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Cryopreservation of Spirulina platensis culture

W3yyanu BIUsIHAE Pa3IMYHBIX CKOPOCTEH OXJIAXKICHUs Ha CHOCOOHOCTD K Iponudepalnny CuHe-3eJ1eHoN Bogopociu Spirulina
platensis. Tlony4yeHHble pe3ynbTaThl HOKa3aJld, YTO ONTHMAIBHBIM PEKUMOM KPHOKOHCEPBUPOBAHUS KYIbTYPHI Spirulina platensis
ABJISIETCS OBICTPOE OXJaXIECHHUE IPSIMBIM IOTPY>KEHHEM B KUIKHUH a30T CyCICH3MM KJETOK IOJ 3aIlUTONH KPHONPOTEKTOpa

nuMeTwicyibdokcuna B koHueHrpauuu 10%.

Knrouesvie cnosa: KprokOHCEPBUPOBAHKE, CHHE-3€NICHAs BOIOPOCIb Spirulina platensis, TAMETHICYIIb(QOKCHI.

BuB4au BIUIMB Pi3HUX MIBUAKOCTEH OXOJIOMKEHHS Ha 3MaTHICTH 10 Mpodidepariii cuHbO-3e1eH01 BogopocTi Spirulina platensis.
OrprMaHi pe3yJbTaTH HOKA3aJIH, [0 ONTHMAILHUM PEKUMOM KPIOKOHCEPBYBaHHSI KYJIBTYpH Spirulina platensis € NIBHIKE OXOJIOMKECHHS
HPSIMUM 3aHYPEHHSIM Yy piiKuii a30T 3 CycIieH31€10 KIIITHH ITiJ] 3aXHCTOM KPiOIIPOTEKTOpa ANMETHICYIb(QOKcH Iy B KoHIeHTpauii 10%.

Kniouosi cnosa: xpiokoHCepBYBaHHs, CHHbO-3€JIeHa BOJOPicTh Spirulina platensis, nuMeTUICYIbGOKCH.

The impact of difference cooling rates on ability to proliferation of Spirulina platensis blue-green algae has been studied.
Obtained results have shown that optimal condition of cryopreservation Spirulina platensis culture was rapid cooling by direct
plunging into liquid nitrogen of metal container with cell suspension under the protection of cryoprotectant dimethyl sulfoxide in

10% concentration.

Key-words: cryopreservation, Spirulina platensis blue-green algae, dimethyl sulfoxide.

Cune-3enenas Bomopocib Spirulina platensis ne
TOJIBKO SIBJISIETCSI OOBEKTOM HAayUYHBIX UCCIIEIOBAHUIA,
HO M KYJIbTHBUPYETCS IS HUCIOJNb30BaHUS Kak
nedeOHO-TTPOQUITAKTHYECKHI KOMITOHEHT MTUTAHUS H
B KOCMeTOJI0THH [ 1, 4, 6]. B cBsA3M ¢ 5THM HEOOXOAMMEBI
3¢ (eKTUBHBIE CIIOCOOBI XPAaHEHUsS YHUCTBHIX KYJIBTYP
Spirulina platensis, Ipu KOTOPBIX COXPAHSIOTCS HC-
XonaHble MOP(]OPYHKIMOHATBHBIE CBOWCTBA KIIETOK.

OnHuM 13 3G GEKTUBHBIX METOI0B JI0JTOCPOYHOIO
XpaHEHUS SBISIETCS METOJ XPaHSHUSI MUKPOOPTaHU3-
MOB B KPHOKOHCEPBHUPOBAaHHOM COCTOSTHHH, OJTHAKO
Spirulina platensis OTHOCUTCS K MEKPOBOJOPOCIISAM,
Ype3BHIYAHO YYBCTBHUTENBHBIM K 3aMOPaKHBAHUIO
[3, 8].

Lenb nanHON pabOTHI — M3y4eHHUE U BBIOODP ONTHU-
MaJTBHBIX PEKUMOB KPUOKOHCEPBUPOBAHUSI KYJIETYPBI
Spirulina platensis.

Marepuanbl u meroabl

OObeKT uccienoBaHus — KyibTypa Spirulina
platensis, npenocrasieHnas MHCTUTYTOM OOTaHHUKH
uM. H.I. Xonognoro HAH VYkpaunsl.

Kynbrypy BhIpamiuBalii B MUHEPaJIBHOU cpese
3apyka [5] B konbax eMKoCcThiO 250 MIT IPpH KPyTIIoCy-
TOYHOM OCBEIIEHUHU JIaMIIaMU JHEBHOTO CBETa B
TedeHue 7 CyTOK mpu Temmeparype 25-30 °C.

CycrnieH3uio KJIETOK 3aMOPa)KUBaJid B KOHTEHHe-
pax u3 HeprKaBeIollel ctainu eMKoCcTho 1-10 Mt (Map-
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Spirulina platensis blue-green algae is not only the
object of scientific research but it is also cultured for
use as medical-prophylactic component of food and
in cosmetology. In this connection effective methods
of keeping clean culture Spirulina platensis are
necessary under which initial morphofunctional cell
characteristics are preserved.

One of the effective methods of long-term storage
is the one for storage of microorganisms in cryopre-
served condition but Spirulina platensis belongs to
quite sensitive to freezing microalgae [3,8].

This research aim is study and choice of optimal
cryopreservation regimens of Spirulina platensis
culture.

Materials and methods

The research object is Spirulina platensis culture
provided by the Institute of Botany named after
N.G. Kholodnyy of the National Academy of Sciences
of Ukraine.

The culture was grown in Zarrouck mineral
medium [5] in 250 ml flasks at continuous light of
day light lamps for seven days at 25-30 °C.

The suspension of cells was frozen in 1-10 ml stain-
less steel containers (K-4.00.00-02 and K 4.00.00-03,
Special Design and Technical Bureau with Experi-
mental Unit of the IPC&C) with cooling rate of 0.5;
5.0°C/min down to —70°C with programmable freezer
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ku K-4.00.00-02 u K 4.00.00-03, CKTb ¢ OIT UT1IK u K
HAH VYxpaunusl) co ckopocthio oxnaxnaenus 0,5;
5,0°C/mMuH mo —70°C Ha ycTaHOBKE MPOrPaMMHOTO
3amopakuBanus 6nooowexroB 3M1.00.00.00 (CKTh
c OIT UIIK u K HAH YkpaunHsl) ¢ HOCIEAYIOIIM I10T-
py»keHHeM B xKuakui a30T (—196°C), a Taxke IpsSMbIM
MOTpyKEHHEM KOHTEHHEPOB B JKUAKUH a30T (CKOPOCTh
oxnaxaenus okoio 400°C/muH). B xauecTBe KpHo-
MPOTEKTOPa MCIOJB30BAIH JUMETHIICYIb(OKCH/
(Me,SO) B konuentpanusx 2, 5, 10, 20% u rmuuepun
B KoHIIeHTparun 15%. O6pasiisl oTorpeBaiy Ha BOJis-
Ho#t Oane npu Temneparype 30°C u 3aceBaiu B cpeay
3apyka (0,5 mi1 cycrieH3uu KynbTypsl B 20 M1 cpebl)
JUTSL OTIPEICIICHHs CIIOCOOHOCTH KYJIBTYpPbI Spirulina
platensis k nponudepanuu ((KU3HECTIOCOOHOCTH),
KOTOPYIO OILICHHBAIH BU3YalbHO, (DUKCHUPYS BpEeMs
MOSIBJICHHUSI 3€JIEHOTO MMUTMEHTA, U Ha (POTOIIEKTPH-
yeckoM kanopumerpe ®OK-56M (o onruueckoit
IUIOTHOCTH). MOp(OJOTHIO KYIBTYPhl U3Yy4ald HOA
Mukpockoriom (JIOMO MBU-15Y42).

Craructudeckyro 00pabOTKy IMMOITYYCHHBIX JTaH-
HBIX TpoBOAMIHN 1o MeTony CrhioneHta-dumepa,
JOCTOBEPHBIMU CUYUTAIW PA3IUYUs NaHHBIX IPHU
p<0,05.

Pe3yAbTatbhl M 00Cy)XAeHHe

[Tocrie 3aMOpakUBaHUSI-OTOTPEBA KYJIBTYPbI Spiru-
lina platensis B cpenie pocta 6€3 KPHOIPOTEKTOPA OT-
Me4aJioch pasJielieHne Ha (ParMeHThl Pa3HOM JUTHHBI
1 yMEHBLICHHUE MTOTIEPEYHOr0 pa3Mepa MOAABIISAIONIErO
OOJIBIIMHCTBA HUTEH CHUPYIHHBI (pUCYHOK). Kpome
TOTO, KJIETKH IPUOOPETAIIH JKEJITO-3€JICHYI0 OKPACKY
(sipxo-3eneHass — 1O 3aMOPaKUBAHMSA), YTO CBUJIE-
TEJILCTBOBAJIO O Pa3pyIICHUN XJIOPODMIBHBIX 3EPEH.

Onruueckas IIIOTHOCTH KYJIBTYPBI ITOCTIE 3aMOpa-
KHUBAHHUA-OTOTpEBA 0€3 KPUONPOTEKTOpa MO BCEM
porpamMmam uepes3 9 CyTok KyJIbTHBHPOBAHUS ObLi1a
JOCTOBEPHO HMKE MO CPABHEHHIO C IOKA3aTessIMU
ONTHYECKON MIIOTHOCTH, TIOJTyYCHHBIMH P KyJIbTH-
BUPOBAaHHU HATHBHOM KYJIBTYPbI B TCUCHHUE 3-X CYTOK.
CKOpOCTh OXJIXKACHUS KYJIBTYpPHI IIPU 3aMOPAXKH-
BaHHU 03 KPUOIPOTEKTOpa MO-pa3HOMY BIIHUsIIA Ha
nponudepanuio kiaetok. [lpu oxmaxaeHun co ckopo-
ctbto 0,5°C/MUH nepBbIe MPU3HAKH POCTA CIIUPYIHHBL
OTMEYaJIUCh Ha 9-€ CYyTKH, TP CKOPOCTH OXJIAXKIICHUS
5°C/MuH ¥ ipH OBICTPOM OXJIAXKICHUU — Ha 7-€ CYTKHU.
Ha 9-¢ cytku nponudepaTrBHas akTHBHOCTb Spirulina
platensis, KpHOKOHCEPBUPOBAHHOM 0€3 KPHUOIIPOTEK-
TOpa, ObUIa OAMHAKOBO HU3KOH BO BCEX BapHaHTaX
OXJIQXJICHUS: IOCTOBEPHBIX PA3TUYUN B ONTUYECKOU
IUIOTHOCTH Ha 9-€ CyTKH KyJIbTHBHPOBAHUS HE OTME-
yanocsk (Tabnuma).

ITpu ucnosnb3oBannu Me,SO nocne 3aMopaxu-
BaHMS-0TOTPEBa COXPAHSIIACHh CTPYKTYpa HUTEH CIIH-
PYJMHBI, NX HOTEPEYHbIN AUAMETP U3MEHSIICS B MEHb-
IIe CTENIeHH 110 CPAaBHEHHMIO C KJIETKAMH, 3aMOPOKEH-
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of biological objects ZM1.00.00.00 (Special Design
and Technical Bureau with Experimental Unit of the
IPC&C) with consequent plunging into liquid nitrogen
and also direct one of the containers into liquid nitro-
gen (cooling rate about 400°C/min). As a cryoprotectants
dimethyl sulfoxide (Me,SO) under concentrations of
2, 5,10, 20% and 15% glycerol solution were used.
The samples were warmed on water-bath at 30°C and
were inoculated in Zarrouck medium (0.5 ml culture
suspension in 20 ml medium) for assessment of ability
of Spirulina platensis culture proliferation which was
visually appraise by fixing the time of green pigment

B C

Mopdonorus kynbrypsl Spirulina platensis: a— iHTaKTHas
KyJbTypa; 0 — KyJIbTypa IOClie 3aMOPaKUBAHHS IIPSIMBIM
HOTPY>KEHUEM B a30T 0€3 IPUCYTCTBHUSI KPUONPOTEKTOPA U
OTOTPEBA; B — KYJBTypa MOCIIE 3aMOPAKUBAHHS TIPSIMBIM
TIOrpy’KeHHEM B a3oT B npucytcteun 10% Me,SO u oro-
rpesa.

Morphology of Spirulina platensis culture: a — intact cul-
ture; b — culture after freezing by direct plunging in nitro-
gen without cryoprotectant and warming; ¢ — culture after
freezing of direct plunging in nitrogen in presence of 10%
Me, SO and warming.
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HBIMHU 0€3 KPHOIIPOTEKTOPa, OKpacka He3HAYUTENbHO
OoTIuYanachk oT KOHTpois. [Ipu KynbTUBUPOBaHUU
ONTHUYECKAs TUIOTHOCTH JIOCTOBEPHO YBEIUYHBAIACH
B 2-3 pa3a 110 CpaBHEHMIO C KyJIbTYypOil, 3aMOPOKEH-
HOI 06€3 KpUOIIPOTEKTOpA.

Haubonee BBICOKYIO CKOPOCTB pOCTa KYIBTYpPHI
Spirulina platensis ociie 3aMOpa’KUBaHMSI-OTOTPEBA
¢ npumenenueM Me SO nabmromanu mpu MCHoNb-
30BaHHMU OBICTPOTO OXJIKJICHUSI.

[Mocne KpHOKOHCEPBUPOBAHUSI HE3aBUCHUMO OT
CKOPOCTH OXJIQXKJEHHUs M KOHIEeHTpanuu Me,SO
WHTUOUpOBaNachk mpoiudeparuBHas aKTUBHOCTh
Spirulina platensis B TeueHue 3-X CyTOK KyJIbTHUBHU-
pOBaHMSI IO CpaBHEHUIO ¢ KOHTpojieM. [Ipu nanpHei-
1IeM KyJIbTUBUPOBaHWU OOHApyKEHO AOCTOBEPHOE
OTCTaBaHKE B HAKOTUIEHUH OMOMacchl 00pa3ios (B 1,5
pasa), KpHOKOHCEPBUPOBAHHBIX MO 3amuToi 20%
Me, SO no cpaBHEHHIO ¢ KIETKAMHU, KDMOKOHCEPBH-
poBanHbIMU 1O 3amuToi 10% Me,SO.

Onrtndeckas MIIOTHOCTD KYJNBTYpHI Spirulina platensis mocie 3aMOpaXUBaHUs C
Pa3IMYHBIMH CKOPOCTAMH OXJIAXKACHUS M KOHUEeHTpanusayMu Me SO, otorpesa u

KYJIbTUBUPOBAHUA

Optical density of the Spirulina platensis culture after freezing with various
cooling rates and Me,SO concentrations, thawing and culturing

appearance, and with FEK-56 M photoelectric calo-
rimeter (for optical density). Morphology of culture
was studied under the microscope (LOMO MBI-15U42).

Obtained data were statistically processed with the
Student-Fisher’s method, statistically significant
differences were at p<0.05.

Results and discussion

After freeze-thawing of Spirulina platensis culture
in growth medium without cryoprotectant the dividing
into fragments of different length and reduction of
cross-sectional dimension of the majority of spirulina
strands were found (Fig.1). As well the cells gained
yellow-green coloring (brilliant-green before freezing)
which testified to destruction of chlorophyll grains.

Culture optical density after freeze-thawing with-
out cryoproctectant for all programs after 9 days of
culturing was significantly lower in comparison with
those indices, obtained at culturing of native culture
during 3 days. Culture cooling
rate during freezing without
cryoprotectant differently
affected cell proliferation. At
0.5°C/min cooling rate the first

growth signs of spirulina were

HpOAOA}KI/ITeAIé{OCTL' KyABTUBUPOBAHUS,CYT noted at the 91h day, at 5°C/min

CkopocTb ulturing, days ; g

oxraRACHIA Ko;}[.xel;g)a;.m;{ cooling rate and at rapid cool-
. ' e,SO, % .

C/aman M50 3 5 7 9 ing at the 7" day. At the 9" day
Coohng'rate, concentfzation % th lif ti tivit £
C/min ' OnTnyeckas MAOTHOCTb, X =SX e. pro 1Ieration ?c ity o

Optical density, x=Sx Spirulina platensis cryopre-
P served without cryoprotectant
P 0,359+0,022 | 06730030 | 0,968+0,020 | 1933%0,126 . .
Control was identically low at all cool-
Bes ing variants: significant diffe-
KpHOTpOTEKTOpa - - - 0,158=0,010 rence in optical density at the
Mo eryoprotectant 9t culturing day was not noted
0,5
10 009002 | 01220010 | 0253%=0,030 | 0,613%0,030" (Table).
With the use of Me SO after
20 - 0,087+0,010 |  0,15+0,01 0,2520,01"2 .
freeze-thawing the structure of
Bes spirulina strands preserved,
KPHUOIPOTEKTOpa — — 0,08+0,02 0,132%+0,010 : : : :
No cryoprotectant their crogs-sectlonal d1rpens1on
5 changed in a less extent in com-
—_ 1 1 . .
10 0,163%0,020 | 0,277%0,020' | 0,587=0,050 parison with the cells frozen
20 - 0,00=0,01 | 0,153=0,010'2 | 0,323=0,030'2 Wltho}“ cryoprotectant, the
coloring was insignificantly
Bes 1
KPUOIPOTEKTOpa — — 0,053%+0,040 0,17+0,01 dlffer_ed fI'OIl'l the COI‘ltI:Ol. At
No cryoprotectant culturing an optical density was
400 significantly increased in 2-3
10 - 0,393%0,010 | 0,477%0,030' | 0,963=0,080' . . ) .
times in comparison with the
20 - 0,183%0,030 0,310,012 0,560,041 culture frozen without cryopro-

IMpuMeyaHust: ' — CTaTHCTHYECKH JOCTOBEPHBIC PA3IHYMS C JTAHHBIMH [0 3aMOPAXHBAHUIO-
oTOrpeBy 0e3 KpHOIPOTEKTOpa HPH JaHHOW CKOpPOCTH oxyaxaenus, p<0,05; * — craruc-
TUYECKH 10CTOBEPHBIE Pa3In4Ms C JaHHBIMHU 110 3aMOPa’KUBAHUIO-OTOTPEBY B IIPUCYTCTBUH

10% Me,SO npu nanHok ckopocTn oxnaxaenus, p<0,05.

Note: ! — statistically significant differences with the data about freeze-thawing without
cryoprotectant at set cooling rate, p<0,05; ? — statistically significant differences with the
data about freeze-thawing at 10% Me,SO presence at the fixed cooling rate, p<0,05.
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tectant.

The highest growth rate of
Spirulina platensis culture after
freeze-thawing with Me, SO
was observed when using of
rapid cooling.
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[Tpu n3yveHnn BIUSHAS KPHOKOHCEPBUPOBAHHS Ha
KyneTypy Spirulina platensis Ha pa3HBIX CpOKax ee
Pa3BUTHSI HE YCTAHOBJIECHO AJOCTOBEPHBIX Pa3InUUi B
Pa3BUTHH [TOCIIE 3aMOPAKUBAHUA-OTOTPEBA KaK 3-Cy-
TOYHOH, TaK U 7-CyTOUHOH KyJIbTyphl OAMHAKOBOMN
KOHLEHTpauuu 1moxa 3amutod 10% Me,SO: npu
MOCJIEOYIOIEM KyJIbTUBUPOBAHUU 3aMOPOXKCHHOM-
OTTassHHOM 3-X M 7-CyTOUHOU KyJIBTYphI Ha 3-U CyTKH
oInTHYecKas INIOTHOCTL cocTarisuia 0,260 u 0,270
cOOTBETCTBEHHO. C MPaKTUIECKOI TOUKH 3pEHHS IPU
HEOOXOAMMOCTH CO3MIaHUs OOJBIIOTO 3amaca oopas-
LIOB Ie71eco00pa3H0 KPHOKOHCEPBHPOBATH 7-CyTOY-
HYIO KYJIBTYPY, TaK Kak 110 CPaBHEHHIO C 3-CYyTOYHOM,
OHa JIaeT S-KpaTHBIA MpUPOCT OmomMacchl. JlanpHei-
miee KyJIbTHBUPOBAHUE MPHUBOIUT K OCIU3HEHHUIO
KYJBTYPBI U CJIOKHOCTSIM B €€ UCIIOJIb30BaHNU.

Yepes ron XxpaHeHHs B JKHIKOM a30Te KyJIbTypa
Spirulina platensis, 3amopoxennas ¢ Me, SO B koH-
uentpanuu 10%, Obu1a xu3HecnocooHa. [Ipu mocese
JAHHOHM KyJbTYpBI IOCJIE OTOrpeBa HabIIOmanach
3a/IepKKa pocTa Ha 3-4 JTHS 10 CpaBHEHUIO ¢ 00pa3-
LIaMH, OTOTPETBIMH CPa3y MOCIIE 3aMOPAKUBAHHSL.

Hcnonp3oBaHue B Ka4eCTBE KPUOMPOTEKTOPA TIIH-
LIEPUHA, ITUPOKO MPUMEHSIEMOT0 B KPHOOHOJIOTHYEC-
KO MpakTuke [2], He AaJo MOMI0KUTEIbHBIX Pe3yibTa-
TOB TIPU KPUOKOHCEPBHPOBAHUU CIIUPYIHUHBI, POCT
KyJIBTYpBI IOCTIE OTOTPEeBa HE HAOIIOAAIICS.

BbiBOADI

Taxkum 00pa3om, BBICOKAsi COXPAaHHOCTh KIIETOK
KyNbTYpBl Spirulina platensis Ipu KpUOKOHCEPBH-
poBaHuM obecmeuynBantach 3aMOPaXKMBAaHUEM C
OBICTPBIM OXJIAXKICHUEM (IIPSIMOE MOTPy>KeHUE 00pas3-
OB B JKHJIKHUI a30T) MOJ 3aIIUTON KPHOIPOTEKTOPa
Me,SO B konnentpauuu 10%. ITocne rona xpanenuns
npu temneparype —196°C kynbrypa Spirulina
platensis, KXpHOKOHCEPBUPOBAHHAS 10 BBIICYKA3aH-
HOMY PEXHMY, OCTaBAJIACh KU3HECIIOCOOHOH.
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After cryopreservation independently on cooling
rate and Me,SO concentration Spirulina platensis
proliferation activity was inhibited during 3 days’
culturing in comparison with the control. During
subsequent culturing there was found statistically
significant delay in accumulation of biomass of the
samples (in 1.5 time) cryopreserved under protection
of 20% Me,SO if compared with the cells cryopre-
served with 10% Me,SO protection.

When investigating the cryopreservation effect on
Spirulina platensis culture at different terms of its
development there were no found statistically
significant differences in development after freeze-
thawing of both 3 days’ and 7 days’ cultures of similar
concentrations under protection of 10% Me,SO:
during subsequent culturing to the 3™ day an optical
density made 0.260 and 0.270 correspondingly. From
practical point of view, if necessary to create the big
stock of samples it is expedient to cryopreserve the 7
days’ culture, since if compared with 3 days’ one it
gives 5-fold increment of biomass. Further culturing
leads to culture sliming and problems in its using.

One storage year later the Spirulina platensis
culture frozen with 10% Me,SO in liquid nitrogen,
was viable. During inoculation of this culture after
thawing there was observed growth delay by 3-4 days
if compared with the samples warmed just after
freezing.

Glycerol use as a cryoprotectant, which is widely
applied in cryobiological practice [2], did not provide
positive results during cryopreservation of spirulina,
culture growth after thawing was not observed.

Conclusions

Thus, high survival of Spirulina platensis culture
cells during cryopreservation was provided by freezing
with rapid cooling (direct plunging of samples into
liquid nitrogen) under cover of Me SO cryoprotectant
in 10% concentration. One storage year later at —196°C
Spirulina platensis culture cryopreserved according
to above mentioned regimen remained alive.
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