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I. Introduction 

Algal culture collections are an integral part of phycology. Due to their growing 

importance for human well-being, algal culture collections worldwide are 

developing increasingly actively. They are of global significance as centres for 

bioresources and standards organisation, serving as the main source and supplier of 

microalgal strains used in various areas of human activity (Fig. 1). Today, such 

microalgae centres can help countries conserve their own genetic resources and 

make them available for research, unlocking nature’s potential to provide solutions 

to national economic, environmental, health, and food security challenges – an 

algae-based bioresource cycle (Wilkie et al. 2011). Algal biomass can be used as a 

protein source for human consumption, for wastewater treatment (La Bella et al. 

2023, 2024), as feed for farm animals (Safi et al. 2014), for the production of 

commercial chemicals (lipids, glycerol, mannitol, ammonia, various acids, etc.), for 

the production of biochemicals and 

pigments as natural dyes, for biofuel 

production via fermentation of algal 

biomass, for composting (Nonato et al. 

2020; Nayana et al. 2025), for 

pharmaceutical materials (Schwartz et 

al. 1990), for use in cosmetics 

(Stoyneva-Gärtner et al. 2019a-c, 2020, 

2022, 2024; De Luca et al. 2021), and 

for other applications (Vonshak et al. 

1982; Li et al. 2018; Kumar et al. 2021). 

Various cultivation methods with 

control of temperature, light, pH, and 

other medium components are 

continuously being explored to support higher biomass production (Yadala & 

Cremaschi 2014; Schipper et al. 2021), and selection of a nutrient medium suitable 

Fig. 1. Applications of microalgae in the 

practice (after Ramaraj & Dussadee 2015, 

Nethravathy et al. 2019 and Zhuang et al. 

2022). 
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for a chosen algal strain is also undertaken (Ilavarasi 2011). Different methods are 

being developed for efficient extraction of lipids (Xu et al. 2021), carbohydrates, 

proteins, pigments (D’Alessandro et al. 2016; Kawasaki et al. 2019; Stoyneva-

Gärtner et al. 2019b; Jun et al. 2020), and other components from algal cells of both 

microalgal and macroalgal thalli. Living algal collections constitute a reservoir of 

various algal strains maintained in small quantities in liquid or solid agar media. 

Their purpose is to preserve biodiversity by keeping it under controlled conditions, 

protected from environmental changes. Thus, if adverse changes affecting particular 

species occur, collections can be used to restore biodiversity. In this respect, 

maintaining living strains of rare and endangered algae is particularly important. 

Finally, living algal collections are an indispensable part of modern systematics, 

which increasingly uses the so-called polyphasic approach, where species 

determination is based on conventional light microscopy combined with modern 

methods, both molecular-genetic and electron-microscopic, using cultured material 

from the strains under study (Komárek 2016). Given the importance of algal 

collections to human practice and their value as a genetic resource for biodiversity 

in every country, the taxonomic characterisation of the algal strains in each 

collection is of primary importance for the subsequent biotechnological exploitation 

of the preserved strains, as well as a relevant foundation for future systematic work 

and cryopreservation. 

 

II. Literature review 

As algal collections provide research, educational, industrial, and other applications 

for the species they contain, their use has steadily increased in recent decades. 

Although algal collections are important for conserving biodiversity and future 

development aims to increase their number worldwide, there is currently no single 

global registry of algal collections. For this reason, they are registered with different 

organisations such as ECCO – European Culture Collection Organisation, WDCM 

– World Data Centre for Microorganisms, and WFCC – World Federation for 
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Culture Collections. This makes it very difficult to track algal strains deposited from 

different parts of the world. In summary, the distribution of collections holding algal 

cultures worldwide is as follows: 41 in Europe, 17 in Asia, 10 in North America, 5 

in South America, and 2 in Australia (Figs. 2 and 3). The exact number is unclear 

due to the existence of unregistered collections in various federations and institutions 

(Ivanov 2024). 

 

 

 

Fig. 2. Number of Living Algal Collections in different geographical regions. 

Fig. 3. Location of Living Algae Collections around the world (marked with red dots on the 

map). 
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Collections registered with various organisations such as WFCC, WDCM, ECCO, 

GSIM and others number 44, while unregistered collections number 31. Most algal 

collections worldwide date from the second half of the 20th century. The oldest was 

established in Australia in 1916, and the most recent in Portugal in 2018. Among the 

algal collections founded in recent years is that of Sofia University “St. Kliment 

Ohridski”. 

 

III. Aim and objectives  

The aim of this dissertation is to provide a taxonomic characterisation of selected 

algal strains from the Living Algal Collection of Sofia University “St. Kliment 

Ohridski” (ACUS), using classical and modern microscopic methods.  

 

To achieve this aim, the following objectives were set:  

1. Selection of algal strains for taxonomic characterisation from the cultures 

available in ACUS, including newly collected material obtained during this 

dissertation work;  

2. Preparation of a taxonomic description of all selected algal strains based on light 

microscopy, with emphasis on diagnostic features;  

3. Assessment of morphological changes in the selected algal strains that occurred 

during their maintenance in ACUS, primarily in comparison with previously 

published data for strains of the genera Vischeria, Klebsormidium and 

Trochisciopsis over past years;  

4. Examination of selected Bulgarian algal strains preserved in ACUS using TEM;  

5. Examination of selected Bulgarian algal strains preserved in ACUS using SEM;  

6. Production of microphotographs of the characterised strains using modern 

microscopic photographic equipment;  

7. Investigation of the biotechnological potential of microalgal strains in ACUS 

based on published data. 
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IV. Materials and methods 

This study was based on 39 soil strains and 36 aerophilous strains from the Living 

Algal Collection of Sofia University “St. Kliment Ohridski” (ACUS), which belong 

to different evolutionary lineages and ecological groups, have different conservation 

statuses, and were collected from various localities and regions of the country. 

 

• Culturing and isolation of algal cultures 

During cultivation of the selected algal strains, three different nutrient media were 

routinely used: BG-11, Bold Basal Medium (BBM), and Bristol medium, as each is 

suitable for culturing aero-terrestrial algae (Andersen 2005). The cultivation 

techniques followed Andersen (2005) and Uzunov (2009). All algal strains in ACUS 

are maintained as monocultures in glass tubes with slanted agar. The tubes are closed 

with aluminium caps, which are additionally wrapped with Parafilm to reduce 

evaporation and prevent contamination. 

 

• Light and electron microscopy 

All examinations of algal colonies, as well as isolation of single cells for axenic 

cultures, were performed with stereoscopic binocular microscopes Motic (at 10× and 

30× magnification) and Nikon SMZ-18 (at magnifications from 3.75× to 270×). 

Light microscopy studies were carried out with an upright Olympus BX53 and an 

inverted Nikon Eclipse Ti2-U. Micrographs were taken with an Olympus DP72 

camera, Nikon Digital Sight 10, and Orma Eurotek MD6iS HDMI. 

 Following the award of two PhD projects (No. 80-10-95/13.05.2022 and No. 

80-10-74/25.04.2023) from the Research Fund of Sofia University, characterisation 

of streptophyte Klebsormidium strains and eustigmatophyte Vischeria strains was 

performed using electron microscopy. For the streptophyte algae, transmission 

electron microscopy (TEM) JEOL JEM-2100 was used, and for the 

eustigmatophytes, scanning electron microscopy (SEM) Hitachi TM4000 was used. 
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Fig. 4. Types of surfaces and margins of algal colonies and cell aggregates on agar: a–б – a green 

aggregation of globose cells with a smooth, entire margin and a granulate surface; в–д – an 

olive‑green colony/aggregate of filaments with a undulate margin and a folded, glossy surface; e 

– an orange‑green aggregation of globose cells with an irregular, fragmented margin and a 

granulate surface. 

 

• Characterisation of algal taxa 

Classical and contemporary algal floras were used as the basis for the 

characterisation of the algal taxa (Komárek & Fott 1983; Komárek & Anagnostidis 

2005, 2008; Komárek 2013; Ettl & Gärtner 2014; Škaloud 2018; John et al. 2002, 

2003, 2011, 2015) and the World Online Algae Database Algaebase (Guiry & Guiry 

2026). Terminology related to evolutionary lineages follows Graham et al. (2009), 

Temniskova & Stoyneva (2011), and Stoyneva‑Gärtner & Uzunov (2017). The 
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conservation status of species is according to the Red List of Microalgae of Bulgaria 

(Stoyneva‑Gärtner et al. 2016). Diagnostic characters according to Brown & Bold 

(1964), Ettl & Gärtner (2014), and Fahrthofer (2004) were applied to study and 

describe the surface of colonies and cell aggregates on agar; representative colonies 

and aggregates from the present study are selected and shown in Fig. 4. 

 

V. Results and discussion  

Most of the strains studied have been preserved long-term in the collection since its 

establishment. When newly introduced strains of the same species became available, 

they were analysed and described to compare morphological characteristics. Of the 

75 strains examined, which belong to four algal divisions and various ecological 

groups (Table 1, Figs. 5 and 6), a total of 92 Petri dishes and 150 tubes for clonal 

cultures were incubated, and 518 temporary microscope preparations were examined 

for detailed studies of the algae. 

 

Table 1. Depository data for the algal strains from ACUS included in the present study. 

 

Division Taxon 
ACUS 

number 

Collection 

date 

Place of 

isolation 
Isolated from 

C
y
a

n
o

p
h

y
ta

 Chroococcus minor ACUS 00125 05.05.2007 Pirin Mountain Blagoy Uzunov 

Nostoc puctiforme  ACUS 00018 03.05.2007 Pirin Mountain Blagoy Uzunov 

ACUS 00214 08.04.2015 
Cave Dineva 

peshtera 
Blagoy Uzunov 

Scytonema varium  ACUS 00128 24.07.2007 Pirin Mountain Blagoy Uzunov 

C
h

lo
ro

p
h

y
ta

 

Haematococcus 

lacustris 
ACUS 00219 22.11.2022 

Stara planina 

Mountain 
Maya Stoyneva 

Lobosphaeropsis 

lobophora  
ACUS 00050 07.04.2009 

Belogradchik 

Rocks 
Antonia Mancheva 

Chlorella miniata  
ACUS 00103 27.04.2010 

Belogradchik 

Rocks 
Antonia Mancheva 

Chlorella vulgaris  ACUS 00011 06.02.2007 Kresna gorge Blagoy Uzunov 

ACUS 00022 24.07.2007 Pirin Mountain Blagoy Uzunov 

Chlorella vulgaris ACUS 00026 25.07.2007 Pirin Mountain Blagoy Uzunov 

ACUS 00027 24.07.2007 Pirin Mountain Blagoy Uzunov 

ACUS 00057 08.04.2009 
Belogradchik 

Rocks 
Antonia Mancheva 

Muriella terrestris 

 
ACUS 00017 05.04.2007 Pirin Mountain Blagoy Uzunov 
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Division Taxon 
ACUS 

number 

Collection 

date 

Place of 

isolation 
Isolated from 

C
h

lo
ro

p
h

y
ta

 

Muriella terrestris 

 
ACUS 00101 17.02.2010 

Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00218 08.04.2015 
Cave Dineva 

peshtera 
Blagoy Uzunov 

Desmococcus 

olivaceus 

 

ACUS 00053 07.04.2009 
Belogradchik 

Rocks 
Antonia Mancheva  

ACUS 00061 09.04.2009 
Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00061 09.04.2009 
Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00061 09.04.2009 
Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00102 18.02.2010 
Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00240 14.07.2022 Nachovi chairi  Miroslav Androv 

Edaphochlorella 

mirabilis  
ACUS 00058 08.04.2009 

Belogradchik 

Rocks 
Antonia Mancheva 

Elliptochloris 

subsphaerica 
ACUS 00070 02.12.2009 

Belogradchik 

Rocks 
Antonia Mancheva 

Stichococcus 

bacillaris  

ACUS 00012 06.02.2007 Kresna gorge Blagoy Uzunov 

ACUS 00019 07.05.2007 Pirin Mountain Blagoy Uzunov 

ACUS 00051 07.04.2009 
Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00071 21.12.2009 
Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00106 13.05.2010 
Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00116 15.10.2013 Rila Mountain Blagoy Uzunov ⸙ 

ACUS 00117 15.10.2013 Rila Mountain Blagoy Uzunov ⸙ 

ACUS 00238 14.07.2022 Nachovi chairi Miroslav Androv * 

Coelastrella 

aeroterrestrica  

 

ACUS 00015 02.07.2007 
Belogradchik 

Rocks 
Blagoy Uzunov 

ACUS 00021 07.04.2007 Pirin Mountain Blagoy Uzunov 

ACUS 00029 04.07.2007 Pirin Mountain Blagoy Uzunov 

ACUS 00041 24.08.2008 Pirin Mountain Blagoy Uzunov 

Coelastrella 

rubescens  
ACUS 00134 24.08.2008 Pirin Mountain Blagoy Uzunov 

Coelastrella 

terrestris 
ACUS 00016 03.03.2007 Pirin Mountain Blagoy Uzunov 

ACUS 00030 21.08.2008 Pirin Mountain Blagoy Uzunov 

ACUS 00201 30.08.2014 Rila Mountain Blagoy Uzunov ⸙ 

 
 Sampling was carried out together with Asst. Kristian Ivanov 
⸙ Sampling and the preparation of the initial polycultures were carried out by Dr. Ralitsa Milanova 
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Division Taxon 
ACUS 

number 

Collection 

date 

Place of 

isolation 
Isolated from 

C
h

lo
ro

p
h

y
ta

 

Mychonastes 

homosphaera 

ACUS 00032 31.07.2007 Pirin Mountain Blagoy Uzunov 

ACUS 00112 19.02.2013 Rila Mountain Blagoy Uzunov ⸙ 

ACUS 00234 28.06.2023 Paleokastro Miroslav Androv * 

Apatococcus lobatus  ACUS 00235 14.07.2022 Evdzhika Miroslav Androv * 

Trochisciopsis 

tetraspora f. minor 
ACUS-S 12 02.07.2015 Pirin Mountain Blagoy Uzunov 

Chloroidium 

ellipsoideum 
ACUS 00052 07.04.2009 

Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00062 12.04.2009 
Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00068 12.11.2009 
Belogradchik 

Rocks 
Антония Манчева 

ACUS 00239 14.07.2022 Nachovi chairi Miroslav Androv * 

Trentepohlia 

umbrina  
ACUS 00060 09.04.2009 

Belogradchik 

Rocks 
Antonia Mancheva 

S
tr

ep
to

p
h

y
ta

 

Klebsormidium 

dissectum 

 

ACUS 00001 13.07.2006 Pirin Mountain Blagoy Uzunov 

ACUS 00004 10.07.2007 Pirin Mountain Blagoy Uzunov 

ACUS 00005 24.07.2007 Pirin Mountain Blagoy Uzunov 

ACUS 00013 06.02.2007 Pirin Mountain Blagoy Uzunov 

ACUS 00014 06.02.2007 Kresna gorge Blagoy Uzunov 

ACUS 00049 07.04.2009 
Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00066 09.11.2009 
Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00207 26.02.2016 Rila Mountain Blagoy Uzunov ⸙ 

ACUS 00237 29.06.2023 Kamenna kushta Miroslav Androv * 

Klebsormidium 

flaccidum  
ACUS 00236 29.06.2023 Kalinkin kamuk Miroslav Androv * 

Klebsormidium 

klebsii  
ACUS 00048 07.04.2009 

Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00105 12.05.2010 
Belogradchik 

Rocks 
Antonia Mancheva 

Mesotaenium 

macrococcum 
ACUS 00109 06.07.2011 

Belogradchik 

Rocks 
Antonia Mancheva 

O
ch

ro
p

h
y

ta
 

Vischeria helvetica  ACUS 00024 03.05.2007 Pirin Mountain Blagoy Uzunov 

ACUS 00025 05.05.2007 Kresna gorge Blagoy Uzunov 

ACUS 00232 28.06.2023 Paleokastro Miroslav Androv * 

Vischeria magna  ACUS 00002 08.07.2006 Kresna gorge Blagoy Uzunov 

ACUS 00233 15.07.2022 Gluhite kamuni Miroslav Androv * 

Vischeria stellata  

 
ACUS 00003 06.02.2007 Kresna gorge Blagoy Uzunov 

ACUS 00010 03.02.2007 Pirin Mountain Blagoy Uzunov 
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Division Taxon 
ACUS 

number 

Collection 

date 

Place of 

isolation 
Isolated from 

O
ch

ro
p

h
y

ta
 

Vischeria stellata  

 
ACUS 00040 27.08.2008 Pirin Mountain Blagoy Uzunov 

ACUS 00069 27.08.2008 Pirin Mountain Blagoy Uzunov 

ACUS 00084 1.12.2009 
Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00100 17.02.2010 
Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00104 04.05.2010 
Belogradchik 

Rocks 
Antonia Mancheva 

ACUS 00231 16.07.2022 
Plevunski 

dolmen 

Мирослав 

Андров* 

Botrydiopsis 

constricta 
ACUS 00210 27.02.2015 Pirin Mountain Blagoy Uzunov 

Tribonema vulgare ACUS 00203 30.08.2014 Rila Mountain Blagoy Uzunov ⸙ 

 

The text below describes in detail only some of the algal taxa listed in Table 1 to 

reduce the length of the author's abstract while still providing a clear overview of 

the dissertation structure, in which all referenced taxa are described in detail. 

 

 

 

 
Fig. 5. Distribution of the studied algal taxa from ACUS by divisions. 
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Fig. 6. Distribution of the studied ACUS strains by ecological groups. 

 

 • Description of selected algal strains 

 

Domain Bacteria 

Division Cyanoprokaryota (=Cyanophyta, =Cyanobacteria) Komárek & 

Anagnostidis 1995 

Class Cyanophyceae A.W. Bennett & G. Murray 1889 

Subclass Nostocophycidae Hoffmann, Komárek & Kaštovský 2005 

Order Nostocales Borzì 1914 

Family Nostocaceae Eichler 1886 

Genus Nostoc Vaucher ex Bornet & Flahault 1886 

The thallus is microscopic or macroscopic, with a gelatinous consistency, forming 

spherical or irregular colonies. Each colony consists of numerous filaments 

embedded in a common mucilaginous sheath with a firm outer layer (periderm) that 

gives it a permanent shape. Colonies can reach up to 30 cm in diameter. Their colour 

ranges from colourless to faintly tinted, yellowish-green or brownish. Filaments are 

non-motile, undulating, and interwoven. They are composed of vegetative cells and 

heterocysts, and under adverse conditions form persistent stages – akinetes. 

Vegetative cells are barrel-shaped, spherical or ovoid, uniform in shape and size 

along the filament, coloured from pale to bright blue-green or olive-green. 
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Heterocysts are solitary, barrel-shaped or spherical, developing terminally or 

intercalarily. Akinetes are elliptical, slightly larger than vegetative cells, with a 

distinct thick cell wall, occurring singly or in series between heterocysts, and 

represent an important morphological character for species identification. The genus 

is widespread and contains over 200 described taxa. Species from the hydrophytic 

community are mainly benthic, occurring in a variety of epiphytic, epipelic and 

epilithic habitats – reservoirs, lakes, marshes and rivers – and less frequently in 

saline or marine waters. Some species are aerophilous, developing among mosses or 

on soil surfaces, including in desert zones. Members are among the most common 

cyanobacterial partners in endo- and ectosymbiotic relationships with ascomycete 

fungi (as photobionts in most lichens with cyanobacteria), mosses, angiosperms, 

pteridophytes and cycads, benefiting their hosts through atmospheric nitrogen 

fixation (Geitler 1932; Starmach 1966; Boone et al. 2001; Whitton 2002; Komárek 

et al. 2003; Stoyneva-Gärtner et al. 2025). 

 

Nostoc punctiforme Hariot 1891, Figure 7 

Strain ACUS 00018 was isolated from a soil sample from the Pirin Mountains. The 

colony is dark green, with a granular surface and a raised margin. At an early 

developmental stage, invisible microscopic colonies form, composed of interwoven 

filaments embedded in a common mucilage. Filaments are often tightly entwined, 

making it difficult to distinguish individual threads. Cells are round, spherical to 

barrel-shaped, 2.7–3.7 μm in diameter. Heterocysts are spherical with thick cell 

walls, transparent, colourless, and 4–6.5 μm in diameter. Compared with the strain’s 

original description in 2009 (Uzunov 2009), the vegetative cells have reduced in size 

(previously 5.5 μm in diameter). 

 

Biotechnological potential: The ability of Nostoc punctiforme to autonomously fix 

atmospheric nitrogen makes it important for soil fertility and a candidate biofertiliser 

in agricultural systems. This ability is largely due to the differentiation of vegetative 
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cells into heterocysts – specialised cells that create an anaerobic environment 

favourable for nitrogenase activity (Anderson et al. 2006; Ow et al. 2008). The 

species forms symbiotic relationships with fungi and plants, including bryophytes, 

gymnosperms and angiosperms, enhancing ecological agricultural applications 

(Meeks et al. 2001). N. punctiforme exhibits complex adaptive responses to 

oxidative stress, associated with homologous overexpression of proteins such as 

NpDps2 and NpDps5. These proteins increase the organism’s tolerance to various, 

including harmful, conditions, highlighting potential applications in bioprocessing 

under diverse environmental conditions (Li et al. 2018). By modulating stress-

response pathways, this species can be optimised for sustainable biomass 

productivity or biochemical production systems. Its large genome (~9–10 Mb), with 

over 7,000 genes, includes many sensory and regulatory genes, enabling adaptation 

Fig. 7. Filaments of Nostoc punctiforme immersed in a common colonial mucilage 

— ACUS 00018 (a, б), ACUS 00214 (в); heterocysts are indicated by arrows. 
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to environmental factors and facilitating bioengineering to achieve desired 

biotechnological traits. Nostoc punctiforme also stands out as a model organism for 

studying cyanobacterial biology (Meeks et al. 2001; Moraes et al. 2017). 

 

Domain Eukarya 

Division Chlorophyta Reichenbach 1830 

Subdivision Chlorophytina Cavalier-Smith 1998 

Class Chlorophyceae Wille 1884 

Order Sphaeropleales Luerssen 1877 

Family Scenedesmaceae Oltmanns 1904 

Genus Coelastrella Chodat 1922 

The genus Coelastrella comprises unicellular green algae with cells that are elliptic 

to spherical, sometimes fusiform, lemon-shaped, or ovoid, and lack a mucilaginous 

sheath. The cell wall consists of several layers but is thin and rigid, bearing 6–40 

meridional ribs that may be straight, spiral, or interconnected into a reticulum. 

Apical thickenings are absent except in C. terrestris, which displays small papilla-

like structures. The plastid is parietal, composed of polygonal plates or bands, one 

of which contains a pyrenoid with a homogeneous stroma surrounded by starch 

grains. In young cells, the plastid is whole; with age, it divides into separate lobes. 

Cells sometimes contain vacuoles and secondary carotenoids, which give older 

cultures a distinctive roof-tile red colour. Reproduction is asexual by formation of 

autosporangia with 2–16 autospores that are released after rupture of the parent 

autosporangium wall. Sometimes, autospores remain attached to one another, 

forming small colonies. Rarely, giant spores with thick, layered walls form, likely 

associated with sexual processes. Motile (flagellate) stages are not known. 

Phylogenetic analysis of 18S rRNA (Hegewald & Hanagata 2000) transferred two 

Scotiellopsis species – S. oocystiformis and S. terrestris – to Coelastrella, indicating 

close relation and morphological convergence within the Scenedesmaceae. The 
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genus is cosmopolitan and occurs on moist and wet soils, rocks, sand, and in 

sphagnum bogs. In mountain areas, it can contribute to green or red snow coloration. 

 

Coelastrella aeroterrestrica Tschaikner, Gärtner & Kofler 2008, Figure 8 

The species listed as Critically Endangered in the Red List of Bulgarian microalgae 

is represented by four strains collected from different localities: 

Strain ACUS 00015 was isolated from soil in the Kresna Gorge. Cell aggregations 

on the agar surface are green; the surface is smooth with an even margin. Cells are 

solitary, rounded to ellipsoidal, 3.9–4.8 µm wide and 5.2–6.3 µm long. The cell wall 

has longitudinal ribs that are small (low), often difficult to see under a light 

microscope. The plastid is single, parietal, smooth, with deep incisions in older cells. 

The pyrenoid is single, rounded to spherical, surrounded by starch grains. 

Autosporangia with 2, rarely 4, autospores are observed. 

 

Strain ACUS 00021 was isolated from soil in the Pirin Mountains. Cell aggregations 

on agar are green; the surface is smooth with an even margin. Cells are solitary, 

lemon-shaped, rounded to ellipsoidal, 4–4.5 µm wide and 5.5–6 µm long. The 

longitudinal ribs of the cell wall are not visible under the light microscope. The 

plastid is single, parietal, with one pyrenoid of round, often slightly elongated shape. 

Reproduction is exclusively asexual by autosporangia, most commonly with 4 

autospores, less often with 2. 

 

Strain ACUS 00029 was isolated from soil from the roots of the Heldreich's Pine 

Baikusheva mura. Cell aggregations on agar are green; the surface is rough with an 

uneven margin. Cells are solitary, rounded with a lemon shape, 3.7–4.6 µm wide 

and 5.6–6.2 µm long. At the poles of most cells, where the ribs of the cell wall meet 

(not visible in light microscopy), a thickening (tubercle) is clearly seen. Cells have 

a single parietal plastid with one rounded pyrenoid. Autosporangia form, often with 

4 autospores, rarely up to 8. 
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Strain ACUS 00041 was isolated from soil from the roots of edelweiss 

(Leontopodium alpinum Cass.) in the Pirin Mountains. Cell aggregations on agar are 

green; the surface is smooth with an even margin. Cells are lemon-shaped, solitary, 

4–5 µm wide and 5–6 µm long. The longitudinal ribs of the cell wall remain hidden 

in light microscopy, but at the cell poles where they fuse, rounded protuberances are 

observed, with one being more pronounced. The plastid is single, parietal, with one 

large rounded pyrenoid. Autosporangia with 2 and 4 autospores are observed. 

Compared with the original descriptions of the strains from 2008 and 2009 (Uzunov 

et al. 2008; Uzunov 2009), no morphological changes of the cells have been recorded 

by light microscopy. The sculptured cell wall of the vegetative cells and autospores 

of the strains was illustrated by SEM images (Uzunov et al. 2008b). 

  

Fig. 8. Coelastrella aeroterrestrica – а (ACUS 00015), в (ACUS 00029) - vegetative cells with clearly 

expressed polar thickenings of the cell wall; the pyrenoid is indicated by an arrow; б (ACUS 00021) – 

pyrenoid after staining with Lugol’s solution; г (ACUS 00041) – autosporangium. 
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Biotechnological potential: Microalgae of this species can biosynthesise hexagonal 

silver nanoparticles of nanoscale diameter (~14.5 nm) via biomolecules such as 

proteins and polysaccharides that act as reducing and capping agents. These 

biosynthesised Ag-NPs show strong anticancer activity against malignant cells while 

being less toxic to noncancerous cells. They exhibit significant antioxidant activity, 

effectively scavenging free radicals. Ag-NPs have biocidal effects, showing 

inhibitory properties against both Gram-positive and Gram-negative bacteria. 

Additionally, the genus Coelastrella, including C. aeroterrestrica, is known for its 

fatty acids and pigments, making it promising for biotechnological and industrial 

applications. It may also play a role in bioremediation, particularly regarding heavy 

metals. In summary, the biotechnological potential of C. aeroterrestrica includes 

green synthesis of nanoparticles with medical applications (anticancer, 

antibacterial), antioxidants, and industrial uses related to its biochemical 

composition (Hamida et al. 2022). 

 

Division Streptophyta Cavalier-Smith 1993 

Class Klebsormidiophyceae C. Jeffrey ex Guiry 2023 

Order Klebsormidiales K. D. Stewart & K. R. Mattox 1975 

Family Klebsormidiaceae K. D. Stewart & K. R. Mattox 1975 

 

Genus Klebsormidium P. C. Silva, Mattox & W. H. Blackwell, 1972 

Thalli are filamentous. Filaments are uniseriate and unbranched. In aquatic 

environments, they are either free-floating or attached. Cells are cylindrical or 

barrel-shaped, with a thin or layered cell wall that may become rough, toothed, or 

develop H-shaped sections spanning the transverse walls with age. The plastid is 

single, parietal, girdle- or cup-shaped, usually occupying about half to 80% of the 

cell length. The pyrenoid is single, oval or elongated, centrally located, and 

surrounded by starch. The nucleus is central, 3–4 μm in diameter, and the 

chromosome number ranges from 22 to 48. Cells may contain oil droplets and starch 
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grains. Asexual reproduction occurs by biflagellate zoospores, or by aplanospores 

and akinetes formed at the free ends of filaments. Sexual reproduction is anisogamy 

via biflagellate macro- and microgametes. Reproduction can also be vegetative, by 

fragmentation of filaments into short segments that subsequently grow in length. 

 

Klebsormidium klebsii (G. M. Smith) P. C. Silva, K. R. Mattox & W. H. Blackwell, 

1972, Figure 9 

The species is represented by three strains isolated from different habitats.  

 

Strain ACUS 00048 was isolated from rocks at the Belogradchik Rocks natural 

landmark. Aggregations of filaments on the agar surface are green; the surface is 

granular with a raised margin. Filaments are long and straight, with cylindrical cells 

that have thin, smooth cell walls. Cells are 3–3.6 μm wide and 6.1–9.2 μm long. The 

plastid is single, with one pyrenoid. Strain ACUS 00105 was isolated from the 

surface of moss at the Belogradchik Rocks natural landmark. Aggregations of 

filaments on the agar surface are matte green; the surface is granular with a raised 

margin. Filaments are long and straight, with cylindrical cells and thin, smooth cell 

walls. Cells are 3.5–4.2 μm wide and 6.8–10.1 μm long. The plastid is single, 

elongated, with one pyrenoid. 

 

Strain ACUS 00207 was isolated from soil in the Rila Mountains. Aggregations of 

filaments on the agar surface are green; the surface is smooth with an entire margin. 

Filaments are curved and surrounded by solitary cells from fragmented thalli. Cell 

shape is cylindrical with rounded edges; some cells are slightly barrel-shaped, 2.9–

3.6 μm wide and 5.5–7.4 μm long. The plastid is single, massive, with one pyrenoid. 

The phylogenetic position of this strain has also been confirmed by genetic data 

(Stoyneva-Gärtner et al. 2019c). 
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Biotechnological potential: Mycosporine-like amino acids (MAAs) found in 

species of the genus contribute to cellular protection against UV and PAR radiation 

and have high potential as natural, safe, and effective UV filters. They can be used 

in sunscreens, as well as in novel wound-healing agents and biomaterials. 

Fig. 9 Filamentous thalli of Klebsormidium klebsii – а (ACUS 00048), б (ACUS 00105), в 

(ACUS 00207). Pyrenoids are indicated by arrows after staining with Lugol’s solution (б, в). 
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Additionally, these algae are used in phycoremediation and biological wastewater 

treatment (Stoyneva-Gärtner et al. 2019c). Klebsormidium strains from ACUS have 

proven effective in water treatment and in the accumulation of rare and valuable 

metals (Valchev et al. 2021, 2023, 2025). 

 

Division Ochrophyta Cavalier-Smith 1986, emend. Cavalier-Smith & Chao 1996 

Subdivision Ochrophytina Cavalier-Smith 1995 

Class Eustigmatophyceae D. J. Hibberd & Leedale 1971 

Order Eustigmatales D. J. Hibberd 1981 

Family Chlorobotryaceae Pascher 1915 

 

Genus Vischeria Pascher, 1938 

Cells are spherical, polyhedral, or irregular in shape, with various ridges and 

projections. They are solitary, sometimes temporarily forming groups of 2–4 after 

reproduction. The cell wall is coarse, with characteristically formed structures 

visible as high, flat to toothed, undulating contours. The teeth correspond to cones, 

hemispheres, or spherical segments and vary greatly in number. All transitions 

occur, from five to eight large flat projections to numerous conical or hemispherical 

ones, which can be so dense that the original spherical surface of the cells is no 

longer recognisable. In some polyhedral species, the cell wall is coarse and brownish 

due to iron deposits. The plastid is single, parietal, bowl-shaped, often with very 

deep incisions forming two or more separate parts; it contains a polygonal pyrenoid 

not visible under the light microscope. Red oil droplets and one large orange–red 

body of incompletely understood nature are often observed in the cytoplasm 

(Gärtner et al. 2012). Asexual reproduction occurs by zoospores or, more often, by 

autospores (Gärtner et al. 2012; Stoykova et al. 2019). 
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Vischeria magna (J.B.Petersen) Kryvenda, Rybalka, Wolf & Friedl, 2018, Fig. 10 

 

Strain ACUS 00002 was isolated from soil from the Kresna Gorge. Aggregations of 

cells on the agar surface are orange; the surface is smooth with an entire margin. 

Cells are solitary, elongated, measuring 6–7 μm wide and 7.8–8.9 μm long, or nearly 

oval with a diameter of 5.3–7.5 μm. The cell wall is smooth. The plastid is single, 

parietal. Numerous yellow–orange vacuoles are deposited in the cytoplasm. The 

carotenoid content of this strain was confirmed chromatographically by Stoyneva-

Gärtner et al. (2019a), and its phylogenetic position was confirmed by genetic data 

from Stoykova et al. (2019). Compared with the original description of the algal 

strain from the Pirin Mountains in 2009 (Uzunov 2009), the oval vegetative cells 

have now reduced in size (previously 11–21 μm), and cells with pyramidal or 

polyhedral shape are now observed more frequently. 

 

Biotechnological potential: Species of the genus Vischeria accumulate complexes 

of carotenoids, lipids, chlorophyll, and vitamins with diverse applications. Lipids are 

used for biofuel production. Vitamins – especially vitamin E (α-tocopherol)—are 

potent antioxidants that protect against skin, eye, and cardiovascular diseases, as 

well as cancer. Chlorophyll has detoxifying, anticancer, and antioxidant properties 

and is used as a dietary supplement and as a colourant in the food industry. 

Fig. 10. Vegetative cells of Vischeria magna – а (ACUS 00002), б (ACUS 00233). The red–

orange body, typical of cells of the genus, is indicated by an arrow. 
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Carotenoids (astaxanthin, β-carotene, violaxanthin, lutein, zeaxanthin, and 

canthaxanthin) have strong antioxidant and anticancer properties; they are used as 

dietary supplements, colourants, and feed additives, with important applications in 

pharmacy, cosmetics, and the food industry (Gao et al. 2016; Stoyneva-Gärtner et 

al. 2019a, b, 2022; Remias et al. 2020; Maltsev & Maltseva 2021; Yakoviichuk et 

al. 2023; Krivina et al. 2024; Sorokin et al. 2024). Vischeria strains from ACUS have 

also proven effective in water treatment (Valchev et al. 2019). 

 

• Summary and discussion of the results 

In this study, taxonomic characterisation was conducted for 75 selected strains from 

the Living Algal Collection of Sofia University “St. Kliment Ohridski” – ACUS, 

representing four algal divisions: Cyanoprokaryota (4), Chlorophyta (43), 

Streptophyta (13), and Ochrophyta (15). Two of the studied strains are species new 

to Bulgaria (Coelastrella rubescens and Botrydiopsis constricta). Four species and 

one forma listed with conservation status as Critically Endangered, Endangered, or 

Vulnerable in the Red List of Bulgarian microalgae are represented, with 18 strains 

characterised. Some taxa were further examined by SEM and TEM. The 

biotechnological potential of the described species was analysed based on literature 

data and pilot studies of individual ACUS strains.  

Taxonomic characterisation of the ACUS algal strains showed that 25 strains 

(33% of those studied) have reduced cell size since their deposition in the Collection 

(2007–2010) to the present, and only one shows a trend towards change in cell shape, 

with an increase in polyhedral cells. For 14 strains (19% of the 75), there is a 

reduction in cell diameter (ACUS 00002, ACUS 00010, ACUS 00011, ACUS 

00017, ACUS 00018, ACUS 00022, ACUS 00026, ACUS 00027, ACUS 00040, 

ACUS 00052, ACUS 00062, ACUS 00068, ACUS 00069, ACUS 00112); for 8 

strains (11%), there is a reduction in both cell width and length (ACUS 00001, 

ACUS 00003, ACUS 00004, ACUS 00005, ACUS 00013, ACUS 00016, ACUS 
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00030, ACUS 00201); in two strains, only cell width was reduced (ACUS 00012, 

ACUS 00019); and in one strain (1%), only cell length decreased (ACUS 00060). 

Reduction of algal cell size during cultivation in culture collections is 

commonly associated with nutrient limitation, light availability, and diffusion 

constraints that favour smaller cells with higher surface-to-volume ratios and faster 

division rates (Bestová et al. 2021; Novoveská et al. 2023; Lerf et al. 2024). Some 

of the main physiological, ecological, and evolutionary factors that act singly or in 

combination are listed below: 

1. Nutrient limitation – as cultures grow, depletion of nutrients (e.g. nitrogen and 

phosphorus) limits biosynthesis, reducing cellular biomass. Under these 

conditions, cell division may continue despite limited growth, producing 

smaller daughter cells (Beardall et al. 2009; Finkel et al. 2010; Marañón et al. 

2013; Marañón 2015).; 

2. Light conditions – in dense algal cultures, self-shading reduces light 

availability per cell; under low-light conditions, smaller cells with higher 

surface-to-volume ratios are favoured due to improved light-harvesting 

efficiency (Finkel et al. 2010; Marañón 2015; Malerba et al. 2018; Li et al. 

2022); 

3.  Growth-phase effects – during exponential growth, cells actively accumulate 

biomass and are usually larger, while in the stationary phase, nutrient limitation 

and stress reduce metabolic activity, leading to smaller, more compact cells 

(Beardall et al. 2009; Marañón et al. 2013; Metsoviti et al. 2019); 

4. Accumulation of waste products – in closed culture systems, side metabolites 

(e.g. reactive oxygen species and dissolved oxygen) can accumulate, causing 

oxidative stress and growth inhibition; these stress conditions can reduce 

cellular biomass and contribute to smaller cell size (Apel & Hirt 2004; Lesser 

2006; Ugwu et al. 2008; Marañón 2015); 

5. Adaptation to culture conditions – continuous cultivation can impose 

selective pressure favouring smaller algal cells, as reduced cell size is 
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associated with faster division rates and lower nutrient requirements, providing 

a competitive advantage under resource-limited laboratory conditions (Finkel 

et al. 2010; Marañón et al. 2013; Marañón 2015); 

6. Temperature and stress – suboptimal environmental conditions, including 

temperature stress, can disrupt normal growth cycles by limiting biosynthesis 

and increasing oxidative stress, often resulting in reduced cell size as cells 

divide before fully accumulating biomass (Beardall et al. 2009; Finkel et al. 

2010; Peter & Sommer 2013; Marañón 2015). 

 

Temperature stress during cultivation of all ACUS algal strains has been 

avoided in recent years by purchasing growth chambers, where strains are 

maintained under constant conditions.  

Culturing conditions such as continuous light, closed systems, nutrient 

limitation, and repeated subculturing with periodic transfers create a disturbed, 

resource-limited environment that favours r-selected traits – including small cell size 

and fast division rates – over K-selected strategies associated with larger, resource-

efficient cells (MacArthur & Wilson 1967; Andrews & Harris 1986; Finkel et al. 

2010; Marañón 2015). The effects of culture conditions on algal cell morphology 

can be further clarified using high-resolution imaging techniques such as SEM and 

TEM, which allow detailed visualisation of size-related ultrastructural changes at 

the cellular level. For this reason, two doctoral projects were initiated within the PhD 

work (No. 80-10-95/13.05.2022 and No. 80-10-74/25.04.2023), funded by the 

Scientific Fund of Sofia University, for further characterisation of streptophyte 

Klebsormidium strains and eustigmatophyte Vischeria strains, given their proven 

biotechnological potential and confirmed phylogenetic position (Valchev et al. 

2019; Stoykova et al. 2019; Stoyneva-Gärtner et al. 2019a, c; Valchev et al. 2021, 

2023, 2025). 

Algal strains preserved in international culture collections provide 

standardised biological material for detailed morphological and ultrastructural 
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analyses using SEM and TEM, allowing consistent comparisons between studies 

and laboratories. However, most collection catalogues are not freely accessible or, 

when available, often lack basic information on the habitat, ecology, and 

morphology of the collected strains. 

According to our review, taxa unique to the Living Algal Collection of Sofia 

University “St. Kliment Ohridski”, with no recorded deposits in other algal 

collections worldwide, are: Scytonema varium (ACUS 00128), Coelastrella 

aeroterrestrica (ACUS 00015), Coelastrella rubescens (ACUS 00134), Chlorella 

miniata (ACUS 00103), Trochisciopsis tetraspora f. minor (ACUS-S 12), 

Klebsormidium klebsii (ACUS 00048 and ACUS 00105), and Botrydiopsis 

constricta (ACUS 00210).  

Detailed characterisation of unique algal strains from ACUS provides the 

foundation for exploiting their biotechnological potential in areas such as bioenergy, 

dietary supplements, cosmetics, bioremediation, medicine, and pharmacy (Figs. 11, 

12).  

Fig. 11. Suggested ACUS strains with potential for medical and pharmaceutical applications. 
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VI. Conclusions 

 

1. As a result of this study, taxonomic characterisation was carried out using light 

and electron microscopy (SEM and TEM) on 75 selected ACUS algal strains 

after long-term cultivation. These strains belong to three evolutionary lineages, 

four algal divisions (Cyanoprokaryota – 4, Chlorophyta – 43, Streptophyta – 13, 

Fig. 12. Algal strains from ACUS with potential for use in cosmetics, bioremediation, biofuels, 

food and feed. 
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and Ochrophyta – 15), eight classes, 14 orders, 16 families, 22 genera, 28 

species, and one variety, and include five species with conservation status listed 

in the Red List of Bulgarian microalgae.; 

2. A detailed taxonomic study determined the species identity of two strains 

representing two species new to the algal flora of Bulgaria: Coelastrella 

rubescens (Chlorophyta) and Botrydiopsis constricta (Ochrophyta).; 

3. Taxonomic characterisation of the ACUS strains showed that 25 strains (33% of 

the total) have reduced cell size since their deposition in the Collection (2007–

2010) to the present, and one strain shows a tendency to change shape from oval 

to polyhedral. As these changes affect long-term cultured strains, we assume 

possible causes include nutrient limitation, light conditions, growth-phase 

effects, accumulation of waste products, adaptation to culture conditions, and 

temperature stress – factors known individually or in combination to affect 

strains in other collections and in nature.; 

4. TEM visualisation reflects artefacts from compression and structural distortions 

caused by ultramicrotomy/sectioning (2D distortion of a 3D structure); 

5. SEM visualisation reflects artefacts induced by dehydration effects on algal 

cells; 

6. Taxa unique to the Living Algal Collection of Sofia University “St. Kliment 

Ohridski”, with no recorded deposits in other algal collections worldwide, are 

seven: Scytonema varium (ACUS 00128), Coelastrella aeroterrestrica (ACUS 

00015), Coelastrella rubescens (ACUS 00134), Chlorella miniata (ACUS 

00103), Trochisciopsis tetraspora f. minor (ACUS-S 12), Klebsormidium klebsii 

(ACUS 00048 and ACUS 00105), and Botrydiopsis constricta (ACUS 00210). 

7. The investigated ACUS algal strains provide a foundation for exploiting their 

biotechnological potential in areas such as bioenergy, bioremediation and water 

treatment, medicine and pharmacy (including dietary supplements), cosmetics, 

and other fields 
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VII.  Conclusion 

Taxonomic characterisation of algal strains maintained in culture collections 

remains a fundamental step for understanding their diversity, evolutionary 

relationships, and functional potential. Accurate identification based on 

morphological characteristics is especially important for groups such as green, 

cyanobacterial, and eustigmatophyte algae, where phenotypic plasticity and 

environmental adaptation can complicate classification. Integrating classical 

taxonomy with modern molecular approaches – the widely known polyphasic 

approach – will further increase the reliability of strain identification and ensure their 

proper use in scientific and industrial contexts. 

Beyond their taxonomic value, algal strains in culture collections represent a 

rich reservoir of biotechnologically significant traits. Their metabolic diversity 

offers substantial opportunities for applications in biofuel production, high-value 

compounds, dietary supplements, and environmental technologies. Continued study 

of these strains, supported by advances in genomics and other molecular tools, will 

further reveal their genetic potential and enable targeted strain improvement. 

Equally important is the role of collections in conserving local and global 

algal biodiversity. By maintaining well-documented strains, collections preserve 

unique genetic resources that might otherwise be lost due to environmental change 

or habitat degradation. This function is particularly critical for region-specific 

isolates that contribute to understanding and conserving local ecosystems. 

Strain exchange between culture collections also promotes scientific 

collaboration and reproducibility, enabling comparative studies and the development 

of standardised research frameworks. Such collaboration improves global access to 

algal resources and supports interdisciplinary research efforts. In this context, algal 

collections serve not only as repositories of biodiversity but also as dynamic 

platforms for innovation, conservation, and international cooperation in algal 

research. 
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In light of the above, the pilot taxonomic characterisation of selected ACUS 

strains presented in this dissertation, together with the assessment of their 

biotechnological potential, demonstrates both the promise of similar future studies 

and the need for greater financial support and for SEM and TEM specialists within 

the country, who can provide reliable taxonomic identification and descriptions 

necessary to achieve ACUS’s goals and to enable further research and realisation of 

the strains’ promising potential. 

 

VIII. Contributions 

1. For the first time, a detailed description of the morphological characteristics of 

75 algal strains from the Living Algal Collection of Sofia University “St. 

Kliment Ohridski” (ACUS) has been provided; 

2. Original microphotographs using modern microscopy techniques were produced 

for all examined ACUS algal strains; 

3. Two strains representing two species new to the Bulgarian algal flora were 

identified; 

4. A reduction in cell size was observed in 25 algal strains during long-term 

maintenance in ACUS, and a hypothesis for possible causes was proposed; 

5. A tendency for cell shape change (from oval to polyhedral) was detected in one 

strain as a result of long-term maintenance in ACUS; 

6. Based on SEM and TEM analyses of five strains (Klebsormidium dissectum: 

ACUS 00001 and ACUS 00004; Vischeria helvetica: ACUS 00024 and ACUS 

00025; Vischeria magna: ACUS 00233), a recommendation was made for the 

urgent need for SEM and TEM specialists in Bulgaria for algal microscopy; 

7. An analysis of the biotechnological potential of the studied ACUS strains was 

performed based on literature data, with a view to their future practical 

applications; 

8. The existing strains (total 304) of algal taxa (24 species) in five collections 

worldwide – corresponding to some species studied here – were documented to 
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facilitate future collaboration and comparative studies of cytomorphological, 

ecological, genetic and biochemical traits; 

9. It was established that eight algal strains from seven taxa are unique to the Living 

Algal Collection of Sofia University “St. Kliment Ohridski” (ACUS). 
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