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bGioceHcoOpiB Ha OCHOBI hepMeHTIB
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Technological Aspects for Cryopreservation
of Enzyme-Based Biosensors

Pecbepar: Ha ocHoBi 3anponoHoBaHux cnocobis 36epiraHHst hepMeHTHMX GioceHcopiB BianpaLboBaHO TEXHOMOrYHWUIA Npouec,
SIKUA [O3BONSIE LWBUAKO M 3pYYHO MPOBOAWUTU NpoLeaypy 3aMOpPOXYBaHHs, 36epiraHHs 1 BigirpiBaHHs uux npucTtpois. Ons uboro
6yno po3pobneHo 1 BUrOTOBMEHO 3pa3kv HU3bKOTEMMEepaTypHUX KOHTeNHepiB, xongep-kaceT, obnagHaHHA AN 3aMOPOXYBaHHS
3rigHO 3 HeobXxiaHUMU pexumamun. 3 ypaxyBaHHSIM BUrOTOBMEHOrO yCTaTKyBaHHS CTBOPEHO TEXHOIOri0 JOBFOCTPOKOBOro 36epiraHHsi
MiHIaTIOpPHMX eneKTPOoXiMiYHMX BiOCEHCOPIB Ha OCHOBI rMHOKO300KCUAA3MN.

KniwouyoBi cnoBa: goBroctpokoBe 36epiraHHsi, hepMeHTHUN BioceHcop, NpUCTPI AN 3aMOpPOXYBaHHS, Xonaep-kacetw,
HU3bKOTEMMNepaTypHi KOHTEWHepW.

Pecbepat: Ha ocHoBe npeanoxeHHbIX crnocoboB XpaHeHUst pepMEHTHbLIX BGUOCEHCOPOB OTpaboTaH TEXHOMOrM4Yeckuii npouecc,
KOTOPbIA No3BonsieT 6bICTPO M yAoOHO NPOBOAWTL MpoueAypbl 3aMOPaXMBaHWUS, XPaHEHWs M OTOorpeBa dTUX YCTPOWcTB. Ans
aToro 6bInNM paspaboTaHbl U U3roTOBMEHbl 06pasLbl KOHTEWHEPOB, xongep-kacceT, 060pyAoBaHWSA ANs 3aMOpaXWBaHUS COrNacHo
HeobxoanMbIX pexumoB. C y4eToM M3roTOBNEHHOrO 0BOpPYAOBaHMSA CO34aHa TEXHOMOrnst JOMTOCPOYHOIO XPaHEeHUs MUHUATIOPHbIX
3MeKTPOXMMMYecknx BMoceHCOpoB Ha OCHOBE TMOKO300KCUAA3bI.

KniouyeBble crioBa: J0OMrocpoyHoe XpaHeHue, pepMeHTHbIV BroceHcop, YCTPOMCTBO AN 3aMOpaXuBaHUs, Xonaep-KacceThbl,

HWU3KOTEMMepaTypHblE KOHTEWHEpHI.

Abstract: Basing on the proposed approaches for storage of enzyme-based biosensors a technological process was developed,
which allowed rapid and easy freezing, storage and warming of these devices. To do this we designed and produced the samples
of containers, holder-cassettes, equipment for freezing according to the needed regimens. The produced equipment was involved to
creation of technology for long-term storage of miniature glucose oxidase-based electrochemical biosensors.

Key words: long-term storage, enzyme biosensor, device for freezing, cassette holder, low temperature containers.

Biocencop — aHamiTHYHUN TPUCTPIN, SIKUH CKITa-
Ja€ThCs 3 O10JIOTIYHOTO TIEPETBOPIOBaYA (AyTIHBHIMA
map Oiomatepiany, OiocerekTuBHa MeMOpaHa) Ta
(i3uK0-XIMIYHOTO IIepeTBOpIOBaya (TpaHcaptocepa) [ 1,
3]. OcraHHiil TIepeTBOPIOE OIOXIMIYHUN CHTHAN Ha
SJIEKTPOHHHI Ta 3a0e3reuye SKiICHUN Y1 KiJTbKiCHUH
aHaJIi3 IEeBHOI peuOBMHH a00 Kitacy pedyoBHH. bioximiu-
HUH CUTHAJ — pe3yJbTaT peakiii 610CeIeKTHBHOTO ene-
MEHTa 3 aHaJli30BaHOK PEUYOBHHOIO, HANPHUKIA] Ie
MOIJITMHAHHS a00 reHepyBaHHsI IEBHOTO THUITY MOJIEKYJI
(KUCHIO, TIEPEeKUCY BOAHIO), i0HIB (MPOTOHIB, 10HIB
AMOHI0), BUILIEHHS Terria Tomo. depMeHTH, aHTHUTINA,
peuenTopy, KIIITHHHI OPTaHEeIH Ta MIKpOOPTaHi3MH €
TUM O10JIOTIYHAM MaTepiajioM, SIKHI BHKOPUCTOBYETh-
cs1'y 6ioceHcopax 3aJIeKHO Bl METH Ta YMOB IXHBOTO
3actocyBaHHs [1].

HaiiBaxxiuBimmi xapakTepUCTHKH O10CEHCOPHUX
MIPHUCTPOIB — BUCOKA Uy TIMBICTH 1 CENIEKTUBHICTB, IIPOC-
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Biosensor is analytical device consisting of biological
(sensitive layer of biomaterial, bioselective membrane)
and physico-chemical transducers [1, 3]. The latter
transforms biochemical signal into electric one and pro-
vides qualitative and quantitative analysis of certain
substance or class of those. Biochemical signal is the
result of reaction of bioselective element with the sub-
stance to be analyzed, i. e. absorption or generating of
certain type of molecules (oxygen, hydrogen peroxide),
ions (protons, ammonium ions), heat release and efc.
Enzymes, antibodies, receptors, cell organelles and mic-
roorganisms are the biological materials used in biosen-
sors, depending on the purpose and conditions of their
application [1].

The most important characteristics of biosensor de-
vices are sensitivity and selectivity, usability and speed
of an environment analysis, as well as a breadth of
substances range which can be detected by means of
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TOTa y BUKOPHCTaHHI1 Ta MIBUAKICTh aHAIII3Yy CepeloBU-
1113, @ TAKOX [IMPOKUH Aiana30H peuOBHH, IO MOXKYTh
OyTu netektoBaHi. lle BU3Ha4ae MOXKITUBICTH iIXHBOTO
3aCTOCYBaHHS B MEAHMLUHI, apMalleBTUIHOMY, Xap-
YOBOMY, OI0TEXHIYHOMY Ta XiMIYHOMY BUPOOHHIITBAX,
CITECHKOMY TOCIIOAPCTBi, OXOPOHI HABKOJIHUIITHHOTO
CepeIoBUINA TOIIIO.

®epMeHTHI 610CEHCOPH Y TIOPIBHSAHHI 3 1HITUMHU
BHJIaMU CEHCOPIB, HAMPHUKJIAJ BUTOTOBICHHUMH Ha
OCHOBI 6iomoriyHuX TKaHuH [15] 1 kimituH [ 14], MatoTh
OBy CENEKTUBHICTD 1 Uy TIMBICTD, SIKI HalYacTiIIe
€ BU3HAYJIbHUMH TIOKa3HUKAMH. Y TOM ke 4ac BUKO-
puctaHHs hepMeHTIB oOMexeHe TXHBOIO TOPiBHAHO
HU3BKOIO CTIMKICTIO 32 KIMHAaTHOI Temreparypu. B 3a-
JISKHOCTI BiJf IpUPOaH 0i0JIOT1YHOTO IIEPEeTBOPIOBaYa
BiH 30epirae akKTHBHICTh B IMMOO1Ti30BaHOMY CTaHi
3a MOMipHO HU3BKUX Temreparyp (4°C, mobyToBuid
XOJIOMMIIBHUK) TIPOTATOM 12 116 (Api*IKOBI KITITHHH)
[12], 37 ni6 (momidenomokcunaza) [11] abo 6mmu3pKO
3-x MicsmiB (ankoroib-aerigporenasa) [16]. IMicas
IIBUJIKOTO 3aMOPOXKYBaHHSI Taki (hepMEHTH, SIK JTimasa,
amiyiaza, TPUIICHH 1 XIMOTPHUIICHH, MOXYTh 30epirarucs
JesKUi vac B i301p0BaHOMY cTaHi mpu —20...—25°C
ITiJ] 3aXUCTOM IIinepuny [4, 8, 17]. OgHak iHaKTHBAIiSA
OinpocTi hepMeHTIB BiIOyBa€eTbCs caMme B IIbOMY
niamaszoHi TeMmeparyp y pes3yabrari [ii KOHIEHTpO-
BaHMX PO3YMHIB COJIEH MiCIIsi BAMOPOXKYBAaHHS O1TBIIOL
yactuHH BoaM [5, 6]. [Ipu 3amMopoxyBaHHI BOAHUX
PO34YHHIB CKJIAIHHUX O1JIKIB 3 4eTBEPTHHHOIO CTPYKTY-
pOI0 XapakTep KPiOMOIIKOMKEHb 3MIHIOEThCs. Tak,
MiCIIsl 3aMOPOXKYBaHHS-BIAIrPIBY pO3UMHY JIaKTaTIe-
TiporeHas3u crocrepiraiachk riopuausamis izodep-
MeHTHUX (popM. BusmieHo Tpu momatkosi i3odep-
MEHTHI (pakiii, IKi Malu NPOMiXHY eJeKTpodope-
TUYHY PYXJIUBICTb BiTHOCHO MovaTKoBUX ¢opm [13].
Taxki BHYTpiIIHEOMOJIEKYIISIpHI TIEpeOynoBH hepMeHTy
criocTepirany micisl 3acTOCYBaHHs MOBINBHHUX a0o
0araTopazoBHX PEeXHUMiB 3aMOPOXKyBaHHs 10 —30 abo
—70°C, xonu «e(eKTH PO3UHHY» BHUSIBISIOTH MaKCHU-
MaJIbHY TIOIIKOKYIOUY Jif0 Ha 610MaKpOMOJIEKYIIH.
Pazom 3 TuM, SKIIO JaKTaT-AEriApOreHasy 3amMopo-
JKyBaTu MBUIKO 110 —196°C y 6€3C0IH0BOMY BOTHOMY
CepeIOBHIII, TIOpUaN3aMisa He crocTepiraeTses [13].
Tomy mtst 306epiranns 6i0ceHCOPIB HA OCHOBI (pepMeH-
TiB IIPOTSTOM TPUBAJIOTO Yacy 3 BUKOPHUCTAHHSIM KPio-
0l0JIOTIYHUX TEXHOJIOTIH HEeOoOXiJHO, mepIn 3a Bce,
BU3HAYUTH ONTHMAJbHI PEXUMH OXOJOMKEHHS Ta
BIJIIrpiBY, SIKi 3a0e3MedaTh 30epeKeHHS CTPYKTYPHO-
(YHKLIOHAIBHUX BIACTUBOCTEH 01010T14HOT YaCTHHH
MPUCTPOIO.

[Ipencrasnena pobora sBiIsIE COOOIO OMUC PO3POO-
JICHOT'O TEXHOJIOTTIHOT'O IPOLIECY AT JOBTOCTPOKOBOIO
30epiraHHs eIeKTPOXIMIYHUX (hePMEHTHHIX 010CEHCO-
PpiB 32 HU3BKOI TEMIIEpaTyPH, a TAKOXK TX OXOJOKEHHS
Ta BiZIIrPiBY.
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the devices. This determines the possibility of their use
in medicine, pharmaceutical, food, biotechnological and
chemical industries, agriculture, environmental
protection and etc.

If compared with other types of sensors, e. g. made
of biological tissues [15] and cells [14], the enzyme-
based biosensors have higher selectivity and sensitivity,
which often are critical parameters. However, the
usability of enzymes is limited by their relatively low
stability at room temperature. Depending on the nature
of the biological component of biosensors this could
remain active in immobilized state at moderately low
temperature (4°C, e.g. domestic refrigerator) only for
for 12 days (yeast cells) [12], 37 days (polyphenol
oxidase) [11], or about 3 months (alcohol dehydro-
genase) [16]. After rapid freezing, such enzymes as
lipase, amylase, trypsin and chymotrypsin may be
preserved for some time in an isolated state within
temperature range of —20...—25°C under glycerol
protection [4, 8, 17]. However, inactivation of major
part of enzymes occurs exactly within this temperature
range due to the effect of concentrated salt solutions
after freezing-out of the bulk water [5, 6]. In case of
freezing aqueous solutions of complex proteins with
quaternary structure the character of cryoinjuries chan-
ges. For example, freeze-thawing of lactate dehydroge-
nase solution resulted in hybridization of isoenzyme
forms. Three additional isoenzyme fractions were
revealed, which had intermediate electrophoretic mobi-
lity as for initial forms [13]. These intramolecular re-
arrangements of the enzyme were observed after slow
or multiple freezing down to —30 or —70°C, when the
‘solution effects’ had the maximum damaging effect
on biomacromolecules. However, if lactate dehydro-
genase was frozen rapidly down to —196°C in salt-
free aqueous medium, no hybridization was observed
[13]. Therefore, the proper long-term storage of the
enzyme-based biosensors using cryobiological tech-
niques needs first of all the providing of optimal cooling
and warming regimens, which would contribute to the
preservation of structural and functional properties of
biological component of a device.

This work is the description of technological pro-
cess, which provides a long-term storage of electro-
chemical enzyme biosensors at low temperature, as
well as cooling and warming.

Technological process was developed within the
frames of research project ‘Investigation of the Me-
thods to Preserve Stable Activity of Biological Sensors
During Long-Term Storage’ which was a part of the
program ‘Investigations in Sensor Systems and Techno-
logies’, using electrochemical enzyme biosensors pro-
vided by the Institute of Molecular Biology and Gene-
tics of the National Academy of Sciences of Ukraine
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TexHonoriunuii npouec po3podIeHo B paMKax Hay-
KOBOT'O MPOEKTY «JlociikeH s crioco0iB 30epeKeHHs
cTabibHOI aKTUBHOCTI O10JIOTIYHUX NATYMKIB MPH
JIOBIFOCTPOKOBOMY 30epiraHHi», sIKHi € 4aCTUHOIO
nporpamu «JloCiKEeHHS y Tamy31 CCHCOPHUX CUCTEM
Ta TEXHOJIOT1i Ha eeKTPOXIMIYHUX (epMEHTHHX 0i0-
CeHcopax HaJlaHUX [HCTUTYTOM MONEKyYIsApHO] Oiomorii
irenernkn HAH Yxkpaiau (M. KuiB). biocencopu 6ymu
BHTOTOBJIEHI HA OCHOBI TOHKOILTIBKOBHUX KOHIYKTOMET-
puuHi epeTBoproBadiB (IHCTUTYT XeMo- 1 6ioceHco-
puku, HimeuunHa), i mroKo300Kkcuna3u 3 Aspergillus
niger («Faizyme», [IAP), nonaTkoBo ounIieHoi MeTo-
JIOM Teb-XpoMoTorpadii Ha KoJOoHII 3 cedaaekcoM
G-200.

Jist 3aMopoxyBaHHsI 010CEHCOPIB 32 HEOOX i THUMHU
PEKUMaMU CKOHCTPYHOBAHO cIieliajbHe yCTaTKyBaH-
Ha [9].

Panimie Gyno mokasaHo, 110 /15 KpiOKOHCEPBYBaHHS
ENIEKTPOXIMITHIX (PepMEHTHMX O10CEHCOPIB HEOOXiTHO
BHKOPHCTOBYBATH KPi03aXHUCTHI CIIONMYKH [2]. Y 3B’sI3Ky
3 [IUM TIepej1 POLIETY PO KPIOKOHCEPBYBaHHS IIPOTEC-
TOBaHMI 610CEHCOP MTOMIIIAIH Y TUTIBKOBHI KOHTEHHED
3 HACTYIHUM JI0JJaBaHHsIM BOJHOTO PO3UMHY Kpiompo-
TeKTOpa IinepuHy ado 1,2-nponanaiony. OcHOBHUMH i-
3MKO-XIMIYHUMH [TapaMeTpaMH [IILEPUHY, SIKHH BUKOPHUC-
TOBYBABCS, € TEMIIEpaTypa KUIiHHA Ipu 760 MM PT. CT. —
290°C; nutoma Bara ipu 20°C — 1,2613 r/cm?; mokas-
HUK 3anoMieHHs cBitia npu 20°C — 1,4740. Buxopuc-
TaHW# y poOOTi MPOMAH/Ii0M JJOATKOBO OUMIIIEHO TIepe-
roukor0. OcHOBHI Horo (i3uko-XiMiuHI MapameTpu:
Temneparypa kumiHas npu 760 MM pt. cT. — 188°C;
muroma Bara mpu 20°C — 1,035-1,040 r/cm?; moka3Huk
3asomiieHHs cBitna mpu 20°C — 1,431-1,433. Konreii-
HEp BUTOTOBJIEHO 3 KOMITO3UTHOI moiimMin-¢ropormiac-
ToBoi MIiBKK [10] MeTomOM 3BaprOBaHHS y BHUIVISAIL
IUTOCKOTO PSIMOKYTHHKA po3MipoM 15x40 MM Bigmo-
BiZIHO 110 po3MipiB OioceHcopa. TeXHOIOTi4HO KOHTEH-
HEp CIOYaTKy 3BapIOIOTh 3 TPhOX OOKiB, OJHY 3 MEH-
LIMX CTOPiH 3aJMIIAIOTHh BiNBHOIO AJISl 3aIIOBHEHHS
po3dnHOM KpiompoTektopa. Ilicas po3mimeHHs y
HbOMY OioceHcopa Ta momaBaHHS 60%-r0 BOZHOTO
po3unHy Tiinepuny abo 1,2-mpomaxmgiony (O6IU3BKO
0,5 mu1) TOBITMHA KOHTEIHEpa ckiianae ~2 MM (puc. 1).
Jai oro ocTaTOYHO repMETHYHO 3aBaPIOIOTh 31 CTO-
POHH, sIKa 3aJTUIIAIACH BUTEHOIO, CIIEIIIATEHO PO3pobIie-
HUM TPUCTPOEM, PO3MILIYIOTh y KaceTi-XoJaepi Ta
OXOJIOIDKYFOTH i3 IBUAKICTIO 1-3 rpan/xB 10 —196°C
(a6o mo —80°C). Taky MIBUIKICTH OXOJIOJKEHHS
BHUKOPHCTOBYIOTH JUIsl KpaIIoro 30epexeHHs CTPyK-
TypHO-(DYHKITIOHATLHOTO CTaHy IIFOKO300KCH IA3H 1 ITi-
JICHOCTI eNeKkTpoximiuHoro TpaHcastocepa [2]. ITicis
LIFOTO KOHTEWHEP MEPEHOCSTh y CXOBHIIE 1 30€piraroTh
npu —196 a6o —80°C.

Jnst 30epirannas 6ioceHCOpPiB MiCHsA MOBITEHOTO
oxoomkeHHs 3a Temmeparypu —80°C Oyio po3pobie-
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(Kyiv). The biosensors were produced on the base of
thin-film conductometric transducers (Institute of
Chemo- and Biosensorics (Germany) and glucose oxi-
dase from Aspergillus niger (Faizyme, South Africa),
additionally purified by gel chromatography in Sephadex
G-200 column.

Biosensors were frozen in the equipment specially
designed to comply the needed regimens [9].

It was previously shown that to cryopreserve elect-
rochemical enzyme biosensors one should apply
cryoprotective compounds [2]. In this regard prior to
cryopreservation the biosensor was placed into a film
container, and then an aqueous solution of cryopro-
tectant, glycerol or propane diol, was added. Main
physico-chemical parameters of the used glycerol were
as follows: boiling temperature at 760 mm Hg was
290°C, relative density at 20°C equaled 1.2613 g/cm?,
light refractive index at 20°C corresponded 1.4740.
The used in the work propane diol was additionally
purified by distillation. Its main physico-chemical
parameters were as follows: boiling point at 760 mm
Hg was 188°C, relative density at 20°C made 1.035—
1.040 g/cm’, light refractive index at 20°C correspon-
ded 1.431-1.433. The container was made of com-
posite polyimide-PTFE film [10] by welding and
appeared as a flat rectangle of 15%40 mm size, which
was specified by the biosensor dimensions. According
to the process flow the container is to be firstly welded
along three sides, one of the smaller sides to remain
intact for further filling with cryoprotectant solution.
After placing the biosensor inside and filling with 60%
aqueous solution of glycerol or 1,2-propanediol (about
0.5 ml) the container thickness is ~2 mm (Fig. 1).
Afterwards the unwelded side is to be finally sealed
off with specially designed device, the container to be

M

Puc.1. KoHTenHep i3 GioceHCcopom BcepeauHi.
Fig. 1. Container with biosensor inside.
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L0 R
Puc. 2. MNMpamMokyTHa KaceTa Ans oXonomKeHHs GioceHco-
piB 4O NOMIPHO HU3bKMX TemnepaTyp.

Fig. 2. Rectangular cassette for cooling biosensors down
to moderately low temperatures.

HO JIETKY NIPSIMOKYTHY aJIOMiHi€BY KaceTy 3 12 komip-
KaMmu (puc. 2), po3mipamu 50x37X55 MM i Baroro 25 1.
Kacety po3nizeHo BHYTpIiIHIMH CTiHKaMHu Ha KBaJ-
paTtHi KOMIpKH, B 5IKi 10 iaroHaJli BKJIaJatoTh KOHTEH-
Hepu. [1yist 30epiranHs KilbKoX 010CEHCOPiB KOXKHUM 3
HUX OKPEMO 3aHYPIOIOTh Y IUIIBKOBUH KOHTEHHEp, a
[TOTIM YCi KOHTEHHEPH PO3MIIIYIOTh Y KaceTi 3 KoMip-
KaMH.

Kacera-xomnzep [u1s MOBIIEHOTO OXOJIOMKEHHS KOH-
TelHepiB i3 6ioceHcopamu 10 —196°C — umiHap aia-
MeTpOoM 46 MM Ta BUCOTOIO 52 MM, CKJIaJICHHIA 13 3rop-
HYTHUX OCOOJIMBUM YMHOM 17 allfOMiHi€EBHUX IIACTHH
(puc. 3, A). 3BepXy KOHCTPYKLisl MA€ BUIIISA KBITKH 3
OJTHAKOBHMH «IIETIOCTKAMH-KOMIPKaMm, SIKi pO3TaIIo-
BaHi 32 LEHTPAJILHOIO CUMETPI€I0 I CTBOPECHHS Y
BCIX KOMIpKax OJHAKOBHX TEMIIEPATypPHHX YMOB
(puc. 3, B). CymiipHO pueIHaHE KPYTIe THO Ta KPHUIII-
Ka KaceTH 3 TePMOI30JII0I0Y0ro Marepiany 3amo0i-
ralTh TEIJIOOOMIHY 3 TOPIIB KaceTH. Y TI'a30BOMY
CepeOBUIII MOCYIUHH J{proapa 31 3piKEeHUM a30TOM,
B Ky 3aHYPIOEThCS KaceTa, IPUCYTHIH 3HAUYHHUI
rpagieHT Temmeparyp (Big OMM3bKOI 10 KIMHATHOT —
3BEpXy, 10 TEMIEepaTypH PiKOro a3oTy — Hax J3ep-
KaJIOM PiguHM) i TeMmepaTypa Ol HUKHBOT YaCTUHH
KaceTH MOJKE CYTTEBO BiAPI3HATHCS BiJ TEMIIEPaTypH
015151 BepxHbO1. 3aIpONIOHOBaHA KOHCTPYKIiSl KaceTn

I'Ip06J'IeMbI Kpl/lOﬁVlOHOI'VIVI N KpunomeaguLuHbl

problems of cryobiology and cryomedicine
Tom/volume 23, Ne/issue 4, 2013

placed then into the cassette holder and cooled with
1-3°C/min rate down to —196°C (or down to —80°C).
This cooling rate provides higher preservation of struc-
tural and functional state of glucose oxidase as well as
integrity of electrochemical transducer [2]. Then the
container is to be stored in the low temperature bank
at either —196 or —80°C.

To store the biosensors after slow cooling at —80°C
there was designed a lightweight (25 g) aluminum
cassette with 12 cells (Fig. 2). This is of a rectangular
shape and has dimensions of 50%37x55 mm. Cassette
is divided by means of inner walls to form square cells,
wherein the containers are diagonally placed. To store
several biosensors, each of them is to be separately
sealed into the film container, which is to be then placed
into the cassette with cells.

Cassette holder for slow cooling of the containers
with biosensors down to —196°C is a cylinder of 46 mm
diameter and 52 mm height, made of 17 specially rolled
aluminum plates (Fig. 3A). A top view of the design
represents a ‘flower’ with equal petal-like cells, located

Puc. 3. UuniHgpnyHa kaceTa ons KepoBaHOro OXOJio-
OXeHHs: A — 3aranbHui Bug; B — Bug 3sepxy.

Fig. 3. Cylindrical cassette for controlled cooling: A — gene-
ral view; B — top view.




Puc. 4. 30BHIiWHIA BUrNAL NpUCTPOO AN KEPOBAHOIo
OXOJOPKEHHSI KOHTENHEPIB 3 BioceHcopamMun Ha NOCYAMHI
Obtoapa.

Fig. 4. External view of the device for controlled cooling the
containers with biosensors on Dewar vessel.

3a0e31edye 0X0JI0MKEHHS TITBKY 3 OOKIB, IPH I[bOMY
i1 aITFOMiHI€B1 CTIHKH, 3aBSIKU BUCOKiH TETIONPOBi-
HOCTI, €(peKTUBHO BUPIBHIOIOTH TEMIIEPATYPY IO BHU-
COTI, a TAKOXK PaiajabHO.

[puctpiii, po3po0aEHHU s MOBIIBHOIO 0XOJI0-
JOKeHHSI KOHTEHHepiB 3 OioceHcopamMu, BUKOPUCTO-
By€eThCs 3 mocyauHaMu Jproapa tumy X-5 («Temer»,
VYkpaina) 0e3 gomarkoBoi Mmomudikaiii (puc. 4). Me-
XaHI3M MPHUCTPOIO CKIAJIAETHCS 3 TPHOX OCHOBHUX
YacTHH: 1Iaci, OJI0Ka «MOTOP-PELyKTOP» Ta IITaHIH,
Ha sIKiif BCTAaHOBJIEHA KaceTa 3 KoHTeiiHepamu (puc. 5).
Oco0MBICTh KOHCTPYKIIIT — HASIBHICTh «KOHTEHHEpa-
cBifiKa» 23 Ha HUXKHINM CTOPOHI KPHUIIKY /9, IKHi 171eH-
TUYHUH TUM, 10 BUKOPHCTOBYIOTHCS JUIS 3aMOPOXKY-
BaHHs GioceHcopiB. Moro 3arepMeTH30BaHo IicIs BBe-
JICHHSI BCEpEeIMHY BUMIPIOBAIIBHOTO CIAl0 TepMOIIa-
pu 22, KUl mepen THM IPOBEACHO KPi3hb MOPOXKHIM
wWToK /, oTBip 20 y HIZKHBOMY KiHIII IITOKA Ta OTBIp
21 y xpumi /9. «KoHTeiHep-cBiI0K» 3aKpiIIeHO TaK,
110 mics Qikcarii KaceTH-XoJ1epa BiH pO3MIIILY€E€ThCS
y KOMIpIIi TaK caMo, sIK i iHIi KoHTelHepu. Temmepa-
TypYy BCEpEIHHI «KOHTEHHEpa-CBiKa» MOKHA BBaXKa-
TH TaKOIO X, 5K 1 B IHIIIMX KOHTEHHEpax.
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centrosymmetrically to maintain the same temperature
conditions in all the cells (Fig. 3B). Insulated round
bottom and cover of the cassette are tightly connected
and prevent a heat transfer from the cassette ends.
Gaseous environment of Dewar vessel with liquid
nitrogen, wherein the cassette is immersed, has a signi-
ficant temperature gradient (in a top there is almost
‘room temperature’ and the temperature of liquid nitro-
gen is above the liquid mirror), so the temperature at
the lower part of the cassette may differ considerably
from the temperature at the top. The proposed design
of cassette provides cooling solely along the sides,
moreover, the aluminum walls due to a high thermal
conductivity effectively allocate the temperature verti-
cally and radially.

The device for slow cooling of the containers with
biosensors is designed to fit Dewars of H-5 type
(Temet, Ukraine) without any additional modification
(Fig. 4). The mechanism of the device consists of three
main parts: chassis, ‘motor-reducer’ block and the rod
holding the cassette with containers (Fig. 5). The de-
sign feature is the presence of spectacor container 23
located on lower part of cap /9, which is identical to
those used for cooling the biosensors. It is sealed after
being placed inside of a measuring junction of ther-
mocouple 22, pulled previously through the rod 7, orifice
20 in lower end of the rod and the orifice 27 in the cap
19. Spectacor container is fixed in such way that after
fixing the holder cassette it is located in a cell equally
to other containers. The temperature inside the spec-
tacor container could be considered the same as for
other containers.

The principle of the device operation is described
below.

Base 5 of the device is mounted on a cryogenic
Dewar vessel H-5 neck and fixed with screws 8. Here-
with the revolute arm 7 crosses the center orifice 6
and prevents an accidental falling of the holder 75
inside a cryogenic Dewar vessel. When holder 75 is
detached from the device the containers with biosensors
are placed into the cells /6 leaving one of them free.
When attaching to the device, the holder /5 is pushed
from the bottom with fitting free cell to the spectacor
container 23, and getting cylinder finger /8 into
the orifice / of the rod 7, and fixing them with tightly
closing cap 79. Owing to the material (stainless steel)
and design the rod has a very low thermal conductivity
and mini-mally affects the temperature within the cas-
sette. Thus, the temperature in the spectacor container
is the same as in other containers. By means of the
revolute arm 7 the central orifice 6 is opened, after-
wards electric motor /2 starts to operate. The rod / is
moving downwards and locates the holder /5 into a
cryogenic vessel. The velocity of the holder /5 is being
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Jani mogaHo omMC MPUHIHUINY POOOTH JaHOTO
MIPUCTPOIO.

OCHOBOIO J MPHUCTPIK YCTAaHOBJIIOIOTH HA TOPJO-
BHUHY KpioreHHoi nocyaunu Jlptoapa X-5 i 3akpin-
JOI0TH TBUHTaMH §. [Ipy IbOMy TOBOPOTHUI BaXKib
7 IepeTHHAE LICHTPaIbHU OTBIp 6 1 3amobirae BUnaj-
KOBOMY MaJliHHIO Xonaepa /5 BcepenuHy KpioreHHoi
nocynuau Jlproapa. B xomipku 16 xonnepa 15, Bin’en-
HAHOTO BiJ IPUCTPOIO, ITOMIIIAI0Th KOHTEHHEpH 3 0i0-
CEHCOopaMH Tak, 00 ofHa i3 KOMIpOK / 6 3anmurranacs
BipHOO. [Ipn ycTanoBII B mpUCTpiii Xonaep /5 Biib-
HOIO KOMIpKOIO HaCyBalOTh 3HU3Y Ha «KOHTEHHEP-CBi-
JIOK» 23, TOMagaloddl IWIHAPUIHUM mTUpeM /8 B
OTBip mTOKA /, 1 HIKCYIOTH B HBOMY IIUIEHO 3aKPUTOIO
kpuikoro /9. 3aBasku matepiany (HepikaBiroua
CTaJb) 1 KOHCTPYKIIii IITOK Ma€ HE3HAYHY TEIUIONPO-
BiJIHICTH i MiHIMAIIEHO BIUIMBAE HAa TEMIIEPATYPY BCe-
penuHi kacetu. TakuM YUHOM, TEMIIEpaTypa B «KOH-
TEHepi-CBIAKY» Taka X, K i B iHIIMX KOHTEHHEPaXx.
[ToBopoTHMM BaxkijieM 7 3BUIBHSAETHCSA LEHTPAIBLHHUMA
OTBIp 6, TCJIS 9OTO BKIIOYAETHCS €NIEKTPOABUTYH /2.
IITok /, mepemimmarounch YHHU3, 3aHYPIO€ Xoimaep 15
BCcepenuHy KpioreHHoi nocynunu. [IBuakicTs 3any-
peHHs XoJaepa /5 Ta BiAMOBIAHO MIBUIKICTH OXOJIO-
JOKCHHST KOHTEHHEPIB 33a€THCS EIIEKTPUIHUM OJIOKOM
1 KOHTPOJTIOETHCS MTOKa3zaHHAMHU TepMonapu 22. [lpu
JOCSATHEHHI He00X1THOT TeMIIepaTypH €l1eKTPOIBUTYH
12 nepeMHUKaEThCS HAa MAHOM Ta y KpallHbOMY BEpX-
HBOMY TIOJIO’KEHHI ITOKa / BUMHKaeThcs. [licns Bu-
KOHaHHS MPOrpaMH 3aMOPOXKYBaHHS KaceTa-XoJaep
JIETKO BiJ’€AHYETHCA BiJl MPUCTPOIO, KOHTEHHEPH
BUHMAIOTh 1 IEPEHOCATH A0 HU3BKOTEMIIEPATYPHOTO
CXOBHILIA, a XOJIJIEP MicCIIsl HETPUBAJIOTO BiirpiBaHHs i
CYIIIIHHS TOTOBHUH J0 MOAAIBIIOT POOOTH.

[pu 30epiranHi y cxoBuILli 0I0CEHCOPH TOBUHHI OyTH
3aHypeHi Y piIKHI a30T.

J1J1s1 pO3MOPOXKYBaHHS KOHTSHHEPH 3 010CEHCOpaMH
BIIIrpiBarOTh HA BOAsHIM OaHi nmpu 20°C 10 MOBHOIO
pO3TaBaHHsI cepeIOBUIIA KPIOKOHCEPBYBAHHS Y TLTiB-

Puc. 5. Cxema npucTpol OXONOOKEHHS KOHTENHepIB 3
GioceHcopamu: 1 — pyxXNIMBUIA WITOK; 2 — MiAWUNHUKOBA
obonma; 3 — kopnyc; 4 — KpOHLWITENH; 5 — ocHoBa; 6, 20,
21 — oTBOPYU; 7 — NOBOPOTHMI Baxinb; 8 — OiKCYIOUNI MBUHT;
9 — tpocuk; 10 — wkis; 11 — peaykTop; 12 — enekTpoaBUIyH;
13 — npyxuHa; 14 — npyxuHHUIN dikcaTop; 15 — xongep;
16 — cekuis a4veriku; 17 — Tepmoisoniowunin anck; 18 —
wTup; 19 — Kpuwika xonaepa; 22 — BUMiptoBarnbHWUA KiHeLb
Tepmonapu; 23 — «KOHTEMHEP-CBIJOK».

Fig. 5. Diagram of the device for cooling the containers with
biosensors: 1 — rod; 2 — bearing hoop; 3 — body frame; 4 —
bracket; 5 — base; 6, 20, 21 — orifices; 7 — revolute arm; 8 —
fixing screw; 9 — cable thread; 10 — pulley; 11 — reducing
gear; 12 — electric motor; 13 — spring; 14 — spring fixative;
15 — holder; 16 — section of the cell; 17 — thermoinsulating
disk; 18 — finger contact; 19 — holder cap; 22 — measuring
junction of thermocouple; 23 — spectacor container.
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plunged and, correspondingly, the rate of containers
cooling is set with electric unit and controlled by a
thermocouple 22 readings. When reaching the desired
temperature, the electric motor /2 is switched to lift
and stops after reaching upper limit of the rod 7. After
finishing the freezing program the holder cassette is
easily detached from the device, the containers are
pulled out and could be transferred to a low-temperature
tank and the holder after a short warming and drying
is ready for further work.

During storage in a tank the biosensors should be
submerged into liquid nitrogen.

Thawing of the containers with biosensors is
performed by warming in a water bath at 20°C until a
complete thawing of cryopreservation medium in a film
container, then it is cut with scissors, the biosensor is
pulled out by means of tweezers, washed in 10 mM
phosphate buffer solution for 30 min with three-fold
buffer solution changing.

The development of described cryopreservation
technology was accompanied with permanent control




KOBOMY KOHTEIHEPI, MICIIsi 40Tro HOTO PO3pi3aroTh HOXKH-
[SIMH, ITHIIETOM BHTATYIOTH 010CEHCOp, BIIMHUBAIOTh
y 10 MM docdataomy OyhepHoMy po3urHi IPOTATOM
30 XB 3 TPUKPATHOIO 3aMiHOIO PiJUHH.

[Tpu po3poO11i onrcaHoi TEXHONOTiT KPiIOKOHCEPBY-
BaHHS Ha BCiX eTamax 3IiMCHIOBaJIM KOHTPOJb 3a
pob6oToro 6ioceHCcopiB Ha OCHOBI (pepMeHTIB (Ha MPUK-
JIaJl TITFOKO300KCH/IA3H), JUIS YOTO iX 3aHYPIOBAIH Y
KOMipKy 00’emom 2 mit 3 10 MM docharaum Oydep-
HUM po3unHoM, pH 7,4. Biaryk 6ioceHcopiB Ha gofa-
BaHHsI po3unHy | MM TITIOKO3H peecTpyBay 3a JI0To-
MOTOI0 YCTaHOBKH JUISI POOOTH 3 KOHTyKTOMETPUYHH-
MU (epMeHTHUME OioceHcopamu [ 7]. SIkino BennanHa
BIATryKy ckiagana 6mussko 70% Bix Biaryky 6ioceH-
copa 0 KpiOKOHCEpPBYBaHHSI 1 HE 3MiHIOBaJIACs MiCIA
BiIMHMBAHHS Ta HACTYITHUX TPHOX 0JaBaHb 1 MM po3-
YHHY III0KO3H, Oi0CeHCOop BBaxkau podounM. Benu-
YHHY BiATyKy 0ioceHcopa 3 IIIOK030-OKCHIAa3010 J10
3aMOpPOXKyBaHHsI Ha BBeIeHHS1 | MM po34HHY [TIOKO3H
y Kamii-pocdaraomy Oydepi mputimanu 3a 100%.

Sk Oy70 3a3Ha4YEHO BHIIE, JUTSI 3aXUCTY 0i0CEHCO-
PiB IIp¥ 3aMOPOXKYBaHHI Ta BiirpiBaHHI BUKOPHCTOBY-
Baim 60%-11 BomHUIN po34rH IiiteprHy ado 1,2-mpormas-
niomy [2]. Sk BuaHO 3 Tabmnwi, iHKyOaris 6ioceHcopiB
y PO3UMHAX KPIOMPOTEKTOPIB 3 TPHPA30BUM BiIMHUBaH-
HAM Oy(epHUM PO3YHMHOM HpOoTAroM 30 XB HE3HAYHO
MOTipIIye BEJIMUMHY BiATYyKy O6iocencopa. Jociimky-
BaJIM BILTUB MOBUTFHOTO 1 IIBUJIKOTO 3aMOPOKYBaHHS
Ta HACTYITHOTO BiJirpiBaHHs B cepegoBumax (1o
MICTHIIM 200 HE MiCTHIIM KPIOTIPOTEKTOPH) Ha BIATYK
OiocencopiB. Pe3ynpraTu cBiguaTh, M0 MIiCHIS MIBUI-
KOTO 3aMOPOKyBaHHs 010CEHCOPIB Ha OCHOBI IITIOKO30-
OKCH/Ia3¥ 1 HACTYITHOTO BifITpiBYy BiATyKy He Oyio, B
TO Yac SIK TPHU BUKOPHCTAHHI TTOBIJIFHOTO 3aMOPOXKY-
BaHHS BiH ckianaB (23 + 4)%. Ilicns moBimbHOTO
3aMOpOKYBaHHS OI0CEHCOPIB Y CEpeIOBUIII 3 Kpio-
MPOTEKTOPaMH Ta BIiripiBy iX BiATYK 3HAXOIHMBCS Y
MeXax, 110 3a0e3MeUyIoTh €PEeKTHUBHY pOOOTY MPHCT-
poiB. BenuuuHy BiAryKy AOCHIKYBaIX TAKOX Uepes3
THXKIEHb, 3, 6 MicsawiB, 1 Ta 2 poku 30epiranHs npu
BiJIIOBITHHUX PEKMUMAax 3aMOpOXKyBaHH:. bioceHcopu
30epiranu Takox npu 4°C sk 3 TOCHiAKEHUMH Kpio-
MIPOTEKTOPAMH, TaK i 6€3 HUX. B ycix BUnaaKax micis
30epiraHHs IpH Iid TEeMIIEpaTypi BIATYK HE PEECTPY-
BaBcs. Pe3ynbraTi HAMMX JOCIIHKEHDb CB1MUaTh, 1110
OloceHcopu Ha OCHOBI hepMEHTIB (HA TIPHUKIIA]II TITFO-
KO300KCHIa31 ) MOXYTb 30epiraTtucs 2 poKd y pilIkoOMy
a3011 (—196°C) abo 1 pik mpu —80°C y 60%-my po3unHi
mIinepuHy 0e3 cyTTeBoi BTpaTH (hepMEHTHOI aKTHB-
HOCTI (TabIuLIs).

TakuM YMHOM, CIIMPAIOYMCH HA ITPOBECHI paHiIle
EKCIIePUMEHTAIbHI JOCITIKEHHS 31 30epEeKECHHS CTa-
01IbHOT aKTUBHOCTI (DepMEHTIB Mmicis Aii HU3BKUX
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of the enzyme-based biosensors operation (glucose
oxidase based biosensors as a case study). To do this
the devices were immersed into a 2 ml well with
10 mM phosphate buffer saline, pH 7.4. Response of
biosensors to the supplementing of 1 mM glucose
solution was recorded by experimental assembly for
conductometric enzyme-based biosensors [7]. If the
response of biosensor was about 70% of the value
before cryopreservation and it did not change after
washing and the following three supplementations of
1 mM glucose, the biosensor was considered as valid
one. As 100% was assumed the response of the
glucose oxidase based biosensor prior to freezing to
the supplementing of 1 mM glucose solution in
potassium phosphate buffer saline.

As it was mentioned above, to protect the biosen-
sors during freeze-thawing there was used 60% aqueo-
us solution of glycerol or 1,2-propanediol [2]. The incu-
bation of biosensors in solutions of cryoprotectants with
triple washing with the buffer solution for 30 min slightly
decreased the response of biosensor (Table). The ef-
fect of slow and rapid freezing as well as subsequent
thawing in the media with and without cryoprotectants
on response of biosensors was investigated. The results

Brnnue ymoB 06po6ku/36epiraHHs Ha Biaryk 6ioceHcopis
Biosensors response following treatments/storage

Bigryk
6ioceHcopa, %
Biosensor
response, %

[ocnipxkyBaHi 3paskmn
Samples

KoHTponb (6e3 06po6Kku)

Non-treated control 100

Ekcnosuuia B 60%-My po3unHi rniuepuHy

Exposure in 60% glycerol solution 91 £5

Exkcnosuuia B 60%-my po3uuHi 1,2-nponaHgiony

Exposure in 60% 1,2-propane diol solution 95

H
o1

36epiraHHa npotarom 2 pokis npu —196°C
y 60%-My pO34nHi rniuepuHy
Storage during 2 years at —196°C
in 60% glycerol solution

65

H+
[o0]

36epiraHHA npoTArom poky npu —80°C
y 60%-My po3umHi rniuepuHy
Storage during 2 years at -80°C
in 60% glycerol solution

75 =+ 8

36epiraHHA npoTArom poky npu —80°C
y 60%-my po3unHi 1,2-nponaHaiony
Storage during 2 years at —-80°C
in 60% 1,2-propane diol solution

79 =

H+
[ee]

36epiraHHA NpoTArom poky npu 4°C

Storage during 1 year at 4°C 0

MpumitkKn: Bigryk 6ioceHcopiB HaBe4EHO Y BiACOTKaX Bif KOHT-
ponto — GioceHcopis, Lo He Oynu nigaaHi 06pobui; AaHi € cepeaHim
BiJ 7 napanenbHWX NMOBTOPIB * CTaHAapTHa NMOMWIKa cepeaHboro.
Notes: response of biosensors is expressed in percents of the

response of the control non-treated biosensors; the data are mean +
standard error of the mean of 7 parallel experiments.
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TeMIIepaTypax CTBOPEHO MiIX0H, SIKi 3a0€3eUyI0Th
30epiraHHs 010CEHCOPIB Ha OCHOBI TITFOKO300KCH 131
3a TeMIIepaTypu 3piAKEHOT0 a30Ty MPOTATOM 2 POKiB
i mpotsirom | poky 3a remneparypu —80°C 6e3 icToT-
HOTO BIUTHBY Ha iXHIO (PyHKIIi0. 3aIIporioHOBaHi croco-
01 JOBrOCTPOKOBOTO 30epiranHst pepMeHTHHX Oi0ceH-
COPIB 1) MOKJIUBICTh CTBOPUTH TEXHOJIOT10 30€epi-
ra"fas 010CEHCOPiB HA OCHOBI TITFOKO300KCH/1a3H, SKa
JIO3BOJISIE TIPOBOJIUTH OTIEPAIlii 3 3aMOPOKyBaHHsI, 30e-
piranHs i BigirpiBanas 6iocencopiB. Po3poGneno i
BUTOTOBIICHO 3pa3KK KOHTEHHEPiB, KaCET-XOJACPIB, a
TaKOX yCTAaTKyBaHHS JAJISl 3aMOPOKyBaHHs OioceH-
COpIiB 32 HEOOX1AHUMH PEKUMAMH.
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testified that after rapid freezing of glucose oxidase-
based biosensors and subsequent warming no response
was found while after using slow freezing it was (23 +
4)%. After slow freezing of biosensors in the medium
with cryoprotectants their response was within the
limits, considered as providing an effective operation
of biosensors. The response was also investigated fol-
lowing 1 week, 3, 6 months and 1 and 2 years of storage
after using corresponding freezing regimens. Biosen-
sors were also stored at 4°C both with or without the
cryoprotectants. In all the cases, no response was
found following storage at this temperature. Our results
indicate that enzyme-based biosensors (glucose oxidase
based biosensors as a case study) could be stored for
2 years in liquid nitrogen (—196°C) or during a year at
—80°C in 60% glycerol solution without significant loss
of enzyme activity (Table).

Thus, based on preliminary conducted experimental
research on preservation of stable activity of enzymes
after exposure to low temperatures we represented in
this paper the approaches to storage of glucose oxi-
dase-based biosensors at the temperature of liquid nitro-
gen for two years and during a year at —80°C without
significant loss of their function. Proposed methods of
long-term storage of enzyme-based biosensors enabled
to develop a technological process of glucose oxidase-
based biosensors storage, which included freezing,
storage and thawing of biosensors. The model contai-
ners, cassette holders and equipment for freezing bio-
sensors were designed and produced to provide to
the elaborated regimens.
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