOBUSAX JOTOJHUTENBHOTO IEHCT- 20% 3405 110,03 35=05 110,04
BUS TEMIIEpaTypHOTO GakTopa 00iIb- 300 53210 10,01 35205 12005
e MpOABISAIOTCS Pa3IUYUs BO
B3auMojieiicTBUM uccieayembix KII 40 % 3405 1,1+0,01 33+0,5 1,10,01
C JIUMHJIHBIM OuciioeM, 00yCiIOB-
JIEHHBIE OCOOEHHOCTSIMH MX XHUMH- 12—MA 1.2-PD
HCCKON CTPYKTYpBL. 5 5% 36=0,5 1,120,02 35=0,5 1,120,03

OTKJIOHEHUA OT JUHEHHOCTH
rpadukoB CITJIC nox Bimustanem K11, 10 % 35%0,5 1,10,02 33+0,5 1,2%0,03
OTpaXKaroIlue U3MEHEHHNE COCTOSHUS
MOBEPXHOCTHBIX XPOMO(OPHBIX 20% 3405 112003 3305 1122003
rpyrmn BMM, we nabmionaiotest B 30 % 321,0 1,1:0,01 321,0 1,0£0,02
MPUCYTCTBUN TIUIEPUHA U TPOUC-
xomsaT B mpucytctBun 10 u Gomnee 0% 32+1,0 1,120,01 33%0,5 100,04
30% I1/J, a takxe Oomee 10%

CO DMSO
AMCO (puc. 3, a). [Tocie 3amopa- AM
YKUBaHHS KOHIIEHTPAIlMOHHbIE 3aBU- 5% 33205 1,20,02 330,5 1.2+0,02
cumoctu rpapukos CITJIC cymect-
BEHHO HE U3MECHSIOTCS. JTO TOBOPUT 10 % 33%+0,5 1,2+0,02 32+0,5 1,1+0,01
0 TOM, YTO 10CJI€ KPHOBO3AEHCTBHS
20 % 32%1,0 1,1%0,03 32%0,5 1,0+0,02

xapakrtep BiusiHUA KII Ha moBepx-
HOCTHBIC XPOMOQOpPHbIC IPYIIIIBI 30 % 2721,0 1,10,04 27%1,0 1,0£0,01
BMM B cpaBHEHMHU C KOHTpOJIEM
(muxpocombI+KII) coxpansercs. 40 % 26=1,0 1,12=0,02 26=1,0 1,00,04

N3menenune HakiIoHA rpauKOB
CIIAC BMM npu coBMECTHOM
Bozzaeiicteuu KII u Huzkoremnepa-
TypHOTO (pakTOpa OTpakaeT yMeHb-
IIEHUE JIOCTYIMHOCTH OENKOBBIX 292 nm.
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Ipumeuanus: Al , — OJTyIIMPHHA CHEKTPa, COOTBETCTBYIOIIAS €r0 IUPHHE (HM),
M3MEPCHHOM Ha TI0JIOBUHE BBICOTHI; A, /A — OTHOILIEHHE HHTEHCUBHOCTEH MUHHMYMOB
1TICIT mpm 286 1 292 HM.

Notes: AA, | — half-width of spectrum corresponding to its width (nm) measured at
the middle of height; A, /A, —ratio of intensities of minimums for IDAS at 286 and

1 90 PROBLEMS

OF CRYOBIOLOGY
Vol. 15, 2005, N22



XpoMO(OpPOB paCTBOPHUTEIIO, BEI3BAHHOE HAPYIIEHUEM
CTPYKTYpbI Oncioa Tub0 M3MEHEHHWEM arperaTHoro
COCTOSIHUSI BE3UKYII.

BenuunHa cBeTopaccessHUs CyCIIEH3UH MUKPOCOM
MO3BOJISIET CYAUTh 00 M3MEHEHUU Pa3MEepPOB MHUKPO-
COMaJIbHBIX BE3HKYJI JTMOO CTETIEHH UX arperaunu [4],
YTO B KOHEYHOM UTOI'€ KOCBEHHO OTPakaeT HapyllIeHHe
HATHBHOM ymakoBKH Ouciios. O1eHKa ypoBHS CBETO-
paccesHus CyCIeH3Ud MUKPOCOM B 001acTH, TAE OT-
CyTCTByeT cobcTBeHHOE noroneane BMM (650 um),
nokasana, 4yto ucciaenosannsie KII ommmuarorcs mo
HaIPaBJIEHHOCTH CBOETO BIHMSHHUS HA MUKPOCOMAJTb-
HbIe MeMOpPaHbI, ¥ 9YTO 3TH 3aBUCUMOCTH HOCSAT HEJIH-
HeHHBIN Xapakrep (puc. 3, 6). Tak, HUKOMONIEKYIAP-
Hbl€ NoIKHOoNb! uuepuH U 1,2-11/1 cHmkaroT mapameTp
A5, TIO CPABHEHHIO C KOHTPOJIEM, & MPEICTABUTEID
cynbhoxcnoB IMCO BBI3BIBa€T pOCT CBETOpACCESI-
HUS CyCNIEH3UH B o0nacTi KoHueHTpauui 10 10% c
MOCJIEYIOIINM Pe3KUM cHIkeHueM. [Ipu atom rmne-
PHH OKa3bIBa€T HaUMEHBIIIEE BIUAHNE HA CBETOpac-
CesiHUE CYCIIeH3MH, KOTOPOE BRIpa)KaeTcs JINIIb B HE-
3HAYUTEITHFHOM POCTE B 00JacTh KOHIeHTparuii 10-
40%. 1,2-11]] mpuBOIUT K yBEIWYEHHIO IMapameTpa
AgsoB 00macTu 10% ¢ mociaenyrommuM CHIDKEHUEM U
ITOBTOPHBIM POCTOM IpH KOHIEHTparusax oonee 30%.
[Tomo6ubIe HeNMMHEHHBIE N3MEHEHNUS TTapaMeTpa Ags,
CBUJETENLCTBYIOT O ToM, uTo KII oka3sIBaroT Bins-
HUE Ha arperaTHoe COCTOSTHUE BE3UKYJI YXKe IIPU KOM-
HATHOH TemmepaType W OHO HauboJiee BBIPAKECHO B
npucytcreuu 1,2-11J1 u AMCO. BozaelicTBue HU3KoI
TEMIEPATYpPbl JOCTOBEPHO HE OKa3bIBAET OTOIHH-
TEJIBHOTO BO3MYILIAIOIIErO BIMSHUS Ha arperaTHoe
cocTosiHue MUKpocoM a0 20%-i1 KOHLEHTpaluu
rmunepuna u 1,2-11/1 u npu conepxxkanuu JIMCO 5-

0,7

AA270/A270

0 T T T T

0 10 20 30 40
a KoHueHTpaunsa kpuonpoTektopa, % a
Cryoprotectant concentration, %

disorder in bilayer structure or the change in aggregate
state of vesicles.

Value of light dispersion of microsome suspension
enables the judging about the change in sizes of
microsomal vesicles or the rate of their aggregation
[4], that finally represents indirectly the impairment of
bilayer native packing. The assessment of light
dispersion level for the suspension of microsomes in
the region where own MMP absorption is absent
(650 nm), has shown that the studied CPs differed on
orientation of their effect on microsomal membranes
and these dependencies were of non-linear character
(Fig. 3,b). So, low-molecular polyols, glycerol and 1.2-
PD decrease Ay, parameter when compared with
the control and DMSO causes the rise in light dispersion
of suspension in the area of concentrations up to 10%
with following sharp fall. In this case glycerol causes
the least effect on light dispersion of suspension, which
is expressed just in a slight growth of concentrations
(10-40%). 1,2-PD results in a rise of A, parameter
in the area of 10% with following decrease and
repeated growth at concentrations higher that 30%.
Similar non-linear changes of A, parameter testify
to the fact that CPs render the effect on an aggregate
state of vesicles even at room temperature and it is
more vividly manifested in 1,2-PD and DMSO pre-
sence. Low temperatures had no statistical and signi-
ficant additional exciting effect on aggregate state of
microsomes at 20% concentration of glycerol and 1,2-
PD and at 5-10% DMSO that is within the concent-
ration areas where these CPs usually demonstrate
cryoprotective effect. Under higher CP concentrations
the effect of low temperature factor strengthens their
perturbing influence on bilayer.

Light dispersion, optical density units

0,05 : ; . :

0 10 20 30 40

KoHueHTpauusa kpuonpotektopa, % b
Cryoprotectant concentration, %

CeTopaccesiHue, ed. ONTUYECKON NIOTHOCTH

(@)}

Puc. 3. Bimstnue KIT u 3amopaxusanus na CITJJC BMM (a) u cBeTopaccesHue cycrieH3snu Mukpocom (0): 1 — mmimepun;

2 — 1,2-111; 3 — AMCO; * — 3amopakuBaHue.

Fig. 3. Effect of CPs and freezing on MMP SPAS (a) and light dispersion of microsome suspension (b): 1 — glycerol; 2 —

1,2-PD; 3 - DMSO; * — freezing
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10%, To ecTh B 00IacTAX KOHIIEHTpauui, riae 3tu K11
OOBIYHO TPOSBISAIOT KpUO3amUTHEIN 3 dexT. [Ipn
Oonee Boicoknx koHUeHTpanusax K11 nefictBue Hu3Ko-
TEMIIepaTypHOro (akTopa yCHUIUBaeT UX NepTypOu-
pyrolee BIUsHIE Ha OMCIION.

W3BecTHO, 4TO mepTypOanusi CIeKTpoB MOTIIO-
LICHUS OPraHUYEeCKHMH BeIeCTBaMHU 0OYCJIOBJICHA
HW3MEHEHHEM COCTOSIHUS XPOMOQOPHBIX TPyNN B
oenkax [8]. [Ipu ’TOM poCT MHTEHCUBHOCTH H JIJTHHHO-
BOJIHOBBIN CIIEKTPATbHBIM CABUT XapaKTEPHBI IS
CHEKTPOB (uIyopecleHIIN OeIKOBBIX XpOMO(OpOB B
MIPUCYTCTBUU OPTAaHUYECKUX PACTBOPUTEIIEH, CTIOCO0-
HBIX 00pa30BBIBATh BOJIOPOIHbIE CBs3U. bin3kue mo
XUMHYECKOMY CTPOCHHIO HU3KOMOJIEKYIISIPHBIE TTOJTH-
onsl ruuepuH u I1J] conepxar OH-rpymnmel, mo3Bo-
JASoMuMe UM 00pa30BBIBaTh BOJOPOIHBIE CBSI3U C
MoJeKynamMu Bonbl [6]. CuuTaeTrcs, YTO MEXaHU3M
KPHO3AIUTHOTO AEHCTBUS 3TUX BEILIECTB UMEET MPEU-
MYILECTBEHHO KOJUTUTATUBHYIO OCHOBY, 00YyCIIOBIICH-
HYI0 UX THIpodmiIbHOCTBIO. B TO ke Bpems monuyHK-
HOHATBHOE cTpoeHne MoseKyasl JIMCO, cogepika-
e nonapHyio rpynny =S=0 u aBe ruapooOHbIe
CH,-rpymsl, NO3BOJISET €My MPOABIIATE THAPO(HOO-
HbIE CBOICTBa U 00Pa30BBIBATH CHIJIBHBIE MEXMOJIE-
kynsapHble H-cBsi3u [19]. D10 3HaumT, 9To HabMIOAAC-
MBbI€ B €70 IPUCYTCTBUH YBEIHMUEHNE MHTEHCUBHOCTH
U JUIMHHOBOJHOBBIHA CIOBUT CIEKTPOB MOIVIOLICHUS
MOTYT OBITh, 10 KpaiiHell Mepe YacTU4YHO, 00yCIIOB-
JeHbl 00pa30BaHUEM BOJOPOIHBIX CBSA3EH MEXKIY
MOJIEKYJIaMH KPHONPOTEKTOPa M MOBEPXHOCTHBIMH
AMHUHOKHUCIIOTHBIMHU OCTaTKaMu Nepuepruueckux oe-
KOB, a TaK)Ke MOJISIPHBIMU IpynnaMu GochoaunuIoB
MHUKpocoM. VI3MeHeHusI mapaMeTpoB CIIEKTPOB MOTJI0-
mIeHus pHu O6ombimmx KoHnenTpanusx Kl1, mo-sumu-
MOMY, OTPa)KatoT MPOLECCHI, CBI3aHHBIE C TPOHUKHO-
BEHHEM KpHO-3aIIUTHBIX BEHIECTB BITyOb MHTEphepa
MHKPOCOMAJIBHBIX OEITKOB M C UX BIMSHHEM Ha rapa-
MeTpBI TUMHUIHOTO Oucos. [lomydenHbIe pe3yabTaTsl
CBHIIETEILCTBYIOT, 4TO 1,2-I1]] Tax e, kak u JIMCO,
MPOSIBIISIET MEMOPAHOTPONHYIO0 3()(HEKTUBHOCTH, UTO
MOJKET OBITh CBSI3aHO C OObILIeH THAPOPOOHOCTHIO
€ro MOJIEKYJIbl B CPaBHEHUU ¢ muiepuHoM [14, 20].
CornacHo panubiM [20], uccnenyemsie KII cymect-
BEHHO OTJIMYAIOTCS 110 CBOEH JIUIOPHIBLHOCTH, OTpa-
KAIOIIEH NX CPOACTBO K JIMITUIHOMY OHcIIor0 (Koaddu-
LIMEHTHI pacTpeiesieHus B cucteMe XJ1opodopM-BoJia
cocrapysiror 0,00001; 0,002 u 0,05 ans mmniepuna, 1,2-
[T AMCO coOTBETCTBEHHO). DTH pE3yJIETATHI [103-
BOJISIFOT HPEATNOIIO0KUTE, 4TO nccienyemsle KIT MoryT
TaK’Ke OITOCPEOBAHHO BIUATH Ha KOH(OPMAIIMOHHOE
cocrossnue bMM BcliieicTBHE TPOHUKHOBEHUS B O1-
CJIOM 10 MeXaHu3My naccuBHOM quddy3un. Bo Bpems
3aMOpPaKUBAHUI M IOCIIEIYIOIIET0 OTOIPEeBa AOMOIHHU-
TenbHOMY npoHrkHOBeHHIO KIT BHYTph MUKpOCOMaIb-
HBIX MeMOpaH MOTYT crocoOcTBOBaTh (hakTOpBHI,
BBI3BIBAIOIME HAPYILICHUE IPOHUIIAEMOCTH MEMOPaH,
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It is known that perturbation of absorption spectra
with organic substances is stipulated with the change
in state of chromophore groups in proteins [8]. In this
case the growth of intensities and long wave spectral
shift are characteristic for fluorescence spectra of
protein chromophores in presence of organic solvents
capable of forming hydrogen bonds. Similar on
chemical structure low molecular polyols, glycerol and
1,2-PD contain OH-groups enabling them to form
hydrogen bonds with water molecules [6]. The
mechanism of cryoprotective effect of these
substances is considered to have predominantly
colligative base, stipulated by their hydrophility. At the
same time polyfunctional structure of DMSO molecule,
possessing =S=0 polar group and two hydrophobic
CH,-groups, allowing it manifesting hydrophobic
properties and forming strong intermolecular H-bonds
[19]. It means that observed in its presence increase
of intensities and long-wave shift of absorption spectra
may be at least partially stipulated by the formation of
hydrogen bonds between cryoprotectant molecules and
surface amino acid rests of peripheric proteins as well
as polar groups of microsome phospholipids. Changes
in parameters of absorption spectra at higher
concentrations of CP perhaps reflect the processes
related to penetration of cryoprotective substances
inside an interior of microsomal proteins and to their
effect on parameters of lipid bilayer. Obtained results
testify that 1,2-PD as well as DMSO manifest
membrane tropic efficiency that may be related to
higher hydrophobicity of its molecule in comparison
with glycerol [14, 20]. According to the data [20] the
studied CPs differ considerably on their lipophility,
reflecting their affinity to lipid bilayer (distribution
coefficients in “chlorophorm-water” system makes
0.00001; 0.002 and 0.05 for glycerol, 1,2-PD and
DMSO, correspondingly).

These results enable the supposing that the CPs
under study may indirectly affect conformational state
of MMP due to penetration into bilayer via passive
diffusion. During freezing and following thawing the
factors causing the disorder of membrane permeability
and formation of defective sites on the boundaries
between liquid crystal and solid phases of bilayer
(lateral separation of lipids in bilayer plane and
aggregation of membrane proteins) may contribute to
additional penetration of CPs inside microsomal
membranes.

Thus the efficiency of CPs interaction with
microsomal proteins and bilayer in a whole in freeze-
thawing cycle is greatly determined by their
sensibilization at equilibration stage with CPs. This
relationship depends both on concentration of CPs and
their individual physical and chemical properties. Effect
of low temperature and accompanying factors on
MMP and mirosomal membranes are in a direct
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u oOpa3zoBaHue AeHEKTHBIX YIACTKOB Ha TPaHHUIIAX
MEXTy JKHIKOKPUCTAJUTMUECKON W TBEpIOH (dazamu
owucos (JlarepaibHOE Pa3eTIeHNE JIUHUIOB B TNIOCKOC-
TH OUCIIOs M arperauusi MeMOpaHHBIX OCJIKOB).

Takum 00pazom, 3PEeKTUBHOCTH B3aUMOICHCTBHS
KII ¢ MukpocoMaabHBIMU OCIIKaMU U OMCIIOEM B T1e-
JIOM B LIUKJIE€ 3aMOPAKUBAHUSI-OTOTPEBA B 3HAUUTEIIb-
HOM CTETICHH OTIPEAeISeTCS UX CEHCUOMIn3auei Ha
arare skBunuOparnuu ¢ KII. 3to B3ammopeiicTBue
3aBUCUT Kak OT koHIeHTpauuu KII, Tak 1 oT ux uHau-
BHIYQJIBHBIX (PU3NKO-XUMHIECKIX CBOMUCTB. Brmsaue
HHU3KOW TEMITepaTyphl U COMyTCTBYIOMHX (DAaKTOPOB
Ha BMM 1 MuUKpocoManbHbIE MEMOPaHBI HAXOIUTCS
B IPSAMOM 3aBUCHUMOCTH OT MEeMOpPaHO-TPOITHBIX
cBoiicTB KII u neiicTByeT mo OTHOIICHHUIO K HUM a-
JIATHUBHO.

[Ipu mpoBenenun ganbHEUIINX HCCIEIOBAHUM
MPEACTABIISECT UHTEPEC BHIICHUTD, KaK BIMSIIOT UCCIIE-
nyemble Hu3koMonekymsipubie KIT u 3amMmopaxxuBanue
Ha JJFOMUHECIICHTHBIE CBOWCTBA OEITKOB MHUKPOCOM.

BbiBOADI

1. Hu3KOMOJIEKYIJISIpHBIE KPUOIIPOTEKTOPHI INIULIE-
puH, 1,2-11J1 u JIMCO B3anMoJeHCTBYIOT C MUKPO-
COMaJIbHBIMU O€JIKaMHM YK€ Ha 3Tare SKBIINOpaluu
IIpH KOMHATHOW TeMIeparype, BbI3bIBasi X KOH(MOp-
MalMOHHbIE U3MEHEHHS. DPPEKTUBHOCTD ITOrO
B3aUMOJEHCTBHS ONpeaesaeTca Kak KOHIEHTpanuen
KPUOIPOTEKTOPOB, TaK M MX MHIAMBHAYAIbHBIMHU
(U3UKO-XUMUYECKIMHU CBOUCTBAMH.

1o Bo3pacTanuio nepTypOUPYIOLIETO BIUSIHUS Ha
coctossuue bBMM wucciaenoBanusie KII MoxHO
pacnoiaoxuTh B psaf;: runepul < 1,2-I1J] < IMCO.

2. D¢dexrupnocth B3aumoaencrus KII ¢
OenkaMM MHUKPOCOM BO BpPEMS 3aMOpaKMBaHMUSI-
OTOTpeBa OMpEAeNIeTCs MPeABAPUTEIHLHON CEHCH-
Omnuzanyeil MeMOpaH Ha dTare X SKBHJINOpAIuH ¢
KII. BausiHue 3amopaxuBaHusi-ororpesa Ha BMM u
MHKpPOCOMAaJIbHBIE MEMOpAHBI 3aBUCUT OT MEMOpPaHO-
TponHbix cBoicTB KII 1 AeiicTBYeT MO OTHOIICHUIO K
HUM aJJINTHBHO.
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dependence on CPs’ membanotropic properties and
supplements them.

Further experiments will be interesting for
elucidating the effect of low molecular CPs and
freezing on luminescent properties of microsome
proteins.

Conclusions

1. Low molecular cryoprotectants glycerol, 1,2-PD
and DMSO interact with microsomal proteins even at
the equilibration stage at room temperature resulting
in conformational changes. The efficiency of this
interaction is determined both by the concentration of
cryoprotectants and their individual physical and
chemical properties.

Examined CPs on ascending of perturbing effect
on MMP state could be disposed in the row: glycerol <
1,2-PD < DMSO.

2. Efficiency of CPs interaction with microsomal
proteins during freeze-thawing is determined by
preliminary sensabilization of membranes at the stage
of their equilibration with CPs. The effect of freeze-
thawing on MMP and microsomal membranes depends
on membranotropic properties of CPs and supplements
them.
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