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Reliable preservation of microalgae cultures and creation of genetic banks of strains is one of the impor-
tant tasks of modern biology. To date, 792 collections of various cultivated organisms from 76 countries
are registered in the catalog of the World Federation for Culture Collections in the WDCM CCINFO
database. This is the most extensive consolidated database of culture collections, which includes both
well-known large collections and small repositories of research and educational institutions from all
over the world. The database contains 47 algological collections and 80 collections of various mi-
croorganisms, which also include microalgae and cyanobacteria cultures. Only 30 biological collec-
tions are registered in Russia, from which only 13 contain algae strains. The most common technique
of microalgae cultures storage is the method of their periodic re-sowing onto liquid media or agar.
It is used in 127 collections (99 % of the total number in the catalog). Other methods used are: cry-
opreservation — in 33 collections (27 %), lyophilization — in 13 (11 %), L-drying — in 5 (4 %), freez-
ing —in 19 (16 %), and immobilization in alginate beads — in 1 (0.8 %). However, when using these
methods, there is a change in morphological and functional features of cells of the cultures stored, as well
as their shredding. In addition, cultures maintaining in a viable state is time-consuming and requires
expensive equipment. Preservation of microalgae, transferred to the state of anhydrobiosis by dehydra-
tion, is simple and cost-effective. Anhydrobiosis is a deep and long-term inhibition of metabolism, re-
versible under favorable conditions; it is a quite common phenomenon in nature. The only collection
in the WDCM CCINFO database that applies the method of transferring cells to a resting state (for soil
algae) is the collection of algae cultures of the National University of Kyiv (ACKU WDCM 994). Many
years of experiments on the transfer of microalgae to the state of anhydrobiosis allowed us to develop
a method of long-term preservation of microalgae without the use of nutrient media. This technique in-
cludes cells transfer to the state of anhydrobiosis, their preservation in a dehydrated state, and subsequent
removal to an active culture. In order to preserve algological biodiversity, IBSS RAS created a repository
of microalgae transferred to the state of anhydrobiosis, which can be converted to active cultures if nec-
essary. The objects of the repository were marine unicellular algae, as well as freshwater and halobic
species of lower phototrophs which are perspective for biotechnology and aquaculture. The cultures were
obtained as an inoculum from IBSS RAS collection of live cultures of planktonic microalgae. The algae
were grown in an accumulative mode under constant lighting. The biomass was collected during cultivation
of algologically pure microalgae cultures at the growth retardation or at the stationary stage. Cells were
separated from the culture medium by centrifugation or by filtering them on a plankton sieve. Then the al-
gae were dehydrated and maintained in hermetic zipper bags placed in plastic containers of 100 to 500 ml,
at a temperature of +18...+21 °C in the dark in a specially equipped room. The main part of the collec-
tion is represented by strains from the phyla Chlorophyta, Cyanophyta, Bacillariophyta, and Rodophyta.
The list of species, the number of isolates stored, and the information on preservation forms are provided
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in this article. The technological regulations for maintenance and replenishment of the storage of anhy-
drobiotic cultures are described. The repository is at the stage of formation. Its future lies in the fund
expansion to include marine, freshwater, and halobic species. Optimization of the dehydration method
will allow the transfer of microalgae belonging to different systematic phyla to the state of anhydrobiosis.

Keywords: microalgae, anhydrobiosis, viability, dehydration, storage of microalgae and cyanobacteria

One of the important tasks of modern biology is the reliable preservation of microalgae cul-
tures and the creation of genetic banks of strains. According to the catalog of the World Federation
of Cultures, to date 792 collections of various cultivated organisms from 76 countries are registered
in the WDCM CCINFO database [27]. The most common technique of microalgae cultures storage
is the method of their periodic re-sowing onto liquid media [1, 2, 4, 15, 17, 23] or agar [3, 4, 15]. The cat-
alog contains 47 algological collections and 80 collections of various microorganisms, which also include
microalgae and cyanobacteria cultures. The method of periodic re-sowing of microalgae cultures onto lig-
uid media or agar is used in 127 collections (99 % of the total number in the catalog). Other methods
used are: cryopreservation — in 33 collections (27 %) [5, 10, 13, 14, 16, 18, 19, 22, 24, 25, 28], lyophiliza-
tion—in 13 (11 %) [26], L-drying —in 5 (4 %) [21], freezing — in 19 (16 %), and immobilization in alginate
beads —in 1 (0.8 %) [11, 12]. However, when using these methods, there is a change in morphological
and functional features of cells of the cultures stored, as well as their shredding. In addition, cultures main-
taining in a viable state is time-consuming and requires expensive equipment.

Preservation of microalgae, transferred to the state of anhydrobiosis by dehydration, is simple and cost-
effective. Anhydrobiosis is a deep and long-term inhibition of metabolism, reversible under favorable con-
ditions. This phenomenon, quite common in nature, formed the basis for the method of transferring cells
to a resting state. The only collection in the WDCM CCINFO database applying the method of transferring
cells to a resting state for soil algae is the collection of algae cultures of the National University of Kyiv
(ACKU WDCM 994) [3].

Many years of experiments on the transfer of microalgae to the state of anhydrobiosis allowed us to de-
velop a method of long-term preservation of microalgae without the use of nutrient media. This technique
includes cells transfer to the state of anhydrobiosis, their preservation in a dehydrated state, and subsequent
removal to an active culture [6].

The method was tested on prokaryotic and eukaryotic microalgae: on marine, halobic, and freshwater
species. The technique is successfully used in IBSS RAS. A collection of anhydrobiotic cultures of lower
phototrophs, reversible to a viable state and retaining the ability to divide, was created in the Biotechnology
and Phytoresources Department in 2005. The initiator of the collection is PhD R. P. Trenkenshu.

The purpose of creating the collection is the reliable preservation of cultures of lower phototrophs that
are also suitable for creating a genetic bank of strains. The practical importance of the repository is con-
nected with the ability to constantly have viable cultures at our disposal to provide experimental research
work. In future, it is planned to use the collection as a bank of microalgae and cyanobacteria for conser-
vation of rare and endemic species, algae that are rich in biologically active substances and perspective
for application in biotesting, biomonitoring, bioremediation, and scientific and educational process.

MATERIAL AND METHODS

The cultures were obtained as an inoculum from IBSS RAS collection of live cultures of planktonic
microalgae [9]. The algae were grown in an accumulative mode under constant lighting. The biomass
was collected during cultivation of algologically pure microalgae cultures at the growth retardation stage
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or at the stationary stage. Cells were separated from the culture medium by centrifugation at 3000 rpm
on a centrifuge OPN-3-UKhL 42 or by filtering them on a plankton sieve 100 PE [20]. The choice
of filtration method depended on the size of the cells and the trichomes of the lower phototrophs.

The preparation for the preservation was carried out in three ways:

1) to remove salts, the cells were washed from the culture medium first with a solution of ammonium
carbonate and then with distilled water, and after this, the cells were dehydrated;

2) the algae to be stored for a long period were dehydrated along with the culture medium;

3) the cells of lower phototrophs were suspended with protectors.

For each microalga, the preservation was carried out in different ways to be able to conduct a com-
parative analysis of the cells viability of the lower phototrophs stored for a long period and to identify
the optimal method.

At the initial stage, the microalgae were dehydrated at a temperature of +20...4+70 °C in increments
of 10 °C. After a series of experiments, the temperature range of +30...+40 °C was selected [8]. The con-
trol of the residual moisture level was carried out during drying; its values were in the range of 10-17 %
for most dehydrated cells [7]. The dehydrated algae were maintained in hermetic zipper bags placed in plas-
tic containers of 100 to 500 ml, at a temperature of +18...+21 °C in the dark in a specially equipped room.

The repository consists of a box and a room that both serves as an incubation-stabilizing space in front
of the entrance to the storage and is intended for handling samples. An air conditioner is installed in the box
to dry the air and to maintain the set temperature.

All samples are labeled with information on name of the culture, dehydration conditions (temperature
and duration), and date of transfer to the state of anhydrobiosis.

RESULTS AND DISCUSSION

The first collection samples were spirulina tablets given by manufacturers (“Agro-Viktoriya” LTD)
and purchased in pharmacies of the city. The cyanoprokaryotic tablets were reactivated, adapted to cul-
tivation conditions, and transferred to intensive culture. Then, the cultures were subject to re-putting into
the suspended animation. The method was tested on microalgae of different phyla.

To date, 366 samples of dehydrated microalgae cultures from 4 phyla have been put for long-term main-
tenance: cyanobacteria Chlorophyta (Cyanobacteria), green microalgae Cyanophyta, red algae Rodophyta,
and diatom algae Bacillariophyta (Fig. 1).

14%

7%

51%

®m Cyanophyta ®m Chlorophyta @ Rodophyta OBacillariophyta

Fig. 1. Ratio of the number of algae strains from different phyla in IBSS RAS collection of anhydrobiotic
cultures
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The main part of the collection is represented by strains from the phylum Chlorophyta and contains
species Dunaliella salina (Dunal) Teodorescu, 1905, Tetraselmis viridis Rouchijajnen, 1966, Chlorella vul-
garis f. suboblonga V. M. Andreeva, 1975, Chlorella sp., and Scenedesmus sp. Phylum Cyanophyta is rep-
resented by four species (Arthrospira (Spirulina) platensis (Nordstedt) Gomont, 1892, Synechococcus elon-
gates (Nidgeli) Nageli, 1849, Oscillatoria amoena (Kutzing) Gomont, 1892, and Nostoc commune var. flag-
elliforme Bornet & Flahault, 1886); phylum Bacillariophyta — by two species (Phaeodactylum tricornutum
Bohlin, 1897 and Cylindrotheca closterium (Ehrenb.) Reimann et Lewin, 1964); phylum Rodophyta — by one

species (Porphyridium purpurerum (Bory de Saint-Vincent) Drew and Ross, 1965) (Table 1).

Table 1. Taxonomic diversity of cyanobacteria and algae in IBSS RAS collection of anhydrobiotic cultures

= When Number
;i Order Genus Species and where from of samples
A collected/identified stored
Chlamydomonadales | Dunaliella Dunaliella salina Salt lakes of Syvash 126
;ﬁ (Crimea)
E Sphaeropleales Scenedesmus Scenedesmus sp. Accompanying 3
% the cultivation of chlorella
% Chlorodendrales Tetraselmis Tetraselmis viridis The Black Sea 37
= | Chlorellales Chlorella Chlorella vulgaris The Institute of Botany 12
an . .
@) (Kyiv, Ukraine)
Chlorella sp. “Ikhlyas-agroenergiya” LTD 20
Oscillatoriales Oscillatoria Oscillatoria amoena | ldentified while cultivating 2
Spirulina platensis
< Spirulina MSU (Sochi) 94
% (Arthrospira)
B platensis
é Synechococcales Synechococcus | Synechococcus Accompanying 3
% elongates the cultivation
§ of spirulina
O | Nostocales Nostoc Nostoc commune The Institute of Botany 3
(Kyiv, Ukraine)
< | Bacillariales Phaeodactylum | Phaeodactylum The Black Sea 23
; tricornutum
E Cylindrotheca Cylindrotheca Algobank (Caen, France), 3
% closterium the Mediterranean Sea
<
—
=
&)
<
)
<« | Porphyridiales Porphyridium Porphyridium BRI (Saint Petersburg) 74
; purpurerum
n
a9
o
a
o
=
~
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Microalgae and cyanobacteria stored were transferred to state of anhydrobiosis at different dehydration
modes, including temperature and duration of dehydration. Samples of the same algae and cyanobacteria
were dehydrated in different years; they were dehydrated with and without various protectors. This is due
to the fact that the storage time limits have not yet been determined. Forms of lower phototrophs preser-
vation are presented in Figs 2 and 3. In order to determine the physico-chemical changes of microalgae
depending on the storage period, the aliquots of cultures were periodically removed from the collection,
and their biochemical control and reactivation were carried out.

7% 19% 2% 9%

30%

51%
BTablets ®@Flakes ®Powder ©@Salt OFilters @Silica gel

Fig. 2. Forms of microalgae and cyanobacteria preservation for long-term storage

Fig. 3. Appearance of dehydrated samples of microalgae and cyanobacteria stored: a — tablets; b — flakes;
¢ — salt; d — powder; e, f —silica gel; g — filters

In order to preserve the cultures of the lower phototrophs, the following technological regulations
for servicing and replenishing the collection of anhydrobiotic cultures was applied (Table 2).

Optimization of the method makes it possible to transfer microalgae belonging to various systematic
phyla to the state of anhydrobiosis. The technique can be recommended for use in scientific and educational
institutions, as well as in biotechnology, where long-term preservation of strains of museum cultures is re-
quired. At this stage, IBSS RAS repository is unique and has no analogues. The collection of anhydrobiotic
cultures is constantly replenished with new species of lower phototrophs.

Conclusion. IBSS RAS collection of anhydrobiotic cultures is at the stage of formation. Its future lies
in the fund expansion to include marine, freshwater, and halobic species. The development of individual
protocols for dehydration and reactivation will make it possible to transfer microalgae belonging to different
systematic phyla to the state of anhydrobiosis.

Marine Biological Journal 2020 vol. 5 no. 1
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Table 2. Technological regulations for servicing and replenishing the collection of anhydrobiotic cultures
of microalgae and cyanobacteria

Stage Stage name Manipulations carried out
number
I Obtaining * Obtaining an algologically pure culture from a natural population;
the anhydrobiotic culture * culture certification;
* culture adaptation to artificial growing conditions;
¢ intensive cultivation;
« transfer of culture to the state of anhydrobiosis;
 preparation for long-term storage.
I Biochemical control Complex biochemical analysis of the lower phototrophs to be stored for a long
of microalgae period (determination of the content of chlorophylls, total carotenoids,
and cyanobacteria total proteins, carbohydrates, lipids, and nucleic acids).
species preserved
I Storage and control ¢ Identification of living and dead cells of lower phototrophs;
of viability of cultures * biochemical control of samples preserved,;
preserved * reactivation and assessment of ability to grow on liquid media.
v Maintaining a catalog Development of the electronic catalog. It includes information on strain name,
of anhydrobiotic cultures number, preservation form, date of transferring to the state of anhydrobiosis
and dehydration conditions, data on cultivation (including growth characteristics),
results of biochemical analysis before the preservation and during the storage,
information on previous reactivation, and morphological and biochemical
characteristics of algae after reactivation.

This work was carried out within the framework of government research assignment of IBSS RAS “Investiga-
tion of the mechanisms of controlling production processes in biotechnological complexes with the aim of developing

the scientific foundations for the production of biologically active substances and technical products of marine genesis”
(no. AAAA-A18-118021350003-6).
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HangxHoe coxpaHeHue KyJbTyp MUKPOBOJAOPOCHEH M CO3[aHUE T'eHeTUYECKUX OAaHKOB INTAMMOB —
OJlHa U3 BaXXHBIX 3a/]a4 COBpeMeHHOM Ouojioruu. B karanore BcemupHoii defepanuu KyJibTyp B Oase
WDCM CCINFO Ha cerogHsnHui AeHb 3aperucTPUPOBaHO 792 KOJUIEKIIMU PA3IUIHBIX KyJIbTUBHPYE-
MBIX OPraHU3MOB M3 76 cTpaH. DTO camasi OONIMpPHAs CBOJIHASI 0a3a JaHHBIX, BKJIIOYAIONIAs KAK M3BECT-
HBle KPYITHbIE KOJUIEKITUH, TAaK ¥ HEOOJIBIINE X PAHWIIUINA UCCIIeJOBATENbCKUX H 00pa30BaTEIbHBIX yUupe-
KIEHUHN co Bcero mupa. B 6aze mpeacraBieHo 47 anbroJornyeckux KoJuleKIwid u 80 KOJUIEKIUI MUK-
POOPraHU3MOB, KOTOPBIE TaKXe BKJIOYAIOT KYJIbTYphl MUKPOBOJOPOCIEH U nmanoOakTepuid. B Poccun
3aperucTpupoBaHo Beero 30 OUMOTOTMYECKUX KOJUIeKIMIA; (hOHIBI TOJNLKO 13 M3 HUX BKJIIOYAIOT IITaM-
MBI Bojiopociedi. CaMblii paciipoCTpaHEHHbBIM CIIOCOO XpaHEHUsI KYJbTYp MUKPOBOJOPOCIIEN — METO[
UX MEPUOANYECKUX [IEPECEBOB Ha KUAKUE cpeabl wiM arap. Ero ucnonesyior B 127 komnekuusax (99 %
OT O0IIIEro KOJIMYECTBA B Katajiore). Takxke MpUMEHSIIOT KpUOKOHCEpBaIuio — B 33 kojuekiusx (27 %),
mopmmzanuio — B 13 (11 %), L-BeicymiuBanue — B 5 (4 %), 3amopaxkuBanue — B 19 (16 %), um-
MOOWJIM3AIMIO B albrMHATHBIX OycuHkax — B 1 (0,8 %). Mexly TeM NpH MCHOJNBb30BAaHUU ITHUX Me-
TOJOB U3MEHSIOTCS MOpoIornyeckue U (PyHKIHMOHATbHBIE CBOMCTBA KJIETOK COXPAHSIEMBIX KYJbTYP
U MPOMCXOJUT UX M3MeNbuanue. Kpome Toro, moanepxkaHue KyJbTyp B KM3HECIIOCOOHOM COCTOSTHUM
TPYHAOEMKO U TpebyeT oporocrosmiero odopynosanusi. [Ipu 3ToM XpaHeHUe MUKPOBOAOPOCIICH, Tiepe-
BE/IEHHBIX B COCTOSIHUE aHTMIpoOM03a MyTEM MX 00E3BOKMBAHHMSI, IPOCTO U SKOHOMUYECKH BBITOJIHO.
AHrHAPOOU03 — TIIYOOKOE U JUTMTEIbHOE TOPMOXeHUe MeTabomM3Ma, 00paTuMOoe MpU OJIAroMmpUsATHBIX
YCJIOBHSIX; 3TO JIOCTATOYHO PACIIPOCTPAHEHHOE SIBJICHUE B MpHpojie. EquHCTBeHHAs KOJUIeKIUs U3 0a3bl
WDCM CCINFO, a5 KOTOpoil IpUMEHSIOT criocod nepeBoa KJIETOK B IMOKOSILEECs] COCTOSIHUE IYTEM
aHruApodro3a (Ui MOUYBEHHBIX BOAOPOCIEeN) — KOJUIEKIHMs KyJbTyp Bogopociein KueBckoro Haumo-
HaybHOTO yHUBepcuteta (ACKU WDCM 994). MHoroseTHHe OIBITH IO NIEPEBOAY MUKPOBOAOPOCIIEH
B COCTOSTHHE aHTHIpoOH03a TIO3BOJIMIN pa3paboTaTh METO]] MX JUIMTEIBHOTO XpaHeH!s: Oe3 UCIOIb30Ba-
HUS TIUTATEJILHBIX CPejl, BKIIOYAIOIIUIA MEPEBOJI KJIETOK B COCTOSIHUAE aHTUIPOOMO03a, X COXPAaHEHHE B Jie-
TUIPATUPOBAHHOM COCTOSTHUM U IOC/IEAYIOIIEe BbIBEICHUE B aKTUBHYIO KyJbTypy. C LieJblo oAAepxKa-
HUSI aJIbIOJIOTUYecKoro 6ropazHoodpasus Ha 6aze PULL MHBIOM co3naHo XpaHuIuIe MUK POBOAOPOC-
Jiedi, IepeBeICHHBIX B COCTOSIHUE aHTUAPOOM03a; UX MPU HEOOXOIUMOCTH MOKHO BHIBECTH B aKTHBHBIC
KyJIbTypbl. OOBEKTAMH CTaTI MOPCKHE OJJHOKJIETOUHBIE BOZOPOCIIH,  TAaKKe MPECHOBOAHbIC U raJIOOHbIE
BU[IBI HU3IIMX (DOTOTPOQOB, MEPCIEKTUBHbBIE /ISl aKBaKYJIbTYPhl M OMOTeXHONMOrHU. KybTyphl nosyde-
HBI B BUJIE MHOKYJISATA U3 KOJUIEKIIMY KUBBIX KYJIbTYP IUNIAHKTOHHBIX MHUKpoBogopocieir PULL MuBIOM.
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Bogopoci BeIpaluBaiv B HAKOIUTETLHOM PeXUMe MTPU MOCTOSIHHOM OCBellieHnu. bromaccy cobupanu
BO BpeMsi KyJbTUBHPOBAHUS aJbrOJIOTMYECKH YUCTBHIX KYJIBTYP MUKPOBOJIOPOCHIEH Ha CTaJuM 3aMejijie-
HUS pOCTa WJIM Ha CTAlIMOHAPHOM cTaguu. KIIeTKYM OTHeNsv OT KyJIbTypajibHOM cpelibl IeHTpU(yriupoBa-
HUEM WM IyTEM UX (PUIbTPAIMY Ha TUIAHKTOHHOM CHTE. 3aTeM BOJOPOCIH 00E3BOKUBAIN U X PAHUIIU
B TEPMETHYHBIX 3UIUIOK-TIAKETaX, MOMENIEHHBIX B TUIACTUKOBBIE EMKoCTH 00bEMOM oT 100 10 500 M,
nipu temrieparype +18...+21 °C B TeMHOTe B crieliiaibHO 000py10BaHHOM NomenieHnu. OCHOBHAS YacTh
KOJUIEKITUH TIpeicTaBlieHa mramMmMamu u3 otaesioB Chlorophyta, Cyanophyta, Bacillariophyta, Rodophyta.
B cratbe nmpuBeIeHHI CITMCOK BUIOB U KOJTMYECTBO COX PAHSIEMBIX U30JISITOB, MpeCcTaBlieHa MH(OpMATIHsI
0 ¢hopMax XpaHeHHs], ONMCAH TEXHOJIOTMUECKUI perflaMeHT OOCTyKMBAaHUS U TIOTIOJIHEHU ST X PaHIIHIIA
AHrUIPOOUO3HBIX KYJIBTYpP. XPaHWIMINE HAXOAUTCA Ha ctaguu ¢opmupoBanus. Ero Oyayiee cBsizaHo
¢ pacummpeHreM (oHIa 3a CYET MOPCKUX, MPECHOBOJHBIX M TaloOHBIX BUAOB. ONTUMHU3AIMS CIIOCO-
6a 00e3BOXKMBAHUS MTO3BOJIUT NIEPEBECTU B COCTOSTHUE aHTMAPOOM03a MUKPOBOIOPOCIH, OTHOCSIIMECS
K pa3HbIM CHCTEMATHUYECKUM OTIEJIaM.

KuroueBbie c0Ba: MUKPOBOAOPOCIHU, aHTUAPOOUO3, KU3HECIIOCOOHOCTD, JETHIpaTallisl, XpaHeHUE
MUKPOBOJIOPOCIICH U LIMaHOOAKTepHIA

Marine Biological Journal 2020 vol. 5 no. 1



