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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 liq-
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…+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).

28%

51%

7%

14%

Cyanophyta Chlorophyta Rodophyta Bacillariophyta

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 (Nägeli) Nägeli, 1849, Oscillatoria amoena (Kutzing) Gomont, 1892, and Nostoc commune var. flag-
elliforme Bornet & Flahault, 1886); phylum Bacillariophyta – by two species (Phaeodactylum tricornutum
Bohlin, 1897 andCylindrotheca 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

Ph
ylu

m

Order Genus Species
When Number

and where from of samples
collected/identified stored

CH
LO

RO
PH

YT
A

Chlamydomonadales Dunaliella Dunaliella salina Salt lakes of Syvash 126
(Crimea)

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

(Kyiv, Ukraine)
Chlorella sp. “Ikhlyas-agroenergiya” LTD 20

CY
AN

OB
AC

TE
RI

A

Oscillatoriales Oscillatoria Oscillatoria amoena Identified while cultivating 2
Spirulina platensis

Spirulina MSU (Sochi) 94
(Arthrospira)
platensis

Synechococcales Synechococcus Synechococcus Accompanying 3
elongates the cultivation

of spirulina
Nostocales Nostoc Nostoc commune The Institute of Botany 3

(Kyiv, Ukraine)

BA
CI

LL
AR

IO
PH

YT
A Bacillariales Phaeodactylum Phaeodactylum The Black Sea 23
tricornutum

Cylindrotheca Cylindrotheca Algobank (Caen, France), 3
closterium the Mediterranean Sea

RH
OD

OP
HY

TA

Porphyridiales Porphyridium Porphyridium BRI (Saint Petersburg) 74
purpurerum
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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.

Silica gel

9%

51%

30%

7% 1% 2%

Tablets Flakes Powder Salt Filters 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;
c – 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



The storage of anhydrobiotic cultures of microalgae and cyanobacteria… 95

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
the anhydrobiotic culture

• Obtaining an algologically pure culture from a natural population;
• culture certification;
• culture adaptation to artificial growing conditions;
• intensive cultivation;
• transfer of culture to the state of anhydrobiosis;
• preparation for long-term storage.

II Biochemical control
of microalgae
and cyanobacteria
species preserved

Complex biochemical analysis of the lower phototrophs to be stored for a long
period (determination of the content of chlorophylls, total carotenoids,
total proteins, carbohydrates, lipids, and nucleic acids).

III Storage and control
of viability of cultures
preserved

• Identification of living and dead cells of lower phototrophs;
• biochemical control of samples preserved;
• reactivation and assessment of ability to grow on liquid media.

IV Maintaining a catalog
of anhydrobiotic cultures

Development of the electronic catalog. It includes information on strain name,
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. АААА-А18-118021350003-6).
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ХРАНИЛИЩЕ АНГИДРОБИОЗНЫХ КУЛЬТУР
МИКРОВОДОРОСЛЕЙ И ЦИАНОБАКТЕРИЙ

ИНСТИТУТА БИОЛОГИИЮЖНЫХМОРЕЙ ИМЕНИ А. О. КОВАЛЕВСКОГО РАН

И. А. Харчук

Федеральный исследовательский центр «Институт биологии южных морей имени А. О. Ковалевского РАН»,
Севастополь, Российская Федерация

E-mail: seaferm@yandex.ru

Надёжное сохранение культур микроводорослей и создание генетических банков штаммов —
одна из важных задач современной биологии. В каталоге Всемирной федерации культур в базе
WDCM CCINFO на сегодняшний день зарегистрировано 792 коллекции различных культивируе-
мых организмов из 76 стран. Это самая обширная сводная база данных, включающая как извест-
ные крупные коллекции, так и небольшие хранилища исследовательских и образовательных учре-
ждений со всего мира. В базе представлено 47 альгологических коллекций и 80 коллекций мик-
роорганизмов, которые также включают культуры микроводорослей и цианобактерий. В России
зарегистрировано всего 30 биологических коллекций; фонды только 13 из них включают штам-
мы водорослей. Самый распространённый способ хранения культур микроводорослей — метод
их периодических пересевов на жидкие среды или агар. Его используют в 127 коллекциях (99 %
от общего количества в каталоге). Также применяют криоконсервацию — в 33 коллекциях (27 %),
лиофилизацию — в 13 (11 %), L-высушивание — в 5 (4 %), замораживание — в 19 (16 %), им-
мобилизацию в альгинатных бусинках — в 1 (0,8 %). Между тем при использовании этих ме-
тодов изменяются морфологические и функциональные свойства клеток сохраняемых культур
и происходит их измельчание. Кроме того, поддержание культур в жизнеспособном состоянии
трудоёмко и требует дорогостоящего оборудования. При этом хранение микроводорослей, пере-
ведённых в состояние ангидробиоза путём их обезвоживания, просто и экономически выгодно.
Ангидробиоз — глубокое и длительное торможение метаболизма, обратимое при благоприятных
условиях; это достаточно распространённое явление в природе. Единственная коллекция из базы
WDCM CCINFO, для которой применяют способ перевода клеток в покоящееся состояние путём
ангидробиоза (для почвенных водорослей) — коллекция культур водорослей Киевского нацио-
нального университета (ACKU WDCM 994). Многолетние опыты по переводу микроводорослей
в состояние ангидробиоза позволили разработать метод их длительного хранения без использова-
ния питательных сред, включающий перевод клеток в состояние ангидробиоза, их сохранение в де-
гидратированном состоянии и последующее выведение в активную культуру. С целью поддержа-
ния альгологического биоразнообразия на базе ФИЦ ИнБЮМ создано хранилище микроводорос-
лей, переведённых в состояние ангидробиоза; их при необходимости можно вывести в активные
культуры. Объектами стали морские одноклеточные водоросли, а также пресноводные и галобные
виды низших фототрофов, перспективные для аквакультуры и биотехнологии. Культуры получе-
ны в виде инокулята из коллекции живых культур планктонных микроводорослей ФИЦ ИнБЮМ.
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Водоросли выращивали в накопительном режиме при постоянном освещении. Биомассу собирали
во время культивирования альгологически чистых культур микроводорослей на стадии замедле-
ния роста или на стационарной стадии. Клетки отделяли от культуральной среды центрифугирова-
нием или путём их фильтрации на планктонном сите. Затем водоросли обезвоживали и хранили
в герметичных зиплок-пакетах, помещённых в пластиковые ёмкости объёмом от 100 до 500 мл,
при температуре +18…+21 °C в темноте в специально оборудованном помещении. Основная часть
коллекции представлена штаммами из отделов Chlorophyta, Cyanophyta, Bacillariophyta, Rodophyta.
В статье приведены список видов и количество сохраняемых изолятов, представлена информация
о формах хранения, описан технологический регламент обслуживания и пополнения хранилища
ангидробиозных культур. Хранилище находится на стадии формирования. Его будущее связано
с расширением фонда за счёт морских, пресноводных и галобных видов. Оптимизация спосо-
ба обезвоживания позволит перевести в состояние ангидробиоза микроводоросли, относящиеся
к разным систематическим отделам.
Ключевые слова: микроводоросли, ангидробиоз, жизнеспособность, дегидратация, хранение
микроводорослей и цианобактерий
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