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PeakTuBauis metaboniamy B eputpouunTax nicrnsa KpiokoHcepBYyBaHHA 3
nonieTuneHrnikonem: ctaH OinkiB Ta yTBOpPeHHS1 akTUBHUX (pOPM KUCHIO
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Metabolism Reactivation in Erythrocytes Cryopreserved
with Polyethylene Glycol: Protein State
and Reactive Oxygen Species Production

Pedrepat: [ocnigkxeHo yTBOpeHHs1 akTuBHMX ¢opm kucHio (ADK) i ctaH GinkiB membGpaHo-uutockenetHoro kommnnekcy (MLK)
B epuTpouuTax, nigaaHMx 3amopoXyBaHHIO-BigirpiBaHHo 3 nonietuneHrnikonem (MEM) i B noganswomMy nicnsa BuaaneHHs Kpionpo-
TEKTOPHOrO areHTa nepeHeceHux y disionoriyHi ymoswu in vitro. Pesynstatn SDS-TAAl-enekTpodopesy 3 3acTocyBaHHSAM [-mep-
KanToeTaHomny Moka3anu 3HWXEHHs1 BMICTY cnekTpuHy B npodini MUK kpiokoHcepBoBaHUX epuTpouuTiB. BukopuctaHHsa giamigy Busi-
BMMO MiABULLEHHSA OOCTYNHOCTI —SH-rpyn cnekTpuHy A0 Aii peareHTy Ta 3pOCTaHHs PiBHA BMCOKOMOIEKYNAPHUX MONINENTUAHUX KOMIM-
nekciB BiQHOCHO KOHTPOM0. 3HMXKEHHS! BMICTYy Ginka cmyru 8 (nepokcmpenokcuHy) B MUK eputpouuTis, BusiBneHe 3a gornomorot SDS-
MAAT enekTpodopesy i3 3acToCyBaHHAM [3-MepKanToeTaHomMy, BOYEBW b, MOB’A3YETbCA 3i 3MiHOK MOro Nnokanisadii 3a yMOB NiABULLEHHS
yTBOpeHHs AOK Ha nonepefHix eTanax kpiokoHcepByBaHHS. Pa3om 3 TUM nig Yac KopoTkodacHo! akTvBalii meTaboniamy BiocyTHICTb
icTOTHUX 3MiH piBHA ADPK cBigUMTL NPO 30aTHICTb KPIOKOHCEPBOBAHMX KNiTUH KOHTPOMNOBATU OKUCHIOBAsIbHI NpoLEecH.

KntouoBi cnoBa: eputpount, membpaHa, LMTOCKeneT, Ginku, akTUBHI hOPMU KUCHIO, KPIOMPOTEKTOP, MOMIETUNEHMIKONb, KPIOKOH-
cepByBaHHS.

Abstract: Production of reactive oxygen species (ROS) and protein state of membrane-cytoskeleton complex (MCC) in the
erythrocytes, subjected to freeze-thawing with polyethylene glycol (PEG) and subsequently transferred into physiological conditions
in vitro after cryoprotective agent removal were examined. Results of SDS-PAGE with B-mercaptoethanol showed a decrease in spectrin
content in the MCC profile of cryopreserved erythrocytes. The using of diamide revealed an increase in the accessibility of —-SH groups
of spectrin for the reagent and an enhanced level of high molecular weight polypeptide complexes relative to the control. A decrease
in the content of protein band 8 (peroxiredoxin) in the MCC of cryopreserved erythrocytes revealed by SDS-PAGE with 3-mercaptoethanol
is apparently associated with a change in its localization caused by an increased ROS production at the previous stages of
cryopreservation. At the same time, the absence of significant changes in the ROS production relative to the control upon the metabolism
reactivation in erythrocytes indicated the ability of cryopreserved cells to control the oxidative processes during short-term incu-
bation.

Key words: erythrocyte, membrane, cytoskeleton, protein, reactive oxygen species, cryoprotectant, cryopreservation, polyethylene

glycol.

V cydacHii METUITHHI 3aCTOCYBaHHS KPiOKOHCEP-
BOBaHHMX EPUTPOIUTIB BU3HAYAETHCA HHU3KOIO MPH-
quH [13]. Jlo3BoJIeHI B KITIHIYHIA TPAKTHIII METOIH
HHU3BKOTEMITEPATypPHOTO 30epiraHHs KpOBi 3aCHOBaHI
Ha CHJOIETIONSIPHOMY KPIOMPOTEKTOPHOMY areHTi
(KITA) rnineponi. KpiokoHcepBoBaHi epUTpOLUTH
30epiraloTh BUCOKY JKUTTE3ATHICTH B PYCHi KpOBi
micnsg TpaHcgy3sii, ame iX 3acTOCYBaHHS MOXIIU-
Be Tinbku 3a ymoB BupaieHHs KIIA [20]. [Ipucyr-
HICTb DJIILEPONy B LUTOIUIa3Mi CTBOPIOE YMOBH IS
OCMOTHMYHOTO IIOKY MicJsl MEPEHECeHHs KIITUH J0
130TOHIYHOTO CepeloBHINA. Y 3B’SI3Ky 3 ITMM aK-
TYQIBHAMH € OOCTIDKCHHS, CIPSIMOBAaHI Ha CIIPO-
meHHsT abo BUKITIOYCHHS eTamy BupaieHHs KIIA.
OpnHUM i3 TIUIAX1B BUPIMIEHHS JaHOT MPOOIeMH MOXKe
Oyt 3actocyBaHHs ex3oueaoisipaux KIIA. Tloc-
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A number of reasons stipulates the use of
cryopreserved erythrocytes in current medicine [9].
The allowed in clinical practice methods for blood
low temperature storage are based on endocellular
cryoprotective agent (CPA) glycerol. Cryopreserved
erythrocytes maintain a high viability in blood-
stream after transfusion, but their use is only
possible after CPA removal [16]. Glycerol presence
in cytoplasm provides the conditions for osmotic
shock after cell transfer into an isotonic medium. In
this regard, of topicality are the studies aimed either
to simplify or eliminate the CPA removal step. The
use of exocellular CPAs may be one of the ways in
this task solving. When their concentration decreases
gradually in bloodstream, it eliminates the need to
remove a protective substance from cell suspension.
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TYNOBE 3HW)KEHHA iXHOI KOHLEHTpauii B pycii
KpOB1 BUKJIIOUAE HEOOXIHICTh BUJAJICHHS 3aXUCHOI
PEYOBMHM 3 KIITHHHOI cycmeHsii. OgHak epuTpo-
IIUTH, KPIOKOHCEPBOBAHI IIiJl 3aXMCTOM PI3HHUX CK-
sonemosipanx  KITA, BHABIIOTBCS HecTaOLTLHU-
mu B (iziomoriganx ymoBax [1, 23]. Lle cTocyeThcs
1 momietmiennmikomo (ITEIN) 3 MonexymsipHOIO Ma-
coro 1500, He3Bakarouu Ha HOro 37aTHICTEL 3a0e31e-
qyBaTH BUCOKY 30€pEeKEHICTh €PUTPOINTIB JIFOIUHU
micins 3aMopoXKyBaHHS-BigirpiBanus [1]. Hectabinb-
HICTb KpPIOKOHCEPBOBaHUX KIITUH Y (hi3i00ri4HMX
yMOBax in vitro Moxe OyTH oOyMoOBIIeHa SIK Oe3mo-
cepeHIMH MOPYLICHHSIMH CTPYKTYPH OKPEMHX CyO-
KIITHHHUX KOMIOHEHTIB, TaK 1 PeryJasTOpHUMH TIPO-
LecaMH, IO KOHTPONIOIOTH CTPYKTYpy MeMOpaHH
[2]. Bigomo, mo O6ikum MeMOpaHO-IIUTOCKEICTHOTO
komrutekcy (MIIK) BimirparoTh BaXKJIMBY POJb y 3a-
Oe3neucHHI (PyHKI[IOHAILHUX BIaCTHBOCTEH €PUTPO-
IUTIB y pycii Kpoi. Tomy gocmimkeras moaudika-
mii 61nkiB MIIK kimituH, KpiokoHcepBoBaHUX 13 I1ET,
IIiJT 9ac peaKkTHBaIlii MEeTa0OJIIHUX TPOIECIB IICII
nepeHeceHHsl y (i3ionoriddi yMOBH in Vitro MOXe
OyTH KOPHCHUM IJisi PO3yMiHHS MEXaHi3MiB IOpY-
LIeHb, L0 BIUIMBAIOTh Ha (DyHKUIOHAJIBbHY IOBHO-
LiHHICTP EPUTPOLHUTIB, 1 BHUKOPHCTOBYBATHUCS SIK
THCTpYMEHT Ui LIJIECIPSMOBAHOTO KOPUT'YBaHHS
HETAaTHBHUX MPOLECIB Y HUX.

Enexkrpodopernynuii aHagi3 OUIKIB € IOCHThb
iHpopMaTHBHUM CIIOCOOOM BHSABIICHHS Momudika-
i Outkie MIIK epurpouuTiB, miggaHuX 3aMo-
pOXyBaHHIO-BiirpiBaHHIO. Bapiaris ymMoB miaro-
TOBKHM OITKOBHX IIpemapariB st eleKkTpodopesy
JIO3BOJIIE BU3HAYUTH Pi3HI aCIEKTH peopraHizarlii
MIIK. Hanpukman, 3MiHM CTPYKTYPH MakKpoOMOJIe-
KyJ1 MOXYTh CHOPHUSATH JUCOLialii OKpEeMHUX KOMIIO-
HeHTiB 3 MIIK y muto3oms abo, HaBmaku, ix mepe-
xomy B MIIK i3 nuro3omro. Taki 3MiHH BUSIBIISTFOTHCS
y MpoLeci BUBYECHHS MOJINENTUAHOTO CKIIAAy TiHEH
eputpouuTiB (i3ompoBanuii MIIK) 3 BuKoprcTaHHIM
BIIHOBJIIOBAJILHOTO pPEareHTy [-MepKanToeTaHOIIy
B CcONMO01TI3yBamsHOMY Oydepi, sKuit 3a0e31meaye oT-
pUMaHHS MTOBHOTO CIEKTPa OKPEMHX IMOJIICIITHIIB
MIIK [10].

3acTocyBaHHS OUTOK-3ITUBHOTO peareHTy JAiaMimTy
JIO3BOJISIE BCTAHOBHUTH 3MIiHH CTPYKTYPH MaKpOMO-
JIeKyJ, SIKi TOB’si3aHi 3 MOPYLICHHSIMHM JIOKai3amii
—SH-rpyn. [lanuii peareHT BUSIBUBCS €(QEKTUBHUM
3a pe3ynpTatamMu aHaiizy moaudikauiii 6inkis MK
epuTpouuTiB [3] i BiNTbHUX OLIKIB CHPOBATKH ILIaLICH-
TapHoi KpoBi [6]. PearyBanns miamizy 3 —SH-rpy-
namu OiNKiB BHUKIIMKAa€ YTBOPEHHsS —S—S—-MICTKiB
MDK TIONIMENTHAAMH, B pE3yJIbTari 4oro BUHHKA-
FOTb BHCOKOMOJICKYJISIPHI TONITEITHIHI KOMITICKCH
(BIIK), sKi BUSBIIOTBCS METOAOM eleKTpodopesy
Ha CTapTOBi# mo3uii reto [12]. BkitoueHHs OiIKiB
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However, the erythrocytes cryopreserved with dif-
ferent exocellular CPAs occur to be unstable under
physiological conditions [3, 19]. This also applies to
polyethylene glycol (PEG) with molecular weight
1500, despite its ability to ensure a high survival of
human erythrocytes after freeze-thawing [3]. The
instability of cryopreserved cells under physiolo-
gical conditions in vitro may be due to both direct
structural disorders of individual subcellular com-
ponents and regulatory processes that control the
membrane structure [22]. Proteins of membrane-
cytoskeleton complex (MCC) are known to play
a key role in ensuring the functional properties of
erythrocytes in the bloodstream. Therefore, the stu-
dy of protein modification of MCC in cells, cryo-
preserved with PEG during metabolism reactivation
after their transfer into physiological conditions
in vitro is useful to understand the disorder me-
chanisms, affecting the functional integrity of erythro-
cytes and may be applied as a tool for targeted
correction of negative processes in cells.

Electrophoretic analysis of proteins is quite an
informative way to detect the protein modifications
in erythrocyte MCC, subjected to freeze-thawing.
Varying the conditions to prepare the protein samp-
les for electrophoresis enables detecting different
aspects of MCC reorganization. For example, the
structural changes in macromolecules can promote
the dissociation of individual components out of
MCC into cytosol or, conversely, their transition
from cytosol into MCC. Such changes are revealed
when studying the polypeptide composition of ery-
throcyte ghosts (isolated MCC) using the reducing
reagent P-mercaptoethanol in a solubilization buf-
fer, that ensures obtaining a full range of indivi-
dual polypeptides of MCC [5].

The use of protein-crosslinking reagent diamide
enables detecting the structural changes in macro-
molecules, associated with disorders in “SH-group
localization. Based on the results of protein modifi-
cation analysis of erythrocyte MCC [23] and free
proteins of placental blood serum, this reagent
occurred to be efficient [6]. The reaction of diamide
with protein —SH groups induces the formation
of —S—S— bridges between polypeptides, as a result
which the high molecular weight polypeptide
complexes (HMWPC) appear, being detected with
electrophoresis at starting position of the gel [8].
The proteins’ incorporation into HMWPC depends
on their structural state, determining the accessibility
of ‘crosslinking’ reagent to —SH groups and may
change under exposure to physical and chemical
factors. As a result of polypeptide incorporation into
HMWPC composition, its relative content in the
MCC protein profile decreases. Thus, the analysis
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y BIIK 3anexuts Bifg iXHBOTO CTPYKTYpHOTO CTaHy,
KU BU3HAYa€ OCTYIHICTDb «3MIMBHOIO» pearcH-
Ty 10 —SH-rpym i MoXke 3MiHIOBaTUCS MiJ] BILIMBOM
(bi3uKO-XiMIYHUX (hakTOpiB. BHACIIIOK BKIIOUEHHS
nonminentuay o ckinamy BIIK #oro BimHOCHUI BMICT
y npodimi 6inkie MUK 3HmkyeThest. TakuM 4HUHOM,
aHai3 OLTKOBOTO PO (IO TIHEH EPUTPOITUTIB 3a J10-
nomororo SDS-ITAAT -enekrpodope3sy Ta 3MiH piBHS
inaykoBanux miamigom BIIK BimoOpaxkae CTyIiHb
Momudikarii oinkie MIK. V manomy BUmanky mia-
TOTOBKa OIIKIB UIA €NeKTPOPOPETHYHOTO aHai-
3y BHUKIIOYA€ BHUKOPHUCTaHHS [-MEPKalTOETaHOIY
B como0inizyBambHOMY Oydepi, OCKIIBKH BaxIu-
BO 30epertet yci —S—S— 3B’S3KHM MiK KOMIIOHCH-
tamu BIIK.

OKHCHIOBaJIBHI TIPOIECH, I1HIYKOBAaHI 3aMOpO-
JKyBaHHSAM-BITITPIBAaHHSIM KJIITHH, TaKOX MOXYTh
cnpusatd Moaudikamii OiNKiB. YTBOPEHHS TaKUX ak-
tuBHUX ¢opMm kucHIO (ADK), sx cymepokcumHAN
pamukan (O2¢—), nepexuc Boanio (H,0)) i riapok-
cui-pagukan (*OH), Bukinkae xiMmiduHy TpaHcop-
Marjiro koMmmnoHeHtiB MIIK. BaxiuBo Big3HAYHTH,
0 KITHHHI KOMIIOHEHTH MOXYTh pearyBaTH Ha
migsumenns: piBHgs A®K HaBiTh B yMoBax, KOJH
IHTEHCHBHICTh iX YTBOPEHHS HE3HAYHO MEpPEBU-
LIye KOHTPOJIBHI 3HadeHHs. Ilpm mpoMy OKHCHEH-
Hs OUTKIB MOXXe OyTH CIPHUHHATO SK PETyasSTOp-
HHAM CHTHaJ, IO BIUIMBAac Ha OiIOK-OiNKOBI B3ac-
momii [22].

Mera poboTHm — OIliHKA TIPOCTOPOBO-KOH-
¢dopmariiinoi Moaudikamii OiNKiB  MeMOpaHO-IIH-
TOCKEJICTHOTO KOMIUIEKCY Ta 3MiH I1HTEHCHBHOCTI
YTBOpPEHHSI aKTUBHHUX ()OPM KHCHIO B EPUTPOIUTAX JIFO-
JIMHH, KPIOKOHCEPBOBAHMX Y MPUCYTHOCTI MOMiETUIICH-
DITIKOJTIO, TICHIsl BUZTAJICHHS KPIOMPOTEKTOPHOTO areHTa
1 mepeHeceHH s KITHH y (i310JI0TIYHI YMOBH in Vitro.

Marepiaiu i MeTonn

Y po6oTi BUKOpPHUCTOBYBaNU Taki peareHtu: Tpic,
HEPES, akpumramin, 6ic-akpunamin, miamin, (eHia-
Metuncynbdorindropun (PMSF), asug Harpiro
(NaN,), EDTA, nmonenwicynbpar uarpioo (SDS),
B-mepkanToeranon, 6apsauk Coomassie BB G-250,
2’,7’-dichlorofluorescin diacetate (DCFH2-DA) (Sig-
ma, CIIIA); 6pomdenonoBuii curiit (Serva, Himed-
gpHa); [IET 3 M. M. 1500 (Fluka, CIIA); Tpm-
xnopourosa kuciora, KCI, MgCl,, NaCl, NaH,PO,,
Na HPO, (x. 4. a6o oc. 4.) BUpoOHUITBA YKpaiHH
ta Pocii.

O06’exToM mocniHKEeHHS Oyia KpOB JOHOPIB, SIKY
Hagamu y Llentpi cimyx0u kpoBi (M. XapkiB, Ykpai-
Ha). EpurponnTn ocajpkyBanu neHTpudyryBaHHIM
mpu 1200g mpotsrom 7 xB mipu 20-25°C, BUmAISIH
masMy 1 JeWKOIUTapHUM Immap. BimMuBaHHA epu-
TPOLUTIB y po3umHi, 110 Mictuth 150 MM NaCl i

of protein profile of erythrocyte ghosts using
SDS-PAGE electrophoresis and a changed
level of diamide-induced HPCs reflects the mo-
dification rate of MCC proteins. In this case,
when preparing the proteins for analysis, the use
of P-mercaptoethanol in a solubilization buffer
is excluded, since of importance is to preserve all
the —S—S— bonds between HMWPC components.

Oxidative processes induced by cell freeze-
thawing may also contribute to protein modification.
The production of such reactive oxygen species
(ROS) as superoxide radical (O2¢—), hydrogen
peroxide (H,0,) and hydroxyl radical (*OH) causes
the chemical transformation of MCC components.
The cell components may notably respond to
an increased ROS level even when the intensity
of their production slightly exceeds the control
values. In this case, the protein oxidation may be
assumed as a regulatory signal, affecting the pro-
tein—protein interactions [18].

The research aim herein was to evaluate the
spatial-conformational modification of proteins of
membrane-cytoskeletal complex and changes in
the intensity of reactive oxygen species production
in human erythrocytes cryopreserved with PEG
followed by CPA removal and cell transfer into
physiological conditions in vitro.

Materials and methods

In this research, the following reagents were
used: Tris, HEPES, acrylamide, bis-acrylamide,
diamide, phenylmethylsulfonyl fluoride (PMSF), so-
dium azide (NaN,), EDTA, sodium dodecyl sulfate
(SDS), p-mercaptoethanol, Coomassie BB G-250
dye, 2°,7’-dichlorofluorescin diacetate (DCFH2-DA)
(Sigma, USA); bromophenol blue (Serva, Germany);
PEG 1500 (Fluka, USA); trichloroacetic acid, KClI,
MgCl,, NaCl, NaH,PO,, Na, HPO, (chemically pure
or high pure grades) manufactured in Ukraine and
Russia.

The research object was the donated blood pro-
vided by the Blood Service Center (Kharkiv, Uk-
raine). Erythrocytes were precipitated by centri-
fugation at 1200g for 7 min at 20-25°C, and the
plasma and buffy coat layer were removed. The
erythrocytes were washed out in the solution
containing 150 mM NaCl and 10 mM Tris-HCI
(pH 7.4) by thrice centrifugation using the same
mode (the ratio of cell mass and solution was
approximately 1:7). The erythrocytes resuspended
in modified Ringer’s solution (125 mM NaCl; 5 mM
KCI; 1 mM MgCl; 1 mM CaCl,; 32 mM HEPES
(pH 7.4); 5 mM glucose) were used as the control.

To prepare for freezing, the erythrocytes were
incubated in the medium containing 0.2 M PEG;
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10 MM Tpuc-HCI (pH 7,4), BuKoHyBasn Tpupazo-
BUM ILEHTpU(YTYBaHHAM B AHAJOTIYHOMY PEKHUMI
(ciBBigHOIIEGHHSI KJIITHHHOI MacH W PO3YMHY CKJla-
nano npubnusHo 1:7). EpurporuTh, sSKi pecycreH-
nyBam B Momu(ikoBaHOMY cepemoBuIi Pinrepa
(125 mM NaCl; 5 MM KCI; 1 MM MgCL; 1 MM
CaCl,; 32 mM HEPES (pH 7.4); 5 MM nmoko3n),
BHKOPHCTOBYBAJIH SIK KOHTPOJIb.

Jnga miATOTOBKM K 3aMOpPOXKYBAaHHIO EPHUTPO-
IUTH iHKyOyBaJk B CepefoBuIli, ke MicTuTh 0,2 M
IIET; 0,15 M NacCl; 0,01 M Tpic-HCI (pH 7,4), npo-
tsarom 30 xB nipu 37°C. 3pa3ku 3aMOpOXKYBaJIH IIJIs-
XOM IIBHUJKOTO 3aHYpeHHs y pinku#t azot (—196°C),
a BixmirpiBasu Ha BofsHINA Oani mpu 37°C 3 iHTeH-
CHUBHHM TOTOHAyBaHHsAM. Po3MOpoOXeHi epuTpoIu-
TH OocapKyBanu HeHTpudyrysanusm (5 xs, 1200g),
peTenbHO BHAAIIN CyNEpHATaHT 1 3pyWHOBaHI
kmitaaA. [loTiM 10 ocamkeHnx KmTHH (~ 1 M) mo-
nmasanu 8 mut pozunny (150 MM NaCl; 10 MM Tpic-
HCI (pH 7,4)) i uenrpudyrysamu 5 x8 npu 1200g.
3 ocaay BimOWpanm ajiKBOTH €PUTPOLUTIB 1 pecy-
CIeHAyBalIM B cepeloBuili Pinrepa anst orpuman-
HS1 HeOOXiAHOI KOHLEHTpamii KIITUH Y KOXKHil cepii
CKCTIICPUMECHTIB.

Hdns oOpoOku niamioM Ha mepuioMy eTarmi
CKCIIEPUMEHTIB  €pUTPOLUTH, MiATOTOBICHI Bif-
MOBITHO [0 BHUIIEONUCAHUX TIPOLEAYp, pecyc-
MIeHAyBJIM B po3umMHI PiHrepa 10 KIiHIIEBOTO Te-
matokpury 10%. VYci 3pa3ku nmimwnmm Ha JBI Ya-
CTMHH, JO0 OHHIEI 3 SAKUX [JOoJaBaJid JiaMijg  J0
KiHmeBoi koHmeHTpamii 2,5 MM. Epwurporutu
IHKyOyBaM B MPUCYTHOCTI miamimy abo 0e3 HhOTo
npotsaroM ronuau mipu 37°C.

[Ticns 3aBepiieHHs iHKYOawii KJIITHH OTPUMYBa-
mm TiHi epurpouutiB [10]. Kimitnau nignaBamu misi-
cy npu 2-5°C pozumHOM, mo mictuth 10 MM Hat-
piit-hocdarnoro 6ydepa (pH 8,0) i 0,1 MM PMSF
(cmiBBiTHONIEHHST 00’€MIB KJIITHHHOI CyCHeH3ii Ta
po3unHy ctaHoBuIO ~ 1:30), a moTiM neHTpudyrysa-
am ipu 20000g mipoTsirom 10 xB ipu 4°C. BigmuBaHHs
TiHEH BiJ TeMOMIOOIHY IMOBTOPIOBAIM JIBIYi 3 BHKO-
PUCTaHHSM JIi3yBaJIbHOTO CEPEIOBHINA, SIKE HE Mic-
o PMSF. AnikBOTH OCaKeHHMX TIiHEH epHT-
pPOIUTIB, IHKYOOBaHWIX 13 JiaMiZioM, PO3YHHSIIN
B Sample-0ydepi: 0,05 M Tpic-HCI (pH 6,8); 2%
SDS; 20% rminepuny; 0,7 mr/mn PMSF; 0,4 mr/ma
NaN_; 0,01% OpOMQEHOIIOBOTO CHHBOTO. 3pa3KH,
iHKyOOBaHi 0e3 Aiamimy, pozumHsUM B Sample-Oy-
¢depi aHaNOriYHOTO CKJIagy 3 BKIIOYEHHSIM 5%
[-MepKkanToeTaHOIy.

Enexrpodopes OinkiB TiHEH epUTPOLUTIB IMpPO-
Bomuin B kamepi «Bio Rad Protean II Multi-Gel
Casting chamber» (Bio Rad, CIIIA) B SDS-TIAAT
3a cuctemoro Jlemri [10]. I'pamienTHHI pO3MiTBHUI
TeNlb BIAMOBIAAB KOHIIEHTpAIll IMONTIMEpHU3yBallhb-
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0.15 M NaCl; 0.01 M Tris-HCI (pH 7.4) for 30 min
at 37°C. Samples were frozen via rapid immersion
into liquid nitrogen (-196°C) and thawed in
a water bath at 37°C with intensive shaking. The
frozen-thawed erythrocytes were precipitated by
centrifugation (5 min, 1200g), and the supernatant
and destroyed cells were carefully removed. Then,
the precipitated cells (~1 ml) were supplemented
with 8 ml of the solution (150 mM NaCl; 10 mM
Tris-HCl (pH 7.4)) and centrifuged for 5 min
at 1200 g. The erythrocyte aliquots were collected
from sediment and resuspended in Ringer’s solu-
tion to obtain the required cell concentration in
each series of experiments.

For treatment with diamide at the first step of the
experiments, the erythrocytes, prepared in accor-
dance with the above procedures, were resuspended
in Ringer’s solution up to 10% final hematocrit.
All the samples were divided into two parts;
the one of them was supplemented with dia-
mide to a final concentration of 2.5 mM. Erythro-
cytes were incubated with or without diamide for
one hour at 37°C.

The erythrocyte ghosts were obtained after cell
incubation completing [5]. Cells were lysed at 2—
5°C by the solution containing 10 mM sodium
phosphate buffer (pH 8.0) and 0.1 mM PMSF
(volume ratio of cell suspension and solution was
~ 1:30), and then centrifuged at 20 000g for 10 min
at 4°C. The ghost washing out of hemoglobin
was repeated twice using a lysing PMSF-free
medium. The aliquots of precipitated erythrocyte
ghosts, incubated with diamide were dissolved in
Sample buffer: 0.05 M Tris-HCI (pH 6.8); 2% SDS;
20% glycerol; 0.7 mg/ml PMSF; 0.4 mg/ml NaN_;
0.01% bromophenol blue. The samples incubated
without diamide were dissolved in the Sample
buffer of the same composition, supplemented
with 5% B-mercaptoethanol.

Electrophoresis of erythrocyte ghost proteins
was performed in Bio Rad Protean II Multi-
Gel Casting Chamber (Bio Rad, USA) in SDS-
PAGE according to Laemmli system [5]. Gradient
separating gel corresponded to 5-20% concentration
of polymerizing substances (acrylamide, bis-acry-
lamide). Proteins in gel were fixed in 10% trichlo-
roacetic acid and stained with Coomassie BB G-250
at room temperature during 1 hour. The dye excess
was washed out with 7% acetic acid solution.
Identification of gel fractions was controlled with
a set of marker proteins (Fermentas life sciences
Page Ruler SM0661, Thermo Fisher Scientific,
Lithuania). The proteins (relative changes in poly-
peptide content) were qualitative evaluated using
‘Gel’ software (Certificate No. 23683, State Depar-
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HUX PEYOBHUH (aKpuiaMify, Oic-akpunaminy) 5—20%.
Binku B reni ¢ikcysanu B 10% Tpuxs1opouToBOi KHC-
notu i 3abapemroBanu 3a gomomororo Coomassie
BB G-250 mpm kiMHaTHIH TeMIieparypi MpoTs-
roM TromuHW. Hanmmumok OapBHUKA BiIMHBAIN
po3uriHOM 7%-i ouTOBOi KHCIOTH. lneHTHdiKaIlio
(dpakiiii Ter0 KOHTPOIIOBAIH HA0OPOM MapKEepPHHX
oinkie (Fermentas life sciences Page Ruler SM0661,
Thermo Fisher Scientific, JTutea). KinbkicHy OLiHKY
OinkiB (BITHOCHI 3MIiHM BMICTY TOJINENTUIIB) BHU-
KOHYBaJIM 32 JIOTIOMOTOI0 IPOrpaMHOro 3a0e3rnedeH-
Hs1 «Gel» (Ceigonro Ne 23683, [lepxkaenapTameH-
Ta IHTENEeKTyaJdbHOI BiacHocTi MiHicTepcTBa Oc-
BiTH 1 Hayku Ykpainu Bix 12.02.2008, ITIKiK HAH
Vkpainu, Ykpaina).

Jns BusnauenHs ADPK Ha mogarkoBoMy eTarri
EKCIICPUMEHTY QIKBOTH KpPiOKOHCEPBOBAaHHUX KIIi-
tiH (50 Mkm) micns BumaneHHs KIIA (ax ommca-
HO BHIIE), peCyCICHAyBald B po3unHi Pinrepa mo
KOHIeHTparii 6m3bko 4 % 107 ki1/Mi Ta iHKyOyBaIu
npotsirom Tomuau Tipu 37°C. KoHTpodbHI KIIITH-
HU iHKyOyBaJIi aHAJIOTIYHUM YMHOM Y CEpEIOBHII
Pinrepa. Ilicns 3akiHdyeHHs iHKyOamii 1o 50 MK
KOXHOTro 3paska pomaBanu po3unH DCFH2-DA
(xinneBa koHueHTpauis 4 x 10° M) ta iHKyOyBaiu
B tempsBi mpu 37°C mporsrom 30 xB. Ilotim
nofaBamu 250 MKI BIATMOBITHUX CEpPENOBUIN i3
METOI0 3HWKCHHS KOHIICHTpAIii KIITHH I BU-
MiproBaHb TMOKa3HHKIB (ayopecuenmii DCF (moB-
KMHAa XBHJII MaKCHUMyMy 30y/pkeHHs/emicii 495/
529 HM) METOIOM MPOTOYHOI MHUTOMIYOPUMET-
pii Ha mpuinani «FACS Calibur» (Becton Dicken-
son, CIIA). Mani aHami3yBaJid 3a JOMOMOTOIO
nporpamu «WinMDI 2.8» (Scripps Research Ins-
titute, CIIIA).

Craructuyny OOpOOKYy pe3yJabTaTiB BHKOHYBAJH
3 BHUKOPHUCTaHHSM NPOrpaMHOro mnakera «Statgra-
phics plus 2.1 for Windows» (Statistical Graphics
Corp., CIIIA). Jlani mepeBipeHO Ha HOPMaJIBHICTBH
po3moniTy 3a mornoMororo Tecty Komvoroposa-Cmup-
HOBa 1 mpeacrarieHo y Bursigi M = SD (cepemue
3HAYEHHS + CTaHJapTHE BiaXwuieHH:). Excriepumen-
TH TIPOBOIMIIM HA 3pa3kaxX KPOBI YOTHPHOX TOHOPIB
(n = 4). CrarucTuyHy 3HAYYIIICTh PO3XOIHKCHD
MDK TPYyIIaMH OIiHIOBAJIM 3a TOTIOMOTOIO0 KPHUTEPIr0
Binkokcona. JlaHi BBakanu CTaTUCTUYHO 3HAYYIIIH-
Mmu nipu p < 0,05.

Pe3yabTaTi T2 00rOBOpPEHHS

Bunanenns exzonemomnspaux KITA 3 kimiTHHHOT
cycrieH3ii € HeoOOB’sS3KOBOIO Mpoleayporo. OgHak
JUTsl BU3HA4YeHHS cTaHy Oinkie MIIK micis 3amo-
POKYBaHHS-BIIITPIBAaHHS CPUTPOITUTIB Ta iXHBOI
3MATHOCTI 7O AaJEKBaTHOIO BHKOHAHHA CBOiX
GyHKIIA micas TpaHcdysii HeoOXimHO Oyao BiAT-

tment of Intellectual Property of the Ministry of
Education and Science of Ukraine of February 12,
2008, IPC&C of the NAS of Ukraine, Ukraine).

For ROS detection at an initial stage of the expe-
riment, after CPA removal (as described above) the
aliquots of cryopreserved cells (50 ul) were resus-
pended in Ringer’s solution up to the concen-
tration of about 4 x 107 cells/ml and incubated
within 1 hour at 37°C. Control cells were incu-
bated by a similar way in Ringer’s solution. After
incubation completing, 50 pl of each sample were
supplemented with DCFH2-DA solution (final con-
centration of 4 x 10 M) and incubated in the dark
at 37°C for 30 min. Then, 250 pl of the correspon-
ding media were added for reducing cell concent-
ration to measure DCF fluorescence parameters
(excitation/emission maximum wavelength of 495/
529 nm) by flow cytometry using a FACS Calibur
instrument (Becton Dickenson, USA). The data were
analyzed using the WinMDI 2.8 software (Scripps
Research Institute, USA).

The results were statistically processed using
the Statgraphics plus 2.1 for Windows software
package (Statistical Graphics Corp., USA). Data
were tested for normal distribution using the
Kolmogorov-Smirnov test and presented as M +
SD (mean + standard deviation). Experiments were
performed in blood samples obtained from four
donors (n = 4). The significance of the differences
between groups was assessed using the Wilcoxon
test. Data were considered statistically significant
at p <0.05.

Results and discussion

Removal of exocellular CPAs from cell sus-
pension is an optional procedure. However, in
order to determine the state of MCC proteins after
erythrocyte freeze-thawing and their ability of
adequate functioning after erythrocyte transfusion,
it was necessary to reproduce the conditions, when
the metabolic processes were activated in cells
if there was no CPA. Therefore, PEG was remo-
ved after erythrocyte thawing, and cells were
incubated at 37°C in a modified Ringer’s solution
supplemented with glucose.

Electrophoretic analysis of erythrocyte ghost
proteins after PEG removal, performed using 3-mer-
captoethanol (with no diamide), showed the distri-
bution of protein fractions to be different from the
control values. The changes revealed a decreased
spectrin content ((19.3 £ 0.5) vs. (22.7 = 0.6)% in the
control, p < 0.05)), as well as quite a complete disap-
pearance of protein band 8 (Fig. 1A, lanes 2 and 3).

The diamide effect on MCC proteins of control
cells and frozen-thawed erythrocytes after PEG
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BOPDUTH YMOBH, 32 SIKUX Yy KIITHHAX aKTUBY-
I0TbCSI  MeTaOoNiuHi MpolecH 3a BiACYTHOCTI
KIIA. Tomy micis poO3MOpPOXKYBaHHS —EpPUTPO-
nutie [IEI' Bupamsimv, a KIITHHE 1HKYOyBanu IIpH
37°C y momudikoBaHOMy cepeaoBuii Pinrepa 3
TOAaBaHHSM TITFOKO3H.

Enexrpodopernanmii anamiz OUIKIB TiHEH epH-
TporuTiB micnsa BuganenHs [IEI, Buxonanuii 3
BHKOPHUCTaHHAM [-MepkanroeTanony (6e3 miami-
ny), TOKa3aB, IO PO3MOALT OLIKOBUX (pakimii
BiJPI3HAETHCA BiJl KOHTPOJBHHUX MOKA3HUKIB. Buss-
JIeHI 3MIHU TOJISATAIOTh Y 3HIDKCHHI BMICTY CIEKT-
puny ((19,3 £ 0,5) npotu (22,7 + 0,6) % y KOHTpO-
m, p < 0,05)), a TakoX y NPaKTUYHO MOBHOMY
3HUKHEHHI Oinka cmyru 8 (puc. 1A, mopikku 2
13).

Hiz  miamimy ©Ha Otk MIIK  KoHTpoOIhHHX
KJIITHH 1 PO3MOPOKEHUX EPHUTPOIUTIB TMICIIA BU-
naneHas [IEDT xapakrepu3ye momudikamii B CTpyK-
Typi OUIKIB, TIOB’S3aHI 31 3MiHAMH JIOKaizarlil
—SH-rpym Ta iXHROI AOCTYIHOCTI IS peareHTy. 3a
00paHNX YMOB EKCIIOHYBaHHSI CpUTPOLIUTIB 3 Iiami-
noM (KOHLIEHTpamist 1 TpHUBANiCTh 1HKyOamii) B
KOHTPOJIBHUX EpUTPOLMTAaX JHIIe HEBEJWKa 4ac-
tiHa OinkiB MIIK 3amyuamacs 10 yTBOpEHHs
BIIK (puc. 1B, nopixka 2). [Tosea BIIK cynpoBon-
KyBanacsi 3HWKEHHSIM BMICTY CIEKTpUHY, OiJIKiB
cMyT 3 1 5, a TaKOXX TMPAKTHIHO TMOBHUM 3HHKHCH-
HsAM 3 OutkoBoro mpodiaro Oinka 3 M. M. 60 x/a i
Oinmka cMyrn 8, IO MIATBEPIKYBAIOCS PE3Yiib-
TaTaMH KUIBKICHOTO aHaii3y JeHcurorpam (Taod-
nuts). [HKyOarfiss KIITHH 3 MiaMiJIoM ITCIIS BH-
nmaneHas IIEDT i3 cycmeHsii po3MOpOXKEHUX €pH-
TPOLMTIB 1 peakTHBaUii MeTa0omi3My BHUSIBHIIA
CTAaTUCTUYHO 3Ha4ylle 30UIBIICHHS  KIIBKOCTI
BIIK Tta 3meHmieHHs BMicTy crnekTpuny (puc. 1B,
JOpiKKa 3, TaOIMLIs) MOPIBHSIHO 3 KOHTPOJIEM.

TakuM 4YMHOM, Yy KpiOKOHCEPBOBaHMX IIif 3a-
xuctoM [IEI' epurpornurax BCTaHOBICHO 3HUKEH-
HA BMICTY CIEKTPHHY BIJHOCHO KOHTPOIIO, SKE
OyJ10 BHU3HAUEHO 5K 3 BUKOPHUCTAHHSAM MdiaMify, TaK
1 0e3 HBOTO, II0 BKA3y€ Ha CKIAJHUN MEXaHi3M MO-
mudikamii Oinka. BusBiaeHi MOPYIIEHHS MOXYTh
IHIIIOBaTHCS 3MiHaMH KoH(OpMaIlii OKpeMuX IIo-
BTOPIOBAaHMX TPBOXCITPATLHAX CETMEHTIB 0O- 1
B-CyOONMHUITL CIEKTPHHY, SKi € HECTaOUTbHUMH,
HaBiTh y ¢izionoriunnx ymosax [8, 16]. OueBun-
HO, IIO TMICHA EeKCTPEeMaJbHHUX BIUIMBIB HWMOBIp-
HICTb MOpPYIIEHb CTPYKTYPH CHEKTPHHY B LHUX
TiISTHKaX MAaKpOMOJIEKyJl 3Ha4HO 3pocTae. AH-
(OJIUHT OKPEeMHX CETMEHTIB CIEKTPUHY 3MIiHIOE
cTabimpHICTh Beiei 00’emHanHoi cucremm MIIK
eputporTiB [16, 24], OCKiIbKA HeCTaOLIBHI Cer-
MEHTH OepyTh y4acTh y (DOpMYyBaHHI BEpTHKAJb-
HUX KOHTAKTiB 3 aHKIpUHOM, a TaKOXX 3 MOJICKyJaMHt
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Puc. 1. SDS-NAArl-enekTpocopes 6GinkiB TiHen eputpo-
LUMTIB NIOOMHKM, NigAaHMX 3aMOpPOXKyBaHHIO-BIAIrpiBaHHIO 3
MErl i B noganbwomy nepeHeceHnx y qisionoriyHi ymosu
in vitro nicna suganeHHa KIMA. A — enektpodopes, Bu-
KOHaHWI i3 3acTocyBaHHAM [-MepkanToeTaHony; B —
enekTpogopes, BUKOHAHWIA i3 3acTocyBaHHAM Jiamigy.
1 — mapkepHi 6inkn; 2 — KOHTPOIbHI epuTpoumnTH, 3 —
epuTpoLMTH, NigaaHi 3aMopoXyBaHHIO-BigirpisaHHo 3 ME
i B noganbwomy nicna suaaneHHa KIMA nepeHeceHi
y disionoriuHi ymoBu in vitro; 6¢c — 6inok cmyru.
MpencraBneHo AaHi TMMOBOTO EKCMEPUMEHTY.

Fig. 1. SDS-PAGE of proteins of ghosts from human
erythrocytes, subjected to freeze-thawing with PEG and
further transferred into physiological conditions in vitro
after CPA removal. A — electrophoresis performed with
-mercaptoethanol; B — electrophoresis performed with dia-
mide. 1 — marker proteins; 2 — control erythrocytes;
3 — erythrocytes subjected to freeze-thawing with PEG
and further after CPA removal, transferred into physiolo-
gical conditions in vitro. The data from a typical experiment
are presented.

removal characterizes the modifications in protein
structure associated with changes in -SH groups’
localization and their accessibility to the reagent.
Under selected conditions of erythrocyte exposure
with diamide (concentration and incubation du-
ration), only a small part of MCC proteins in cont-
rol erythrocytes was involved in HMWPC formation
(Fig. 1, lane 2). The HMWPC appearance was ac-
companied by a decrease in spectrin content, band
3 and 5 proteins, as well as a virtually complete
disappearance of protein with m.w. 60 kDa and
protein band 8 from the protein profile, that was
confirmed by the results of quantitative analysis
of densitograms (Table). Cell incubation with dia-

%



Enektpodopetnynnii aHania 6inkie MUK eputpouuTiB, kpiokoHcepBoBaHuMx nig 3axmuctom ME, nicnsa sBuganeHHs KMNA
i nepeHeceHHs KniTKH y gisionorivHi ymosw in vitro (n = 4)
Electrophoretic analysis of MCC proteins of erythrocytes cryopreserved with PEG after CPA removal and cell transfer
into physiological conditions in vitro (n = 4)

EkcnepvmeHTanbHi rpynu eputpounTiB
Experimental groups of erythrocytes
dpakuii 6inkie, % OGp_querui nfiamigom
Protein fractions, % . Diamide-treated
HaTuBHi
Nati
auve KoHTponbHi 3amopoeHi 3 MEM
Control Frozen with PEG
A - 7,4 + 0,6 11,9 = 1,4*
Spectin. 22,7 + 0,6 18,5 + 0,8# 16,2 + 0,54,%
Binok ey 3 21,1 + 1,4 17,1 = 0,9# 15,7 £ 0,8
Bingk Ghryrh 4.1 4,3 +0,6 4,2 +0,9 4,1 £ 0,1
5'”%‘aﬁg\g” 5 4,8 + 0,7 3,4 + 0,5# 3,6 + 0,5#
Binok cmyru 6 42 +10 29 +0 31+09
Band 6 21, 9+ 0,1 1 +0,
Elnol;aﬁzl\gm 8 3,5 + 0,6 _ _

MpumMiTkn: BmicT okpemumx BinkoBux cpakuii npeacTaBneHo BiGHOCHO 3aranbHoi KinbkocTi 6inka B npobi (%): # — ctatu-
CTWYHI BIOAMIHHOCTI MiX rpynamm epuTpoumTie, 06pobneHnx Ta HeobpobneHux agiaMigom; * — CTaTUCTUYHI BigMIHHOCTI MiXK

rpynamu eputpoumTiB, o6pobnenunx giamigom; p < 0,05.

Notes: Content of individual protein fractions is presented relative to the total amount of protein in the sample (%):
# — statistical differences between groups of erythrocytes with and without diamide treatment; * — statistical differences

between the diamide-treated erythrocyte groups; p < 0.05

aaresii Lu/BCAM [7], ski BXOJATh IO CKJIATy Mak-
POKOMITIEKCY Ha OcCHOBiI Oimka cmyru 3 [9, 16].
CTpyKTypHI TOpYIIEHHS CIEKTPUHY EpPUTPOIIWTIB,
3amMopokeHux y npucyTHocti IIEL, MoxyTh OyTh
MPUYKHOI (PparMeHTallii MeMOpaHu Ta HECTIHKOCTI
KJIITHH y (i310JIOT19YHAX yMOBaXx.

3mina BMmicTy Oinka cmyrum 8 y mpodini MIIK
CpUTPOLUTIB, KPIOKOHCEPBOBAHUX Y MPHCYTHOCTI
[1ET, sixa Oyna BusiBIeHa y mpoueci 1HKyOarii Kii-
TUH 3a BIACYTHOCTI AiaMidy, BKa3ye Ha 3aydeHHs
JAHOTO KOMIIOHEHTA B KOHTPOJIOBAHHS CTAa0IIBHOCTI
KIIITUH 1 MOXke OyTH TIOB’s3aHA 3 aKTHUBAIIIEI0 OKHC-
HUX MpolueciB y kiIiTuHi. binok cmyru 8, inentudiko-
BaHMH 5K TepokcHupenokcuH 2 [21], micTuth QyHK-
MiOHATBHY JIETKOAOCTYynHY —SH-Tpymy mucteiny i
Oepe yJacTh y 3aXUCTI KJIITHH BiJ OKACIIOHAILHOTO
crpecy [19]. Tomy micis iHKyOyBaHHS KOHTPOJIBHUX
SPUTPOITUTIB 3 MiaMiloM BiH MPaKTUYHO ITOBHICTIO
BTPaYyaeThCsi 3 OUIKOBOTO MPOQLII0, Mepexoasun
no cknaxy BIIK (puc 1 B, mopixka 2). Bimomo, mo
nepokcupenokcuH nepmnM  pearye 3 ADK npum
30iMbIICHH] X TNPOAYKIii, OCKINIBKH YYyTJINUBICTH
—SH-rpynu immmx 6inkie go H,O, na nexins-
Ka mopsankiB Hmx4a [18]. BpaxoBytoun Toii ¢axr,
mwo IIET" copusie yrBopennio AOK B ymoBax iHKY-
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mide after PEG removal from the frozen-thawed
erythrocyte suspension and metabolism reactivation
disclosed a significant increase in the amount of
HMWPC and a decrease in spectrin content (Fig. 1B,
lane 3, Table) vs. the control.

Thus, a decrease in spectrin content relative
to the control was found in the erythrocytes
cryopreserved with PEG, detected both with and
without diamide, thereby emphasizing a complex
mechanism of protein modification. The noted
disorders may be initiated by changes in con-
formation of individual triple helical repeats of a-
and B-spectrin subunits, being unstable even under
physiological conditions [2, 12]. It is obvious, that
after extreme exposures the probability of spectrin
structure disorders in these sites of macromole-
cules significantly increases. Unfolding of indivi-
dual spectrin segments changes the stability of
the entire integrated system of erythrocyte MCC
[12, 20], since the unstable segments are involved
in formation of vertical contacts with ankyrin, as
well as with Lu/BCAM adhesion molecules [11],
being a part of the band 3 protein-based macro-
complex [4, 12]. Structural disorders of spectrin
in the erythrocyte frozen in PEG presence may be
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Oawii epuUTPOLMTIB Ha eramax, fKi NepenyroTh 3a-
MOpPOXXYBaHHIO [5], MOXHa OYIKYBaTH BKJIIOUYCHHS
MEPOKCUPEIOKCHHY B KOHTPOJIOBAHHS OKHCHIO-
BaJlbHUX TMPOIECIB y KIITHHI, IO 3MIHIOE KHOTO
JIOKaTi3aIlil0 B yMOBaX peaKTHBAIii MeTaboJi3My
B KPIOKOHCEPBOBAHMX KIIITHHAX (Mepexia 3 MeMO-
PaHO3B’A3aHOTO CTaHy B ITUTO30J1h). BHACTITOK Takmx
MIPOIIECIB OUTOK CMYTH 8 HE BUABISETHCS B CJICKT-
podopernynomy mnpodimi MIIK 3amopokeHux i3
[IET eputponutiB micnsa BunaneHust KIIA (puc. 1A,
nopixkka 3). TakuM YMHOM, TOIIKOAXEHHS KIIITHH Y
MpoIeci 3aMOPOXKYBaHHS-BiIIrpiBaHHS, BOYCBHIb,
BUKJIMKaHI HE TUTbKK Oe3locepenHiM MOpYIICHHIM
MPOCTOPOBO-KOH(popMarliifHoTO cTany Oinkie MIIK
miJ BIUTMBOM €KCTpeMajbHUX (aKToOpiB cepeo-
BHIIA, & i BTOPMHHUMH 3MiHAMH O1JIKIB, IOB’ I3aHUMHU
3 PO3BUTKOM OKHCHIOBAJIBHOTO CTPECY.

VY1Bopernas A®K, BusBieHe 3a J0MMOMOTOIO
pearenty DCFH,-DA, xapakrepusye ToOTeHIan
PO3BUTKY OKHCIIOBAIBHHUX TIPOIECIB y KIITHHAX,
OCKIJIBKH BijoOpakae peanbHuil piBeHb (HOpMYyBaH-
HSl OKCHIAUIMHUX paaukamiB. [licis mpoHWKHEHHS
B KIITHHY peareHT AeeTepU(iKyeThcs, 3alUIIAIO-
unch HeduyopecuentHo cnonykow (DCFH,) mo
MoMeHTy Horo okucHeHHs ADK i meperBopeHHs
B DCF. Takum ymHOM, 3pocTaHHs (ryopecueHmii
DCF, ske xapakTepu3yeTbcs 3HAUCHHAM MeAiaHH
TicTOorpaM pO3IONiTy, BiOOpaXkae MiABUINCHHS YT-
BopeHHSI ADK y KIiTHHI.

BusHauenns piBas ¢uyopecueniii DCF B epu-
TpoIMTaX, KpiokoHcepBoBaHUX T 3axuctoMm I1EI,
3a yMOB iX MEpeHECeHHs B po3duH Pinrepa mic-
g Buganends KIIA mokaszajo, 1mo MeaiaHa TicTo-
rpaM pO3MOJIiNYy 3HIKYETHCS BIITHOCHO KOHTPOIIO 3
(25,9 £ 3,1) no (18,5 £ 2,8) ym. ox.; p < 0,05,
n =4 (puc. 2, ricrorpama 2). [IpyunHu Takoro 3cyBy
MOXYTh OyTH TOB’si3aHi 31 3MiHaMH CyOmOmyns-
WIHHOTO CKJIaly CycleH3il epUTPOLMTIB, BHUKIU-
KaHOTO TEMOJi30M, TOOTO 3arnOe/UII0 KITHH 3
BHPAXCHUMH ITOITKOPKEHHSIMH MEMOpPaHH B MPOIIECi
BunaneHHs KITA. HeoOXigHO BiI3HAYUTH, IO TIPEI-
CTaBIIEHI pE3yJIbTaTH XapaKTePU3YIOTh YTBOPEHHS
A®DK y KpiOKOHCEPBOBAHUX EPHUTPOITUTAX MPOTATOM
JIAIIIE KOPOTKOYACHOTO CIIOCTEPEKCHHS (TOIMHH),
LI0 HE BHUKJIIOYAE MOJAJIBIINX 3MiH JOCIIiIXKYBaHO-
ro mapamertpa. Panime Oyino oIiHEHO BiACTpoueHi
HaCIIAKH [ii eKCTpeMalbHUX (PaKTOpPiB 3aMOPOXKY-
BaHHS-BiZirpiBanHs Ha yTBopeHHs ADPK B epurpo-
UTax, KpiokoHCepBoBaHUX i3 miineposnom Ta I1ET,
micist  iXHBOTO —TimoTepMmidyHOro 30epiraHHs [5].
BusiBneHo, mo B epUTPOLUTAX, KPIOKOHCEPBOBAHUX
3 ITET, HaBiTh nicig Bupanenns KITA BigMidaeTbcs
migBuIneHHsT yTBOpeHHs AMK MOpiBHAHO 3 KOHT-
POJEHAMH 3pa3KaMHd 1 KIITHHAMH, 3aMOPOKEHUMU
3 mIineposoM [5].
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Puc. 2. 3miHa iHTeHcuBHOCTI dnyopecueHuii DCF B epu-
TpouuTax, nigaaHux 3amMopoXXyBaHHI-BigirpisaHHo 3 MEN
i B noganbwomy nicna suaaneHHa KIMA nepeHeceHux y
doizionoriyHi yMmoBw in vitro. 1 — KOHTPOIb (Cipuii OH ricTo-
rpamu); 2 — epuTtpouuTu, niggaHi 3amMopoXyBaHHIO-Bidi-
rpisaHHio 3 IMEI i B noganbwomy nicna suganeHHs KIA
nepeHeceHi y isionoriyHi ymoswu in vitro. MNMpegcrtaBneHo
[aHi TUNOBOTO EKCMNEPUMEHTY.

Fig. 2. Change in DCF fluorescence intensity in the
erythrocytes subjected to freeze-thawing with PEG and
further after CPA removal, transferred into physiological
conditions in vitro. 1 — control (grey background of histo-
gram); 2 — erythrocytes subjected to freeze-thawing with
PEG and further after CPA removal, transferred into
physiological conditions in vitro. The data from a typical
experiment are presented.

10°

the reason of membrane fragmentation and cell
instability under physiological conditions.

The change in the content of protein band 8 in
the MCC profile of erythrocytes cryopreserved
in PEG presence, detected during cell incubation
with no diamide use, indicated the involvement of
this component in the controlling of cell stability
and might be associated with activation of oxidative
processes in cell. The protein band 8, identified as
peroxiredoxin 2 [17], contains an easily accessible
—SH group of cysteine, and is involved in cell
protection against oxidative stress [15]. Therefore,
after incubating the control erythrocytes with
diamide, it is almost completely lost from the protein
profile, by passing into HMWPC composition
(Fig. 1, lane 2). The peroxiredoxin is known
to be first in reacting with ROS when their produc-
tion is increased, since the sensitivity of —SH group
of other proteins to H,O, is several orders lower
[14]. Bearing in mind the fact, that PEG promotes
the ROS production under erythrocyte incubation at
pre-freezing stages [25], we may expect the inclu-
sion of peroxiredoxin in controlling the oxidative
processes in cell, thus altering its localization
under metabolism reactivation in cryopreserved
cells (transition from membrane-bound state to
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OcnoBauM mxepenom ADK B epurpounrtax €
CTIOHTaHHE aBTOOKHCJIEHHS TeMOINOOiHY, B Pe3yib-
Tari sikoro Qopmyrotecst Mer-remoniobin (HbFe
(IIT)) Ta cynepoxcuaamii paaukan (O2¢—). OcranHii
Mae Jy>Ke KOPOTKHUH MEepioJ «OKUTTSD 1 i BILTMBOM
CYNEPOKCHUATUCMYTa3H MIBUAKO IEPETBOPIOETHCS
na H,O, [14]. IlepeBuIlEeHHS KPUTHYHUX 3HAYECHD
konuenTpauii H,O, iHayKye mojanbiie OKUCHEH-
HA remMorto6iny [14], mo npu3BOIUTL A0 WOTO JIeT-
pamamii [25] 1 BTparn rema, SIKMM TaKOX MOXKe
KOBaJIeHTHO TpaHcdopmysarucs [14, 25]. Moaudi-
KoBaHEe TOP(QIpHHOBE Kilblie reMa 3JaTHE B3a€EMO-
TiSITH 3 pI3HUMH CyOKITITHHHHMH KOMIIOHEHTaMH
3a TiIpooOHUM MEXaHi3MOM, IO BIUITMBAE Ha iX-
Hill CTPYKTypHO-(QYHKIiOHampHHKA cTaH. Pasom 3
THM paHimie OyJl0 BCTaHOBJIEHO, IO 3aMOPOXKYBaH-
HA epurporuTiB HaBiTh 0e3 KIIA He mpuBOAUTH
0 TOSIBU MeT-remonto0iny [14]. Ilpore mnuraHHs
MO0 MOXKJIMBOCTI YTBOPEHHS MET-TEeMOITIO0IHY
a00 1HMMX OKWCHEHWX (OopM IaHOTO OilKa B Kpio-
koHcepBoBanux 13 IIEI’ epuTpommrax BmHMarae
CKCIIEPUMEHTANbHOT ~TIepeBipku. TakuM YHUHOM,
nopyueHHs: koHdopmanii remorobiHy Ta #oro
ABTOOKMCHEHHS TOTEHLIHHO MOXYTh PO3IIsAga-
TUCS OomHMM i3 mKepen yrBopenHsi ADK vy
EpUTPOLIUTAX, KPIOKOHCEPBOBAHUX il 3aXHUCTOM
ITET.

KpiMm TOro, BaXNMBHM DKEPENIOM YTBOPEHHS
A®K B epurponurax MoxyTh 0yt NADPH oxcu-
nasu (NOX). 30kpeMa, B CEpIOBHIHUX CPHUTPOITH-
Tax 3Ha4Ha dYacTwHa yTBOpeHHI ADK omocepen-
KOBYETbCS (DEPMEHTAaTHBHOIO akTHBHICTIO NOX
[11]. Cmig 3asmaumrtn, mo iomm Ca?" BimirparoTh
Ba)XJIMBY POJIb Y PETYIALIl CKIafaHHs 1 PyHKLIIOHY-
Banusg NOX [17]. Ca*-zanexna ctumynsmis NOX
B epurpouutax y mpucytHocti IIE[T moxe OyTtm

oOyMOBJI€Ha TpHUTHIYeHHsM akTuBHOcTi Ca?'-
ATPa3un [4] 1 migBUILEHHAM piBHSA BHYTpil-
HeokmiTHHHOrO Ca*', OCKUIBKH, HaBiTh B i30-

TOHIYHOMY cepemoBuI, mo Mictuth I[IEIL, Bim3-
Hadajgocs 10-pasoBe 30UIbImeHHs BXxomay Ca?' B
epurporutH [15]. Bigrak, Ca?'-3ayiexxHuii MeXaHi3M
yrBopeHHss A®K, ToB’s3aHMNA 3  aKTHBAILIEIO
NOX, Moke ICTOTHO BIUIMBAaTH Ha 1HTEHCH(]i-
KaIlif0 OKHCHIOBAJIBHHUX IIPOIIECIB B EPUTPOIUTAX
y npucytHocTi [1EL.

TakuM 4YWHOM, BIJICYTHICTh 3HAYHUX BiJXH-
JeHb iHTeHcuBHOCTI yTBOpeHHA A®DK y kpiokoH-
cepBoBanux i3 [IEI' epurpouurax y ¢izionoriunnx
YMOBax in Vitro BiTHOCHO KOHTPOJLHUX IOKa3HU-
KiB MPOTATOM KOPOTKOYACHOTO CIIOCTEPEKEHHSI CBiJl-
YUTH MPO 3AATHICTH KIIITHH, Ki 30€periy IUTICHICTh
micinst BumanenHns KIIA, mocuth e()eKTHBHO KOH-
TPOJTIOBAaTH OKHUCHIOBaNIbHI mporiecn. OmHak Ha
MiJCTaBl paHillle BCTAHOBICHUX (akTiB iHTeHCHDI-
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the cytosol). As a result of these processes, the
protein band 8 is not detected in MCC electrophoretic
profile of erythrocytes frozen with PEG after CPA
removal (Fig. 1, lane 3). Thus, the cell damage
during freeze-thawing is obviously induced not
only by a direct disorder of spatial-conformational
state of MCC proteins under the impact of extreme
environmental factors, but also by secondary chan-
ges in proteins, associated with oxidative stress
development.

The ROS production, detected by DCFH,-DA
reagent, characterizes the potential of oxidative
process development in cells, since it displays an
actual level of oxidative radical production. After
penetration into a cell, the reagent de-esterifies,
by remaining a non-fluorescent compound (DCFH.,)
until it is oxidized by ROS and transformed into DCF.
Thus, an increase in DCF fluorescence, characte-
rized by the median value of distribution histo-
grams, reflects an increase in ROS production in cell.

Determination of DCF fluorescence level in
the erythrocytes cryopreserved with PEG when
transferring them into Ringer’s solution after CPA
removal showed the median of distribution histog-
rams to decrease relative to the control from (25.9
+ 3.1) to (18.5 £ 2.8)) arb. units; p < 0.05, n = 4
(Fig. 2, Histogram 2). Such a shift may be resulted
from changes in subpopulation composition of
erythrocyte suspension caused by hemolysis, i. e.
cell death with pronounced damages to the mem-
brane during CPA removal. Of note is the fact, that
the presented findings characterize the ROS pro-
duction in cryopreserved erythrocytes during a short-
term observation (an hour) only, which does not
exclude further changes in the studied parameter.
The delayed effects of extreme freeze-thawing
factors on ROS production in the erythrocytes,
cryopreserved with glycerol and PEG after their
hypothermic storage, were evaluated previously
[25]. The erythrocytes cryopreserved with PEG,
even after CPA removal displayed an increased
ROS production if compared with the control samples
and cells frozen with glycerol [25].

The main source of ROS in erythrocytes is a
spontaneous autoxidation of hemoglobin, resulting
in methemoglobin (HbFe(Ill)) and superoxide ra-
dical (O2+—) production. The latter has a very short
‘lifespan’ and is rapidly converted into H,O, under
the superoxide dismutase effect [10]. The exceeding
of critical values of H,O, concentration induces
further hemoglobin oxidation [10], resulting in
its degradation [21] and heme loss, which may be
covalently transformed as well [10, 21]. The modified
heme porphyrin ring is able to interact with dif-
ferent subcellular components through a hydro-
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Kanii yrBopenas ADK y mepiox inkyOarii eputpo-
uTiB 3 KITA Tta migsumenns pisas ADK y xiith-
Hax Micasl TiMoTepMiduHOro 30epiraHHs MPOTATOM
18 rogwH [5], MOXXHA BBa)KaTH, IO OKHWCHIOBAJIBbHI
MIPOIIECH BHKJIMKAIOTH JIE30PTAHI3AIlI0 CTPYKTYPHUX
kommioHeHTiB MIIK 1 HecTabuTbHICTH KpiOKOHCEp-
BOBaHUX KJIITHUH IICTS MOBEPHEHHS y (i3i0I0oridHi
YMOBH in vitro. OTXKe, OOHUM 3 NUIAXIB cTabimiza-
mii epurpormTis, kpiokoHcepBoBanux 3 IIEI, moxe
OyTH BKIIOYCHHS AHTHOKCHJAHTIB /O CKJIaTy 3a-
XHCHOTO CEpPEIOBHUILIA.

BucHoBKH

1. Enexrpodopernunuii aHamiz OinkiB i3 3ac-
TOCYBaHHSIM [-MEpKaNTOETaHOIy IOKa3aB 3HU-
JKCHHS. BMICTY CIIEKTpUHY B OiIKOBOMY mpodii
MIIK eputponutiB, kpiokoncepBoBaHux i3 IIEI,
micns BunmaneHHs KIIA Ta ix mepeHeceHHs y ¢izio-
JIOTIYHI yYMOBW in Vitro. BHUKOpPHCTaHHS miamimy
BUSBHJIO CTPYKTYpHI MoAudikaiii CHEKTpUHY,
SIKI  MIIBHIMYIOTH JOCTYHHICTH #oro ~SH-rpym
JUIl peareHTy 1 BW3HAYalOTh MiJBUINEHHS PiBHA
BIIK BimHOCHO KOHTpOmw. Binrak, nopyuieHHS
ctabinpHOCTI KpiokoHcepBoBaHux i3 IIEI" kmiTun
micnsl peakTuBalii MeradomisMy Moxke OyTH TO-
B’S13aHO 31 3MiHAMH B CTPYKTYPi CIIEKTPUHY.

2. Pesynpratu enexTpodopeTHUHOrO aHamizy
3 BHUKOPHCTaHHSIM [-MepKanTOeTaHOIy TOKa3aln
3HIDKCHHA BMICTy Oinmka cmyrd 8 (Iepokcupe-
nokcuHy) B mpodimi MIIK epurponmriB, Kpio-
KoHCepBoBaHux y mpucyTtHOcTi IIEL, micns Buma-
nmenus KITA Ta ix mepeHeceHHs y (i3iomoTidHi
YMOBH in Vitro, Mo MOXe OyTH IIOB’SI3aHO 3 ak-
TUBAIlI€I0 OKHCHIOBAJILHUX MPOIIECIB Y KITITHHAX.

3. BincyTHiCTh 3HAYHMX 3MiH B IHTCHCHUBHOCTI
yrBopeHHst A®K y kpiokoncepBoBanux i3 I[IEl
eputpountax micns supaneHHs KIIA 1 mepene-
CEHHsl KIITUH B (i3i0N0TiuHI YMOBH in Vitro Bif-
HOCHO KOHTPOJIbHUX TIOKA3HUKIB CBITYUTH NPO
3MATHICTh KJIITHH KOHTPOJIOBATH OKHCHIOBAJIBHI
MIPOIIECH MPOTSITOM KOPOTKOYACHOT 1HKyOarTii.
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phobic mechanism [10, 21], thereby affecting their
structural and functional state. At the same time,
as previously established, the erythrocyte freezing
even without CPA use resulted in no methemo-
globin appearance [10].

However, the question about a possible for-
mation of either methemoglobin or other oxidized
forms of this protein in the erythrocytes cryopreserved
with PEG should be tested experimentally. Thus,
the conformational disorder of hemoglobin and
its autooxidation may be potentially considered as
one of the sources of ROS production in the
erythrocytes cryopreserved with PEG.

In addition, NADPH oxidases (NOX) may be
an important source of ROS production in erythro-
cytes. In particular, in sickle erythrocytes, a signi-
ficant part of ROS production is mediated by NOX
enzymatic activity [7]. Notably, that Ca*" ions play
an important role in regulating NOX assembly
and functioning [13]. The Ca*-dependent NOX
stimulation in the erythrocytes in PEG presence may
be stipulated by inhibition of Ca*-ATPase activity
[24] and increase in intracellular Ca*" level, since
even in PEG-contained isotonic medium, a 10-fold
increase in Ca*" entry in erythrocytes was revealed
[11]. Therefore, the Ca?*-dependent mechanism of
ROS production, associated with NOX activation
may significantly affect the intensification of oxi-
dative processes in erythrocytes in PEG presence.

Thus, the absence of significant deviations in
ROS production intensity in the erythrocytes
cryopreserved with PEG under physiological con-
ditions in vitro vs. the control indices within a short-
term observation testifies to the ability of cells,
preserving their integrity after CPA removal to
control oxidative processes in a quite efficient way.
However, based on previously established facts
of ROS production intensification during erythro-
cyte incubation with CPA and an increased level
of ROS in cells after hypothermic storage for 18
hrs [25], the oxidative processes may be suggested
to promote the disorganization of MCC structural
components and instability of cryopreserved cells
after returning to physiological conditions in vitro.
Thus, the inclusion of antioxidants within the pro-
tective medium may be one of the ways to stabi-
lize the erythrocytes cryopreserved with PEG.

Conclusions

1. Electrophoretic analysis of proteins using
B-mercaptoethanol showed a decreased spectrin
content in MCC protein profile of the erythrocytes,
cryopreserved with PEG after CPA removal and cell
transfer into physiological conditions in vitro. The
use of diamide revealed structural modifications
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of spectrin, augmenting the availability of its “SH-
groups for the reagent and determining an increase
in HMWPC level relative to the control. Therefore,
the instability of cells cryopreserved with PEG after
metabolism reactivation may be due to the changes in
spectrin structure.

2. Results of electrophoretic analysis using
B-mercaptoethanol displayed a decrease in the content
of protein band 8 (peroxiredoxin) in MCC profile of
erythrocytes cryopreserved in PEG presence after
CPA removal and cell transfer into physiological
conditions in vitro, that might be associated with
activation of oxidative processes in cells.

3. No significant changes in ROS production
intensity in the erythrocytes cryopreserved with PEG
after CPA removal and cell transfer into physiological
conditions in vitro vs. the control indices testified to
the ability of cells to control the oxidative processes
during short-term incubation.
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