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Abstract: The Algal Collection at the University Federico II (ACUF) is a bioresource center where over 800 live microalgal strains 
are maintained, mainly belonging to Cyanobacteria, Chlorophyta, Rhodophyta, and Bacillariophyceae. The extremophilic algae main-
tained at ACUF include thermo-acidophilic and acidotolerant strains, mostly belonging to the Cyanidiophyceae isolated from Eu-
ropean and extra-European sites, and also terrestrial isolates from bare rocks and monuments. The main target of the ACUF Center 
is the study and preservation of the diversity of extremophylic microalgae. This collection is used as a resource for studies about 
biochemical and evolutionary strategies as well as mechanisms involved in cell functioning under harsh environmental conditions. 
These organisms can be also useful sources for the production of chemical compounds or other biological products with potential 
biotechnological applications.
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The ACUF collection

Extreme environments are typically characterized by harsh 
conditions determined by spatial gradients of chemical and 
physical factors, consisting of strong variations in tempera-
tures, humidity, salinity, and pH. They are usually repre-
sented by hot and cold deserts, hot springs, salt lakes, vol-
canic and thermal areas, sulfide mines near deep-sea vents 
as well as terrestrial environments exposed to desiccation 
and sharp variations of temperature, as bare rocks, but also 
building facades and monuments. Extremophilic microor-
ganisms are exposed to hostile conditions and are catego-
rized on the basis of their ability to thrive in a specific 
type of niche (Rampelotto, 2013). During the past 45 years 
ACUF collection based at the Federico II University of 
Naples (Italy) has supported the study of photoautotrophic 
microorganisms dwelling those habitats. The aim of this 

article is to present the most significant features of ACUF 
collection, examples of applied research carried out by the 
ACUF staff, strains of interest and future directions in the 
preservation and study of biodiversity. Table 1 provides 
a complete list of the strains maintained in the ACUF col-
lection classified according to Division, Class, and Order.

History and aims

The culture collection of algae at the Federico II University 
of Naples was started in 1973 by professor Roberto Tad-
dei, and was initially planned as a collection of Cyanidium 
caldarium Geitler (sensu lato) strains from different acid-
ic-thermal sites of Italy (De Luca et al., 1973) and other 
countries (De Luca et al., 1977). Further investigations on 
acidic and thermal sites of Italy (Fig. 1a and b) led to the 



64 Luigi D’Elia, Angelo Del Mondo, Mariano Santoro, Antonino De Natale, Gabriele Pinto, Antonino Pollio

isolation of acido-resistant species belonging to Chloro-
phyta, Bacillariophyta and other divisions (Pinto and Tad-
dei, 1977). In the late 1970’s the C. caldarium collection 
was expanded to similar sites of different countries, with 
a focus on Central and North America.

In these explorations, strains from Yellowstone Nation-
al Park, Playon de Auachapan (El Salvador), Los Azufres 
and Cerro Prieto (Mexico) were collected (Gambardella et 
al., 1980). Following the American explorations, an expe-
dition to Mount Lawu in Java (Indonesia) allowed to col-

Table 1. Taxonomical distribution of the strains presently maintained in the ACUF Collection
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lect Cyanidiophyceae in the type locality of C. caldarium 
(De Luca et al., 1981). Afterwards, in 2006 and at a later 
stage in 2011, Pinto and Ciniglia increased considerably 
the number of Cyanidiophycean strains in the ACUF col-
lection with the explorations of thermal and acidic sites in 
Iceland (Fig. 1c) (Ciniglia et al., 2014) and Turkey.

Microalgae from thermoacidic habitats

During the years, ecophysiological and ultrastructural stud-
ies were conducted on chlorophycean microalgae isolated 
from low pH environments, as Chlamydomonas pitschman-
nii Ettl (Pollio et al., 2005), Stichococcus bacillaris Nägeli 
(Pollio et al., 1997), Pseudococcomyxa simplex (Mainx) 
Fott (Albertano et al., 1990) and Auxenochlorella proto-
thecoides 
Taddei, 1984) together with the newly described species 
Viridiella fridericiana Albertano, Pollio, Taddei (Albertano 
et al., 1991). Also the chrysophyceaen Ochromonas vulca-
nia Gromov (Albertano et al., 1994) and the bacillariophy-
cean Pinnularia obscura 
thriving in acidic ponds of Southern Italy were collected 
and studied.

A major focus was dedicated to Cyanidiophyceae. 
Unicellular terrestrial Rhodophyta have been considered 
as a single species for a long time, and described for the 
first time as Coccochloris orsiniana by Meneghini (1839). 
Almost a century later, this species had been placed in 
a number of already described genera, falling either to the 
Cyanophyta or Chlorophyta, until Geitler assigned to this 
species the generally accepted binomial Cyanidium cal-
darium. The taxon was officially recognized as part of 
the Rhodophyta by Hirose (1958), who demonstrated the 
presence of several characteristic rhodophycean features. 
Later, De Luca et al. (1978) described the new species 
Cyanidioschyzon merolae De Luca, Taddei, Varano, fea-
tured by its characteristic size and shape, whereas Merola 
et al. (1981) differentiated Galdieria sulphuraria (Galdieri) 
Merola from C. caldarium based on its ability to grow 
in the dark. Currently, macroevolutionary studies integrate 
aspects of biogeography and geography in a phylogenetic 
context to answer questions related to the world diffusion 
of Cyanidium, Galdieria, and Cyanidioschyzon. Molecular 
phylogenetic studies suggest that the Cyanidiales represent 
one of the most ancient groups of algae, having diverged 
about 1.3 billion years ago at the base of the Rhodophyta 
(Müller et al., 2001; Yoon et al., 2002b).

Algal biofilms and cultural heritage

Although most green algae typically thrive in aquatic en-
vironments, many species also live partly or permanently 
under aero-terrestrial conditions; microorganisms living at 
rock-atmosphere interface experience dehydration regularly, 

a phenomenon described as desiccation tolerance (Holzinger 

observed on virtually all kinds of stone monuments such 
as castles, caves, churches/cathedrals, fountains, temples, 
tombs/catacombs, etc. (Fig. 1d, e and f), and can be associ-
ated with problems of conservation. Several types of auto-
trophic and heterotrophic microorganisms such as bacteria, 
fungi, algae and lichens, are usually observed on stone mon-
uments. The rock substratum provides harsh environmental 
conditions. Temperature may vary by several tens of degrees 
during a day, and can be accompanied by rapid desiccation 
(or freezing); all that implies a limited availability of water 
(e.g., Walker and Pace, 2007). The ACUF team character-
ized and studied biofilm communities on stone monuments 
in the archaeological sites of Campania (Italy), namely 
Pompeii, Herculanuem, Oplontis, Cumae and Nola among 
others. Microorganisms retrieved on monuments were ana-
lysed in their native biofilm structure by CLS-microscopy, 
isolated, characterized, and subsequently used as models to 
perform in vitro experiments for understanding the patterns 
of microbial colonization of stone materials (Marasco et al., 
2016; Del Mondo et al., 2017).

Biotechnological applications and toxicity tests 

Microalgae can be employed in a wide number of bio-
chemical and biotechnological applications. In recent 
years, wastewater treatment, biodiesel production, biopoly-
mers and nutraceutical science have become hot topics. 
In response to the uprising energy crisis, climate change 
and depletion of natural sources, advantages in the use of 
microalgae for biotechnological applications are represent-
ed by their capability to grow on non-arable lands nearly 
all year long, thus non competing with conventional agri-
culture. As a matter of fact, they only require freshwater, 
non-organic nutrients, and atmospheric CO2. Moreover, 
their cultivation may be coupled to industrial processing,  
i.e. reducing overall carbon dioxide emission or for waste-
water treatment. Given this premise, collections of extre-
mophilic microorganisms allow the selection of strains that 
produce high value compounds with specific features as 
thermo-resistance or cryo-resistance; this may also prevent 
environmental microbial contaminants that would not sur-
vive the selected growth conditions (Ruiz et al., 2016).

Biofuels production by microalgae appeared promising 
since the end of the last century: bio-oil extracted from 
microalgae may be adopted as crude fuels or may be trans-
esterified to biodiesel. In a study conducted by Olivieri 
et al. (2010) the strain ACUF 158 S. bacillaris has been 
selected as a promising candidate for biofuel production; 
in fact, this strain is characterized by satisfactory lipid con-
tent (33%) and fatty acids distribution; moreover, the high 
tolerance of this strain to large variations of temperature, 
salinity and pH allows massive cultures to be operated un-
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der severe conditions, thus preventing bacterial and fungal 
contamination.

Risk characterization is an estimation of the incidence 
of the adverse effect occurring in an environmental com-
partment as a result of actual or predicted exposure to 
a substance. In a study by Ferrari et al. (2003), the occur-
rence in sewage treatment plant (STP) effluents and eco-
toxicity of the pharmaceuticals carbamazepine, clofibric 
acid, and diclofenac has been investigated testing growth 
inhibition of the microalga Raphidocelis subcapitata 

(Pseudokirchneriella subcapitata 
This species is a standard test microalga recommended by 
U.S. EPA (Environmental Protection Agency, 1989) and 
OECD guidelines (Organization for Economic Co-opera-
tion and Development, 1993). In another study, Ciniglia 
and co-workers (Ciniglia et al., 2005) examined the tox-
ic effects of Triclosan (2,4,4’-trichloro-2’-hydroxydienyl 
ether) on the morphology and sexual and asexual repro-
duction of Closterium ehrenbergii Meneghini ex Ralfs, 
proposing the species as an ideal target for assessing the 

toxicity of pharmaceutical products and personal care 
products (PPCP).

Finally, it is internationally agreed that water and sani-
tation are essential to the achievement of many sustain-
able development goals (WWDR, 2015); the application 
of microalgae for wastewater treatment represents a suit-
able technological solution. One of the contributions of 
ACUF in this area was represented by the treatment of 
olive oil mill wastewaters with the phenol resistant algae 
Ankistrodesmus braunii (Grunov) Cleve and Scenedesmus 
quadricauda (Turpin) Bréb, which are able to degrade over 
50% of low molecular weight phenols contained in oil mill 
wastewaters and bio-transform them into other non-identi-
fied aromatic compounds (Pinto et al., 2003).

Facilities and culture maintenance

The phycological lab at ACUF has established growth 
rooms and growth cabinets for cultures of cyanobacteria 
and microalgae at different biomass scales and under dif-

Fig. 1.  Algal sampling sites: a) Ali Terme, Spa Granata Cassabile, Messina; b) Pisciarelli, Napoli; c) Hveragerdi, Iceland. Example 
of Pompeian biofilms on: d) fresco; e) stone column; f) polychrome mosaic
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ferent environmental conditions. Most of ACUF strains are 
maintained in glass tubes at a range temperatures between 
22°C and 26°C with various solid culture media as BG-
11, BBM and Allen (using Agar as solidifying agent). Few 
strains (mostly belonging to Bacillariophyceae) are main-
tained in liquid cultures at a temperature of 18°C. Cul-

-2 s-1 with 
a 16:8 h light-dark cycle. Under these conditions, transfers 
are made routinely every 1-2 months, although for many 
species four or six months intervals would be sufficient. An 
overview of some facilities employed for biomass recovery 
is displayed in Fig. 2. Different types of photobioreactors 
and fermenter are used to produce significant amounts of 
algal biomass for biotechnological applications. The cylin-
drical photobioreactors are 1 L bubble columns made of 
glass (0.04 m ID, 0.8 m high, see Fig. 2b); air is sprayed at 
the photobioreactor bottom by means of a porous ceramic 
diffuser. Flat photobioreactor systems are made of plexi-
glass panels (Fig. 2d) spaced by two, 3 mm-thick, silicone 
sheets conveniently cut out to outline the reactor and sepa-
rate the plexiglass sheets. Panels absorb only 1% of the 
incident irradiance (measured by light sensor Li-cor). The 

final volume of the culture is 0.3 L. Gas stream is spread 
into the culture from the bottom of the photobioreactors 
through four 1mm orifices (Gifuni et al. 2017, 2018).

All photobioreactors are housed in a temperature con-
trolled chamber equipped with lamps at a light irradiance 

-2 s-1. Measurements of pho-
tosynthesis and respiration rates (OUR) are carried out on 
culture sub-samples at the irradiance adopted in climate 
chambers by means of an Oxygraph (Hansatech) connected 
to a PC.

Strain isolation procedures

Isolates constitute the main resource for ACUF: the pri-
mary focus is to maintain an assessment of algal diver-
sity in unusual terrestrial habitats for mainly three reasons:  
i) to better understand phylogenetic relationships of the 
still poorly investigated terrestrial algae and to recover new 
species; ii) to test and develop new methods for assessing 
algal diversity in a given habitat; iii) to isolate algal com-
munities from biofilms and in soils to better understand the 

Fig. 2. Different kind of bioreactors a-d, a) ultra-flat; b) bubble column; c) inclined square bubble column; d) flat; e) a fermenter
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ecological preferences of terrestrial algae and their interac-
tions with substrates and/or other microorganisms.

Strains in ACUF Collection come from samples col-
lected by members of the host lab and by external deposi-
tors. It is a constantly growing Collection of new unique 
isolates, mainly regarding aero-terrestrial and aquatic habi-
tats. New isolates are subjected to a preliminary screening 
for morphological traits, growth characteristics, and their 
phylogenetic relatedness to already known species.

Different culture media have been tested: BBM (Bold, 
1949; Bischoff, 1963), BG11 (Rippka et al., 1979) and Al-
len medium (Allen, 1959) support a consistent growth of 
the large majority of the strains. For species belonging to 
the Cyanidiophiceae that usually live in habitat with a pH 
of 1.0 – 3.5, we use Allen medium acidified by H2SO47‰. 
Isolation of filamentous microalgae is done at a binocular 
microscope and the standard techniques of sterile handling 
in horizontal laminar flow cabinets (HF 72, Gelaire Flow 
Laboratories) are applied (Rippka et al., 1981).

Characterization and monitoring of cultures

Aim of a polyphasic approach

Until recent times, identification of prokaryotic and eu-
karyotic microorganisms has been based on morphological 
features and in a few cases ecological features; the intro-

duction of molecular techniques used for diversity stud-
ies has given a significant contribution to integrate the 
species identification knowledge in the taxonomical con-
text. The integrated approach used at ACUF relies on the 
morphological and molecular characterization in order to 
investigate the diversity of microorganisms from extreme 
ecological habitats. Furthermore, phylogenetic analyses are 
carried out in order to study biogeography and distribution 
of different ecotypes of species, with a particular attention 
to Cyanidiophiceae. This kind of approach is also defined 
“polyphasic” and it is currently used for strain isolation 
and identification at ACUF as detailed in  the workflow 
in Fig. 3.

Optical, epifluorescence and CLS Microscopy

Strain identification at species level foresees that micro-
photographs are taken by the light microscope Nikon 
Eclipse E800 for all strains. At ACUF, also epifluores-
cence microscopy is used to observe photosynthetic pig-
ment composition and specific cell staining are carried out 
by using specific dyes as DAPI or concanavalin-A to stain 
nuclei and extracellular EPS, respectively. Moreover, CLS-
Microscopy enables us to study environmental samples on 
lithic substrates as well as biological structures of inter-
est also in 3D, like plastidial organization (Izabela et al., 
2008). Image analysis of Z-stacks allows to analyse spe-
cific patterns in meta-community, biological associations 

Fig. 3. Workflow of ACUF polyphasic approach for strain isolation and identification
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and to monitor interaction of microorganisms with their 
living substrate.

Pigment analysis

Photosynthetic pigments are revealed at ACUF through 
spectrophotometric analysis to build a library reference: 
the procedure consists on determination of chlorophyll a, 
chlorophyll b, carotenoids and many others, following ac-
curate methods well known in literature (Wellburn, 1994). 
This allows a first screening of isolated cultures, and the 
annotation of peculiar pigment composition in microalgae 
(Aminot and Rey, 2000).

Also hand-fluorometry is used when the available vol-
ume of water is not enough for reliable absorbance meas-
urement; however, fluorometers need to be calibrated with 
chlorophyll standards for a preliminary calibration curve. 
In some cases, Reversed-Phase High Performance Liq-
uid Chromatography (HPLC) is also used to characterize 
the quantity of Chlorophyll a and accessories pigments of 
strains preserved at ACUF Collection.

Molecular analysis and genetic barcoding markers

Cellular lysis for DNA extraction is performed selectively 
with the aid of bead beater, chemical lysis and freeze-and-
thaw, or a combination of these methods. DNA extrac-
tion is carried out following the protocol by Doyle and 
Doyle (1990). Purified DNA is then quantified with Na-
nodropD-1000 (Thermo Fisher Scientific - Wilmington, 
Delaware USA) and subsequently run on agarose gel elec-
trophoresis for quality evaluation. Amplification by Poly-
merase Chain Reaction is carried out with primer sets spe-
cific for the different algal groups. Purified PCR products 
are then sequenced by Sanger method and the obtained 
sequences are compared by BLAST search and used for 
inferring phylogeny and species-attribution.

A number of molecular markers are used at ACUF for 
the identification and phylogenetic analyses:  (i) ITS1 and 
ITS2 (internal transcribed spacers) (Wang et al., 2015) are 
used for barcoding green microalgae; ITS1 has been pre-
ferred to investigate phylogenetic relationships in several 
lineages of green algae (Hall et al., 2010; Cozzolino et 
al., 1999) whilst the secondary structure of ITS2 has been 
proposed particularly for the characterization of closely 
related species among Chlorophyta (Caisová et al., 2013; 
Fucíková et al., 2013); (ii) the 16S rRNA gene is a broadly 
used molecular marker for Cyanobacteria and, more gener-
ally, for prokaryotes; (iii) the rbcL (plastid Rubisco large 
subunit) gene is a marker that can resolve the attribution of 
several microalgal species, especially when used in combi-
nation with nuclear barcoding markers (Zou et al., 2016). 
At ACUF, species-specific primers have been designed for 
the discrimination of Cyanidiophyceae.

Specific cases of phylogenetic attribution can be re-
solved with the help of a number of other markers. Among 
these, plastidial gene tufA (elongation factor (EF)-Tu) 
(Fama et al., 2002; Vieira et al., 2016) for green algae, and 
nifH (nitrogenase reductase) (Zehr et al., 1997) and cpcA 
(phycocyanin alfa subunit) (Manen and Falquet, 2002) for 
Cyanobacteria have been proposed. Extending the infor-
mation deposited in public sequence database – in terms of 
number of different molecular markers and number of se-
quences – is fundamental in order to accurately determine 
the conclusive phylogenetic attribution for known species 
as well as for novel species described.

Overview of the available strains 
and representativeness of cultures

Presently, over 800 strains of eukaryotic microalgae and 
cyanobacteria are cultivated in the ACUF collection. The 
vast majority of microorganisms held at ACUF collection 
is composed by Archaeplastida that groups all eukaryotes 
with plastids derived from primary endosymbiosis: in fact, 
89% of the ACUF strains belongs to the Divisions Chlo-
rophyta, Rhodophyta, and Charophyta. About 7% of the 
entire collection is represented by photosynthetic prokary-
otes belonging to different Orders.

The most representative taxonomic groups are Rhodo-
phyta (418), Chlorophyta (277), and Cyanobacteria (58). In 
particular, among Rhodophyta the vast majority is repre-
sented by Cyanidiophyceae, while among Chlorophyta, the 
classes of Trebouxiophyceae and Chlorophyceae account 
for the widest species diversity.  Collection also includes 
strains sampled in saline ore thermo-acidic environments 
belonging to the divisions of Charophyta (14), Ochrophyta 
(5), Cryptophyta (3), Haptophyta (3), and Euglenozoa (1) 
(for further details see Table 1). 

The cultured strains were mainly isolated from terrestri-
al habitats, especially in proximity of hot springs, geysers 
and sulphuric fumaroles, but also on bare lithic substrates, 
or monuments (Fig. 4). Most of the species held in collec-
tion are known to inhabit terrestrial environments or fresh-
waters and their surroundings; only a small part thrives 
preferentially in brackish or marine waters. Some genera, 
i.e. Stichococcus or Porphyridium, thrive in moist terres-
trial areas, intermittently submerged banks of rivers as well 
as saltmarshes and soils of sea-cliffs, including brackish 
and marine situations, thus showing a cosmopolitan growth 
attitude. Information about general environments of ACUF 
strains are showed in the Venn’s diagram (Fig. 5a).

The geographic localization of our terrestrial and fresh-
water strains is quite diverse; 132 strains over the total 
were collected in Italy, whereas the remaining 534 were 
sampled or acquired from all over the world (Fig. 5b). This 
is especially true for Cyanidiophyceae which have been 
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Fig. 4. Examples of microorganisms maintained in the ACUF collection. a) Haematococcus lacustris (Girod-Chantrans) Rostaf.;  
b) Graesiella emersonii Chlorosarcinopsis sp.; 
d) Scenedesmus sp.; e) Pseudococcomyxa simplex (Mainx) Fott; f) Isochrysis galbana Parke; g) Viridiella fridericiana Al-
bertano, Pollio et Taddei; h) Stichococcus bacillaris Nägeli; i) Tetraselmis suecica Oocystis marssonii 
Lemm.; m) Chlorolobion braunii Raphidocelis subcapitata -
tiansen et Skulberg; o) Closterium ehrenbergii Meneghini ex Ralfs; p) Scenedesmus quadricauda (Turpin) Bréb; q) Westiel-
lopsis sp.; r) Anabaena sp.; s) Klebsormidium flaccidum Calothrix membranacea 
Shmidle; u) Leptolyngbya boryana Arthrospira platensis
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sampled in hot volcanic and/or acidic sites mainly from 
Iceland, Turkey, and Italy but also strains from USA, for-
mer URSS, Mexico, and Japan (Ciniglia et al., 2004; Yoon 
et al., 2006).

The research projects in which the ACUF staff is in-
volved since 1973 and the sampling campaigns in archaeo-
logical sites and volcanic environments in recent years al-
lowed the ACUF collection to own 556 original cultures, 
249 of which are strains acquired from other collections 
and institutes (Fig. 5c).

Perspectives

ACUF collection is continuously enriching its heritage 
with sampling campaigns in extreme environments and ar-
chaeological sites to preserve biodiversity and understand 
ecological and physiological features of photosynthetic in-
habitants of extreme environments. For this aim, also the 
improvement of strain conservation and countermeasures 
to contamination are required to keep the collection alive 
and functioning. Recently, a flow cytometry protocol has 
been developed at ACUF to discriminate and sort the C. 
caldarium and G. sulphuraria, which have very poor and 
overlapping morphology, without the aid of fluorescent 
probes. 

Microalgae from extreme environments adapt to sur-
vive in harsh conditions, facing severe oscillations in nu-
trient availability and other relevant microclimatic param-
eters. Hot springs, acidic ponds, stone surfaces, high peaks 
and salty lakes may host microorganism that enact a mar-
vellous strategy for their living, hiding a precious genetic 
diversity and, in some cases, even more precious skills.

Since last decade, microalgae have been considered 
a new frontier in the energy biorefinery field because the 
“fuel only” (Zhu, 2015) option is difficult to achieve. To 
reduce the considerable cost of production and harvesting, 
that represents a true bottleneck in the pipeline, the “biore-
finery” concept is extending to all compounds in these mi-
croorganisms that may be valuable. Microalgae are rich in 

proteins, polyunsaturated fat acids (PUFA), carbohydrates, 
and pigments with anti-oxydizing activity. ACUF host lab-
oratory is currently involved to expand algal screenings 
among extremophilic microalgae to find thermostable anti-
oxydants (Carfagna et al., 2018), based on previous studies 
showing the potential use of Galdiera sulphuraria in food 
industry (Graziani et al., 2013).

However, because of the multiple potential in biotech-
nological applications, the demand  for G. sulphuraria 
from the ACUF collection has increased in recent years.

The ACUF holds one of the largest and most diverse 
collection of Cyanidiales isolated from thermo-acidic envi-
ronments of different continents. Moreover, it houses many 
cyanobacterial and algal isolates from monuments and art-
works, that could serve as a platform for in vitro studies 
on biodeterioration.

Among the stakeholders and collaborators, there are: 
Roy J. Carver Center for Comparative Genomics, Univer-
sity of Iowa - USA, that studied the biodiversity of this 
genus in partnership with ACUF; Department of Biology, 

- Laboratory of Cell Cycles of Al-
gae Institute of Microbiology Algatech - Czech Republic; 
Fermentalg - France. Besides, an on-going collaboration 
is presently held between ACUF and ATI-biotech - Italy 
for research and production of compounds in the field of 
food sustainability. 

Future perspectives are oriented to the investigation 
and the screening of microalgae from extreme environ-
ments for the production of thermostable and valuable 
compounds that may find wider application in the field of 
food sustainability, chemicals for industrial employment, 
and useful coupled bioprocesses for the optimization of 
phytoremediation strategies and industrial biomass produc-
tion and harvesting. For this aim, a continuous work in the 
preservation and study of biodiversity is still required to 
understand the ecological conditions in which such special 
strains are found to dwell.

Fig. 5. a) habitats of ACUF algal strains, b, c) supplementary information on ACUF strains
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