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The article contains information on the specialized working collection of carotenogenic microalgae
maintained by the staff of the animal physiology and biochemistry department of A. O. Kovalevsky In-
stitute of Biology of the Southern Seas of RAS (IBSS). The collection was established within the frame-
work of IBSS scientific and applied research to study the mechanisms of stress tolerance in eurybiontic
and extremophilic single-celled phototrophs and to identify commercially significant sources of highly
valuable ketocarotenoids of astaxanthin group used for medicine and food production. The collection
contains 44 microalgal strains of various taxonomic and ecological specialization with a pronounced
ability to hypersynthesize secondary carotenoids and lipids under extreme conditions (drying, nutri-
ent starvation, high-intensity illumination, extreme temperature and salinity, effect of toxicants, ezc.).
The main ways to replenish the fund are direct exchange of carotenogenic species with leading Rus-
sian and foreign collections of microalgae and own field sampling in the Black Sea areas of Crimea
and Caucasus. The majority of strains in the collection represent two orders of the class Chlorophyceae:
Chlamydomonadales (25 strains) and Sphaeropleales (15 strains), since the phenomenon of secondary
carotenogenesis is widespread in these orders. Out of them, inhabitants of ephemeral freshwater ponds
predominate, as well as aerophilic and soil microalgae. All strains are maintained under controlled con-
ditions on agarized mineral media as pure cultures. Description of the collection accession includes
the following data: a) current taxonomic status of the species verified according to updated informa-
tion from corresponding collections and algological databases, namely AlgaeBase and NCBI Taxon-
omy Browser; b) species basionym and known synonyms; c) date and source of the strain deposi-
tion; d) author’s surname, geographic location, and biotope, from which the strain was isolated; e) ac-
cession number of sequences associated with the strain in NCBI (if any); and f) nutrient medium,
on which the strain is maintained in the IBSS collection. The significance of the collection for mor-
phological, biological, physiological, and biochemical studies of growth, secondary carotenogenesis,
and biotechnological potential in green microalgae is discussed.
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The concept of carotenogenic microalgae implies a group of eukaryotic algae, taxonomically and eco-
logically heterogeneous ones, with a characteristic stress response — massive accumulation of specific
secondary (extraplastid) carotenoids, which are structurally and functionally unrelated to photosynthesis
and perform a protective function. In terms of chemical structure, such carotenoids in most microalgae
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are products of the enzymatic oxidation of 3-carotene to astaxanthin (3,3’-dihydroxy-f,[-carotene-
4,4’-dione) occurring on the surface of cytoplasmic lipid globules (oleosomes). The main functional
significance of this stress reaction — secondary carotenogenesis — is to reduce the intensity of oxidative
stress, which inevitably develops under acute negative effects, to a level adequate to possibility of forma-
tion of resting phases by vegetative cells, ensuring preservation of their viability under extreme conditions
for a long time (Shah et al., 2016 ; Solovchenko, 2015).

The discovery of extremely high antioxidant and regulatory activity in astaxanthin and its clos-
est precursors (Capelli et al., 2019 ; Han et al.,, 2013) caused a high interest in the late 1990s
in the problem of secondary carotenogenesis in microalgae and a boom in growth and metabolic re-
search of the most prominent astaxanthin producer — the planktonic green microalga Haematococcus plu-
vialis Flotow (Chlorophyceae, Chlamydomonadales) — which became a classic model object in cor-
responding investigations and the first species cultivated commercially as an algal astaxanthin source.
Over the last 20 years, numerous studies on various aspects of H. pluvialis viability and mass cul-
tivation were carried out in different countries; their main results are summarized in several widely
known reviews serving as a reference point in the continuously growing information flow on this prob-
lem (Lemoine & Schoefs, 2010 ; Li et al., 2011 ; Shah et al., 2016 ; Solovchenko, 2015 ; Zhang et al.,
2020).

The patterns of secondary carotenogenesis revealed on the example of H. pluvialis are extrapolated
by many authors to all groups of carotenogenic microalgae without considering their origin and features
of biology; this can be true only partially due to lack of reliable factual data on other species. In reviews,
the lists of carotenogenic microalgae usually contain no more than 10-15 names of single representatives
of 5-7 genera of the class Chlorophyceae (Chlorella, Coelastrella, Scenedesmus, Ankistrodesmus, Chloro-
coccum, etc.). Moreover, the experimental data on the specificity of secondary carotenogenesis in such
species and their potential as astaxanthin sources are still few and episodic (references can be found
in the reviews listed above).

In fact, the phenomenon of secondary carotenogenesis in microalgae is much more widespread in na-
ture and is characteristic of representatives of two algae phyla (Chlorophyta and Euglenophyta) and five
classes (Chlorophyceae, Trebouxiophyceae, Eustigmatophyceae, Ulvophyceae, and Euglenophyceae).
In the overwhelming majority of cases, these are aerophilic and soil species, phycobionts of epilithic
lichens, planktonic inhabitants of drying eutrophic ponds, cryophilic inhabitants of snow and ice, efc.,
which repeatedly experience during their annual life cycles acute-extreme conditions: starvation, de-
hydration, high UV exposure and temperature, and so on (Minyuk, 2020). In most of such species,
growth characteristics in culture and peculiarities of physiological, biochemical, and molecular genetic
mechanisms of induction and regulation of astaxanthin biosynthesis are still poorly studied, although,
considering high ecological plasticity of terrestrial species, among them there may be highly productive
and unpretentious in mass production sources of astaxanthin and ketocarotenoids similar in structure
and biological activity.

A. O. Kovalevsky Institute of Biology of the Southern Seas of RAS (hereinafter IBSS) is one of the pi-
oneers of research on physiology and metabolism of astaxanthin producers in the post-Soviet space.
The basic condition and tool for the development of this direction was the establishment of the own
experimental fund of carotenogenic microalgae living cultures (the working collection). The main prin-
ciples are as follows: algae ought to represent the most abundant taxa and ecological groups of astax-
anthin producers, have a reliably established taxonomic status, and be stored under identical, strictly
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controlled conditions. The collection began to form in 2002: from the Komarov Botanical Institute
of RAS, the first strain of Haematococcus pluvialis Flotow (LABIK 927-1) was obtained (from V. M. An-
dreeva) and cultivated in the laboratory. To date, the collection includes 44 strains of carotenogenic
Chlorophyceae, is a structural part of the IBSS general collection of microalgae living cultures (acronym
is IBSS; registration number in the World Data Center for Microorganisms is 1201) (World Data
Centre for Microorganisms, 2021), and has an internal identifier IBSSca. Since 2017, the IBSS col-
lection is included in the national depository bank of living systems “Noah’s Ark” — Lomonosov
Moscow State University project aimed at creating a multifunctional network storage of biological
material. The collection ID in the “Noah’s Ark” database is IBSS-ALGAE (Mikroorganizmy i griby,
2020).

The main ways to replenish the IBSSca fund are direct exchange of carotenogenic species with lead-
ing Russian and foreign collections (their list is given in Material and Methods section) and own
field sampling in the Black Sea areas of Crimea and Caucasus (Dantsyuk et al., 2015 ; Chelebieva
et al., 2018). Most of the strains represent two orders of the class Chlorophyceae [Chlamydomon-
adales (25 strains) and Sphaeropleales (15 strains)], in which the phenomenon of secondary caroteno-
genesis is most widely represented. Out of them, inhabitants of ephemeral freshwater ponds pre-
vail, as well as aerophilic and soil species. The collection includes 4 strains of the halophilic mi-
croalga Dunaliella salina (Dunal) Teodoresco, 1905 isolated from Crimean hypersaline lakes by IBSS
staff. The species is distinguished by a unique form of secondary carotenogenesis: its final product
is B-carotene (Ben-Amotz & Avron, 1990).

The features of some strains obtained from Russian and Ukrainian collections are as follows: their
European and American origin, long-term collection storage (up to 100 years in some cases), and a multi-
stage path of transfer from depositing collections to the storages in the Commonwealth of Independent
States. Some strains were isolated in China and obtained directly from the Institute of Hydrobiology
of the Chinese Academy of Sciences; those are absent in other Russian collections. Several strains
were isolated by us from field samples.

Every strain has an electronic passport including the following information: a) current tax-
onomic status of the species verified according to updated data of the depositing collections
and algological databases — AlgaeBase (https://www.algaebase.org/) and NCBI Taxonomy Browser
(https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/); b) basionym and known synonyms of the species;
c) date and source of the strain deposition into the IBSS collection; d) author’s surname, as well
as date, geographic location, and biotope, from which the natural sample was isolated; e) identifiers
(ID) of nucleotide sequences in the NCBI database (if any); and f) nutrient medium, on which the strain
is maintained in the IBSS collection.

It should be noted that in carotenogenic microalgae, astaxanthin biosynthesis is always associ-
ated with massive accumulation of neutral lipids suitable for obtaining high-quality biofuel; therefore,
the species can serve as sources of two products highly demanded by the market (Minyuk et al.,
2017, 2020 ; Solovchenko, 2015). This fact significantly expands the borders of research and practical
use of varieties of the IBSSca collection.

The aim of this work was to distribute information about IBSS freshwater and terrestrial strains of mi-
croalgae, which are active producers of astaxanthin and lipids, among specialists of the corresponding
profile to expand scientific contacts and cooperation in the sphere of fundamental and applied problems
of algology.
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MATERIAL AND METHODS

Data on the Collections, That Provided IBSS With Strains of Carotenogenic Microal-
gae. Acronym of every collection, its affiliation, registration number in the World Data Centre
for Microorganisms (WDCM), and link to a website or catalogue are given in Table 1.

Table 1. Data on the collections of living cultures, that provided strains of carotenogenic microalgae

Number
Collection Collection name, scientific organization, No. Website or collection of strains
acronym and country in WDCM catalogue transferred
to IBSS

The Algae Culture Collection https://biology.univ.kiev.ua/

ACKU at the Kyiv University, Ukraine 994 (Kostikov et al., 2009) 14
The Collection of the Living Cultures
of Cyanobacteria, Algae, and Algal Parasites https:/(researchpark.spbu.ru/

CALU . - . 461 collection-ccem-rus/1628- 5
at the Saint-Petersburg State University, .
Russia ccem-kollekciya-calu-rus
The Collection of Microalgae and Cyanobac-

IPPAS teria at the Timiryazev Institute 596 http://cellreg.org/catalog/ 4
of Plant Physiology of RAS, Russia
The Freshwater Algae Culture Collection htto://aleac.ihb /

FACHB at the Institute of Hydrobiology, 873 ttp.. A'gac.INd.ac.cn 4
Wuhan, China english/Cultrues.aspx
The Culture Collection of Algae

UTEX at the University of Texas, A%lstin, the USA 606 hitp://www.utex.org 2

PLY The Marine Biological Association 128 https://www.mba.ac.uk/ |

Culture Collection, Plymouth, the UK facilities/culture-collection

Field Sampling Areas. Own microalgae strains were isolated from field samples collected in three
local climatic zones of the Black Sea area (humid subtropics, marine temperate continental climate,
and highlands of the Central Caucasus), as well as in the Arctic climate zone (Svalbard archipelago).
Detailed information on biotopes and geographic locations of the spots, where the strains were isolated
from the natural environment, is given in Strain Systematic List section.

Obtaining Pure Cultures and Identification of Microalgae. Most of our own strains were iso-
lated from dry orange-red or yellow-brown deposits on stones or from the walls of various water tanks
and were mature resting stages of microalgae (aplanospores or cysts). This circumstance made it much
easier to obtain microalgae pure cultures since dry samples exposed to open solar irradiation practically
did not contain associated species. A particle of the sample was placed in a well of a glass slide and moist-
ened with a drop of distilled water; then, under an MBS-10 microscope or XS-6320 binocular (Ningbo
Shengheng, China), single cells were isolated with a dissecting needle and a micropipette into a glass
tube with 0.5-1.0 mL of 2-3-times diluted sterile BBM nutrient medium. The tube was closed with
a cotton-gauze plug and left for several days at room temperature and twilight light for spore germina-
tion and vegetative cell accumulation. Further sample purification was carried out by standard streaking
technique on agarized media (1.5-2.0 %) in Petri dishes (Temraleeva et al., 2014 ; Brand et al., 2013).

Algae taxonomic identification was carried out by morphometric and biological features using
the species guides (Andreeva, 1998 ; Anisimova & Gololobova, 2006 ; Dedusenko-Shchegoleva et al.,
1959), as well as the results of molecular genetic analysis of fragments of nucleotide sequences of the nu-
clear 18S rRNA gene and internal transcribed spacer ITS2. Genetic analysis included procedures
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for the isolation of total DNA; amplification of target fragments; their electrophoretic detection and pu-
rification followed by sequencing; preliminary analysis and search for homologues by the BLAST algo-
rithm in the GenBank database (NCBI); construction of multiple alignments; selection of an evolutionary
model; and building of a phylogenetic tree (Chelebieva et al., 2013, 2018 ; Minyuk et al., 2017).

Storage Conditions for Microalgae Cultures. Pure microalgae strains are maintained in the col-
lection in an active vegetative state by subculture method on slant agarized (1.5-2.0 %) nutrient me-
dia (Gaisina et al., 2008 ; Temraleeva et al., 2014 ; Brand et al., 2013 ; Lourenco, 2020), depending
on the biological peculiarities of the species (Ben-Amotz & Avron, 1990 ; Bischoff & Bold, 1963 ;
Fucikova & Lewis, 2012) (Table 2).

Table 2. Nutrient media composition for carotenogenic microalgae collection storage

Nutrient medium
Component OHM BBM Ben-Amotz
(Fabregas et al., 2000) (Bischoff & Bold, 1963) (Ben-Amotz & Avron, 1990)
KNO, 410 mg-mL™3 505 mg-mL~3
NaNO, 250 mg-mL~
CaCl,-2H,0 110.9 mg-mL™3 25 mg-mL~3
Ca(Cl, 22.2 mg-mL™3
FeC4H50,-5H,0 2.62 mg-mL™
FeCl, 0.325 mg-mL~
FeSO,-7H,0 4.98 mg-mL~?
MgSO,-7H,0 246.5 mg-mL~> 75 mg-mL~3
MgSO, 600 mg-mL~3
Na,EDTA 1.86 mg-mL™
Na,HPO, 30 mg-mL™3
NaHCO; 4.2 mg-mL~?
K,HPO, 75 mg-mL~?
KH,PO, 175 mg-mL~> 27.2 mg-mL™3
MnSO,-H,0 0.85 mg-mL~3
MnCl, 0.882 mg-mL~>
ZnSO,-7H,0 8.82 mg-mL™3
ZnCl, 0.136 mg-mL™
CuCl, 0.945 mg-mL™3
CuS0O,-5H,0 0.012 mg-mL™3 1.57 mg-mL~?
Na,MoO,-2H,0 0.12 mg-mL™?
(NH,)-Mo;0,,4 1.164 mg-mL™3
MoO, 0.71 mg-mL™3
CoCl,-6H,0 0.011 mg-mL™3
Co(Cl, 0.130 mg-mL~3
Co(NO;),-6H,0 0.49 mg-mL™3
Cr,0; 0.076 mg-mL™3
SeO, 0.005 mg-mL~3
H;BO; 11.42 mg-mL™
KOH 31 mg-mL™3
NaCl 25 mg-mL~3 58.5 mg-mL™3
Biotin 25 ug-mL~3
Vitamin B, 17.5 ug-mL™3
Vitamin B, 15 ug-mL~3
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Agar stocks (two replicates for each strain) are stored under controlled conditions in a Snaige modi-
fied refrigerated display case, which is equipped with Feron DL 20W T4 6400K fluorescent lamps (Rus-
sia) and two additional thermostats (F/2000 type, FTWOF PRODIGY manufacturer), at a temperature
of +12...+14 °C and continuous illumination of 2000 Lx.

Culture reseedings are performed according to the schedule, every 2-3 months (depending on the al-
gae growth rate), observing all necessary aseptic techniques (Temraleeva et al., 2014 ; Brand et al.,
2013). Those include two steps: 1) transferring reddened palmelloid cells from agar stock into liquid cul-
ture medium to obtain actively dividing vegetative cells; 2) sowing young vegetative cells on agar stock.
The best algae growth on solid media was observed when using agar-agar for microbiological purposes
(manufactured by Laboratorios Conda, Spain).

Current control of functional state of liquid cultures at the subculture stage (purity, cell division rate,
cell shape and size, chlorophyll content, ratio of viable cells in culture, efc.) is carried out by the same
methods as in our experimental studies using a Goryaev chamber (MiniMed, Russia), light micro-
scope Leica DM 1000 (Germany), digital camera Leica Microsystem AG (Germany), computer program
ImagelJ, and flow cytometer Cytomics FC 500 Beckman Coulter (USA) (Chelebieva et al., 2013, 2018 ;
Chubchikova et al., 2011 ; Minyuk et al., 2014, 2016, 2017).

RESULTS AND DISCUSSION

Strain Systematic List and Description of the IBSS Working Collection of Carotenogenic

Microalgae.

Class Chlorophyceae.

1. Deasonia granata (Starr) Ettl & Komarek, 1982. Strain IBSS-11. Chlamydomonadales, Actinochlo-
ridaceae. Obtained from the Saint-Petersburg State University collection in 2006 as Chlorococ-
cum granatum CALU-859 = CCAP-213-1a. Isolated by E. G. Pringsheim in 1928 from soil
in the vicinity of Prague (Czech Republic). Basionym: Chlorococcum humicolum. Subcultures:
SAG 213-1a; UTEX 116 (as Neospongiococcum granatum Deason, 1971). GenBank nucleotide
sequence identifiers (GenBank IDs): KM020105; MK541716. Medium: BBM + agar.

2. Deasonia granata (Starr) Ettl & Komdrek, 1982. Strain IBSS-94. Chlamydomonadales, Actinochlo-
ridaceae. Obtained from the Kyiv University collection in 2009 as strain ACKU 566-06. Isolated
by E. G. Pringsheim from soil in the vicinity of Prague, presumably before 1928. Heterotypic syn-
onyms: Chlorococcum multinucleatum Starr, 1955; Neospongiococcum granatum Deason, 1971. De-
posited into SAG (213-1a). Subcultures: CCAP 213/1A; UTEX 116 (as Neospongiococcum grana-
fum Deason, 1971). GenBank ID: KM020105. Medium: BBM + agar.

3. Tetracystis sp. / (Macrochloris sp.?). Strain IBSS-95. Chlamydomonadales, Chlorococ-
caceae/Actinochloridaceae. Obtained from the Kyiv University collection in 2009 as strain
ACKU 170-02. Isolated by I. Yu. Kostikov from soil of a coniferous forest in the Ardennes, Wiltz,
near the city of Kanndorf, Geisht (Luxembourg). Medium: BBM + agar.

4. Bracteacoccus giganteus Bischoff et Bold, 1963. Strain IBSS-96. Sphaeropleales, Bracteacoc-
caceae. Obtained from the Kyiv University collection in 2009 as strain ACKU 461-06. Isolated
by I. Yu. Kostikov (B-145) in 1996 from acid brown soil in Belgium (High Ardennes, Waroneu
experimental polygon, spruce forest). Deposited by I. Yu. Kostikov. Medium: BBM + agar.

5. Bracteacoccus minor (Chodat) Petrova, 1931. Strain IBSS-97. Sphaeropleales, Bracteacoccaceae.
Obtained from the Kyiv University collection in 2009 as strain ACKU 506-06. Deposited
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10.

11.

12.

into SAG (221-1). Isolated by R. Chodat in 1913 from soil. Subcultures: CCAP 221/1; UTEX 66. Ba-
sionym: Botrydiopsis anglica Fritsch et John, 1942; Botrydiopsis minor Schmidle ex Chodat, 1913;
Dictyococcus minor (Schmidle) Pascher, 1937. GenBank IDs: KF673367; KT199253.1. Medium:
BBM + agar.

. Bracteacoccus sp. Strain IBSS-104. Sphaeropleales, Bracteacoccaceae. Obtained from the Kyiv

University collection in 2011 as strain ACKU 65-02. Isolated by 1. Yu. Kostikov in 1996 from soil
of an oak forest in Belgium (High Ardennes, Waroneu experimental polygon, sampling spot QL-120,
sample B-25). Deposited by I. Yu. Kostikov. Medium: BBM + agar.

Chromochloris zofingiensis (Donz) Fucikova & L. A. Lewis, 2012. Strain IBSS-20. Sphaeropleales,
Chromochloridaceae. Obtained from the Saint-Petersburg State University collection in 2006
as Chlorella zofingiensis Donz, 1933, strain CALU-190. Isolated from soil in the vicinity of Zofin-
gen (Switzerland). Taxonomic status was changed based on molecular genetic analysis (Fucikova
& Lewis, 2012). Subcultures: CCAP-211/14 = CAUP H 1905 = UTEX 32 = SAG 211-14 =
ATCC 30412. Homotypic synonyms: Chlorella zofingiensis Donz, 1934; Muriella zofingiensis (Donz)
Hinddk, 1982; Mychonastes zofingiensis (Donz) Kalina & Puncocharovd, 1987. GenBank IDs:
GU827478.1; HQ902940; KR904902; KP645230; HQ902932; HQ902929. Medium: BBM + agar.
Chlamydomonas cf. debaryana Goroschankin, 1981. Strain IBSS-105. Chlamydomonadales,
Chlamydomonadaceae. Obtained from the Kyiv University collection in 2011 as strain ACKU 45-02.
Isolated by E. N. Demchenko in the Cherkasy Region (Pekari village, Kaniv District, Ukraine)
from a puddle on a dirt road. Deposited by E. N. Demchenko. In AlgaeBase and NCBI Taxonomy
Browser, Chlamydomonas debaryana Goroschankin, 1891 is currently regarded as Edaphochlamys
debaryana (Goroschankin) Proschold & Darienko, 2018 (Proschold et al., 2018). Medium:
BBM + agar.

Chlamydomonas montana Romanenko, 1999. Strain IBSS-106. Chlamydomonadales, Chlamy-
domonadaceae. Obtained from the Kyiv University collection in 2011 as strain ACKU 167-03. Iso-
lated by E. N. Demchenko in 2002 from cracks of granite outcrops in the regional landscape park
Granite-steppe lands of Buh, Gard tract (Yuzhnoukrainsk, Mykolaiv Region, Ukraine). Deposited
by E. N. Demchenko. Medium: BBM + agar.

Chlamydomonas sp. Strain IBSS-88. Chlamydomonadales, Chlamydomonadaceae. Isolated
by I. N. Chubchikova and N. V. Dantsyuk in 2006 from a freshwater spring pond in the vicinity of Se-
vastopol (Sakharnaya Golovka village). Isolated into pure culture and identified by N. V. Dantsyuk.
Medium: BBM + agar.

Ettlia carotinosa Komarek, 1989. Strain IBSS-98. Chlamydomonadales, Chlamydomonadales in-
certae sedis. Obtained from the Kyiv University collection in 2009 as strain ACKU 573-06. Isolated
by F. Mainx, presumably before 1954, from soil in the Czech Republic. Deposited into SAG (213-4)
by E. G. Pringsheim in 1954. Heterotypic synonyms: Chlorococcum wimmeri Rabenhorst; Neochlo-
ris wimmeri (Hilse) P. A. Archibald & Bold; Protococcus wimmeri Hilse. Subcultures: CCAP 213/4;
UTEX 113. GenBank IDs: KR181935; KR181934; GU292342. Medium: BBM + agar.
Neospongiococcum gelatinosum (Archibald & Bold) Ettl & Gértner, 1987. Strain IBSS-99. Chlamy-
domonadales, Chlorococcaceae. Obtained from the Kyiv University collection in May 2009 as strain
ACKU 631-06 (15 K1A). Isolated by P. A. Archibald, presumably before 1970, from soil of a peat
bog in the Elkhart County (Indiana, the USA). Deposited into SAG (64.80) by P. A. Archibald,
presumably before 1980. According to molecular data of SAG and (Kawasaki et al., 2015),
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13.

14.

15.

16.

17.

18.

19.

20.

21.

it is identified as Chlorococcum oleofaciens Trainor & Bold, 1954. Basionym: Chlorococcum gelati-
nosum Archibald et Bold, 1970. Subculture: UTEX 1773. GenBank IDs: KX147356; KM020103;
JN968584; KX782323; AB983631; AB983613. Medium: BBM + agar.

Pseudospongiococcum protococcoides Gromov & Mamkaeva, 1974. Strain IBSS-10. Chlamy-
domonadales, Chlorococcaceae. Obtained from the Saint-Petersburg State University collection
in March 2006 as strain CALU-221. Isolated by B. V. Gromov in 1962 from surface soil layer
in the vicinity of Sevastopol. GenBank ID: KU057947. Medium: BBM + agar.

Spongiochloris spongiosa (Vischer) Starr, 1955. Strain IBSS-100. Chlamydomonadales, Chloro-
coccaceae. Basionym: Asterococcus spongiosus Vischer, 1945. Obtained from the Kyiv University
collection in 2009 as strain ACKU 649-06, Vischer 318. Isolated by W. Vischer in 1942 from soil
in Unterengadin (Switzerland). Deposited into SAG (280-2b) by E. G. Pringsheim in 1954. Subcul-
tures: CCAP 3/1; UTEX 1. GenBank IDs: KR607497; MK541715; AF395511;U34776.1. Medium:
BBM + agar.

Chlorosarcinopsis sf dissociata Herndon, 1958. Strain IBSS-107. Chlamydomonadales,
Chlorosarcinaceae. Obtained from the Kyiv University collection in 2011 as strain ACKU 309-04.
There is no information on the strain origin in the ACKU catalogues. Medium: BBM + agar.
Dunaliella salina (Dunal) Teodoresco, 1905. Strain IBSS-79. Chlamydomonadales, Dunaliellaceae.
Isolated by N. V. Shadrin in 2006 from a salt lake at Khersones Cape near Sevastopol. Isolated into
pure culture and identified by N. V. Dantsyuk. Medium: Ben-Amotz + agar.

Dunaliella salina (Dunal) Teodoresco, 1905. Strain IBSS-92. Chlamydomonadales, Dunaliellaceae.
Isolated by A. B. Borovkov in 2008 from the Donuzlav Salt Lake (Crimea, Russia). Isolated into pure
culture and identified by N. V. Dantsyuk. Medium: Ben-Amotz + agar.

Dunaliella salina (Dunal) Teodoresco, 1905. Strain IBSS-86. Chlamydomonadales, Dunaliel-
laceae. Isolated by N. V. Shadrin in 2008 from the Sivash Salt Lake (western shore) (Krasno-
perekopsky District, Crimea). Isolated into pure culture and identified by N. V. Dantsyuk. Medium:
Ben-Amotz + agar.

Dunaliella salina (Dunal) Teodoresco, 1905. Strain IBSS-78. Chlamydomonadales, Dunaliellaceae.
Isolated by T. A. Kukhareva in May 2017 from the Koyashskoye Salt Lake (southern Kerch Peninsula,
Crimea). Isolated into pure culture and identified by N. V. Dantsyuk. Medium: Ben-Amotz + agar.
Dunaliella tertiolecta Butcher, 1959. Strain IBSS-87. Chlamydomonadales, Dunaliellaceae. Ob-
tained in January 2003 from the collection of algae of the Turkish Institute of Marine Sciences
(Erdemli) as PLY-83. The authentic strain was deposited in the Marine Biological Association Cul-
ture Collection (Plymouth, the UK). Isolated by B. Fgyn in 1928 in the Oslofjord inlet (Atlantic
Ocean) off the coast of southeastern Norway. Subcultures: CCAP19/6B; UTEX LB999; CCMP364.
GenBank IDs: AY572957; HM243579; HQ828109; JF260981; KJ094612; KJ756820. Medium:
Ben-Amotz + agar.

Haematococcus pluvialis Flotow, 1844. Strain IBSS-16. Chlamydomonadales, Haematococcaceae.
Obtained from the collection of green algae cultures of the algology laboratory of the Komarov
Botanical Institute of RAS (from V. M. Andreeva) in 2002 as strain LABIK 92-1 (Mainx).
Isolated in the Czech Republic. The exact date and spot of isolation are unknown. Is identi-
cal to the strain CALU-79 Chlorococcum wimmeri Rabenhorst by Mainx = Haematococcus plu-
vialis Flotow emend. Wille; Coll. Pringsheim, Praha, A-93. Synonym: Haematococcus lacustris
(Girod-Chantrans) Rostafinski, 1875 (Nakada & Ota, 2016). Medium: OHM + agar.
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22.

23.

24.

25.

26.

27.

28.

29.

Haematococcus pluvialis Flotow, 1844. Strain IBSS-18. Chlamydomonadales, Haematococcaceae.
Isolated by G. S. Minyuk in 2003 in the vicinity of Adler from a reddish-brown deposit on the walls
of an empty pool for Arthrospira platensis cultivation at the AgroViktoriya enterprise (the Imereti
Lowlands, Veseloe-Psou village, Adler Region, Krasnodar Territory). Spot geographic coordi-
nates are 43°25°07”N, 40°00’09”E; height above sea level is 7 m. Isolated into pure culture
by O. A. Galatonova. Synonym: Haematococcus lacustris (Girod-Chantrans) Rostafinski, 1875.
GenBank ID: KU193764.1. Medium: OHM + agar.

Haematococcus pluvialis Flotow, 1844. Strain IBSS-17. Chlamydomonadales, Haematococcaceae.
Obtained from the Timiryazev Institute of Plant Physiology collection in 2004 as strain IPPAS H-239.
It was transferred to the IPPAS collection from the Czechoslovak Academy of Sciences collection
in 1958 as strain A-63, Prague, Prat. Isolated by W. Vischer in 1923 in Switzerland (Botanical Gar-
den of the University of Basel). Deposited into SAG (3-1d) by E. G. Pringsheim in 1954. Subcultures:
CCAP 34/1D = CALU-333 = JSBG BS-2. Synonym: Haematococcus lacustris (Girod-Chantrans)
Rostafinski, 1875. GenBank IDs: KC153467; MG022681. Medium: OHM + agar.

Haematococcus pluvialis Flotow, 1844. Strain IBSS-73. Chlamydomonadales, Haematococcaceae.
Obtained from the collection of the Institute of Hydrobiology of the Chinese Academy of Sci-
ences in 2007 as strain FACHB-712. Isolated in 2007 from the Donghu Lake (Wuhan, Hubei
Province, China). Synonym: Haematococcus lacustris (Girod-Chantrans) Rostafinski, 1875. Medium:
OHM + agar.

Haematococcus pluvialis Flotow, 1844. Strain IBSS-74. Chlamydomonadales, Haematococcaceae.
Isolated by N. V. Shadrin in 2008 in the Central Caucasus area from a puddle of melted snow
on the left glacial slope of the Bezengi Gorge (Misses-Kosh, Kabardino-Balkaria). Spot geographic
coordinates are 43°03"25”N, 43°05’49”E; height above sea level is 2200 m. Isolated into pure cul-
ture by N. V. Dantsyuk. Synonym: Haematococcus lacustris (Girod-Chantrans) Rostafinski, 1875.
GenBank ID: KU193763.1. Medium: OHM + agar.

Haematococcus pluvialis Flotow, 1844. Strain IBSS-75. Chlamydomonadales, Haematococcaceae.
Isolated by I. N. Drobetskaya in 2008 in Sevastopol from red-brown sediment at the bottom of a water
tank (balcony of a multi-storey residential building). Spot geographic coordinates are 44°36’00”N,
33°32’00”E; height above sea level is 232 m. Isolated into pure culture by N. V. Dantsyuk. Synonym:
Haematococcus lacustris (Girod-Chantrans) Rostafinski, 1875. GenBank ID: KU193762.1. Medium:
OHM + agar.

Haematococcus pluvialis Flotow, 1844. Strain IBSS-108. Chlamydomonadales, Haematococ-
caceae. Isolated by D. A. Davydov in 2011 on Nordaustlandet (Svalbard archipelago, Norway)
from a pond with red deposit on pebbles (0.1-m depth). The material was obtained in 2015. Isolated
into pure culture by N. V. Dantsyuk in 2017. Synonym: Haematococcus lacustris (Girod-Chantrans)
Rostafinski, 1875. Medium: OHM + agar.

Haematococcus pluvialis Flotow, 1844. Strain IBSS-111. Chlamydomonadales, Haematococ-
caceae. Isolated by I. N. Chubchikova in 2018 in Sevastopol (Maksimova dacha) from a red-brown
deposit on the walls of a plastic water tank. Isolated into pure culture by N. V. Dantsyuk. Synonym:
Haematococcus lacustris (Girod-Chantrans) Rostafinski, 1875. Medium: OHM + agar.

Neochloris oleoabundans S. Chantanachat & H. C. Bold, 1962. Strain IBSS-101. Sphaero-
pleales, Neochloridaceae. Obtained from Ikhlyas-Agro-Energiya enterprise (Saki, Crimea) in 2009
as a strain from the University of Texas collection; the number is unknown. Isolated
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30.

31.

32.

33.

34.

35.

36.

37.

by S. Chantanachat in 1958-1962 in Saudi Arabia in sand dunes of the Rub’ al Khali desert.
Deposited into UTEX by H. C. Bold in 1962. Synonym: Eftlia oleoabundans (S. Chantanachat
& H. C. Bold) J. Komarek, 1989 (Chlorophyceae; Chlamydomonadales; Chlamydomonadales in-
certae sedis) (Komdrek, 1989). GenBank IDs: KX350066; JX978410. Genome and transcrip-
tome assembly data in GenBank: PRINA412701; PRINA354501; PRINA305197; PRINA297494;
PRINA79207. Medium: BBM + agar.

Coelastrella rubescens Kaufnerovd & Elids, 2013. Strain IBSS-12. Sphaeropleales, Scenedes-
maceae, Coelastroideae. Obtained from the Timiryazev Institute of Plant Physiology collec-
tion in 2006 as Scotiellopsis rubescens Vinatzer, 1975, strain IPPAS H-350. It was trans-
ferred to the IPPAS collection from the Institute of Botany at the University of Inns-
bruck (from J. Lukavsky) in 1988 as strain Vinatzer/Insbruck V195 (CCALA 475). Isolated
by G. Vinatzer in 1988 from soil in the Dolomites (South Tyrol, Italy). GenBank ID: KT962984.1.
Medium: BBM + agar.

Coelastrella sp. Strain IBSS-112. Sphaeropleales, Scenedesmaceae, Coelastroideae. Obtained
from the University of Tehran branch in 2020 as strain KNUAO37. Isolated on the Caspian Sea
coast (Nur-Sultan, Kazakhstan). GenBank ID: KT883911. Medium: BBM + agar.

sf Scotiellopsis sp. Strain IBSS-109. Sphaeropleales, Scenedesmaceae, Coelastroideae. Obtained
from the Kyiv University collection in 2011 as strain ACKU 14-02. There is no information
on the strain origin in the ACKU catalogues. Medium: BBM + agar.

Acutodesmus dimorphus (Turpin) P. M. Tsarenko, 2001. Strain IBSS-89. Sphaeropleales,
Scenedesmaceae. Isolated by N. V. Dantsyuk and I. N. Chubchikova in 2006 from a freshwa-
ter pond in the vicinity of Sevastopol (Sakharnaya Golovka village). Isolated into pure culture
by N. V. Dantsyuk. Identified by P. M. Tsarenko in 2008. Medium: BBM + agar.

Desmodesmus communis (E. Hegewald) E. Hegewald, 2000. Strain IBSS-82. Sphaeropleales,
Scenedesmaceae, Desmodesmoideae. Obtained from the Timiryazev Institute of Plant Physi-
ology collection in May 2007 as Scenedesmus quadricauda (Turpin) Brébisson, 1835, strain
IPPAS S-313, Greifswald/15. Isolated in the vicinity of Greifswald (Germany). Subcultures:
CAUP H-522 = CCALA-463. GenBank ID: MN178487. Medium: BBM + agar.

Scenedesmus obliquus (Turpin) Kiitzing, 1833. Strain IBSS-9. Sphaeropleales, Scenedesmaceae,
Scenedesmoideae. Obtained from the Saint-Petersburg State University collection in March 2006
as strain CALU-13. It was transferred to the CALU collection from the Czechoslovak Academy
of Sciences collection in 1960 as strain Pringsheim, Praha, A-125. Subcultures: CCALA 45;
IPPAS S-305. Synonyms: Tetradesmus obliquus (Turpin) M. J. Wynne, 2016; Acutodesmus obliquus
(Turpin) Hegewald & Hanagata, 2000 (Wynne & Hallan, 2015). Medium: BBM + agar.
Scenedesmus obliquus (Turpin) Kiitzing, 1833. Strain IBSS-81. Sphaeropleales, Scenedesmaceae,
Scenedesmoideae. Obtained from the collection of the Institute of Hydrobiology of the Chinese
Academy of Sciences in 2007 as strain FACHB-12. Isolated in Hebei Province (China) in 1960.
Medium: BBM + agar.

Scenedesmus rubescens (Dangeard) Kessler et al., 1997. Strain IBSS-91. Sphaeropleales, Scenedes-
maceae, Scenedesmoideae. Synonym: Halochlorella rubescens P. J. L. Dangeard, 1966. Obtained
from the Timiryazev Institute of Plant Physiology collection in 2007 as strain IPPAS D-292.
It was transferred to the IPPAS collection from the Institute of Botany of the Academy
of Sciences of the Uzbek SSR in 1989. Isolated on the Kamchatka Peninsula from a deposit
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38.

39.

40.

41.

42.

43.

44.

on a lake shore. Subculture: CALU-449. Last identification: E. S. Chelebieva and S. V. Skre-
bovskaya in 2013 (Chelebieva et al., 2013). Currently regarded as Halochlorella rubescens (Wynne
& Furnari, 2014). GenBank ID: KU057946. Medium: BBM + agar.

Scenedesmus rubescens (Dangeard) Kessler et al., 1997. Strain IBSS-102. Sphaeropleales,
Scenedesmaceae, Scenedesmoideae. Obtained from the Kyiv University collection in 2009 as strain
ACKU 64-06. Isolated by F. Dangeard in 1965 near Bordeaux (France) from a culture of brown algae.
Deposited into SAG by E. Kessler. Subcultures: SAG 595 = CCAP 232/1. Synonyms: Halochlorella
rubescens P. J. L. Dangeard, 1966; Chlorella fusca var. rubescens Kessler et al., 1968. GenBank IDs:
X74002; MK975491; HG514422; HG514373; HG514402. Medium: BBM + agar.
Ankistrodesmus sp. Corda, 1838. Strain IBSS-85. Sphaeropleales, Selenastraceae. Obtained
from the collection of the Institute of Hydrobiology of the Chinese Academy of Sciences in 2007
as strain FACHB-49. Isolated by K. Lin in 1979 in Wuhan (China). Identified by L. Li. Medium:
BBM + agar.

Ankistrodesmus sp. Corda, 1838. Strain IBSS-93. Sphaeropleales, Selenastraceae. Isolated
by N. V. Dantsyuk in 2008 from a freshwater spring pond in the vicinity of Sevastopol (Sakharnaya
Golovka village). Isolated into pure culture and identified by N. V. Dantsyuk. Medium: BBM + agar.
Class Trebouxiophyceae.

Chlorella fusca Shihira et Krauss, 1965. Strain IBSS-110. Chlorellales, Chlorellaceae. Obtained
from the Kyiv University collection in 2011 as strain ACKU 38-04. Isolated by E. N. Dem-
chenko in 2009 in the regional landscape park Granite-steppe lands of Buh (Ukraine). Currently
regarded as Desmodesmus abundans (Kirchner) E. H. Hegewald, 2000 (AlgaeBase, 2021). Medium:
BBM + agar.

Chlorella sp. Strain IBSS-103. Chlorellales, Chlorellaceae. Obtained from Ikhlyas- Agro-Energiya
enterprise (Saki, Crimea) in 2009 as a strain from the University of Texas collection. There
is no detailed information on the strain. Medium: BBM + agar.

Botryococcus braunii Kiitzing, 1849. Strain IBSS-76. Trebouxiales, Botryococcaceae. Obtained
from the collection of the Institute of Hydrobiology of the Chinese Academy of Sciences in 2007
as strain FACHB-759. Isolated by C.-H. Xu from a lake in Kunming (Yunnan Province, China).
Isolated into pure culture by Q. Lin; identified by R. Li. Medium: BBM + agar.

Class Eustigmatophyceae.

Chlorobotrys neglectus Pascher & Geitler, 1925. Strain IBSS-90. Eustigmatales, Eustigmataceae.
Isolated by G. S. Minyuk in 2006 from a deposit on the walls of an empty freshwater tank (bal-
cony of a multi-storey building) in Sevastopol. Identified by P. M. Tsarenko. Synonym: Chloridella
neglecta (Pascher & Geitler) Pascher. Medium: BBM + agar.

Conclusion. The specialized working collection of microalgae IBSSca contains 44 strains of eury-

biontic and extremophilic Chlorophyceae species with a pronounced ability to hypersynthesize secondary
carotenoids and lipids under extreme external effects. The establishment and replenishment of the col-
lection is the basic condition for carrying out comparative research on the peculiarities of growth
and secondary carotenogenesis in microalgae of various taxonomic and ecological specialization, aimed
at identifying physiological and biochemical mechanisms of stress tolerance in extremophilic species

and searching for new commercially promising astaxanthin producers and technically valuable lipids.
Using the material of research carried out on the basis of the collection in 2005-2020, more than
30 articles were published in national and foreign scientific journals indexed in the RSCI, Scopus,
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and WoS (the key works are cited above), 23 reports were made at international and regional confer-
ences, and 3 patents were registered for the invention of methods for cultivating three microalgae species
to obtain carotenoids and lipids (Patent 2541455, 2015 ; Patent 2661086, 2018 ; Patent 2715039, 2020).

This work was carried out within the framework of IBSS state research assignment “Investigation of mechanisms
of controlling production processes in biotechnological complexes with the aim of developing scientific foundations
for production of biologically active substances and technical products of marine genesis” (No. 121030300149-0).
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B cratbe npuBenieHsl CBeIeHHS O CIIELMAIN3UPOBAHHON paboyUeil KOJUIeKIMH KAPOTHUHOTEHHBIX MHK-
poBoaopocei otaesNa (U3NOIOTUH JKUBOTHBIX 1 OMOXMMUK PenepabHOro UCCIei0BaTeNbCKOTO [eH-
Tpa «HCcTUTYT GHoNOorNK 10XHBIX Moped umenu A. O. Kosanesckoro PAH» (®UL] UHBIOM), co-
30AaHHOW B paMKaxX HAyYHOW W TMPHUKJIAJHOW TEMAaTHK WHCTUTYTA [UIsl WCCIEIOBAaHUS MEXaHU3MOB
CTPECC-TOJIEPAHTHOCTH Y 9BPUOMOHTHBIX M SKCTPEMO(HIBHBIX OTHOKJIETOYHBIX (hOTOTPO(OB, a TaK-
e JJIs1 BBISIBICHUSI KOMMEPUYECKM 3HAYMMBIX MCTOYHUKOB BBICOKOLIEHHBIX B MEJULIMHCKOM U IHILIE-
BOM OTHOILIEHWM KETOKapOTHHOWJIOB IPYMIIB acTakcaHTWHA. Kosmekuysi HacuuthiBaeT 44 mraMma
MHKPOBOJOPOCTIEH Pa3IMIHON TAKCOHOMHUYECKON M SKOJOTMYECKOH CreNUaIN3alii ¢ BIPAXEHHOM
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CIMOCOOHOCTBIO K TMIIEPCUHTE3Y BTOPUYHBIX KAPOTHHOWJIOB U JIMIKIOB MPU IKCTPEMATbHBIX BHEIII-
HUX BO3JEUCTBUSX (BBICBIXaHHE, OCTPOE TOJIOAAHUE, BBICOKAsl OCBELIEHHOCTh, TEMIIEpaTypa U COJE-
HOCTb, NEWCTBUE TOKCHKAHTOB U 1p.). OCHOBHBIMU criocoOaMu TOTOMHeHus1 (hOHAA SBJISIIOTCS Ha-
MpaBJIeHHbII OOMEH KapOTUHOTEHHBIMU BUJIAMH C BEIYIIUMU POCCHUICKUMH ¥ 3apyOeKHBIMU KOJI-
JIEKIUSIMA MHUKPOBOJIOPOCTIE M COOCTBEHHBIE MMOJIEBble COOpPHl B MPUYEPHOMOPCKMX 30Hax Kpbi-
Ma 1 KaBkaza. BombIIMHCTBO IITAMMOB B KOJUIEKLIMM — TPEACTABUTENN IBYX MOPSIKOB KJjacca
Chlorophyceae [Chlamydomonadales (25 mrammoB) u Sphaeropleales (15 mraMMoB)], Tak Kak UMeH-
HO B 9THX MOPS/IKAX SIBJIEHNUE BTOPUYHOTO KAPOTHHOTEHE3a paclipocTpaHeHo Hanbosee mmpoko. Cpe-
IV HUX TIpeo0JiaialoT oouTaTem 3peMepHBIX TPECHOBOAHBIX BOJOEMOB, a3pO(HIIbHbIE U TIOUBEHHbIE
MUKPOBOJOpOCIU. Bee mTaMMpl MOAAEPKUBAIOTCS B COCTOSIHUM QJIbIOJIOTUYECKU YUCTBIX KYJIBTYP
MIpU KOHTPOJIUPYEMBIX YCJIOBUAX Ha arapu30BaHHBIX MUHEpaJIbHBIX cpeaax. OmnMcaHus BapUETETOB
KOJUIEKLIMH BKJIIOYAIOT CJIEYIOIIe CBEIEHHS: a) COBPEMEHHbII TAKCOHOMUYECKHUII CTaTyC BUa, Be-
pUUIMPOBAHHBINA C YYETOM OOHOBJIEHHBIX JAHHBIX JETIOHUPYIOIMX KOJUIEKITMA U aJIbrOJIOTUIECKIX
6a3 AlgaeBase u NCBI Taxonomy Browser; 6) 6a3HOHMM ¥ U3BECTHbIE CHHOHUMBI BHJIA; B) BpeMsi
Y ICTOYHHMK TIOCTYIIJIEHUS [IITAMMa B KOJUIEKLIMIO; T) (haMHJIMIO aBTOpa, Teorpadpuieckoe MecTo v O1o-
TOI, W3 KOTOPOro mITamMMm ObUT M30JMpoBaH; 1) HoMep mramma B NCBI (ecmu ectp); e) muraTeb-
HYIO cpefly, Ha KOTopoil mramMM noanep:xusaercs B kosuiekuun ULl MHBIOM. IIpoanamisuposa-
HO 3HaYeHHUEe KOJUICKIIUMH [JIs1 IpoBeieHrsT MOP(OOUOTIOTHUYECKUX M (PU3HOJIOTO-OMOXMMUYECKHX HC-
CJIeJOBaHUI 0COOEHHOCTEN POCTa, BTOPMYHOTO KAPOTHHOTeHe3a U OMOTEXHOJIOTMYECKOTo MOTeHIIMaa
3eJEHBIX MUK POBOJOPOCTIEH.

KuaroueBrbie cioBa: KapOTUHOTEHHBIE MUKPOBOJOPOCIH, KOJUIeKIMoHHoe xpaHeHue, Chlorophyta,
KapOTUHOMIbI, ACTAKCAHTUH
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