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Effect of Cryoprotective Solutions on Metabolic Activity
of Chlorococcum Dissectum and Dunaliella Salina Cell Cultures

Pecpepar: Po3pobka npoTokoniB KpioKkOHCEpBYBaHHs1 MikpoBogopocTen Chlorococcum dissectum Korshikov ta Dunaliella salina
Teodoresco notpebye nigbopy edekTUBHMX KPIONPOTEKTOPIB Ta iXHIX KOHUeHTpauii. OgHuM 3 eTanis BUOOPY ONTUMAarbHUX KOHLEHT-
pauiinl KpiOMPOTEKTOPIB € BU3HAYeHHSA CTYMeHs TOKCUYHOCTI AN KNiTWH Ha eTani eksinibpauii. Y poboTi BMKOPWMCTOBYBanu PO34MHU
AMMeTUNCynbdOKCHAY, ETUMNEHIIKOMN0, eTunoBoro cnupTy, rmidepuHy (5-30%), moaudikosaHoro PVS1 ta PVS2 (50 i 75%). Bnnus
KpiO3axnCHUX CMOMyK BU3Ha4vanm 3a TECTOM BiJHOBIEHHS pe3asypyiHy. HanmeHLwnin NoWwKomKyBanbHWI BNuB Ha knituHn Ch. dissectum
4nHnB 10%-1 po3ymH miuepuHy. O6pobka 3paskiB po3dnHaMmn eTaHomny i AUMEeTUNCYNbMOKCUAY 3MeHLlyBana MeTaboniyHy akTUBHICTb
Ha 31-33%, etunenrnikomo — Ha 50%. IHkybauia y 75%-my moamdikoBaHomy PVS1 ta 50 i 75%-x po3dumHax PVS2 sHwkyBana me-
TaboniyHy aKTUBHICTb GinblU HiX yABIYi NOPIBHAHO 3 KOHTponem. Hamnbinbll TOKCUYHMM KpionpoTekTopoM Ans Kynetypu D. salina Bus-
BVBCS €TUMNOBUI CNMPT. EKCNO3nLia KNITUH y po34rHax AMMETUNCYNbdgoKCHay, ETUMEHITIKOMIO Ta rMiLepuHy 3MeHLUyBana metabonivyHy
aKTMBHICTb Ha 25%. IHky6auis knituH D. salina y PVS He BnnvBana Ha JOCNIAKYBaHWUA NMOKA3HUK.

KntouoBi crnoBa: KpiokoHCepByBaHHS!, MiKpOBOZOPOCTI, KPiO3aXUCHI PO34MHU, TOKCUYHICTb, MeTabomnivyHa akTUBHICTb.

Abstract: Development of protocols for cryopreservation of microalgae Chlorococcum dissectum Korshikov and Dunaliella
salina Teodoresco requires selection of effective cryoprotectants and their concentrations. One of the stages of choosing the optimal
concentrations of cryoprotectants is determining the degree of toxicity for cells at the equilibration stage. Solutions of dimethyl
sulfoxide, ethylene glycol, ethanol, glycerol (5-30%) and modified PVS1 and PVS2 (50 and 75%) were used in the research. The effect
of cryoprotective compounds was determined by the resazurin reduction test. The least damaging effect on the Ch. dissectum cells
was made by a 10% solution of glycerol. Treatment of the samples with ethanol and dimethyl sulfoxide solutions reduced metabolic
activity by 31-33%, the ethylene glycol ones did by 50%. Incubation in 75% modified PVS1, 50 and 75% PVS2 solutions reduced
the metabolic activity by more than half compared to the control. Ethanol was the most toxic cryoprotectant for D. salina cells. Exposure
of cells to the solutions of dimethyl sulfoxide, ethylene glycol and glycerol reduced metabolic activity by 25%. Incubation of D. salina

cells in PVS did not affect the studied index.

Key words: cryopreservation, microalgae, cryoprotective solutions, toxicity, metabolic activity.

MikpoBogopocTi 00’€AHYIOTh HYHCIEHHY TpPYITy
MEPEeBaXHO MOPCHKUX a0 MPICHOBOAHUX €yKapio-
TUYHUX MIKpPOOPraHi3MiB 13 pi3HOMaHITHOIO OyIO-
BOIO. 3a3BHYail BOHM NPUCYTHI y BEIMKIH KiJIBKOCTI
B ekocHucreMax 1 € e(eKTHBHUM Oi0iHAMKATOPOM
HaBKOJIMIIHBOTO CepeloBHIIa (HANpUKIaA, 3MiHH
KIiMary Ta eBTpodikarii). 34aTHICTh JO CHHTE3Y
OpraHIYHUX PEUOBHH 3 HEOPTaHIUYHUX, Oararwii Oio-
XIMIYHMM CKJIaJ, BHCOKA IIBHJKICTh BIJHOBJICHHS
Ta JIaOlIbHICTF OOMIHHHMX TIPOIECIB y KIITHHAX €
MIATPYHTSAM JUIsSi KOMEPIIIHOTO 3aCTOCYBaHHS 3 Me-
TOI0 OTPUMaHHS JOOpPUB Ta KOPMiB, BUKOPUCTAHHSI
y XapuoBiii, (apmaleBTU4HIA, KOCMETHYHIH Mpo-
MHCIIOBOCTI [3, 6, 8, 12], OuyHIIEHHS CTIYHHUX BOJ
Ta BUpoOieHHs Oionanusa [1, 7]. [onoBHa mepeBa-

ra MPOMHUCIOBOIO0 BUKOPUCTAHHS BOZ[OpOCTCﬁ — Ic
|
IHCcTUTYT npobnem kpiobionorii i kpiomeanumHn HAH Ykpainn, m. Xap-
KiB, YkpaiHa

*ABTOp, AKOMY HEOOXiAHO HaACHMNaTU KOPEeCNOoHAEHLlo:
Byn. MNepesicnaecbka, 23, M. XapkiB, YkpaiHa 61016;

Ten.: (+38 057) 373-74-35, cakc: (+38 057) 373-59-52
enekTpoHHa nowTta: k.vozovik@gmail.com

Haginwna 22.10.2022
MpunHaTa o apyky 27.02.2023

Microalgae are the large group of mainly marine
or freshwater eukaryotic microorganisms with va-
rious structures. Usually, they are present in large
quantities in ecosystems, being an effective envi-
ronmental bioindicator (for example, climate change
and eutrophication). The ability to synthesize or-
ganic substances from inorganic, rich biochemical
composition, high rate of restoration and lability
of metabolic processes in cells is the basis for
commercial use in order to obtain fertilizers and
feed, usage in food, pharmaceutical and cosmetic
industries [3, 6, 8, 12], sewage treatment and biofuel
production [1, 7]. The main advantage of industrial
use of algae is a reduction in the load on natural eco-
systems, most of which are currently largely exhaus-
ted.

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

*To whom correspondence should be addressed:
23, Pereyaslavska str., Kharkiv, Ukraine 61016;
tel.:+380 57 373 7435, fax: +380 57 373 5952
e-mail: k.vozovik@gmail.com

Received 22, October, 2022
Accepted 27, February, 2023

© Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences of Ukraine, 2023
© Publisher Publishing House ‘Akademperiodyka’ of the National Academy of Sciences of Ukraine, 2023

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.



3MEHILEHHS HaBaHTaKCHHS Ha MPUPOJHI €KOCHCTe-
MU, OUTBIIICTE 3 IKUX Ha JaHUW 4ac 3HAYHOIO MipOIO
BHCHaKEHI.

VY 3B’A3Ky 3 HEpCHEKTUBHICTIO BHKOPUCTAHHSI
MIKPOBOAOPOCTEH y SIKOCTI IPUPOAHUX TIPOTYTICHTIB
010JTOTIYHO BaXUIMBHUX CIOIYK Hapasi IOCTae MmoTpe-
0a B po3po0IIeHHI €()eKTUBHHX CIIOCO0IB 30epiranHs
HaWOUTBII Ba)UIMBUX TaKCOHIB. OCHOBHOIO METOIO
Oyab-KO1 cTparerii 30epeskeHHs1 01000’ €KTIB € ra-
paHTisi TOTO, WO KYJIBTYpH OyOyTh perpe3eHTa-
TUBHMMHU JUIsSl IHTAaKTHOTO 130JIATY, HE MAaTUMYTbh
MOpQOIOTIYHNX, (QYHKIIOHATBHUX Ta TEHETUYHUX
3miH [10].

IcTopryHO KOJNEKIiHHI 3pa3ku MiKpOBOAOPOCTEH
MIATPUMYBAJIUCS 3a JIOIIOMOIOI0 3BUYAalHUX Cepild-
HUX CYOKYIBTYp. BUTbIIiCTh TOCTITHUKIB BUKOPHCTO-
BYIOTh JaHWU CIIOCIO y TOMY BHIAJKY, KOJIU 3a/lisHa
BIZIHOCHO HEBEJMKa KiIbKICTh 00’€ekTiB. HesBaxaroun
Ha 3pYYHICTH TAKOTO ITiIXOMY, BiH HE MOXKe 3a0e3Ire-
YUTH MIKPOOIOJIOTIYHY «YHUCTOTY» Ta MOBHY TapaH-
TiI0 TeHEeTHYHOI 4M (DYHKIIOHAIBHOI CTaOUIBHOCTI,
TOOTO BHKOHATH OCHOBHI YMOBHM PO3BHTKY OioTex-
HOJIOTIYHOTO CEKTOpA.

IcHye HeBenuka J10Ka3oBa 0a3a CTOCOBHO (eHO-
TUMOBOI Ta (YHKLIOHAJIBHOI CTAaOUIBHOCTI MIKpO-
BOJOPOCTEH MPOTATOM JAECATHIITH, OJHAK BOHA HE
BJIACTHBA OLIBIIOCTI MEPCIEKTUBHUX TAaKCOHIB, 0€3-
IepepBHE KYJIbTUBYBAHHS SIKUX [IPU3BOIUTH 10 MOP-
(horeHeTHYHUX 3MIH Ta BTPATH 3[aTHOCTI JO IPO-
IyKyBaHHS KOMEPIIHHO BaKIMBHX METaOOIITIB [7,
10].

KpiokoncepByBaHHS sIK crioci0 30epiraHHs KHT-
TE€3aTHUX KJIITHH, TKAHKH Ta OPraHi3MiB 3a HaIHU3b-
KHX TeMIlepatyp (3a3Bu4aii mpu TeMineparypi piJkoro
azoty (—196°C) uu B itoro mapax (—156°C)) € ontu-
MaJbHUM Ul JOBTOTPHUBAIOTO 30EpEKEHHS KHT-
TE€3IATHOCTI, T'€HETHYHOI Ta (YHKIiOHANbHOI cTa-
OLTBHOCTI KIIITHH MikpoBogopoctet [10, 11, 13].

[Iponenypa KpioKOHCEpPBYBaHHSI BKIJIIOYAE Pi3HI
MiATOTOBYI €TaIu: XOJIOI0BE 3arapTyBaHHS, KyJIbTU-
BYBaHHs Ha BiJNOBIIHHUX MOXHMBHUX CEpPElOBHIIAX,
JOlaBaHHs KPIO3aXUCHUX CIOJIYK, OXOJOIKCHHS,
30epiradHs Ta BiIHOBJICHHS pocty KimituH. CIrifm 3a3-
Ha4YHTH, 10 Ha KOXKHOMY 3 €TaIliB MOXKEe BiIOyBaTUCS
TpaBMyBaHHs KiiTuH [10, 11].

Mera poOOTH — BU3HAYCHHS IOIIKOIKYBAJIh-
HOT IIii pi3HUX KOHICHTpALill MEepCIeKTUBHUX Kpio-
3aXMCHUX PO3YMHIB Ha KIITHHU MiKpOBOIOPOCTEMH
Chlorococcum dissectum Korshikov ta Dunaliella
salina Teodoresco mns po3poOneHHS €(hEeKTUBHOTO
MIPOTOKOITY iX KPIOKOHCEPBYBaHHS.

Marepianu Ta MmeToaHn
Kymerypu wmikpoBogopocteit Ch. dissectum Ta
D. salina 6ymm otpumaHni 3 Konektii kadhenpu 6orta-
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Due to the possibility of using microalgae as
natural manufacturers of biologically important
compounds, it is necessary to develop effective ways
to store the most important taxa. The main goal
of any strategy for preserving the bio-objects is to
guarantee that cultures will be representative for intact
isolates, will not have morphological, functional and
genetic changes [10].

Historically, the collection samples of micro-
algae are maintained using conventional serial sub-
cultures. Most researchers use this method when
a relatively small number of objects is involved.
Despite the convenience of this approach, it cannot
ensure microbiological microbiological ‘purity’ and
a complete guarantee of genetic or functional stability,
which is necessary to meet the basic conditions for
the development of the biotechnological sector.

There is a small evidence for the phenotypic and
functional stability of microalgae for decades, but
it is not common for most promising taxa, conti-
nuous cultivation of which leads to morphogenetic
changes and loss of ability to produce commercially
important metabolites [7, 10].

Cryopreservation as a way of storage of viable
cells, tissues and organisms at low temperatures
(usually at liquid nitrogen temperature (—196°C) or
in vapors (—156°C)) is optimal for long-term preser-
vation of viability, genetic and functional stability
[10, 11, 13].

The cryopreservation procedure includes various
preparatory stages: cold hardening, cultivation in the
relevant cultivation media, adding cryoprotective
compounds, cooling, storage and restoration of cell
growth. It should be noted that at each of the stages
there may be injury to cells [10, 11].

The aim of this study was to determine the
damaging effect of different concentrations of pro-
mising cryoprotective solutions on the cells of the
Chlorococcum dissectum Korshikov and Dunaliella
salina Teodoresco for the development of effective
protocol of their cryopreservation.

Materials and methods

Cultures of microalgae Ch. distectum and D. salina
were obtained from the collection of the Department
of Botany of V.N. Karazin Kharkiv National University.

Cultivation of cell suspensions. Cell suspension
with a volume of 15 ml was cultured before the
start of the stationary growth phase in 250 ml
Erlenmeyer glass flasks (StarLab, Kyiv) (Ch. dis-
sectum) and 50 ml cultural bottles with a venti-
lation cap (TPP, Switzerland) (D. salina) at tempe-
ratures (25 + 2)°C and round-the-clock light with
white fluorescent light 52.84 pmol photons m?s!
without aeration [14].
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HikM XapKiBChKOTO HAI[IOHAJIBHOTO YHIBEPCUTETY
imeni B.H. Kapaszina.

Kynomusysanns xnimunnux cycnensiti. Kynbru-
BYBaHHSA CYCIEH3IMHHX KyasTyp 00’eMoM 15 mn
3MIACHIOBAIM IO TIOYaTKy CTaIlioHapHOi (a3m poc-
Ty B 250 mir ckissHEX KoimOax Epnenmetiepa (Star-
lab, KuiB) (Ch. dissectum) Tta 50 MI KyIbTypaib-
Hux ¢uakonax 3 Bentwianiero (TPP, LlBetinapis)
(D. salina) 3a temneparypu (25 + 2)°C 1 npu wi-
701000BOMY OCBiTIIEHHI OinmuM  (iryopecteHTHUM
cBimioMm 52,84 MkMmonb (oToHIB M *c”' Oe3 aeparil
[14].

Knituan Ch. dissectum XynbTHBYBanM Ha pil-
KoMy noxuBHoMy cepenosuiii BX-11 [3], D. sa-
lina — na cepenoBuii Pamapaii [16]. HakonmuaenHus
OioMacy BH3HAYallM IIISXOM TMiJPaxXyHKY KiTBKOCTI
KIIITHH y Kamepi [ opsesa.

Busnauenns moxkcuuHocmi  Kpio3axucHux pos-
yynie. Y poOOTI TOCITIKYBATH BIUTHB KPi03aXHUCHUX
cepenoBHII ABOX rpyn. Jlo mepmioi rpynu yBidIUIN
PO3YHMHHU MPOHUKHHUX KPIOMPOTEKTOPIB [5], siKi 3a3-
BUYail BUKOPHCTOBYIOTh JIJIsl IOBIJIBHOTO OXOJIO/KEH-
vsi: qumetwicyibdokcun (AMCO), eTHUIIeHITIKOIb
(EI'), ermnoBuii crnupt (EtOH) y kiHIeBUX KOH-
uentpauiax 5, 10, 15%, mminepun (I7]) y xinnesii
konuentpauii 10, 15, 20 ta 30%. Hpyry rpyny ckia-
M 34aTHI A0 CKJIyBaHHS PO3YMHM, SKi BUKOPHC-
TOBYIOTBCSL JUISI KPIOKOHCEPBYBAaHHS POCIMHHUX
00’exTiB MeTomoM BiTpudikarii (PVS): momudikosa-
muit PVS1 (22% 71 + 13% 1,2-npomineHnimikomnto +
+13% EI' + 6% JIMCO + 0,4 M caxaposu) Ta PVS2
(30% IJ1 + 15% EI" + 15% AMCO + 0,4 M caxapo-
3M) y KiHIIeBHX KoHIeHTparisax 50 ta 75% [17, 20].
Po3urHM KpioMpOTEKTOPIiB rOTYBAIU HA BiJIIOBIIHUX
MOKMBHUX CEPETOBHIIAX.

3BakalOuMd Ha T€, 110 CY4YacHI METOIU HH3BKO-
TEeMIIepaTypHOro 30epiraHHsl KIITHH MiKpOBOJO-
pocteil yacto MOTpeOyloTh TPHBAJIOr0 KOHTAaKTy 3
KpionporekropuumMu cymimamu [17, 18], ocoOnu-
BO IIiJI 4aC MOBUILHOTO OXOJOMKEHHS 31 IIBUIKICTIO
1 rpan/xB, TepMmiH iHKyOamii 3 AOCTIHKEHUMH PO3-
quHaMH ckiazaas 60 xB.

ITicnsa imKyOartii KITHHA BiAMHBAIH BiI Kpio-
MIPOTEKTOpa Yy BiANOBIAHOMY CEpENOBUINI KYIBTH-
ByBauHA (bBX-11 mna Ch. dissectum, Pamapaii s
D. salina) mnsxoM IBOKPAaTHOTO 3-XBHJIMHHOTO IICH-
tpudyrysanus npu 3000 g.

Busnauenns memaboniunoi axmugnocmi KaimuH.
[TomkomKkyBanpHy [if0 KpiO3aXWCHHUX CIIOJYK Ha
KIITHHU MIKPOBOJOPOCTEH OLIHIOBAJIM 3a MeTado-
niyHOrO akTuBHICTIO (Alamar Blue-tect (AB-tecr))
[9]. Kynbrypy ximituH 06’emom 200 MKI momimain
y 96-nynkoBi rmanmery (Starlab, Ykpaina). Jlo kox-
Ho1 mpobu momaBasm 20 Mk OapBHHKa Alamar Blue
(Serotec Ltd, CIIA). 3pa3ku inkydyBaym 20 romgmH
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Ch. dissectum was cultivated on BG-11 liquid
medium [3], D. salina was cultivated on Ramaraj
medium [16]. Biomass accumulation was determined
by counting the number of cells in a Goryaev cha-
mber.

Determination of the toxicity of cryoprotective
solutions. The effect of cryoprotective media of two
groups was studied in this work. The first group
included the solutions of permeable cryoprotectants
[5], commonly used for slow cooling: dimethyl
sulfoxide (DMSO), ethylene glycol (EG), ethanol
(EtOH) in final concentrations of 5, 10, 15%, glycerol
(GL) in final concentrations of 10, 15, 20 and 30%.
The second group consisted of the solutions capable
of vitrification, which are used for cryopreser-
vation of plant objects by the vitrification me-
thod (plant vitrification solutions (PVS)): modified
PVS1 (22% GL + 13% 1,2-propylene glycol + 13%
EG + 6% DMSO + 0.4 M sucrose) and PVS2
(30% GL + 15% EG + 15% DMSO + 0.4 M sucrose)
at final concentrations of 50 and 75% [17, 20].
Solutions of cryoprotectants were prepared with
appropriate culture media.

Considering that current methods of low-
temperature storage of microalgae cells often require
prolonged contact with cryoprotective mixtures
[17, 18], especially during slow cooling at a rate of
1 deg/min, the incubation period with the studied
solutions was 60 min.

After incubation, the cells were washed from
the cryoprotectant in the appropriate culture medium
(BG-11 for Ch. dissectum, Ramaraj for D. salina)
by two-fold 3-min centrifugation at 3000 g.

Determination of metabolic activity of cells.
The damaging effect of cryoprotective compounds
on microalgae cells was assessed by metabolic
activity (Alamar Blue test (AB test)) [9]. Cell culture
with a volume of 200 pl was placed in 96-well
plates (Starlab, Ukraine). Each sample was supple-
mented with 20 pl of Alamar Blue dye (Serotec
Ltd, USA). The samples were incubated for 20 hrs
in a thermostat without access to light at 28°C.

The amount of reduced dye was determined by
the fluorescence intensity of reduced resazurin using
a Tecan GENios plate spectrophotometer (Tecan
Inc, Austria) at a wavelength of 550 nm. The ob-
tained data were processed using the XFLUOR4
v.4.50 software.

The concentration of cells in samples of the
corresponding culture was the same and amounted to
1.61 x 108 cells/ml for D. salina and 1.20 x 10® cells/
ml for Ch. dissectum. An intact culture was used as
a control.

The results were statistically processed using the
Past V.3.15 software (University of Oslo, Norway).
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y TepMocTaTi 0e3 IOCTymy CBiTJa 3a TeMIeparypH
28°C.

Kinbkicte BigHOBIEHOTO OapBHHMKA BH3HAYAIN
3a I1HTCHCHBHICTIO (IIyOpECUEeHIlii BiJHOBIEHOTO
pe3a3ypuHy Ha IDIAHIIETHOMY CIIEKTPOQOTOMETPI
«Tecan GENios» (Tecan Inc, ABCTpisl) mpu TOBKHHI
xBui 550 am. OTpuMani naHi 00pOOIISIN 3a TOTI0-
mororo nporpamMu «XFLUOR4 v.4.50».

KoHmieHTpariist KIINTHH y 3pa3kax BiANOBIIHOT KyJlb-
Typu Oysa omHaKoBow i cranoBmia: 1,61 x 10° ki/min
s D. salina ta 1,20 x 10® xn/mn g Ch. dissec-
tum. Y SIKOCT1 KOHTPOJIIO BUKOPHCTOBYBAJIHM IHTAKTHY
KYJBTYDY.

Craructnany o0poOKy pe3yibTariB 31iHCHIOBATIH
3a gonomoroto nporpamu «Past V.3.15» (YuiBepcu-
teT M. Ociio, Hopgeris). Buznauanu cepenne 3HaYeH-
HS Ta cTaHjapTHe BinxwmieHHS (M £ o). 3Ha4yIIicTh
PI3HHII MIXK IMOKa3HUKAMH OIIHIOBAIH 33 KPUTEPIEM
Teroki. PizuumIrio Mk BHOIpKamMyl BBaXkaw 3HAUY-
oo mpu p < 0,05.

Pe3yabTaTn Ta 06roBOpeHHs

OcHOBHa MeTa J0/IaBaHHS KpPiOMPOTEKTOPIB [0
010JIOrYHUX 00’ €KTIB — 3aro0iraHHs ITOLIKO/KEH-
HIO KIIITHH Iif] 9ac 3HW)KEHHS TEMIepaTypH HIKYe
TOYKHM KpHCTati3auii BOAM, MPH OMY BUKOPUCTaH-
HSl KPIO3aXMCHUX PEUOBHUH OOMEXKYETHCS iXHBOIO
TOKCHYHICTIO

Kpionporekropy BBaXKatOThCsI TOKCUYHHUMH, SKILIO
BOHH TIOIIKO/DKYIOTh KIITHHHI MemOpanu, JIHK,
OiuTok abo 1HII MaKpOMOJEKYIH, BIUIMBAIOTH Ha
(yHKiro GpepmenTiB, MiTOXOHpiH. EQexTu, sKki BBa-
JKAIOTBCSI PE3yJABTaTOM TOKCHYHOCTI, HAcIpaBll €
BUSIBIICHHSIM OCMOTHYHOTO IIIOKY, OKHCHIOBaJbHO-
ro crpecy a0o IHIIMMHU IE HE3 SCOBAaHUMH TPUYH-
HamH. TOKCHYHICTH MOKe OyTH cHenu(piduHO0 Ui
KOHKpPETHOI KPi03aXMCHOI CHONYKH a00 HACIHiIKOM
ixHBOI il (HecrenupiyHa TOKCUYHICTB) [4].

[lig wac aHamizy pe3yabraTiB IOCIHIDKEHHS He-
00XiTHO BpPaxOBYBaTH €KCIIEPUMEHTaJIbHI yMOBHU
(Temrieparypa, KOHIIEHTpAIlisl, TPHUBAJICTh BILIUBY
Ha 61070TiYHI 00’€KTH), BUJI PO3YMHHUKA Ta METOI
BHU3HAUYCHHS KUTTE3NATHOCTI KITITHH [4].

Y poGoTi BHUKOPUCTOBYBAIHM KpPiOMPOTEKTOPH,
AK1 POHUKAIOTh Yepe3 KIITHHHI MeMOpaHH, BXOAATh
o ckiany pisHux PVS. JlaHi pedoBUHM YCHILITHO
3aCTOCOBYIOTBCSl JUII KPIOKOHCEPBYBaHHS PI3HUX
pocarHHUX 00’ €KTiB Ta MiKpoBogopocTei [5, 15, 19].

Ha puc. | mpeacraBieHO BIUIMB Pi3HUX KOH-
LEHTpaii KpionpOTEKTOPiB Ha BiJTHOBJICHHS pe3asy-
puny kiitunamu Ch. dissectum. Ilokaszano, mo yci
JOCII/PKEH! CTHONYKH B KOHIIGHTPAIiSX, SKi BHKO-
PHUCTOBYBAJIM B €KCIIEPUMEHTI, 3HAUYIIE 3HMKYBaJIN
IHTEHCUBHICTh (PITyOPECICHITi BiIHOBJICHOTO pe-
3a3ypUHY.
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The average value and standard deviation (M + o)
were determined. The significant difference between
the indices was assessed by Tukey’s test. The dif-
ference between samples was considered signifi-
cant at p < 0.05.

Results and discussion

The main purpose of adding the cryoprotectants
to biological objects is to prevent cell injury when
the temperature drops below the crystallization
point of water, herewith the use of cryoprotectants
is limited by their toxicity.

Cryoprotectants are considered toxic if they
damage cell membranes, DNA, protein or other
macromolecules, affect the function of enzymes,
mitochondria. Effects thought to be the result of
toxicity are actually manifestation of osmotic
shock, oxidative stress, or other reasons not yet
clarified. Toxicity may be specific to a particular
cryoprotective compound or a consequence of their
impact (non-specific toxicity) [4].

When analyzing the results of the study, it is
necessary to consider the experimental conditions
(temperature, concentration, time of exposure to
biological objects), the type of solvent, and the
method for determining cell viability [4].

We used cryoprotectants penetrating through
cell membranes that are part of various PVS. These
substances are successfully used for cryopreser-
vation of various plant objects and microalgae [5, 15,
19].

Fig. 1 displays the effect of different concentra-
tions of cryoprotectants on resazurin reduction
by Ch. dissectum cells. It was shown that all in-
vestigated compounds in the concentrations used
in the experiment significantly decreased the fluo-
rescence intensity of reduced resazurin.

It was revealed that the exposure of the cell
suspension of Ch. dissectum at the studied con-
centrations of EtOH significantly reduced the
metabolic activity according to the AB test relative
to the control (by 30-40%). No significant diffe-
rence between the effect of 5% and 10% EtOH
solutions was found. The decrease in this index in
a 15% EtOH solution was significant compared to
a 5% one and did not differ at the level of error
compared to 10% solution (Fig. 1, Table 1).

The addition of EG at the studied concentra-
tions to microalgae cells halved the fluorescence of
reduced resazurin. There was no significant diffe-
rence in metabolic activity after using EG solu-
tions of 5, 10, and 15%; it decreased to 47-54%
(Fig. 1, Table 1).

Exposure of the cell suspension to the indicated
solutions of DMSO led to a decrease in their meta-
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BcranoBneHo, 110 eKcro3uiis
cycnensii kit Ch. dissectum 'y
JOCII/PKYBAaHUX KOHIICHTPAIISX
EtOH 3Hauyme 3MmeHIryBaja
MeTaboIYHy aKTHBHICTh 32 AB-
TECTOM IO BiJHOIICHHIO JI0 KOH-
tpomro (Ha 30-40%). 3rauymioi
pizaUIi Mk miero 5 ta 10%-x
posunHiB EtOH He BuHsABICHO.
3MEeHIIeHHs BKa3aHOTO MMOKa3HU-
kay 15%-my po3unni EtOH Gyno
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pe3asypuHy, ylé)CD/nyHKa
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Fluorescence intensity of reduced

KoHTponb
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IHTEeHCUBHICTb chrniyopecLieHLUii BIiGHOBNEHOrO

3HAYYIIUM MOPIBHSHO 3 5%-M Ta 3000
He BIJIPi3HsIIOCS Ha PiBHI OXUO-
ku Bix 10%-ro pozuuny (puc. 1,

2000
Taom. 1). 0

HonaBanus EI' y mocmimxy-
BaHUX KOHIIEHTPAIIisIX IO KIIITHH
MIKPOBOIOPOCTEH BIBIYUI 3MEH-
IIyBaJIO  (pITyOPECIICHITII0  Bill-
HOBJICHOTO pPE3a3ypHHy. 3HaTy-
101 PI3HHUII y MOKa3HUKAX Me-
Ta0OMIYHOI AKTUBHOCTI IMiCJIs
BUKOpHCTaHHA po3unHiB EI" 5,
10 ta 15% He cmocrepirajiocs,
BOHa 3MeHIyBanacs 10 47-54%
(puc. 1, Tabm. 1).

Excnosumist cycrieHsii KIIITHH y BKa3aHUX pPO3-
guHax JIMCO mpusBoamia 10 3HIKEHHS iXHBOT
metabomiyHoi axkTuBHOCTI Ha 32-36% BIiITHOCHO
KOHTpOJtO (Taby. 1), 30UIbIICHHS KOHIEHTPALi
3 5 mo 15% 3Hauymie He 3MIHIOBAJIO IHTEHCHB-
HICTh (pJIyOpPECIEHI[T BIJIHOBJICHOTO pe3a3ypUHYy
(puc. 1).

HaiiGinpmmii moka3HUK IHTEHCUBHOCTI (uryopec-
ueHuii 0yno orpumano st 10%-ro po3unHy Diine-
puny (puc. 1). IligBumieHHsS KOHIIEHTpaIii IHOTO
Kkpiomporekropa a0 15, 20 ta 30% 3MeHIIyBano Mme-
TaboniyHy akTHUBHICTh Ha 30—35% BiAHOCHO KOHTPO-
o (Tabm. 1).

Ha pumc. 2 nHaBemeHO pe3ynabTaTH BHU3HAYEHHS
BIUIMBY PI3HMX PO3YHHIB KPIOMPOTEKTOPiB Ha iH-
TEHCUBHICTh (NIyOPECILEHIIIT pe3a3ypuHy, BiTHOBJIC-
Horo kmituHamu D. salina. TlokazaHo, 10 KyJIBTY-
pa 1i€i MIKPOBOJIOPOCTI BUSBUIACH OUIBII CTIHKOIO
70 Jii yciX IOCHiIKyBaHMX KPiO3aXMCHUX PEUOBUH
MOPiBHSHO 3 Kynbrypoto Ch. dissectum.

Tak, nomaBanHst 10 kyastypu D. salina EI' Ta
JIMCO y xonuentpanii 5 ta 10% He BIMBanoO Ha
IHTEHCHBHICTB ()ITyOPECIIEHIIi1 Bi/THOBICHOTO pe3a3y-
pUHY TIOPiBHSHO 3 KOHTPOJIEM, TOJI SK €KCTIO3MIIis
KIITHH Y PO3YMHAX IUX KpiomporekropiB 15% 3Ha-
qyIe 3MEHITyBaJia JaHWH MOKa3HUK (puc. 2), CIo-
CTepiraqu TPUTHIYCHHS META0OJIIYHOI aKTHBHOCTI
MOPIBHIHO 3 KOHTposieM 70 87 Ta 82% BiIMOBIIHO
(tabm. 1).
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KoHueHTpauia kpionpotektopa, %
Cryoprotectant concentration, %

Puc. 1. IHTeHCcHBHICTL bniyopecueHLii pe3asypuHy, BiAHOBNEHOro KNiTUHa-
mMu Ch. dissectum, 3a fii pi3HUX KOHUEHTpaLili: A— eTUNoBOro CnupTy, ® —
€TUMEHINIKON, X — AMMEeTUNCcynbdoKcnay, m — rniuepuHy;* — pisHunus
3HayyLla BiAHOCHO KoHTponto, p < 0,05.

Fig. 1. Fluorescence intensity of resazurin reduced by Ch. dissectum cells,
under the influence of various concentrations: A — ethanol, e — ethylene
glycol, x — dimethyl sulfoxide, m — glycerol; * — significant difference compared
to the control, p < 0.05.

bolic activity by 32-36% relative to the control
(Table 1); an increase in the concentration from
5 up to 15% did not significantly change the fluo-
rescence intensity of reduced resazurin (Fig. 1).

The highest fluorescence intensity was obtained
for 10% glycerol solution (Fig. 1). An increase in
the concentration of this cryoprotectant to 15, 20
and 30% reduced the metabolic activity by 30-35%
relative to the control (Table 1).

Fig. 2 shows the results of determining the
effect of different solutions of cryoprotectants on
the fluorescence intensity of resazurin reduced
by D. salina cells. It was shown that the culture
of this microalga was more resistant to the influen-
ce of all studied cryoprotectants compared to the
Ch. dissectum culture.

Thus, the addition of EG and DMSO at concentra-
tions of 5 and 10% to the D. salina culture did
not affect the fluorescence intensity of reduced
resazurin compared to the control, while the ex-
posure of cells to 15% solutions of these cryopro-
tectants significantly reduced this index (Fig. 2),
there was the inhibition of metabolic activity to
87 and 82%, respectively, vs. the control (Tab-
le 1).

The metabolic activity of D. salina cells signi-
ficantly decreased after the addition of 15-30%
GL solutions, and an increase in the cryoprotectant
concentration within the indicated range did not
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Tabnuusa 1. MetabonivyHa aktuBHicTb Ch. dissectum Ta D. salina 3a fiji pi3HNX pO34MHIB KPiONPOTEKTOPIB
Table 1. Metabolic activity of Ch. dissectum and D. salina under the influence of various solutions of cryoprotectants

MeTaboniyHa akTUBHICTb KNITUH 3a Aii KpionpoTeKTopiB, % BiAHOCHO KOHTPOO
. . . o Metabolic activity of cells under the influence of cryoprotectants,
KpionpoTektop KoHueHTpauia KplOI‘IpOTeKT(-)pa, % 9% relative to the control
Cryoprotectant Cryoprotectant concentration, %
Ch. dissectum D. salina
K
OHTPOTIE - 100 + 1,39 100 + 7,34
Control
10 81 + 4,02* 91 + 13,6
. 15 71 + 2,99*# 79 + 3,49*
niuepuH
Glycerol 20 67 + 5,5* 76 + 1,08*
30 66 + 4,87* 75 £ 1,17**
5 69 + 3,46* 81 + 1,39*
E o
Tanosa cupr 10 64 + 5,55% 69 + 1,23%*
Ethanol
15 58 + 3,18*# 64 + 1,13*#
5 67 + 3,97* 97 + 4,0
Aumetuncynedhokcua 10 68 = 4,43* 89 + 5,73
Dimethylsulfoxide
15 64 + 3,11* 82 + 3,22*#
5 54 + 2,89* 93 + 11,29
Erwnenrnione 10 49 + 2,38* 91 + 5,66
Ethylene glycol
15 47 + 1,66* 87 + 4,568*

MpuMiTKK: * — pi3HMUS 3HaYyLLa BiAHOCHO KOHTPOIO, # — pi3HMLA 3HaYyLla MNOPIBHAHO 3 MiHIManbHO KOHLEHTpaLieo

KpionpotekTopa, p < 0,05.

Notes: * — significant difference compared to the control, # — significant difference compared to the minimum concentration

of cryoprotectant, p < 0.05.

MetabosiyHa aKTUBHICTh KiiTUH D. salina 3Ha-
4ylie 3HWKyBajiacs Tmmicis noxaBanHs 15-30%-ro
po3uuny [JI, mpu doMmy MiJBHINCHHS KOHIICHTpPAILIil
KpIOTIPOTEKTOpa y 3a3HAYCHOMY Jliana3oHi JT0JaTKO-
BO HE 3MIHIOBAJIO IHTEHCUBHICTH (uryopectienitii. J{o-
naBanHs [JI y konnenTpartii 10% He BUSBISIIO MOII-
KOJDKYBAJIBHOT JTii Ha KIiTHHU (pHC. 2, Tabm. 1).

Haii0iapr  TOKCHYHUM KPiOTPOTEKTOPOM IS
xmtuH D. salina BusBuBcs EtOH, sxuit y mocmin-
JKyBaHWX KOHIIEHTPAIIAX 3HAYyIIe 3HIKYBaB IHTEH-
CUBHICTH (PITyOopecIeHIIii BiIHOBIEHOTO pe3a3ypHuHy,
MIPU YOMY ITiJIBUIICHHS HOTO BMICTY Y PO3YHHI TIPU3-
BOJIMJIO JI0 OLIbIII0T BUpaxeHoi aii (puc. 2, Tadi. 1).

Ha puc. 3 moka3aHo BIUIMB Pi3HMX KOHIIEHTpa-
uid moxudikoBanoro PVS1 ta PVS2 nHa inTeHCHB-
HICTh (hIyopecleHIii BiJHOBIEHOTO pe3a3ypHHy B
kmituHax Ch. dissectum. BusgsneHo, 1o gomaBaHHS
momudikoBanoro PVS1 ta PVS2 y koHmeHTparisx
50% 3Hauylle 3HIKYBAJO 1HTEHCHUBHICTH (uryopec-
LeHIIi1, 3017bIIeHHsT KOHIIEHTpaIlil KpiOIpOTEKTOPiB
10 75% nomaTKoBO 3MEHITYBAJIO JaHUW TTOKAa3HHK.

npob6nemu Kpiobionorii i KpiomeanumHn
problems of cryobiology and cryomedicine

Tom/volume 33, N/issue 1,2023

further change the fluorescence intensity. The ad-
dition of GL at a concentration of 10% had no
damaging effect on the cells (Fig. 2, Table 1).

The most toxic cryoprotectant for D. salina cells
was EtOH, which at the studied concentrations
significantly reduced the fluorescence intensity
of lowered resazurin, while an increase in its con-
centration led to a more noticeable effect (Fig. 2,
Table 1).

Fig. 3 shows the effect of different concentrations
of modified PVS1 and PVS2 on the fluorescence
intensity of reduced resazurin in Ch. dissectum.
It was found that the addition of modified PVSI
and PVS2 at concentrations of 50% significantly
reduced the fluorescence intensity, and an increase
in cryoprotectant concentration up to 75% further
diminished this index.

A decrease in metabolic activity of Ch. dis-
sectum after exposure in solutions of 50 and 75%
modified PVS1 compared to the control was 33
and 61%, respectively. A more than two-fold reduc-
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KoHTponto, p < 0,05.

Fig. 2. Fluorescence intensity of resazurin reduced by D. salina cells, under
the influence of various concentrations: A — ethanol, e — ethylene glycol, x —

L tion of the studied index
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© 19000 - was shown after incuba-
g | Korrpors tion of cells in 50 and 75%
o 18000 1 control
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;§5> 22 15000 - in 50% modified PVSI
C . . .
“I:’rg g Z. 14000 showed no significant dif-
8?: e ference compared to the
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Cryoprotectant concentration, % shed the fluorescence in-
Puc. 2. IHTeHCUBHICTb (hryopecueHLuii pe3asypuHy, BiAHOBMEHOro KniTMHammu tensity of reduced resa-
D. salina, 3a pii pisHUX KOHUEHTpaUili: A— eTU0BOro CNUPTY, ® — eTUIEeHrMiKo- zurin (Fig. 4).
n, X — AnMeTuncynbMoKkcuay, m — rniuepuHy; * — pisHMuA 3HavyLa BifHOCHO The metabolic activity

of D. salina after exposure
to 50% modified PVSI1

dimethyl sulfoxide, m — glycerol; * — significant difference compared to the control, did not differ significantly

p <0.05.

from the control values.
Increasing the PVSI1 con-

3meHmeHHss MetaboiiuHoi aktuBHocTi Ch. dis-  centration to 75% and cell incubation in 50 and 75%
sectum micis excro3uuii y poszunHax Moaugiko- PVS2 solutions reduced the studied parameter by
BaHoro PVS1 50 ta 75% mnopiBusiHO 3 koHTponeMm 5% (Table 2).

ckiamano 33 ta 61% BiAOBIAHO. 3HMKEHHS
JOCITIPKYBAHOTO TTOKA3HHUKA ORI HIXK YABIi
MOKa3aHo Miciis 1HKyOauii kmitud y PVS2 50
ta 75% (Taodmn. 2).

Hocmipkennst  ¢imyopecueHuii  BiJHOBIIE-
HOTO pe3asypuHy micns excriosuuii D. salina
y 50%-my MmomudixoBanomy PVSI moxasa-
JI0 BIJICYTHICTb 3HAYYIIOi Pi3HULI MOPIBHSHO
3 KoHTposieM. lligBUIIEHHS KOHLEHTpaLii
PVS1 no 75% BUKIHNKaI0O 3HUKEHHS JaHOTO
nokazuuka. JlogaBanus PVS2 y kxoHueHTpa-
misx 50 ta 75% no cycmeHsii KIITHH 3Ha-
qyIie 3MEHIIYBaJI0 IHTEHCHBHICTH (Iryopec-
IIeHIII{ BITHOBJIEHOTO pe3asypuny (puc. 4).

Meraboniyna akTuBHICTh D. salina micis
excrio3utii y 50%-my moaudikosanomy PVS1
3Hauyllle He BiJpi3HsIacs BiJ KOHTPOJIBHUX
3Ha4eHb. 30UTbIICHHS KoHIeHTpamii PVSI
10 75%-B Ta iHKyOauis kiaitTuH y 50 Ta 75%-x
pozunHax PVS2 3HmKyBamm mocmipKyBaHU
Moka3HuK Ha 5% (Tadm. 2).

JocmimkeHHsT BIDIMBY KPiOTPOTEKTOPIB
pI3HUX KJIaciB XIMIYHHX CHOJIYK Ha >KHT-
Te3MaTHICTh MikpoBomopocter Ch. dissectum
ta D. salina, Bu3HadeHy 3a AB-tectom T0-
Kazamo HacTynHe. HaiOinpmn cTiikoro 0
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Puc. 3. IHTeHCcuBHiCTb bnyopecueHuii pe3asypuHy, Bia-
HoBNeHoro knitmHamu Ch. dissectum 3a Aii pi3HUX KOH-
ueHTpauin PVS: m — mogudikosaHum PVS1, e — PVS2;
* — pi3HMUA 3HaYyLWa BiAHOCHO KOHTponto, p < 0,05.

Fig. 3. Fluorescence intensity of resazurin reduced by
Ch. dissectum cells, under the influence of various
concentrations of PVS: m — modified PVS1, e — PVS2;
* — significant difference compared to the control, p < 0.05.
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Iii yciX MOHO- Ta 0araTOKOMIOHEHTHHX Kpio-
MIPOTEKTOPIB Yy MOCHIIKYBaHUX KOHIIEHTPALisX
BUSIBUIIACH MIKPOBOJOPOCTH D. salina. 3a nokas-
HUKaMHU 1HTEHCUBHOCTI ()IyOpECUEHIlil B Kyib-
Typi KIITHH MeTabolliyHa aKTHBHICTH Oyma He
Hx4ue 64% Bi KOHTPOIBHUX 3HAYCHD.

Pesynbratu BHBYEHHS BIUIMBY HHU3BKOMO-
JIEKYISIPHUX KPIOTPOTEKTOPIB Ha KIITHHU MiK-
poBogopocti Ch. dissectum mokasaiy, 10 Hai-
MEHIIY TOIIKO/KYBIBHY [iI0 Ha IXHIO MeTa-
OoniyHy akTUBHICTH 4MHUB po3uuH [JI. Ilicms
00poOku 3paskiB pozumHamu EtOH i JIMCO
BCTaHOBJICHO 3HIKCHHS METaOOoNiuHOI aKTHB-
HOCTI 3a TIOKa3HUKaMH IHTEHCHUBHOCTI (QIIyo-
pPECUeHIIi BiIHOBIEHOTO pe3a3ypHHy Ha PiBHI
67-69% Big 3HaueHb KOHTPONI. HaiOinbin
TOKCHYHUM BusBHBCS EI, skuii Maiikxe BByl
3HIKYBAB JOCIIIKYBaHUN IIOKA3HUK.

Peakriist mikpoBomopocti Ch. dissectum Ha
OKpeMi HH3BKOMOJIEKYISIPHI  KP1OIPOTEKTOpH
MOXE IMOSICHUTH BIUIMB 0araTOKOMIIOHEHTHUX
Kpi03aXMCHUX PO3YHMHIB HA META0OIIYHY aKTHB-
HicTb. Taxk, sixmo [J11 IMCO 6ynu ManoTokcny-
HI 10 BIOHOWIEHHIO 10 KiaiTuH Ch. dissectum, 10O
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Puc. 4. IHTeHCUBHICTb (bniyopecueHLii pe3asypuHy, BigHOB-
neHoro kniTuHamu D. salina, 3a Aii pisHUX KOHUEHTpauin
PVS: m — mogudikosanun PVS 1, ¢ — PVS 2; * — pis-
HMUSA 3Ha4vywa BiAHOCHO KoHTponto, p < 0,05.

Fig. 4. Fluorescence intensity of resazurin reduced by
D. salina cells, under the influence of various concentrations
of PVS: m — modified PVS1, e — PVS2; * — significant
difference compared to the control, p < 0.05.

MOXKJIMBO, IO i B ckinaji PVS BoHu He OyAyTh YMHUTH
BHPaXEHY TOIIKOKYBTBHY Hif0. Sk Oys10 mokazaHo
Ha puc. 1, EI' 0yB Tokcuaamm mist Ch. dissectum Bxe
y 5%-11 KOHIIEHTpaIlii, 110 MOXKE TIOSICHUTH HEBUCOKY
THTEHCHBHICTH (piIyopeclieHIlii Bi/IHOBICHOTO pe3asy-
PHHY Micis A1l pO3YHHIB, 31aTHUX J0 CKITyBaHHS.
Bupaxkene 3MeHIICHHsT METa0OIIYHOT aKTHBHOCTI
(tabn. 2) micnsa excriosuii kiitHH y 50 Ta 75%-Mmy

From a study of the effect of cryoprotectants of
different classes of chemical compounds on the via-
bility of microalgae Ch. dissectum and D. salina,
determined by AB-testt, the following was found.
The microalgae D. salina turned out to be the most
resistant to the influence of all mono- and mul-
ticomponent cryoprotectants in the studied concent-
rations. In terms of fluorescence intensity in cell

Tabnuusa 2. MetaboniyHa aktuBHicTb Ch. dissectum 3a gii mogndikoaHoro PVS1 ta PVS2
Table 2. Metabolic activity of Ch. dissectum under the influence of modified PVS1 and PVS2

Po3umH, wo BiTpndikyeTbCA KoHueHTpauia PVS, %

MeTaboniyHa akTUBHICTb KNiTUH 3a Aii PVS, % BifHOCHO KOHTponto
Metabolic activity of cells under the influence of PVS, % relative to the control

Vitrification solution PVS concentration, %
Ch. dissectum D. salina

KowTpone - 100 + 4,73 100 + 1,98

Control
50 67 + 8,18* 94 + 5,47

PVS1 (MmoandikoBaHuit)
PVS1 (modified)

75 39 + 2,65%# 94 + 0,76*
50 49 + 4,89* 94 + 2,60*

PVS2
75 43 + 2,08* 94 + 3,21*

MpuMiTKKU: * — pi3HMUS 3Ha4YyLla BiAHOCHO KOHTPOItO, # — pi3HULA 3HaYyLLa NOPIBHSHO 3 MOYATKOBOK KOHLEHTPALieto

KpionpoTtekTopa; p < 0,05.

Notes: * — significant difference compared to the control, #— significant difference compared to the initial concentration of

cryoprotectant; p < 0.05.
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po3uuHi PVS2 MoxHa MOSCHUTH OibIl BHCOKOIO
koHieHTpamiero EI' y #ioro ckmami (7,5 ta 11,3%
BinmoBifHO). OnHAaK AaHi MOKAa3HUKK Oyin Jemio
BHIITUMH 3a Taki micns aii 75%-ro MoaudikoBaHOTO
PVSI.

Crmix 3a3Ha4MTH, MO0 BUCOKA CTIHKICTH KYIBTY-
pu D. salina no nii mogudikoBanoro PVSI i PVS2
OYEeBHU/IHO 3yMOBJIEHA i1 TOJEPAHTHICTIO A0 OKPEMHX
CKJIAJIOBUX ITUX PO3YHHIB.

TakuM YMHOM, HaWMEHIIUA MOUIKOJXKYBaJb-
Hull BruiB Ha KinitHHUA Ch. dissectum auauB 10%-ii
pozunH [JI. OOpoOka 3paskiB pozumHamu EtOH
i JIMCO 3meHmryBasa MeTaOOJIUYHY aKTHUBHICTb
Ha 31-33%, EI' — na 50%. lakyOanis y 75%-my
moaudikosanomy PVS1 Ta 50 i 75%-x pozumnax
PVS2 mpusBogmna 10 3HIKEHHS MeTaOOoNIiqHOl
AKTUBHOCTI OUTBII HIDXK y/ABiYi TOPIBHIHO 3 KOH-
TposieM. Ha#OimbIm TOKCHYHHM KpPiOIIPOTEKTOPOM
Uit KyneTypu D. salina BUSIBUBCSI €THIIOBHIA CITHPT.
Excnozumist ximitue 'y posumHax JMCO, EtOH,
EI' ta IJl 3menmyBama MeTaOoJi4Hy AaKTHBHICTbH
Ha 25%. IukyOauis kmitud D. salina B 3a3Ha4eHUX
KOHIEHTpalisX po3uuHiB PVS He BruimBama Ha
JIOCITI/PKYBaHHH MTOKa3HHUK.

Buxonsum 3 oTpuMaHHX pE3y/ibTarTiB y MOJallb-
oMy HeoOXiJTHO BU3HAYUTH BILTMB PVS Ha xmiTuHM
MIKPOBOZOPOCTEH 3a PI3HUX TEPMIHIB EKCIO3MIIil,
SIKi BUKOPHCTOBYIOTBCS Y METOMIaX BiTpUQiKallii.

Pesynsrati poboTH BaKIMBI I PO3pOOIICHHS
e(DeKTUBHUX IPOTOKOIIB KPIOKOHCEPBYBAHHS IOC-
JPKYBaHUX KYJIBTYP 32 BUKOPHUCTAHHSA TOBUTEHUX
MIBUIKOCTEH OXONIOMKEeHHS. HaiOinmpm mepcmex-
TUBHUMH MO)KHa BBakatu po3umuu [JI ta JIMCO,
SIKI YMHWJIM HaWMEHINY TOIIKO/DKYBaJIbHY K0 Ha
etari ekBiniOpanii sk Ch. dissectum, Tax i D. salina.

BucHoBku

Ha mincraBi oTpuMaHUX JaHUX BCTaHOBJICHO,
o kiituHu D. salina 6inbun cTifiki 10 Ail ycix Io-
CIIJUKYBaHUX KpiO3aXMCHUX PO3YHHIB IOPiBHSIHO
3 ximituHamu Ch. dissectum.

ETtunenniikons HaBiTh y KOHICHTpamii 5% 3HU-
Ky€e MeTa0oIuHy aKTHBHICTh KITHH Ch. dissectum
Maibke y ABivi, Tofi Ak excrio3uis y 10%-my po3s-
YHHI TIHEPUHY BHSBISIE HAWMEHIN BHPAXKCHY IIIO.
OO0OpoOka 3pa3kiB PO3YMHAMHU €TAHOJIY 1 JUMETHII-
cyib(OKCUTy 3HIIKYE METa0OJIUHYy AKTUBHICTh Ha
31-33% mnopiBHSHO 3 KOHTposIeM. [HKyOais KIiTHH
Ch. dissectum 13 po34MHAMH, MO BITPUPIKYIOTHCS,
MoKa3zaja HalMEHIIy MOLIKO/UKYBaJbHY Jil0 MO-
mudikoBanoro PVS1 y konnenTpanii 50%, 3HMKEHHS
MeTa0oIuHOI aKTUBHOCTI cTaHOBMIO 33% mopiBHS-
HO 3 KOHTPOJIEM.

Haif0inpIr TOKCHYHUM KPiOTPOTEKTOPOM IS
KynbTypu D. salina BUSBHUBCS €TWJIOBHU cTUPT. Ex-

22

culture, the metabolic activity was not lower than
64% of the control values.

The response of microalgae Ch. dissectum on
individual low-molecular-weight cryoprotectants can
explain the effect of multicomponent cryoprotective
solutions on metabolic activity. For example, if GL
and DMSO were of low toxicity towards Ch. dissec-
tum, they would not likely to have a striking dama-
ging effect as part of PVS. As shown in Fig. 1, EG
was toxic for Ch. dissectum even at 5% concent-
ration, which could explain the low fluorescence
intensity of reduced resazurin after the action of
vitrifying solutions.

A pronounced decrease in metabolic activity
(Table 2) after cell exposure to 50 and 75% PVS2
solution can be explained by a higher concentration
of EG in its composition (7.5 and 11.3%, respecti-
vely). However, these values were slightly higher
than after the influence of 75% modified PVS1.

It should be noted that the high resistance of
the D. salina culture to the influence of modified
PVS1 and PVS2 is obviously caused by its tolerance
to individual components of these solutions.

Thus, the least damaging effect on Ch. dissectum
produced a 10% GL solution. Treatment of samples
with EtOH and DMSO solutions decreased metabolic
activity by 31-33%, and EG by 50%. Incubation
in 75% modified PVS1 and 50 and 75% PVS2
solutions resulted in a more than twofold decrease
in metabolic activity compared to the control. Ethyl
alcohol occurred to be the most toxic cryopro-
tectant for the D. salina culture. Cell exposure
to DMSO, EtOH, EG, and GL solutions reduced
metabolic activity by 25%. Incubation of D. sa-
lina cells in the indicated concentrations of PVS
solutions did not affect the studied parameter.

Proceeding from these findings, further research is
needed to determine the effect of PVS on microalgae
cells at different exposure times used in vitrification
methods.

The research results are important for the
development of effective protocols for cryopre-
servation of the studied cultures using slow cooling
rates. The GL and DMSO solutions, which had the
lowest damaging effect at equilibration stage on
both Ch. dissectum and D. salina cells, may be
considered the most promising.

Conclusions

On the basis of the obtained data, the cells of
D. salina were established to be more resistant to
the influence of all studied cryoprotective solu-
tions compared to the cells of Ch. dissectum.

Ethylene glycol, even at a concentration of 5%,
reduces the metabolic activity of Ch. dissectum
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CHO3ULIS KIITHH Yy PO3YMHAX JTUMETHICYIIb(OK-
CHIly, CTHJICHIVIIKOJIIO Ta IIILEPUHY 3MEHLIYE IIO-
Ka3HUKH MeTaOOoNliYHOI aKTHBHOCTI MEHIEe HDXK Ha
25%, y pozunnax PVS — Ha 5%.
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cells almost twice, while exposure in a 10% solu-
tion of glycerol causes the least pronounced effect.
Treatment of the samples with solutions of ethanol
and dimethyl sulfoxide reduces metabolic activity
by 31-33% compared to the control. Incubation
of cells Ch. dissectum with vitrifying solutions sho-
wed the least damaging effect of modified PVS1
at a concentration of 50%, the decrease in meta-
bolic activity was 33% compared to the control.

Ethanol was the most toxic cryoprotectant for
D. salina culture. Exposure of cells to dimethyl
sulfoxide, ethylene glycol and glycerol solutions
reduces metabolic activity by less than 25%, and
by 5% in PVS solutions.
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