
Biological activity screening of isolated freshwater and 

thermal water cyanobacteria from the Azares 

Dissertação de Mestrado 

Rúben Filipe Silva Luz 

Ponta Delgada 
2017 



Biological activity screening of isolated freshwater 

and thermal water cyanobacteria from the Azores 

Dissertação de Mestrado 

Rúben Filipe Silva Luz 

Orientadores 

Professor Doutor Vítor Manuel da Costa Gonçalves 

Professora Doutora Maria do Carmo Barreto 

Dissertação de Mestrado submetida como requisito parcial para obtenção do grau de Mestre 
em Ciências Biomédicas 

• • • • • 

• • • • 





Acknowledgments 

A special thanks to my supervisors, Prof. Dr. Vitor Gonçalves and Prof.• Dr. 

Carmo Barreto, for accepting me as their student and for ali the support and guidance 

that allowed the progression in ali my work to this stage. 

I am grateful to University of Azores and the Department of Biology for 

accepting me as a student and allowing me to work in their facilities. 

I would like to thank Mrs Helena Figueiredo, technician ofDCFQE, that helped 

with material preparation and cleaning. 

I appreciate ali work done by Ana Escobar and Joana Vilaverde, as ali people 

involved in projected MONITAIA, who collected the important samples that allowed 

this work. 

To my colleagues that helped in laboratory work, Gonçalo Rosa and Wilson 

Tavares, a very special thanks to the time spend with me. 

To Rita Cordeiro, a very special thanks for ali the help in material preparation, 

sample treatment and doubts elucidation contributing greatly to the success of this work. 

A very special thanks to the people that encourage me to work this hard and 

continue my studies, my brothers Valter and Claudio and my father Francisco and 

mother Maria dos Anjos. 

I 



Abstract 

The cyanobacteria, photosynthetic prokaryotes that are co=on inhabitants of 

inland waters, are increasingly considered an important and rich source of secondary 

metabolites with diverse biological activities, such as anticancer, antibacterial, 

antifungal, anti-inflammatory, etc., leading to an increase of bioprospecting in these 

organisms. ln the Azores, severa! cyanobacteria species are present in lakes and hot 

springs but their biological activities were never tested. Due to the environmental 

conditions and isolation of the archipelago, the cyanobacteria present in the Azores 

might have unique proprieties and biological activities with great value. 

ln this work, water and biofilm samples from lakes and hot springs in the Azores 

where collect for the production of uni-algal cultures of cyanobacteria. The isolation 

work allowed the establishment of 44 strains of cyanobacteria from thermal, fresh and 

brackish water habitats. The identification of these strains allowed the enrichment of the 

basic knowledge of the Azorean cyanobacteria flora, contributing in total with 12 new 

species, in addition to many others still lacking identification and which are likely new 

for the Azores. 

For the bioprospecting work 20 strains, isolated from thermal and fresh water 

habitats, were selected to test antioxidant, anti-acetylcholinesterase, antimicrobial, 

toxicity and cytotoxicity activity. All the strains tested showed activity in at least one of 

the selected tests, with exception for antimicrobial where none of the strains revealed 

any activity. 

The most relevant result are the identified toxicity and cytotoxicity effects from 

T07 and L30 strains, that belong to cyanobacteria with no described toxic compounds 

and also the identified strains as potential sources of anti-acetylcholinesterasic and 

antioxidant compounds. 

Although this work contributes significantly to the increase of knowledge about 

cyanobacteria in the Azores, our results show that cyanobacteria in the Azores are still 

understudied, with a lot of taxonomic diversity yet to be described. Also relevant are the 

important activities hereby identified that in future works might lead to the elucidation 

of compounds with pharmacological and/or bioteclmological activities. 
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Resumo 

As cianobactérias, procariotas fotossintéticos comuns em habitats lacustres, têm 

sido indicadas como uma importante fonte de metabolitos secundários com diversas 

atividades biológicas como anticancerígenas, antibacterianas, antifúngicas, anti

inflamatórias, etc., conduzindo a um aumento da bioprospeção nestes organismos. Nos 

Açores, várias espécies de cianobactérias estão presentes em lagos e fontes termais, mas 

nenhuma atividade biológica foi testada até agora. Devido às condições ambientais e 

isolamento do arquipélago, as cianobactérias presentes nos Açores poderão possuir 

propriedades únicas e atividades biológicas de valor acrescentado. 

Neste trabalho foram recolhidas amostras de ãgua e biofilmes de lagos e fontes 

termais nos Açores para a produção de culturas uni-algais de cianobactérias. O trabalho 

de isolamento permitiu a produção de 44 estirpes. A identificação destas estirpes 

permitiu enriquecer o conhecimento da flora de cianobactérias dos Açores, contribuindo 

no total com 12 novas espécies, para além de muitas por identificar e que 

provavelmente serão novas para a os Açores. 

Para o trabalho de bioprospecção, 20 estirpes foram selecionadas, isoladas de 

habitats termais e lagos, para os testes de atividade antioxidante, anti-acetilcolinesterase, 

antimicrobiana, de toxicidade e citotoxicidade. Todas as estirpes selecionadas 

apresentaram atividade em pelo menos um dos testes selecionados, com exceção da 

atividade antimicrobiana em que nenhuma apresentou atividade. 

Os resultados mais relevantes estão relacionados com os efeitos tóxicos e 

citotóxicos dos extratos das estirpes T07 e L30, pertencentes a cianobactérias nunca 

antes descritas com compostos tóxicos, mas também são de realçar as estirpes 

identificadas como potencial fonte de compostos com efeitos anti-acetilcolinesterâsico e 

antioxidante. 

Apesar do contributo significativo deste trabalho para o aumento do 

conhecimento sobre as cianobactérias nos Açores, os resultados mostram que as 

cianobactérias dos Açores continnam pouco estudadas, com uma grande diversidade 

taxonómica ainda por descrever. É também importante de referir as atividades aqui 

identificadas, que em trabalhos futuros poderão levar à elucidação estrutural de 

compostos com potenciais atividades na farmacologia e/ou biotecnologia. 
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1. Introduction 

1.1. Work context and objectives 

Severa! organisms are able to produce organic compounds that are not involved 

in the normal growth and development of the organism (Agostini-Costa et ai., 2012), 

but have high and diverse biological activities that can be used for human applications 

(Mandai & Rath, 2015). These compounds are usually known as secondary metabolites 

(Vining, 1990). From the various activities they might have some are more notorious as: 

antibacterial agents, antifungal agents, metal transporting agents, agents of symbiosis, 

sexual hormones and differentiation effectors (Demain & Fang, 2000). 

Cyanobacteria have been revealed as an important source of compounds, 

recognized as one of the groups of organisms with the widest diversity and production 

of secondary metabolites with biological activity (Singh et ai., 2005; Welker & Von 

Dõhren, 2006; Arif et ai., 2012; Dixit & Suseela, 2013; Vijayakumar & Menakha, 2015; 

Mazard et ai., 2016; Swain et ai., 2017; Wang et ai., 2017) and/or with biotechnology 

applications (Abed et ai., 2008; Rastogi & Sinha, 2009; Wijffels et ai., 2013). For the 

most important and recognized activities we should emphasize anticancer, antibacterial, 

antiviral, antifungal and anti-inflammatory. The chemical structure of the most 

important cyanobacteria secondary metabolites are non-ribosomal peptides, polyketides, 

alkaloids and terpenes (Mandai & Rath 2015). 

The most efficient method for the identification of new compounds with 

biological activities is by bioprospecting, based in the search of compounds with 

biological and commercial interests (Cox & King, 2013). Severa! bioprospecting studies 

have been realized using different approaches such as genetic methods (e.g. Prasanna et 

ai. 2010; Brito et ai., 2015) or molecular methods (Montalvão et ai., 2016). 

Cyanobacteria are gram-negative photosynthetic prokaryotes that are common 

inhabitants of terrestrial and aquatic ecosystems, such as lakes, thermal waters and 

brackish waters (Whitton & Potts, 2012). Due to their unique abilities they adapt very 

well to extreme environments of temperature, algae concentration, salinity, etc. 

(Waterbury, 2006). ln the Azares islands, cyanobacteria are widely spread in lakes 

(Gonçalves, 2008; Cordeiro, 2015), streams (Johansson, 1977), wet soils and rocks 

(Bourrelly & Manguin, 1946; Johansson, 1977), and were also found in caves 

(Joahansson, 1977; Aguiar et ai., 2010) and thermal waters (Pereira et ai. , 2010; 

Moreira et al., 2011 ). 
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The great diversity and richness of aquatic ecosystems in the Azores, such as 

lakes (88, according to Porteiro, 2000) and thermal waters (19, referred by Cruz & 

França, 2006) ,  creates habitats for the development of microalgae and cyanobacteria, 

resulting in a high potential to discover biologically active metabolites from the natural 

inhabitants of these ecosystems. 

Therefore, the work proposed in this thesis should be a relevant contribution to 

(i) the isolation of new cyanobacteria with biological interest, (ii) their culture and 

identification, taking into advantage their possible unique qualities that might have 

developed by the influence of the insular isolation and special environmental 

conditions. With this in focus, the following objectives were set: 

• Isolation, purification and maintenance of cultures of cyanobacteria from 

lakes and thermal waters from the Azores; 

• Optimization of an extraction protocol of non-excreted compounds; 

• Identification of species that produce compounds with potential biological 

activity. 

1.2. Cyanobacteria 

Cyanobacteria are a wide and diverse group of photosynthetic bacteria that are 

distinguished by their unique set of photosynthetic pigments: chlorophyll a and the 

phycobiliproteins phycocyanin, allophycocyanin and phycoerythrin (Waterbury, 2006) .  

These prokaryotes are part o f  a phylogenetic group o f  phototropic bacteria, with 

siguificant different morphologies that have a very important impact in ecology, by the 

production of Ozand fixation ofCOz (Garcia-Pichei, 2009) . 

1.2.1. Morphology 

Cyanobacteria are gram-negative prokaryotes with great morphological diversity 

(Whitton & Potts, 2 002).  They can go from unicellular forms to filamentous complexes 

that can have cellular differentiation, going from 0.5 j.!ID to 50-1 00 j.!ID (Whitton & 

Potts, 2002 ; Waterbury, 2 006).  Cells from unicellular cyanobacteria can present 

spherical form, bacillus or fusiform, but some species have pleomorphism. Filamentous 

cyanobacteria can present discoid or barrei shape cells and extend for severa! 

millimetres of length. Some species can produce an exopolysaccharide coating, forming 

a well-defined structure that influences the form of the cells (Garcia-Pichei, 2 009) . 
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Severa! species have heterocysts, specialized cells produced in response to Jack 

of nitrogen in the environment (Garcia-Pichei, 2009). These cells are normally bigger 

than the others, have a double wall, are yellowish or colourless, and are connected to the 

adjacent cells by polar nodules. Depending on the species, these cells can acquire 

different forms, such as cylindrical or rectangular, being this characteristic important in 

the moment of identification (Sarma, 20 1 3). The main function of the heterocysts is the 

fixation of atrnospheric nitrogen (Nz) and delivery, in amino acids form, to the adjacent 

cells (Garcia-Pichei, 2009). 

The akinetes are specialized cells without motility, differentiated from other 

cells by their augmented size, thick cellular wall and large nitrogen reservoirs in the 

form of cyanophycin granules. Due to their great resistance to adverse conditions, the 

akinetes are considered a latent state of the life cycle of the cyanobacteria and allows 

their re-growth when conditions become favourable (Garcia-Pichei, 2009). 

1.2.2. Ecology 

Cyanobacteria normally use water as electron donor during the photosynthesis 

producing oxygen. However, some strains have the ability to use hydrogen sulphide 

(HzS) converting it to sulphur, with the advantage of resisting to low concentrations of 

Oz and high concentrations of HzS that would be toxic to the majority of algae (Vincent, 

2009). This capacity can be fundamental to their resistance in eutrophic lakes or in the 

periphyton (Vincent, 2009). 

Common in the periphyton, cyanobacteria may arise forming layers in sand, 

sediments, rocks, plants or other types of substrates. Depending on the environment, 

cyanobacteria may accumulate vertically to severa! centimetres of length. These layers 

can deposit in the bottom of water masses or arise and create a suspension layer 

composed mainly of cyanobacteria (Vincent, 2009). 

ln lakes where the nitrogen amount is high, in the form of nitrate or anunonium, 

cyanobacteria rarely are the dominant taxa, being competitively suppressed by better 

adapted algae (Assmy et al., 2009). ln the summer, the ratio between nitrogen and 

phosphorus decreases by the reduction of the amount of available nitrogen, reaching its 

minimum (Assmy et ai., 2009). This favours some species of cyanobacteria, as severa! 

of them hold the ability of atrnospheric nitrogen fJXation in the heterocysts (Whitton & 

Potts, 20 12). Nonetheless, phosphorus is also indicated as a boundary to cyanobacteria 

growth in the natural environment, being the rise of its concentration, mainly by 
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anthropogenic influences, in the origin of proliferation of cyanobacteria in eutrophic 

lakes (Whitton & Potts, 2012). 

Cyanobacteria can occur in a wide interval of temperature, but prefer warmer 

climates for optimum growth, normally above 15 •c (Vincent, 2009). ln in vitro culture 

conditions they show an optimum growth between 20 •c and 35 •c (Waterbury, 2006). 

Besides that, cyanobacteria prefer more alkaline water, growing in eutrophic lakes were 

the pH can reach a value of 9 (Vincent, 2009). 

Cyanobacteria possess a high capacity of adaptability, surviving in zones with 

very low light (Waterbury, 2006). They also possess a great capacity to resist high light 

intensities, even when the UV radiation is high, capacity that could be an indicator of 

their resistance in superficial water bloorns (Vincent, 2009). 

1.2.1.1. Cyanobacteria in extreme environments 

Extreme environments are, from an anthropocentric point of view, those 

inhospitable and abnormal places that some organisms may inhabit (Mandai & Rath, 

2015). Cyanobacteria are often the main and/or sole autotrophic organisms inhabiting 

these environments (Komárek & Johansen, 2015a). Extremophile organisms are 

classified according to their type of "extreme" habitat, since these can present very low 

or high values oftemperature, pH, salinity, heavy metal concentrations, etc. (Mandai & 

Rath, 2015). 

Thermophilic cyanobacteria are those that grow well or resist temperatures 

above 45 •c, with a maximum of 72-73 •c (Castenholz, 1988). Different types of 

cyanobacteria have been identified in high temperature habitats, such as Oscillatoria 

and Mastigocladus, but the most common is Synechococcus, with a maximum upper 

temperature of 72- 73 •c (Mandai & Rath, 2015). 

Marine and halophilic cyanobacteria are organisms that grown in salt ob1igatory 

environments (Oren, 2012), where cyanobacteria can tolerate salinity leveis up to 

saturation (Mandai & Rath, 2015). The marine cyanobacteria Coleofasciculus 

chthonoplastes is the main mat building of cyanobacteria in littoral areas and can 

tolerate salinity as high as 200 g/L (Oren, 2012). 

1.2.3. Taxonomy 

Taxonomic classification is the mam method used to evaluate biologica1 

diversity and has been in continuous modification since its creation. Although they are 
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considered bacteria, cyanobacteria classification has been traditionally dane by 

algologists following the botanic taxonomic principies and their nomenclature code. 

The recent interest of bacteriologists in this group, together with the use of new 

techniques in taxonomy, profoundly changed the cyanobacteria classification. ln 

addition, the great morphological diversity and the long evolutionary history of 

cyanobacteria caused higher difficulties, contributing to a continuous reconstruction of 

the classification ofthis group (Komárek et al., 2014). 

The older classification was based exclusively in their morphology, but 

nowadays new techniques such as electronic microscopy and phylogenetic data 

contribute to cyanobacteria classification (Richmond & Hu, 2013; Komárek, 2016). 

After a phylogenetic revision in cyanobacteria, Komárek et al. (2014) suggested 

a new classification which recognizes eight orders: Gloeobacterales, Synechococcales, 

Spirulinales, Chroococcales, Pleurocapsales, Oscillatoriales, Chroococcidiopsidales and 

Nostocales (table 1 ). 

Table I - Cyanobacteria orders, main cbaracteristics and genera fullowing Komárek et a/. (2014). 

Order 
L Gloeobacterales 

II. Synechococcales 

m. Spirulinales 

IV. Chroococcales 

V. Pleurocapsales 

VL Oscillatoriales 

VIL Chroococcidiopsidales 

vm.Nostocales 

Characteristics 
Absent thylak:oids 
Unicellular or filamentous; Parietal 
thylak:oids 
Regular screw-like coiled trichomes 
without sheaths 
Coccoids that have a more or less 
irregular thylak:oid arrangement 

Pseudo-filamentous which reproduce by 
baeocytes; division in multiple planes or 
irregular 
Radial, fasciculate or irregular thylak:oid 
arrangement 
Division in three or more planes; 
reproduction by baeocytes 
Filamentous with diversified thallus and 
specialized cells (heterocysts and 
akinetes) 

1.3. Cyanobacteria secondary metabolism 

Exp. Genus 
Gloeobacter 
Pseudanabaena, 
Eucapsis 

Spirulina 

Microcystis, 
Aphanothece 

Xenococcus, 
Chroococcidium 

Oscillatoria, 

Lyngbya 
Chroococcidiopsis 

Anabaena, 
Calothrix 

The best characterized compounds of cyanobacteria are their toxins, due to their 

harmful effects to animais and humans when abundant in contaminated water masses 

(Dittrnann et al., 2012). Nonetheless, many other secondary metabolites are known, 

reaching 1 100 compounds from 39 genera (Dittrnann et al., 2015). Most of these 

compounds, which comprise severa! different activities (table 2), are related to few 
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genera and confined to specific orders mainly because those species are the ones most 

studied due to their easier in vitro cultivation (Welker & Von Dõhren, 2006). 

The majority of biologically active metabolites that we can extract from 

cyanobacteria are either peptides, macrolides, or a combination of both (Welker & Von 

Dõhren, 2006). Many of these metabolites have been characterized and are known to be 

produced by the Nonribosomal Peptide Synthetases (NRPS) and/or by the Polyketide 

Synthases (PKS) route (Kehr et al., 2011), as illustrated in figure 1. Nonetheless, other 

synthetic pathways using cytochrome P450 are being studied and elucidated in the 

secondary metabolism of cyanobacteria (Mandai & Rath, 2015). 

Table 2 - Cyanobacteria biological activity list (adapted from Singh et a/. 2005). 

Order 
Chroococcales 
Pleurocapsales 

Oscillatoriales 

Nostocales 

Stigonematales 

Biological activities 
Enzyme inhibitor, cytotoxic, tumor promoter, endotoxic, hepatotoxic 
Antifungal 
Anticancer, antifungal, anti-inflammatory, antimicrobial, antimitotic, 
antiproliferative, brine shrimp toxicity, cytotoxic, herbicida!, hepatotoxin, 
molluscidal, neurotoxic, tumor promoter, sunscreen pigment, toxin 
Anticancer, antifungal, antimalarial, anti-HIV, hepatotoxic, antimicrobial, 
antimitotic, anti-inflammatory, cytotoxic, enzyme inhibitor, toxin, neurotoxin 
Antifungal, antibiotic, anticancer, antimitotic, cytotoxic, herbicida! 

1.3.1. Biosynthetic pathways of peptides 

Peptides m cyanobacteria may be produced by two types of biosynthetic 

pathways, (i) the NRPS or (ii) the ribosoma1 synthesis with post-trans1ationa1 

modification and processing (Kehr et al., 2011). The NRPS consist in domains that 

work in a progressive way to incorporate a single arnino acid in the target molecule 

(Kehr et al., 2011). The number of these domains can range from seven to 64 depending 

on the target molecule {Ditlmann et al., 2015). The ribosomal synthesis is 1imited but 

also contributes with direct gene products with on1y a few post-translational 

modifications {Ditlmann et al., 2015). 

Macrolides are compounds with a macrocyc1ic 1actone ring of 12 or more 

e1ements (Mazzei et al., 1993). ln cyanobacteria they are produced by the PKS route, 

and contrary to NRPS this route performs the activation and assemb1age of carboxy1ic 

acids (Kehr et al., 2011). 

1.3.2. Other compounds 

Cyanobacteria also produce a vast array of other compounds such as retinoids, 

alka1oids, 1actones and phospholipids (Elersek et al., 2017). Among the most notorious 

there is saxitoxin, a neurotoxic alka1oid (Ballot et al., 2017). Severa! natural compounds 
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folllld iD plmt8 auch aa tapenea ça alio be producecl by cyanobacteria, e.g. geoamin 

(Dittmann e1 al., .2015). Otbr compollllda lib hapaljndole-type alkaloids ue a group of 

hybrid isopmwid-indolo çOIIIpOWilds foUDd, acoonting to Di1mlmn el al. (2015), only in 

Stigo� species, though other species bave been mpotted to produce it, 

exte:Dding tbe production &milies to Hapaloaiplwnaceae (HIIlwig et ai., 2014). 

A) NRPS 

moduJ� 1 
termln.at module (module n) 

(mi:nimll:l tonfJQuroOOo) r"""'="'•:.:.> ____ -, 

O m!nlmar contlgur.;�tlon 

• opbon;sl dom<�in 

C) ribosomal peptides 

B) PKS 

O mi'nhNI contlguratiOfl 

• opOOMI donain 

o 

o 

tnms-portcr pro<'ursor modifying cnzymes proteose 

--- iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii�iiiiiiiiiiiiiiiiiiiiiiiiiiiiii. --

-------· 
__ (D 

CJ minimal sequence 

CJ opttonal sequence 

Figum 1-NRPS, PKS l.lld rii!Momal. patlnr;aya (ticmXdlr d 111. 2011). 

lA. Pharmacologieal aad bioteclmologal application• of 
seeondary metaboHta from eyaaobaeterla. 

The widD divoraity of sorondary metabolitllll tbat bas becm idontifiod in cyanobactmia 

render lhese organisma into excellent modeJs for pharmacological and biot=lmological 

atwlies, çonaidetbtg 1hal: a great part of cyanobll&:tmia mnain• UDJtadiecl (Dittm•nn et 

ai., .2015). Thc scar&:h for applic:ationa b' thc mctabolites of cyanobaderia is in foc:us 

wilh sownd roviows publiabecl in 1'0«1111 )"'D.B with 1hal: topic: (e.g. Dias et ai., 2015; 

Varalmey el aJ., 2015; Vijayak.nnar &. MeDakha, 2015; Mazald et ai., 2016; Rija el ai., 
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2016; Singh et al., 20 1 6; Haque et al., 201 7; Rajneesh et al., 2017; Singh et al., 2017; 

Swain et al., 2017; Wang et al., 2017). 

Among the investigated activities the pharmaceutical field is the one most 

researched, with diverse activities such as antimicrobial, anticancer, antifungal, etc. 

Severa! works have focused on anticancer activity, as shown by Vijayakumar & 

Menakha (2015) and Wang et al. (201 7) reviews, where a wide array of metabolites 

have been identified, many of which obtained from the marine cyanobacteria Lyngbya 

majuscula. Antimicrobial and antifungal activities have been widely detected in 

cyanobacteria from severa1 identified and elucidated secondary metabolites, as reported 

by Swain et al. (2017) and Wang et al. (2017). Cyanobacteria a1so produce a wide array 

of toxins, many already identified and with also severa! identified activities in the 

pharmaceutical field (Dias et al. , 20 15). 

Severa! biotechnological applications have been proposed for cyanobacteria, 

such as biofertilizers, biofue1s, bioremediation agents and food supplements. Among 

food supplements Arthrospira platensis (Spirulina) is already widely used due to its 

high protein and nutrient content (Raja et al., 2016; Haque et al., 2017). Anabaena 

azollae has been widely used in Asia as biofertilizer and is recognized as an important 

species due to its symbiotic relation with Azolla, an aquatic fero used to enrich Asian 

crops, allowing its use as a source of organic N2 (Watanabe, 1 982). Recently severa! 

other cyanobacteria have been studied to be used as biofertelizers, with their relation 

and interaction with the destination crop investigated (Singh et al., 2016). Due to their 

nitrogen fixation ability and lipid content, cyanobacteria is also studied as possible 

sources of biofue1, which if used might minimize the cost and harmful effects of the 

presently used fuels (Mazard et al., 2016; Haque et al., 2017; Rajneesh et al., 2017). 
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2. Material and methods 

2.1. Sampling 

2.1.1. Freshwater 

Samples dated from 2014 until July 2015 were collected in the margin of 16 

lakes of São Miguel island (Appendix I; see appendix II for location coordinates), by 

dragging the net from the inside out of the lake for at least 5 meters. Seasonally from 

autumn of 2015 to summer of 2016 the samples were collected in the deepest point of 

the lake from the bottom to the top of the water column in 22 lakes of 4 islands of the 

Azores (Appendix I; see appendix II for location coordinates). Each sampling was done 

with a phytoplankton net with 10 J.Lm size pore. General characteristics like pH and 

water temperature were measured in the moment of sampling (Appendix III). 

2.1.2. Brackish water 

Sampling was done in August 2016 in Maia, Santa Maria (see appendix II for 

location coordinates) by collecting a biofilm in volcanic rocks near the ocean, where an 

old fountain used for water drinking had broken and continually ran. This was 

considered brackish water for its proximity to the ocean, approximately 5 meters, which 

may provide salinity influence to the small pond. Due to absence of technical support, 

characterization of the water was not possible. 

2.1.3. Marine water 

Sampling of marine water was performed in April 2017 in Fajã dos Cubres, São 

Jorge island (see appendix II for location coordinates). Biofilm from rocks that were 

under and above water were collected. A sample with a 10 J.Lffi size pore net from the 

inside out of the lake was also carried out, for planktonic species. Both samples were 

considered distinct and treated as such. General characteristics like pH, temperature and 

salinity were registered in the moment of sampling (Appendix III) .  

2.1.4. Thermal water 

Sampling was done in June 2016 in Fumas, São Miguel island, by collecting 

biofilms present in or near thermal water running fountains or springs ( see appendix II 

for location coordinates ) .  General characteristics like pH and water temperature were 

measured in the moment of sampling (Appendix III). 
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2.2. Samples enrichment and maintenance 

Each sample, on arrival to the lab, was diluted in three different media, BG-11 

and BG-l l o  (Appendix IV) and TFI+M (Appendix IV), in a 1:1 proportion for a total 

volume of 40 mL in 100 mL glass Erlenmeyers, at most 72 hours after sampling. The 

marine sample was enriched only with BG-11 and BG-11o. 

Fresh, brackish and marine water samples were maintained in controlled 

temperature chambers at 23(±2) "C, in a 14:10 photoperiod and light intensity of 750-

1000 LUX. Thermal water samples were maintained in controlled temperature 

chambers at 40(±2) "C, with 14:1 O photoperiod and light intensity of 3000-3500 LUX. 

2.3. Isolation and maintenance of uni-algal cultores 

2.3.1. Isolation 

Isolation was done using serial dilution and streak plate method according to 

Stainer et al. (1971) and Rippka (1988). After 30 days of growth in lab after dilution, a 

drop of each enriched sample, without selection, was streaked in a plate with 0.7% of 

bacteriological agar. Growth of cyanobacteria were monitored and identified 

cyanobacteria colonies or filaments were transferred and put in sterile agar plates. If 

needed again, serial dilution was used. 

Selective isolation was performed in glass plates by dilution under observation 

on a Euromex Holland, VT series inverted microscope and transferred directly from the 

original diluted sample to 1 O mL tubes with 2 mL of medium and/or by transfer to agar 

plates, depending on the taxa. Taxa that had mobility or hormogonia production (e.g. 

Calothrix) were preferentially isolated in agar plates. 

Isolation of cultures was always done in the sarne medium in which they were 

first diluted, always using sterile material. The verifications for uni-alga! cultures were 

done by agar streak plating. The cultures used and characterized in this work were only 

the ones considered uni -alga!. 

Taxonomic identification was performed based on Komárek & Anagnostidis 

(1999), Komárek & Anagnostidis (2005), Komárek (2013), Komárek & Johansen 

(2015a) and Komárek & Johansen (2015b). 

2.3.2. Nomenclature assignment/culture maintenance 

Every isolated strain was catalogned and given an alphanumeric code related to 

the type of environment from where it was sampled and the order of isolation (table 3). 
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Table 3 -Nomenclature assignment. 

Sampling type Code (Example) 
Freshwater (Lake) L.XX 

Brackish B.XX 
Thermal T.XX 

Maintenance of fresh, brackish and marine water strains of uni -alga! cultures 

was done in a stable temperature of 20 (±0.5) oc in 100 mL glass Erlenmeyer's with 50 

mL in which the culture was isolated in a 14:10 photoperiod and a light intensity of 

2500 LUX. 

Thermal water strains of uni-algal cultures were maintain in 100 mL glass 

Erlenmeyer's with 50 mL in which the culture was isolated in a 14:10 photoperiod and a 

light intensity of 1000-1500 LUX. 

2.4. Checklist of cyanobacteria from the Azores 

From the available literature referring the presence of cyanobacteria in the 

Azores, a checklist of these organisms in the archipelago, including their distribution 

per island, was done. The classification and nomenclature of the taxa in the final list 

was updated to the currently taxonomy according to Komárek et al. (2014). 

2.5. Extraction 

For extraction of metabolites only freshwater and thermal water cultures were 

selected. Cultures for extraction where put to grow on January 3"\ 2017, and on January 

6th, 2017, for thermal waters and freshwater species respectively, in 100 mL 

Erlenmeyers flasks with 50 mL of the medium in which they were isolated. 

Dense cultures of 50 mL, grown for two months, were centrifuged during 20 

minutes at 12000 rpm (18514 g) at 4 °C. The supernatant was collected, frozen and 

lyophilized. The centrifugation pellet was also collected, weighed and freeze-dried for 3 

days. 

The extraction was performed with acetic acid for ali analysed strains, adapted 

from Carvalho et al. (2013). The lyophilized biomass sample was transferred to a 15 

mL Falkon tube with 10 mL 0. 1M acetic acid; in a repetitive procedure the sample was 

submitted to 30 seconds of sonication at 100 watts with the sample in ice and 30 

seconds of rest in ice, repeating this procedure for 5 times; in the end the extract was 

centrifuged at 12000 rpm (18514 g) for 20 minutes at 4 °C. Each centrifugation pellet 

was separated by pipetting to a new clean Falkon tube and stored at -20 oc until 

lyophilisation. For the assays, the lyophilized extracts were re-suspended in a known 
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concentration in DMSO (Dimethyl sulfoxide ) ,  sterile deionized water was added if 

needed to better sol ubilize, and transferred each to a glass flask. The supernatants that 

resulted ftom each extraction were also lyophilized, and stored at -20 •c. 

2.6. Biological activity tests 

For strains Tl4 and L17 only the cytotoxic activity against the A-549 cell line 

was tested. Ali other strains chosen for bioactivity screening were tested for antioxidant 

activity by the DPPH (2 ,2 -diphenyl-1 -picrylhydrazyl) test, for AChE 

(Acetylcholinesterase) inhibition activity, for antibacterial activity against two gram

positive bacteria, Bacillus subtilis DSMIO and Micrococcus luteus DSM 20030, and a 

gram-negative bacteria Escherichia coli DSM 498 and for anticancer activity by the 

inhibition/cytotoxicity against A-549 cell line. These tests were chosen by the wide 

opportunity of possible applications that might be suggested by the analysis of their 

results, alone or together. 

2.6.1. Antimicrobial assay 

The antimicrobial activity was performed according to Barreto & Simões (2012) 

in 96 well microplates. For these tests, the models used were two gram positive bacteria, 

Bacillus subtilis DSMIO and Micrococcus luteus DSM 20030, and one gram negative 

bacteria, Escherichia coli DSM 498. The test was realized with an initial concentration 

of extract ranging ftom 50 to 200 J.1g/mL (for more information see appendix V). 

Penicillin and streptomycin were used as contrais, with four replicates for each extract 

tested. 

2.6.2. Anti-acetylcholinesterase assay 

The anti-AChE assay was performed using acetylthiocholine as an analogue to 

acetylcholine, according to Barreto & Simões (2012). The test was carried out in 96 

well microplate with an initial concentration of extract ranging ftom 40 to 150 J.1g/mL 

(for more information see appendix V). For contrai it was used galantamine, with four 

replicates for each tested extract. 

2.6.3. Antioxidant assay 

For the antioxidant assay it was used DPPH, a reagent in an oxidative state that 

changes colour in the presence of an antioxidant compound (Pyrzynska & P�kal, 2013). 

The assay was performed according to Barreto & Simões (2012) and the test performed 
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in 96 well microplate with an initial concentration of extract ranging from 65 to 250 

j!g/mL (for more information see appendix V). Gallic acid was used as control. Bach 

experiment had four replicates. 

2.6.4. Cytotoxicity assay 

The cytotoxicity assay was performed according to Barreto & Simões (2012) 

using as target the A-549 pulmonary carcinoma cell lineage. The test was performed in 

a 96 well microplate with an extract concentration ranging from 50 to 200 j!g/mL (for 

more information see appendix V), using taxol and colchicine as control. Bach 

experiment had four replicates. 

2.6.5. Toxicity assay 

The toxicity assay was performed using Artemia salina as model organism. The 

assay was performed in triplicate in 96 well microplate according to Solis et ai. (1993). 

The nauplii where submitted to the lyophilized supematant from ali strains tested at a 

concentration of 3.13 mg/mL. 
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3. Results 

3.1. Checklist of Azorean cyanobacteria 

A compilation of data was perfonned (Appendix VI) whose taxonomic analyse 

is descripted in table 4. Cyanobacteria in Azores has been cited 161 8  times since 1874, 

the fi rst description of cyanobacteria in Azores. ln the archipelago, a total of 1 87 species 

have been identified prior to this work. 

Table 4 - Azorean cyanobacteria distribution (1874--2017). 

Island N° of citations Order Family Genus Species 
São Miguel 1080 (30) 4 23 (1) 48 (1) 126 (6) 

Santa Maria 6 (2) 2 4 (1) 5 (2) 6 (2) 

Terceira 44 4 14 20 38 

Pico 182 (9) 4 14 (2) 24 (4) 40 (5) 
São Jorge 35 (7) 5 (1) 14 (3) 15 (3) 30 (3) 
Graciosa 1 1 1 1 1 

Faial 18 5 8 1 1  18 

Flores 219 (2) 4 17 (1) 28 (1) 50 (2) 

Corvo 33 4 1 1  15 19 

Azores 1618 (50) 6 (1) 28 (2) 64 (4) 198 cn> I 
ln brackets the contribution by this work. 

3.2. lsolated and cultured cyanobacteria 

A total of 180 samples from fou r types of ecosystems (thermal, fresh, brackish 

and mari ne waters) were collected and enriched in at least one of the used media (BG-

1 1, BG-11o and TFI+M). From those, 44 cyanobacteria isolates were obtained and are 

maintained in uni-algal cultures. The list of isolated and cu1tured species organized by 

origi n of sampling (thennal, fresh and brackish water) are presented in tables 5 to 7. As 

mentioned in the methodology, a unique code was assigned to each strain and a 

database was bui1d including all the availab1e information related to the sampling site, 

taxon and cultu re conditions ( e.g. taxon name, sampling location and characteristics, 

date of collection and the maintenance medium). The results of an identification work of 

cyanobacteria from a mari ne sample collected in São Jorge island are also presented. A 

comparison with prev ious know n  cyanobacteria from the Azores was preformed based 

on the compilation of data of ali identified species in Azores (see checklist in appendix 

VI). 
From thermal water samples 1 2  strai ns were isolated (table 5), of which eight 

unique genera and nine unique species where identified. Despite their previous record in 
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freshwater habitats, the genera Coleospermum and Microchaete were firstly reported in 

thermal habitats in this study. The species Microchaete bulbosa, Leptolyngbya 

gelatinosa and Chlorogloeopsis fritschii are reported in the Azotes for the first time, 

and the later species corresponds to the first report of the genus Chlorogloeopsis in the 

Azorean islands. Figures 2 to 1 1  illustrates some of the cyanobacteria isolated from 

thermal habitats. 

Table S - Strains of cyanobacteria isolated from therma1 waters in São Miguel island. 

Isola te 
Tau Loeatlon Sllllplng 

Date of 
Mediam Figure 

Code coBedlon 

TOl Chroccoccales Ribeira Grande - Lava Pés Jun /16 TFI+M 

T05 Colewpermum sp. 1 Fumas - Poça da Tia Silvina Jun /16 BG-llo 2 

T06 Microchoete bulbosa Fumas - Água da Prata Jun /16 BG-llo 3 

T07 Leptolyngbya gelatinwa Fumas -Água do Rego Jun /16 BG-11 4 

TOS Leptolyngbya sp. 1 Fumas -Água do Caldeirão Jun/16 BG-llo s 

TtO Phormidium sp. 1 Fumas - Dona Beja Oct/16 BG-llo 

T12 Phormidium sp. I Fumas - Ribeira Amarela 1 Jun/16 BG-llo 6 

T13 Mastigocladus laminosus Fumas - Ribeira Amarela 1 Jun /16 BG-llo 7 

T14 Phormidium sp. 2 Fumas -Água do Rego Jun /16 TFI+M 8 

TlS Phormidium sp. 3 Fumas - Ribeira Amarela 2 Jun /16 BG-llo 9 

T16 Chlorogloeopsis fritschii Fumas - Poça da Tia Silvina Jun /16 BG-11 10 

T17 Chlorogloeopsis fritschii Fumas - Poça da Tia Silvina Jun /16 BG-llo 1 1  

1.!!.J!_m 

Figure 2 - Col�um sp. 1 (TOS). A:. Liquid medium; B: At,ar solidified medium. 
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Figure 3 - Microchaete bulbosa (T06). 

1 0 J,!m 

Figure 4 - Leptolyngbya gelatinosa (T07). Figure 5 - Leptolyngbya sp. 1 (TOS). 
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Figure 6 - Phormidium sp. 1 (T12). Figure 7 - Mastigocladus laminosus (T13). 

1!!J!...m 1!J!;n 

Figure 8 - Phormidium sp. 2 (Tl4). Figure 9 - Phormidium sp. 3 (TIS). 
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Figure 10 - Chlorogloeopsisfritschii (T16). Figure 1 1 - Chlorogloeopsisfritschii (T17). 

From the fresh water habitats 30 cyanobacteria strains were isolated, comprising 

14 genera and 27 species ( table 6). From the total of isolated strains 15  were identified 

as planktonic and 15 as benthic species. Among these, Fortiea is the only newly 

described genus for the Azores cyanobacteria flora, although there are some species that 

are first described in the present work (Aphanizomenon manguinii, Calothrix 

breviarticulata, Calothrix marchica, Calothrix castellii, Pseudanabaena mínima). ln 

addition, there might be a bigger contribution to the flora with this work in the future, 

since a large number of isolated strains (13) remained unidentified. Figures 12 to 35 

illustrates some ofthe cyanobacteria isolated from freshwater habitats. 

Table 6 - Strains of cyanobacteria isolated from freshwater ecosystems in São Miguel, Pico and Flores 
islands. 

Isola te 
Taxa lsland Lake 

Date of 
Medi um Figure 

C ode collection 

L04 Dolichospermum sp. Pico Peixinho Feb/16 BG-llo  12 

LOS Anabaena sp. São Miguel Fumas Feb/16 BG-llo  1 3  

L06 Aphanizomenon manguinii Pico Capitão Feb/16 BG-llo  14 

L07 Calothrix marchica São Miguel Azul Feb/16 BG-11o 1 5  

LOS Calothrix castellii Pico Peixinho Feb/16 BG-llo  1 6  

L09 Calothrix castellii São Miguel Empadadas Norte Feb/16 BG-llo  17 

LlO Phormidium sp. 4 São Miguel Empadadas Sul Jul/15 BG-11 

Lll Phormidium sp. 5 São Miguel Pico D'el Rei Jul/15 BG-11 1 8  

Lll Microcystis .flos-aquae São Miguel Fumas Nov/14 TFI+M 

Ll3 Nostoc paludosum São Miguel Azul Feb/16 BG-llo  19 
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Isola te 
Taxa lsland Lake 

Date of 
Medi um Figure 

C ode collection 

Ll4 Nostoc punctiforme São Miguel São Brás Feb/16 BG-11o 20 

Ll5 Oscillatoria tenuis São Miguel Areeiro Jul/15 BG-11 21 

Ll6 Planktolyngbya limnetica São Miguel Fumas Nov/14 BG-11 22 

Ll7 Pseudanabaena sp. 1 São Miguel Azul Nov/14 BG-11 23 

Ll8 Pseudanabaena minima São Miguel Rasa Serra Devassa Jul/15 BG-11 24 

Ll9 Pseudanabaena sp. 2 São Miguel Areeiro Jul/15 TFI+M 

LlO Pseudanabaena /imnetica Pico Caiado Oct/15 BG-11 25 

Lll Microchaete tenera Pico Rosada Jul/16 BG-llo  26 

L22 Coleospermum sp. 2 Flores Comprida Jul/16 BG-llo  27 

L23 Chroccoccales São Miguel Verde May/16 TFI+M 

Ll4 Calothrix breviarticulata Flores Comprida Jul/16 BG-llo  28 

U6 Coleospermum sp. 3 Pico Peixinho Oct/15 BG-llo  29 

L27 Fortiea sp. Pico Paul Jul/16 BG-llo  30 

L28 Nostoc commune Pico Peixinho Oct/15 BG-llo  3 1  

L29 Planktolyngbya sp. 2 São Miguel Azul Feb/16 BG-11 

L30 Sphaerospennopsis sp. Pico Rosada Jul/16 BG-11o 32 

L31 Nostoc punctiforme São Miguel São Brás Feb/16 BG-llo  33 

L33 Planktolyngbya sp. 2 São Miguel Fumas Jul/16 BG-11 

L34 Tolypothrix sp. São Miguel Rasa das Sete Cidades May/16 BG-llo  34 

L37 Aphanizomenon sp. São Miguel Azul May/16 BG-llo  35 

Figure 12 - Dolichospermum sp. (L04). Figure 13 - Anabaena sp. (LOS). 
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Figure 14 -Aphanizomenon manguinii (L06). Figure 15 - Calothrix marchica (L07). 

Figure 16 - Calothrix castellii (L08). Figure 17 - Calothrix castellii (L09). 
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Figure 1 8 - Phormidium sp. 5 (Lll). Figure 19 - Nostoc paludosum (Ll3). 

Figure 20 - Nostoc punctiforme (L14). Figure 21 - Oscillatoria tenuis (Ll5). 
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Figure 22 - Planktolyngbya limnetica (L16). Figure 23 - Pseudanabaena sp. 1 (Ll7). 

Figure 24 - Pseudanabaena mínima (Ll8 Figure 25 - Pseudanabaena sp. 2 (L20). 
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Figure 26 - Microchaete tenera (L21 ). Figure 27 - Coleospermum sp. 2 (L22). 

Figure 28 - Calothrix breviarticulata (L24). Figure 29 - Coleospermum sp. 3 (L26). 
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Figure 30 - Fortiea sp. (L27). Figure 3 1  - Nostoc commune (L28). 

Figure 32 - Sphaerospermopsis sp. (L30). Figure 33 - Nostoc paludosum (L31 ). 
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Figure 34 - Tolypothrix sp. (L34). Figure 35 - Aphanizomenon sp. (L37). 

From the brackish water samples, collected in Santa Maria island, two 

cyanobacteria strains were isolated (table 7, figures 36 and 37), one of which, 

Pseudophormidium pauciramosum, is described in the Azores islands for the frrst time. 

Table 7 - Strains of cyanobacteria isolated from brackish water sites in Santa Maria island. 

lsolate 
Taxa lsland 

C ode 

BOl 
Pseudophormidium 

Santa Maria 
pauciramosum 

B02 Hapalosiphon pumilus Santa Maria 

Figure 36 - Pseudophormidium pauciramosum 
(BOI). 

Location 
Date of 

Medi um Figure 
coUection 

Maia JuV16 BG- 1 1  36 

Maia JuV16 BG- l l o  37 

Figure 37 - Hapalosiphon pumilus (B02). 
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The sample collected in the coastal saline lak.e located in Fajã dos Cubres (São 

Jorge island) was put in culture but no cyanobacteria was isolated. Observation of the 

original and enriched sam.ple allowed the identification of seven cyanobacteria taxa 

(table 8, figures 38 to 44). 

Table 8 - Cyanobacteria observed in the sample collected from the coastal lak:e in Fajã dos Cubres, São 

Jorge island. 

Taxa O/E lsland Location 
Date of Sample 

Figure 
collection enrichment 

Chroococcales E São Jorge Fajã dos Cubres lake Apr/17 BG-11o 38 

Synechococcales E São Jorge Fajã dos Cubres lake Apr/17 BG-llo 39 

Calothrix sp. O/E São Jorge Fajã dos Cubres lake Apr/17 BG- l l o  40 

Leptolyngbya sp. 3 O/E São Jorge Fajã dos Cubres lake Apr/17 BG- 1 1  41 

Phormidium sp. 6 O/E São Jorge Fajã dos Cubres lake Apr/17 BG- 1 1  42 

Phormidium sp. 7 O/E São Jorge Fajã dos Cubres lake Apr/17 BG- 1 1  43 

Spirulina subsalsa O/E São Jorge Fajã dos Cubres lake Apr/17 BG- 1 1  44 

0: Original sample; E: Enriched sample. 

t 

1-º..J!!n 

Figure 38 - Chroococcales. Figure 39 - Synechococcales. 
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Figure 40 - Calothrix sp .. 

Figure 41 -Leptolyngbya sp. 3. Figure 42 - Phormidium sp. 6. 
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Figure 43 -Phormidium sp. 7. Figure 44 - Spirulina subsalsa. 

3.3. Biological activity of the extracts 

Lyophilized centrifugation fractions from each sample after extraction were 

weighed and stored. ln table 9 the results of this extraction work in milligrams of dry 

weight are presented. 

Strain 

T5 
T6 
T7 

Tl3 
T14 
Tl6 
T17 
L4 
L7 
L9 

L14 
Ll5 
L16 
L17 
L18 
L20 
L21 
L28 
L30 
L34 

Table 9 - Quantities of lyophilized sample obtained for each strain tested. 

Lyopbilized 
Su2ematant 

Dry wei�ht ��l 
9.2 
4.5 
19.9 
3.8 
3.6 
17.5 
9.0 
2.5 
12.8 
10.6 
3.9 

29.3 

5.2 
5.4 
6.2 
15.2 
27.3 
12.0 
7.3 

Lyophilized 
Biomass 

Dry wei�ht ��l 
60 
90 
40 
70 
20 
120 
30 
40 
60 
70 
190 
10 
60 
20 
50 
50 
50 
40 
20 
30 

Lyophilized Biomass extract 

Dry we�ht �msl Yield �%l* 
5.1 8.5 
17. 1 19.0 
3.9 9.7 
6.3 9.0 
0.1 0.5 
16.0 13.3 
1.7 5.7 
9.3 23.2 
5.3 8.8 
6.9 9.9 
1.8 0.9 
1.0 10.0 
2.7 4.5 
0.1 0.5 
2.1 4.2 
1 . 1  2.2 
3.5 7.0 
2.0 5.0 
1.3 6.5 
7.3 24.3 

*Yield ofbiomass extract is presented as % of lyophilized biomass. 
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The assessment ofthe bioactivity was carried out by five tests (antioxidant, anti

acetylcholinesterase, toxicity, anticancer and antimicrobial). These tests allowed the 

identification of possible applications, specific for each tested strain. Despite the low 

biomass yield due to the method of production (100 mL Erlenmeyer's flasks with 50 

mL of fresh medium), it was important to analyse the extracts in the higher number of 

tests possible. Therefore, taking in account the obtained dry mass of each extract, the 

highest concentrations in the tests were varied when necessary. These concentrations are 

described in appendix V. 

Bioactivities are presented in table I O, where ali results above 1 0% of activity 

and with a reduced standard deviation were considered positive. 

Anti-microbial activity was tested against two gram-positive (Bacillus subtilis 

DSMIO and Micrococcus luteus DSM 20030) and one gram-negative bacteria 

(Escherichia coli DSM 498). No activity was recorded against these bacteria. 

Table lO - Bioactivity of selected cyaoobacteria strains. 

Toxicity Cytotoxicity Strain Specles DPPH AChE (Artemia (A-549 ) salina 

TOS Coleospermum sp. 1 31.75% ± 2.24 

T06 Microchaete bulbosa 12.90% ± 2.93 

T07 Leptolyngbya gelatinosa 51.80% ± 4.78 39.98% ± 8.28 (b) 

T13 Mastigocladus laminosus 15.33% ± 0.72 (•) 16.74% ± 4.40 (<) 

T14 Phormidium sp. 2 I I 37.05% ± 3.70 

T16 Chlorogloeopsis fritschii 12.80% ± 0.99 (<) 26.98% ± 8.98 24.17% ± 3.12 (b) 

T17 Chlorogloeopsis fritschii 1 3.27% ± 2.24 (<) I 25.26% ± 2.60 37.22% ± 0.20 (<) 

L04 Dolichospermum sp. 13.30% ± 3.42 (<) 18.55% ± 6.63 27.51% ± 2.65 (b) 

L07 Calothrix marchica 14.70% ± 2.08 (<) 

L09 Calothrix castelli 17.84% ± 5.35 (•) 14.33%± 0.09 (<) 24.30% ± 4.76 

L14 Nostoc punctiforme 1 1 .80% ± 0.36 (<) 

L15 Oscillatoria tenuis 1 1 .43% ± 1.38 <n 23.38% ± 6.45 26.85% ± 2.46 (<) 

L16 Planktolyngbya limnetica 

L17 Pseudanabaena sp. 1 I I 26.09% ± 8.80 I 

L18 Pseudanabaena minima 18.43% ± 2.82 (d) 

L20 Pseudanabaena limnetica 17.35% ± 1.95 

L21 Microchaete tenera 1 1 .00% ± 1 .79 (<) 41.67% ± 5.89 

L28 Nostoc commune 40.28% ± 7.08 

L30 Sphaeropermoapsis sp. 53.33% ± 7.50 23.99% ± 0.97 <•l 

L34 Tolypothrix sp. 18.10% ± 2.69 

(/): not analysed; (-) results below 10%; (a): 250 �tgfmL; (b): 200 �tgfmL; (c) !50 �tgfmL; (d) 65 �tgfmL; 

(e) 50 �tgfmL; (f) 40 �tgfmL. DPPH control (Gallic acid): ICso = 2.08 ± 0.09 �tgfmL; AChE control 

(Galantamine): ICso = 1.35 ± 0.36 �tgfmL; Cytotoxicity control, Taxo!: ICso = 5.96 ± 0.48 �tgfmL and 

colchicine: ICso = 2. 78 ± O. 71 �tgfmL. 
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4. Discussion 

4.1. Distribution of cyanobacteria in the Azores islands 

Studies that focus only in cyanobacteria of the Azores islands are rare, but many 

authors have contributed to the knowledge of Azorean cyanobacteria flora during more 

broad studies, such as Archer (1874), Moseley (1 874), Trelease (1897), Bohlin (1901), 

Krieger (1931), Cedercreutz (1941), Bourrelly & Manguim (1946) and Johansson 

(1977). These authors have contributed to the general knowledge of benthic and 

planktonic freshwater, thennal and marine cyanobacteria. Other studies were dedicated 

to planktonic freshwater cyanobacteria (e.g. Vasconcelos et ai., 1994; INOVA, 1999; 

Santos et ai., 2005; Gonçalves et ai., 2012b; Cordeiro, 2015;  Gonçalves et ai., 2016e) 

due to the growing irnportance and awareness oftoxic planktonic cyanobacteria present 

in the Azorean lakes. 

Prior to this study 187 cyanobacteria species have been identified in the Azores 

(see appendix VI). This is probably far below the real number of existing cyanobacteria 

species in the Azores islands, since many habitats commonly inhabited by 

cyanobacteria have not been studied or monitored for a long time. Recent works by the 

University of the Azores, as part of the monitoring of lake's ecological status, have 

studied the cyanobacteria in the plankton of 24 lakes of the 88 described in the Azores 

(Porteiro et ai., 2000). No recent work has been done in creeks, tributaries of lakes, 

thermal springs or pools and saline lakes, leaving unstudied severa! habitats with great 

potential for cyanobacteria study. 

Taking in account the compilation of data for taxonomic analysis, severa! 

observations were possible. São Miguel is the island with the higher amount of 

identified cyanobacteria but it is also the most studied island, with 41 studies. Flores is 

the second island with more identified cyanobacteria (50 species) and only has 22 

studies, approximately half of São Miguel. For other islands this numbers are much 

lower but a direct relation between the number of published works and the number of 

identified cyanobacteria was found. Nonetheless, a more irnportant relation between 

island area and the number of identified species can also be established (Figure 45). 

Higher area corresponds to a larger amount of identified cyanobacteria species, with 

two exceptions, Flores and Corvo, a pattem also observed in macroinvertebrate 

distribution analysis (Raposeiro et ai., 20 13). A possibly explanation for this exceptions 

is the higher percentage that water bodies represents on total island area (Gonçalves, 
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2008). When compared, for instance, to Pico island, the percentage of land cover with 

water is the double in Cor vo an d almost six times higher in Flores. No relations w ere  

identified betw een islands age (Forjaz et al., 2000) and numb er of species. 
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Figure 45 - Number of species compared with Azores islands area. 
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4.2. Cyanobacteria flora in the Azores islands with reported 
and isolated species 

With the us e of enrichment methods, the identification of both dominant and 

uncommon/rare cyanobacteria from inland waters was facilitated. On the total of 

freshwater habitats sampled, it was possible to isolate 44 strains, 30 from lake samples ,  

1 2  from th ermal samplings an d  two from a brackish water sample. From those it was 

only possible the identification of 23 strains to species levei ,  21 strains remaining to b e  

identified the species and in t wo it was only possible to identify to the order levei. ln the 

marine samples seven taxa were identified, but only on e to the species levei. 

Nonetheless, the impossibility of species identification , due to the nature of t his work 

based on th e  growth of cyanobacteria in controlled conditions, is a common issue 

caused by the different growth conditions (Ripka et al., 1 979; Rudi et al., 1 997; Lyra et 

al., 2001). This i denti fication problem can b e  solved in the future by the sequenc ing of 

1 6S rDNA and comparing with already i dentified and sequenced species. 

The thennal water cyanobacteria strains produced allowed the i dentification of 

n ew cyanobacteria for the Azar es and th e  confinnation of some previously identified 

species. The presence of the cosmopolitan species Mastigocladus laminosus, also 

widely present in our samples ,  has b een already reported in the literature (Bohlin , 

1 901 ). Other genera like Leptolyngbya and Phormidium have also been reported 
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(Trelease, 1897; Bohlin, 1901;  Cedercreutz, 1941). The Coleospermum and 

Microchaete genera, already described in soils and lak.es (Bohlin, 1901;  Krieger, 1931), 

are reported here for the first time in thermal habitats. This is perhaps because their low 

abundance did not allow their identification on the environmental samples collected in 

previous works, but with the enrichment that was carried out in the present work it was 

possible to grow them to a detectable levei. Two new records to the Azores flora were 

isolated, Leptolyngbya gelatinosa and Chlorogloeopsis fritschii, and it should be 

pointed out that this is the frrst description of the genus Chlorogloeopsis in the Azores. 

The identification of this cyanobacteria can be important due to the diversity of 

morphologies that it presents, that may cause misidentification in field samples (Hindák, 

2008). 

The present identification work by isolation allowed the description of new 

genera and species in thermal habitats and surely will allow a better perception of what 

may be found in future thermal samples that may be studied from these sites, 

contributing to a better knowledge of the thermal cyanobacteria that inhabit thermal 

habitats of the Azores. 

The lak.e sampling was performed using a phytoplankton net with a 1 O J.tm pore, 

in the deepest point of the lak.e or in the margin of the lak.e. Despi te this methodology, 

half ofthe isolates were benthic species, according to Komárek et al. (2014), which may 

be due either to the breaking of filaments that become suspended and are collected by 

the net at the margins, or at the deepest point of the lak.e by the attachment and growth 

of these species on the rope and ball that commonly mark this position, and therefore 

are collect when the sample is carried out. 

The isolation of30 strains was possible from these samples, ofwhich 14 genera, 

making it a good diversity of genera when compared to the ones already described in 

the lak.es. None of those are common planktonic habitants of the lak.es where the 

samples were retrieved (Gonçalves et al., 2016a; Gonçalves et al., 2016b; Gonçalves et 

al., 2016c; Gonçalves et al., 2016d), which means that the isolation was mainly of 

species that are rare or at least uncommon. This is proved by the description of a new 

genus for the Azores, Fortiea, and of severa! new species such as Aphanizomenon 

manguinii, Calothrix breviarticulata, Calothrix castellii, Calothrix marchica and 

Pseudanabaena minima and also by the isolation of species for which the identification 

was not possible, but whose description does not meet the ones already identified in the 

Azores (e.g. Anabaena sp., Coleospermum sp. 2, Pseudanabaena sp. 1 and 
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Sphaerospermopsis sp.). This confinns once again that the Azorean cyanobacteria flora 

is understudied, and that the less common and distributed species are still far from being 

identified. 

It was possible to identify new species for each island (with the exception of 

Corvo), almost in equal number. For genera, which may contribute to a bigger diversity, 

the most important was Pico, as it was possible to identify four new genera ( Calothrix, 

Coleospermum, Fortiea and Microchaete), followed by Flores with one genus 

(Coleospermum). An interesting point is that no new planktonic genus was identified in 

any island, but ali new genera found in Pico and Flores were benthic. This may be due 

to lake morphology and geographic location. Lak:es from Pico island are ali sballow 

lakes located at high altitudes and Lomba is a deep lake at high altitude in Flores 

(Gonçalves, 2008), where the wind have a great influence in lake turbulence, giving a 

higher chance of collecting benthic cyanobacteria in the plankton. 

The biggest contribution to the cyanobacterial flora was to the genus Calothrix, 

where it was possible to isolate 4 strains of which 3 species, Calothrix breviarticulata 

from Flores, Calothrix marchica from São Miguel and Calothrix castellii from São 

Miguel and Pico. Besides that, the isolation and identification of at least two distinct 

Coleospermum species was possible, nane of which matched the description of 

Coleospermum goeppertianum, the only species of this genus that had been previously 

identified in the Azares. ln agreement with this, the isolation of the already mentioned 

Fortiea genus enhances the lack ofknowledge ofthe benthic flora ofthe Azares islands 

in general, and the contribution that this work gives to that knowledge. ln addition, the 

present study also gives a great contribution concerning planktonic species. Besides the 

isolation and identification of some common planktonic species such as Oscillatoria 

tenuis, Planktolyn!Jya limnetica and Pseudanabaena limnetica, it was also possible to 

isolate species never identified before such as Aphanizomenon manguinii, and some 

other species like Pseudanabaena sp. 1 or Sphaerospermopsis sp., which were not 

identified to the species levei but that differ greatly from the already identified species 

of the respective genus. 

The brackish water isolates were performed from a unique sample collected 

from a little stream in rocks near the ocean. Two species were able to grown in the 

enrichment medium, a Nostocales, Hapalosiphon pumilus, and an Oscillatoriales, 

Pseudophormidium pauciramosum, and were isolated. Both species are new to Santa 

Maria and Pseudophormidium pauciramosum is here first reported in the Azares. 
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The marine sample collected from Fajã dos Cubres in São Jorge island allowed 

the identification of 7 species. No cyanobacteria were observed in the unenriched 

plankton sample (72 hours max. after sampling) nor after one-month of grow in 

enriched medium. ln the unenriched sample from the benthos four cyanobacteria were 

identified: Spirulina subsalsa, Calotrix, Leptolyngbya, and Phormidium. Ali these taxa 

maintained viability in the enriched medium and two new cyanobacteria were observed, 

a Chroococcales and a Synechococcales, after one month of grow. ln the enriched 

sample with BG-1 1 the Leptolyngbya sp. 3 became the dominant. 

For the production of ali isolated strains standard techniques described in the 

literature, as serial dilution and streak plate, were used, and also well know media as 

BG- 1 1 ,  BG-1 1o and, in addition, TFI+M a commercial medium used for microalga 

production. The results obtained with the methods used was as expected, where 

cyanobacteria morphology and differentiation characteristics was take in account to 

improve isolation efficiency. Streak plate was very effective in the isolation of motile 

cyanobacteria or cyanobacteria that produced motile hormogonia, the majority of strains 

being produced this way in preference to serial dilution, although serial dilution was 

always used as an intermediate technique of purification or elimination of contaminants 

between streaks. 

The medium that allowed the highest number of isolates was BG-1 1o even 

within non nitrogen-fixing cyanobacteria. This result can be explained by the higher 

resistance of cyanobacteria to the lack of dissolved nitrogen when compared to 

microalgae (Scott & Marcarelli, 2012), giving them a competitive advantage in nature 

and in enriched samples. Despite their iso1ation in BG- l l o, ali the isolated strains that 

did not possess or produce heterocysts were !ater transferred to BG- 1 1  for maintenance 

purposes in better growth conditions. Besides the isolation ofboth non-fixing and fixing 

nitrogen species in BG-l lo, a higher percentage of nitrogen fixing cyanobacteria was 

isolated, mainly because of their ability to dominate in the enriched sample. Although 

the enrichment with the alga! medium TFI+M allowed the isolation of some species that 

did not grow in BG-1 1 or BG-11  o, it was much less effective than the media BG- 1 1  in 

the grow phase in enriched samples. For that reason, TFI+M was abandoned as an 

isolation and enrichment medium and used only for the maintenance of established uni

alga! cultures. 

The isolates produced proved that there is still much to discover in the Azorean 

flora from ali the habitats here studied, especially in the benthic habitat. ln the present 
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work it was possible to identi:ty eleven new freshwater species and one new marine 

species to the Azares. The amount of unidentified strains suggests that many more 

cyanobacteria species will be identified for the Azares in a near future, contributing to 

better understand the diversity of the Azorean biota. 

4.3. Bioactive extracts of cyanobacteria isolated from lakes 
and thermal waters 

By the bioprospecting work, this study contributes with valuable information 

about these species and strains, but it is also a possible start to the discovery of nove! 

compounds by the use of new and unique strains of cyanobacteria. Twenty uni-alga! 

cultures of cyanobacteria isolated from the Azorean islands from thermal waters and 

lakes were studied, taking into advantage the possible evolution and unique 

development of these species by the island isolation and great diversity of compounds 

that cyanobacteria are able to provide (Dittmann et al., 2015). 

As this is a bioprospecting work that intends to evaluate the potential of the 

selected strains, the tests were chosen in a manner that in the end, when the results were 

analysed, specific applications might be proposed for each strain ( e.g. pesticides, 

anticancer, etc.). Also, taking in account the taxonomic diversity of the isolates obtained 

in this work, the choice of strains for bioprospecting represented the higher taxonomic 

diversity possible, in arder to give a better understating if there might be a correlation 

between genus and any kind of activities. No evident relation was identified. 

In this work the main purpose was the extraction and study of peptides produced 

by the cyanobacteria and present in the biornass. The lyophilized growth medium was 

also analysed for its toxicity. The extraction yield was not equal to ali strains, varying 

between 5 and 20%, nonetheless ali planned tests were performed for 18  of the 20 

strains. 

The antioxidant analyses by the DPPH assay, a procedure where the capacity of 

reduction of the 2,2-diphenyl-1-picrylhydrazyl compound is analysed, is a very 

sensitive test. Antioxidant activity is highly searched because of its contribution to the 

cosmetic, pharmaceutic and food industry (Pisoschi & Negulescu, 201 1). From the 18 

tested strains four present viable results, where it was obtained around 15% of reduction 

activity. Since we used crude extracts this represents a potential activity, as no 

characterization of the active compounds was performed. Therefore, there is no way to 

know the quantity that each active compound represents. From the strains with some 
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activity this may come from the extracted pigments (e.g. phycocyanin), which are 

widely recognized as good antioxidants (Romay et al., 1998; Romay et al., 2003; Wu et 

al., 2016). However, since ali strains possess pigments and not ali showed antioxidant 

activity, we may conclude that this activity is due to other type of compounds but we 

need to consider that the concentration of pigments in the strains could be different. 

From the four strains where positive results were obtained, T13 (Mastigocladus 

laminosus) has been already described with some antioxidant activity (Singh et al., 

2017) as also Ll4, Nostoc punctiforme (Assunção et al., 2017). The T17 and L09 strains 

that represents the Chlorogloeopsis fritschii and Calothrix castelli have not been 

thoroughly study for their possible bioactivities and there are no records of their 

scavenging activities. Nonetheless, ali these species have in common the description of 

being scytonernin producers, a pigment that gives a characteristic yellow-brown colour 

(Garcia-Pichei & Castenholz, 1991) that has been described with radical scavenging 

activity (Matsui et al., 2012). Despite the positive results and in set with the literature, 

these cyanobacteria extracts do not appear to have great antioxidant activity, although a 

progressive work to fmd UV -absorbing and antioxidant activity in some compounds of 

cyanobacteria could really be beneficial to the cosmetically and pharmaceutically field 

of creams and solar protectors. However, it should be pointed out that acetic acid ouly 

extracts a group of compounds, and that extraction with solvents with lower polarities, 

such as ethanol, methanol, acetone, and chloroform, would result in other types of 

compounds, e.g. , pigments which would most likely have antioxidant properties, as 

described by Garcia-Pichei & Castenholz, (1991) that with 100% acetone and 100% 

ethyl acetate extracted scytonemin with great efficiency. 

Anticholinesterasic activity may be used for severa! types of application, 

therefore the results of an anti-AChE assay may be the base in the search for 

neurotoxins, drugs against Alzheirner's Disease (AD) or Myasthenia gravis (MG), 

pesticides, biosensors, among others (Pundir & Chauhan, 2012; Colovié et al., 2013; 

Kais et al., 2015; Peng et al., 2017). Eight of the 18 tested strains gave positive resu1ts 

in this activity. As it happens with the DPPH assay the results didn't differ much from 

each other reaching maxirnum inhibition of 18.43% by L18 strain. This species hasn't 

been thoroughly studied for anti-AChE activity neither have compounds with anti

AChE activity been described for it. Despite that, taking in account the genetic diversity 

of cyanobacteria, and the wide range of secondary metabolites that they can produce it 

is possib1e that the compounds causing this effect are anatoxin analogues. Anatoxin is 
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described as a neurotoxin capab1e of irreversib1y biding to acety1cho1ine receptors, and 

is not degraded by acety1cholinesterase (Mahmood & Carmichae1, 1987). Some species 

of Oscillatoria and Dolichospermum have already been described as anatoxin producers 

(Pearson et al., 2016; Bernard et al., 2017), and these isolated strains might be 

candidates for analogues studies, and depending of the structure, those might be useful 

compounds for use as drugs or pesticides. 

The compounds excreted were only ana1ysed for toxicity, using as test model the 

aquatic crustacean Artemia salina. This is a quick and cheap test with high sensibility 

(Rajabi et al., 2015) that allows the identification of possib1e toxic compounds that are 

produced and mainly excreted to the exterior of the cell. From the 19 tested strains only 

five had no activity. From the 14 with positive results two reached above 50% of 

mortality of the brine shrimp, respective1y T07 and L30, neither species with identified 

cyanotoxins production. The most studied cyanotoxins are recognized to be genus or 

species specific, but less ones exist and are believed to be more widely produced, such 

as BMAA and lipopolysaccharides (Monteiro et al., 2017; Ploux et al., 2017). 

Lipopolysaccharides are generally produced by almost ali cyanobacteria and are proved 

to cause some kind of toxicity, mainly irritation and weak inllammation (Monteiro et 

al., 2017). BMAA is a neurotoxin understudied but believed to be more widely 

produced (Cox et al., 2005; Ploux et al., 2017). These type oftoxins, common to severa! 

species, are probably the cause for some mortality observed in the test. Nonetheless 

more detailed tests are necessary to the identification of the compounds with higher 

activity in T07 and L30, where valuab1e compounds might be produced. 

The anticancer activity was tested against the pulmonary cancer cell line known 

as A-549. Six strains showed activity against this cell line. With activity between 

23.99% and 39.98% for the highest concentration tested, these are mortality percentages 

to be considered, as each extract make part of complex matrix of compounds where the 

active compound is unknown. From the tested species there is no information about 

species specific compounds with anticancer activity. Nonetheless common compounds 

of cyanobacteria have been reported with anticancer activity. C-Phycocyanin 

(phycocyanin harvest from cyanobacteria) is described with anticancer activity (Liu et 

al., 2016) with maximum activity of 31% obtained with an 80 Jlg/mL concentration of 

pure compound against ReLa lineage (Wang et al., 2000). From the tested species, 

Oscillatoria tenuis already has been described as good source of this pigment with a 

good anticancer activity (Thangam et al., 2013). The resu1ts obtained for anticancer 
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activity by T16 and T17 strains are very interesting. Although belonging to the sarne 

species with equal origins but cultivated in different media, these strains showed 

different activity that may be related the different morphology stages they were in the 

moment of extraction. This results highlight the influenced of culture stage in the 

production ofthe active compound(s). 

A resumed proposal of possible applications that the tested strains may have is 

presented in table 1 1 .  Taking in account the results of all performed tests, app1ications 

for some of the strains are suggested, in a time and cost saving manner, therefore 

suggested six applications groups: toxins, antioxidant, pesticides, specific drug 

applications (AD/MG), anticancer and biofertilizers. A search on toxins is proposed in 

two strains, possible antioxidant compounds in four strains, pesticides in six strains, 

AD/MG drugs in three strains, anticancer drugs in four strains and use as biofertilizer in 

three strains. 

Table 1 1  - Possible applications of strains in tbe cyanobacteria culture collection from tbe Azores. 

Strain Species Toxins Antioxidant Pesticides AD/MG Anticancer Biofertilizer 
T07 Leptolyngbya gelatinosa • 

T13 Mastigocladus laminosus • • • 

T16 Chlorogloeopsis fritschii • 

T17 Chlorogloeopsis fritschii • • 

L04 Dolichospermum sp. • 

L07 Calothrix marchica • • • 

L09 Calothrix castelli • • 

L14 Nostoc punctiforme • • 

Ll5 Oscillatoria tenuis • • 

L18 Pseudanabaena minima • • 

L21 Microchaete tenera • 

L30 Sphaeropernwspsis sp. • • 

For toxins search, based on the results from toxicity and cylotoxic test, a more 

profound research work in T07 and T30 strains is proposed, as there are no toxins 

described for both species and the results sustain some produced toxin. The antioxidant 

application takes in account the DPPH activity result with no toxic or cytotoxic activity. 

Therefore, T13, T17, L09 and Ll4 strains are good candidates for more studies. The 

pesticide applications take into account two tests, the anti-AChE and toxicity activities. 

Strains that produced good anti-AChE activity with low toxic effect, i.e., T13, L07, 

L09, L15, L18 and L21 ,  were chosen ensuring the exclusion of those that may have 

compounds with undesired toxic effects. The AD/MG drug app1ications take in account 
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three tests, the anti-AChE, toxicity and cytotoxic activities. The strains which produced 

good anti-AChE activity with low toxic and cytotoxic effect, i.e., T13, L07 and L18, 

were chosen excluding therefore compounds with undesired toxic and cytotoxic effects. 

The anticancer applications take in account two results, the toxicity against A. salina 

and the cytotoxic tests. The strains with lower toxicity and higher cytotoxicity against 

the A-549 lineage were selected for this application, and so, future works should focus 

on T16, T17, L04 and Ll5 strains. The use as a biofertilizer had in account the toxicity, 

cytotoxicity and anti-AChE activity, where the choice of species was based on their null 

or reduced effects and the ability to produce nitrogen fixing cells (heterocysts ). As a 

result, we suggest further research on strains L07, L14 and L34 for this application. 

Although severa! thermal cyanobacteria strains have similar potential for biofertilizers 

as the three selected strains (all freshwater cyanobacteria with heterocysts production), 

their production would be too expensive since their optimum grown requires high 

temperatures (above 40 "C). 
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5. Final remarks 

The isolation and culture of c yanobacteria from the Azores allowed the creation 

of a cyanobacteria bank, bringing up opportunities for the bioprospection of bioactive 

compounds. The preservation of these strains and the implementation of quality 

preservation methods is of the utmost importance, as many of this c ompounds might be 

strain and/or species spec ific . To achieve this goal, the recent published guidelines for 

cyanobacteria c ultures preservation by Gaget et al. (2017) and the improvement of the 

in vitro c ulture rnaintenanc e in sub-optimum conditions should be implemented in a 

near future. 

This was a preliminary study and its outputs were constrained by the low 

biomass yield due to the choice of c ulture containers (I 00 mL flasks ). These limitations 

influenced the choice for only one type of extraction and the extract conc entrations 

tested. D espite this, the bioactivity found highly reco=ends a deeper research with the 

selected strai ns, involving a higher production of biomass, different types of extrac ts 

and the identification of the bioac tive compounds. The increase in biomass production 

is also required for ICso quantification. 

Nonetheless, it was proved in this work that cyanobacteria have the potential to 

provide useful compounds for severa! applications, but more thoughtful works in the 

extracts are required for the real assessment of the potential. Interestingly, besides ali 

negative results for anti-mic robial activity, there exist rec ords of an Azorean strain with 

rernarkably good results, tested by Fish & Codd (1994), which indicates that there is 

also a great potential in this area, although not identified in this work.  
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Appendix I - Lake sampling campaigns 

Table 1 - Lakes sampled by campaign 

Island Lak.es 2014-July/2015 Oct/201S-July/2016 

Lake Verde ../ ../ 

Lake Azul ../ ../ 

Lake Areeiro ../ 

Lake Canário ../ ../ 

Lake Congro ../ ../ 

Lake Empadadas Norte ../ ../ 

Lake Empadadas Sul ../ ../ 

São Miguel Lake Fogo ../ ../ 

Lake Pico D'el Rei ../ 

Lake Fumas ../ ../ 

Lake Rasa das Sete Cidades ../ ../ 

Lake Rasa da Serra Devassa ../ ../ 

Lake Santiago ../ ../ 

Lake São Brás ../ ../ 

Lake Verde ../ ../ 

Lake Caiado ../ 

Lake Capitão ../ 

Lake Caveiro ../ 
Pico 

Lake Paúl ../ 

Lake Peixinho ../ 

Lake Rosada ../ 

Lake Comprida ../ 

Lake Funda ../ 

Flores Lake Lomba ../ 

Lake Negra ../ 

Lake Rasa ../ 

Corvo Lake Caldeirão ../ 

1 



Appendix II - Sampled locations coordinates 

Table 1 - Decimal degrees coordinates of sampled locations 

Type Sample place 

Areeiro 
Azul 
Canário 
Congro 
Empadadas Norte 
Empadadas Sul 
Fogo 
Fumas 
Pico d'el Rei 
Rasa da Serra de Devassa 
Rasa das Sete Cidades 
Santiago 
São Brás 
Verde 
Caiado 
Capitão 
Caveiro 
Paúl 
Peixinho 
Rosada 
Comprida 
Funda 
Lomba 
Negra 
Rasa 
Caldeirão 

Água do Caldeirão 
Água da Prata 
Água do Rego 
Caldeira da Ribeira Grande 
Poça da Dona Beja 
Nascente do Morangueiro 
Poça da Tia Silvina 
Ribeira Amarela 1 
Ribeira Amarela 2 
Ribeira da Caldeira 

BRACKISH 
Maia 

Fajã dos Cubres lak.e 

Island MunicipaHty 

São Miguel Vila Franca 
São Miguel Ponta Delgada 
São Miguel Ponta Delgada 
São Miguel Vila Franca 
São Miguel Ponta Delgada 
São Miguel Ponta Delgada 
São Miguel Vila Franca- R. Grande 
São Miguel Povoação 
São Miguel Vila Franca 
São Miguel Ponta Delgada 
São Miguel Ponta Delgada 
São Miguel Ponta Delgada 
São Miguel Ribeira Grande 
São Miguel Ponta Delgada 
Pico São Roque 
Pico São Roque 
Pico Lajes 
Pico Lajes 
Pico São Roque 
Pico Lajes 
Flores Lajes 
Flores Lajes 
Flores Lajes 
Flores Lajes 
Flores Lajes 
Corvo Vila do Corvo 

São Miguel Povoação 
São Miguel Povoação 
São Miguel Povoação 
São Miguel Ribeira Grande 
São Miguel Povoação 
São Miguel Povoação 
São Miguel Povoação 
São Miguel Povoação 
São Miguel Povoação 
São Miguel Povoação 

Santa Maria Vila do Porto 

São Jorge CaJheta 

GPS 

-25.426916; 37.763062 
-25. 781702; 37.869683 
-25.759733; 37.836100 
-25.407290; 37.756384 
-25.748405; 37.826337 
-25.747020; 37.824472 
-25.473272; 37.763450 
-25.333590; 37.757686 
-25.392607; 37.772971 
-25.751296; 37.824858 
-25.779602; 37.843046 
-25.774190; 37.848729 
-25.409733; 37.793151 
-25.788701; 37.847284 
-28.250094; 38.456807 
-28.318834; 38.487672 
-28.196778; 38.435133 
-28.232291; 38.427808 
-28.173872; 38.434597 
-28.185787; 38.432691 
-31.221303; 39.441260 
-31.217641; 39.405818 
-31.188759; 39.425255 
-31.225905; 39.442389 
-31.224723; 39.409555 
-31.1 10746; 39.71 1949 

-25.303511 ;  37.773424 
-25.303914; 37.773357 
-25.302973; 37.773379 
-25.487078; 37.797879 
-25.320250; 37.769621 
-25.306499; 37.770393 
-25.307006; 37.770762 
-25.319013; 37.769501 
-25.309627; 37.771214 
-25.304182; 37.772261 

-25.016676; 36.946329 

-27.966591; 38.641770 
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Appendix III - Chemical characterization of sampled places 

Table 1 - Characterization values of sampled lakes. 

Sampling Temperature Conductivity 

26 102 8.1 
out/15 20 8.7 99 7.3 

Lake Azul fev/16 14 10.4 100 7.4 
mai/16 20 9.8 100 7.6 
set/16 24 8.8 1 10 7.6 

Mean 21 9.4 102 7.6 
nov/14 

Lake Areeiro juV15 23 97 8.3 

Mcan 23 97 8.3 
nov/14 
juV15 23 37 7.4 
out/15 16 8.6 31 7.2 

Lake Canário fev/16 12 10.3 38 8.0 
mai/16 18 9.2 39 7.3 
set/16 24 8.2 39 6.1 

Mean 19 9.1 37 7.2 
nov/14 
juV15 23 97 8.3 
out/15 19 8.5 92 7.4 

Lake Congro fev/16 13 10.7 100 7.3 
mai/16 18 1 1.4 100 9.4 
set/16 24 9.0 100 9.2 

Mean 19 9.9 98 8.3 
nov/14 
juV15 21 37 7.4 

Lake Empadadas out/15 15 8.9 32 7.6 
Norte fev/16 12 10.2 42 7.6 

mai/16 18 9.2 40 7.3 
set/16 25 8.6 38 6.5 

Mean 18 9.2 38 7.3 
nov/14 
juV15 23 47 8.4 
out/15 15 8.7 43 7.8 

Lake Empadadas Sul fev/16 12 10.1 51 8.0 
mai/16 18 9.1 49 7.5 
set/16 20 8.2 53 7.1 

Mean 18 9.0 49 7.8 
nov/14 

Lake Fogo juV15 21 51 6.9 
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out/15 17 8.8 49 7.6 

fev/16 12 10.6 45 7.2 

mai/16 15 9.6 49 8.1 

set/16 20 9.2 51 7.2 

Mean 17 9.6 49 7.4 

nov/14 

jul/15 26 142 7.7 

out/15 20 9.2 140 7.7 
Lake Furnas 

fev/16 13 10.5 130 7.4 

mai/16 18 9.8 150 7.6 

set/16 23 8.9 160 8.1 

Mean 20 9.6 144 7.7 

nov/14 
Lake Pico D'el Rei 

jul/15 22 84 9.3 

Mean 22 84 9.3 

nov/14 

jul/15 25 46 5.8 

Lake Rasa das Sete out/15 16 9.2 45 5.8 

Cidades fev/16 12 10.2 48 6.6 

mai/16 18 9.4 45 6.8 

ago/16 23 8.5 47 5.5 

Mcan 19 9.3 46 6.1 

nov/14 

jul/15 22 35 7.5 

Lake Rasa da Serra out/15 14 9.5 33 7.4 

Devassa fev/16 1 1  9.7 38 7.6 

mai/16 20 8.6 43 7.1 

set/16 19 8.5 39 6.2 

Mean 17 9.1 38 7.2 

nov/14 

jul/15 25 126 9.4 

out/15 18 8.5 120 7.0 
Lake Santiago 

ago/16 23 8.4 130 8.0 

Mean 22 8.5 125 8.1 

nov/14 

jul/15 23 41 7.1 

out/15 16 9.6 33 6.8 
Lake São Brás 

fev/16 12 10.3 37 6.9 

mai/16 18 9.8 38 7.2 

set/16 21 8.8 39 6.2 

Mean 18 9.6 38 6.8 

nov/14 

jul/15 26 128 9.4 
Lake Verde 

out/15 19 8.6 120 7.5 

fev/16 13 10.5 120 7.4 

lV 



out/15 13 9.8 27 6.5 

mar/16 1 1  10.7 34 6.8 
Lak:e Caiado 

abr/16 13 9.6 30 7.0 

jul/16 19 8.6 29 6.4 

Mean 14 9.7 30 6.7 

out/15 13 10.1 30 6.8 

mar/16 12 1 1.2 30 6.6 
Lak:e Capitão 

abr/16 13 9.5 46 4.7 

jul/16 19 9.5 36 6.2 

Mean 14 10.1 36 6.1 

out/15 14 8.9 34 6.6 

mar/16 13 10.1 32 6.3 
Lake Paúl 

abr/16 13 9.6 35 5.4 

jul/16 19 8.2 23 6.4 

Mean 15 9.2 31  6.2 

out/15 13 10.2 29 7.3 

mar/16 10 1 1.2 32 6.6 
Lak:e Peixinho 

abr/16 12 9.9 33 6.0 

jul/16 20 8.1 30 6.7 

Mean 14 9.9 31  6.7 

out/15 13 9.6 52 7.1 

fev/16 10 10.8 30 6.5 
Lake Rosada 

abr/16 12 10.0 30 5.9 

jul/16 20 8.6 28 6.6 

12 10.5 76 7.3 
Lak:e Comprida 

15 9.6 90 7.1 

jul/16 21 8.7 83 7.6 

Mean 16 9.6 79 7.4 

out/15 17 9.5 120 7.5 

mar/16 13 12.4 120 8.8 
Lake Funda 

mai/16 17 10.6 120 7.5 

jul/16 21 8.4 120 7.4 

Mean 17 10.5 120 7.9 

out/15 14 9.4 47 6.9 

mar/16 12 10.0 54 7.4 
Lak:e Lomba 

mai/16 15 9.4 66 6.9 

jul/16 23 8.5 54 7.2 

Mean 16 9.3 55 7.1 

out/15 15 8.8 130 7.6 
Lak:e Negra 

mar/16 13 13.6 130 8.6 
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mai/16 16 10.5 140 7.6 
juV16 20 9.2 130 9.6 

Mcan 16 10.5 133 8.4 
out/15 15 9.5 58 6.8 
mar/16 12 10.2 63 6.8 

Lak:e Rasa mai/16 9.7 6.6 

nov/15 13 10.0 53 6.8 
mar/16 13 10.5 94 6.5 

Lake Caldeirão mai/16 15 9.3 82 6.3 
juV16 19 6.7 73 7.0 

15 9.1 76 6.7 

Table 2 - Characterization values of sampled thennal waters. 

Sampting Sampling Temperature pH Conductivity (h 
date {oq 

Água do Caldeirão 26/06/2016 >55 6.78 
Água da Prata 26/06/2016 29.43 5.99 
Água do Rego 26/06/2016 34.80 6.52 

Caldeira da Ribeira Grande 26/06/2016 
Poça da Dona Beja 01/10/2016 38.41 5.48 

Nascente do Morangueiro 26/06/2016 31 .34 5.97 
Poça da Tia Silvina (interior) 26/06/2016 43.50 6.05 
Poça da Tia Silvina (exterior) 26/06/2016 39.54 6.08 

Ribeira Amarela 1 26/06/2016 
Ribeira Amarela 2 26/06/2016 

Ribeira da Caldeira 26/06/2016 

Table 3 - Characterization values of sampled marine lake. 

Sampting 

Fajã dos Cobres 

Sampting 
date 

06/04/2017 

Temperature 
eq 
17.0 

pH 

8.6 

Conductivity 
ÓLS/cm} 
31333 

{�S/ cm} 
0.88 
0.61 
0.62 

0.78 
2.44 
2.15 
1.88 

12.85 

{mg/L) 
3.26 
5.99 
3.94 

5.48 
2.82 
1.99 
4.79 

Salinity {0/oo} 
26.22 
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Appendix IV - Media 

Table 1 - BG-11  and BG-11a medium. Table 2 - A5 trace metal elements medium. 

NaN03 

K2HP04 

MgS04·71bO 

CaCir2H20 

Citric acid 
Ferric ammonium cltrate 
EDTA ( disodium salt) 
NaC03 

Trace metal mi:I A5 
Agar (if needed) 
Distilled water 

BG-11 BG-llo 
Quantity 

1.5 g - DJBD3 
0.04 g 0.04 g MnCh·41hO 

0.075 g 0.075 g ZnS04·71hO 

0.036 g 0.036 g NaMo04·21hO 

0.006 g 0.006 g CuS04·SH20 

0.006 g 0.006 g Co(N03)2'61bO 

0.001 g 0.001 g Distilled water 

0.02 g 0.02 g 
LO mL 
7.0 g 
1.0 L 

Table 3 - TFI+M medium composition. 

Stock Quantity 

10% Amide nitrogen 

20% 5% Nitric nitrogen 

TFI 5% Ammoniacal nitrogen 

5% P205 

4% K20 
4.5% Mg0 

6% S 
0.08% B 

M 
0.016% Fe 

0.016% Cm 

0.08% Mn 
0.0016% Mo 

0.05% Zn 

A5 
Quantity 

1.5 g 
0.04 g 

0.075 g 
0.036 g 
0.006 g 
0.006 g 

1.0 L 

For one litter ofmedium it's used 0.2 mL of each stock with one litter of distilled water. 
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Appendix V - Applied concentration in assays 

Table 1 - Applied concentration in first column ofthe 96 well plate. 

Group 
AChE DPPH BACTER CANCER 

Strains (JLglmL) (�glmL) (pglmL) (pglmL) 
1 150 250 200 200 

T05;T06;T07:Tl3;T16;L04; 
L07;L09;L21 ;L34 

2 85 250 150 150 L16 

3 65 150 75 100 Tl7;L14;L18;L28 

4 40 65 50 50 L15;L30 

5 50 T14;L17 
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Appendix VI - Reported and isolated cyanobacteria 

Table 1 - Reported cya.nobacteria in the literature with the isolated cya.nobacteria in tbis work. 

Pseudanabaena catenata 
Pseudanabaena limnetica 

L.Hoffinann, J.Komárek & J.Kasto� 
B1c:akin 
N: 

Meffcrt 

Lautcrbom 
(Lemmermann} Komárek 

& Komárek 

SMG 

• -
• -
.! 

• 

• 

• 

• 

. ... 

. ... 
... 
• -
• -
• 

... 
• 

e ""i: 
. ... 
. ... 

• 

• 

• 

• 

-
• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

. ... 
• 

• 

. ... 
• 

• 

STM TER 

- -

- -
- -
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Pseudanabaena minima 

Schizothrix cus!!!.data 
Schizothrix .fuscescerrs 
Schizothrix lacustris 
Schizothrix f!!!.llida 
Schizothrix sp. 
Schizothrix s;mrplocoúks 
Schizothrix telephoroúks 
Schizothrix va�ata 

'OCCtiCeQe 

Anatllece 
Anathece clathrata 
Anathece minutissima 

Chroococcus dispersus 
Chroococcvs membraninus 
Chroococcus mi110r 

(G.S.An} Anagnostidis 
� � 

(West & G.S.West) West & G.S.West 
Kutzing ex Gomont 
A.Braun ex Gomont 
(Kützinj� ex F orti} Geitler 
Kützing ex M.Gomont 
(N.L.Gardncr) Gcitlcr 
Gomont 
Gomont 
I..KomArc:k & AllagDoltidis 
(Komérdc & Anagnostidis� Komérok, Kastovsky & Iezberovt 
fW.We1rt & ct.S.WeRt) Komll.relc Ka!ltnwkv & Jezhernvll. 

Rabenhorst 

(Keissler} Lemmcrmann 
(Menegbini} Niil:\eli 
(Kützinru Nãgcli 
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LcmmCIDDBDil . ... - • - • - - • • - -
Kützing • - • - • - - • 

f!J!.Sa atrata Kützing • • 

Gloeocapsa caldariorum Rabenb.orst - - • 

Gloeocapsa compacta Kützing • 

Gloeocapsa gelatinosa Kützin� - - • - • 

• 

• 

• • 

• 

• - - - -
• 

- �  - • - - - - • • 

• • • 

. ... - - - - - - • 

• • 

in Ostenfeld & N;maard • • 

• 

• 

• 

�QCCU9 K.I.Lutas & S.Golubic - - - - - • 

anosaccus s�. K.I.Lukas & S.Golubic • 

É.Bomet & C.Flahault - - - - - • 

Bomet & Flabault • 

Lukas & Golubic - - - - - • 

.Bomet & C.Flabault • 

. ... . ... • • . ... • • • 

• • • • - - - • . . 
• - • - - - - • 

, Bohunická, J.R.Johanscn & J.Komárek • - • - - - - • 

idis • • - • 

• 

• - - • 

• 

- --- ----- - -- - ----- • 

'ricana G.S.West - - - - • 

. ... . ... • • . ... • - • • 

• • • 

• • • 

• - • - - - - • 

Microcoleus amoenus (Gomont) Stnmecky, Kmnárek & J.R.Johanscn • - - - - - - • 

Microcoleus autumnalis {Gomont) Stnmeck:y, K.omãrek & J.R.Johansen • - - - - - - • 

Microcoleus �g�eus (Gomont) Stnmecky, Komárek & J.R.Johanscn - - • 

Plwrmidium KQtzing ex Gc:mont . ... - • • . ..: • - - • 

Phonnidium aerug!_neo-caeruleum (Gomont) Anagnostidis & Komárek • 

Phonnidium allorgei �rém�) Anagnostidis & Komárek - - • 

Phonnidium breve (Kützing ex Gomont) Anagnostidis & Komárek • 

Phonnidium durum N.LGardner - - - - • 

ostidis & Komárek • • 

- - • - • 

• - - - • • 
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Phormidium rotheanum 
Phormidium sp. 
Phormidium terebrifgrme 

Planláothrix 

>auciranwsum 

Oscillatoria l!.lanctonica 
Oscillatoria princeps 
Oscillatoria sancta 
Oscillatoria sp. 
Oscillatoria tenuis 

Pkcto-
Plectonema endolithicum 
Plectonema terebrans 

Vlll. NOitoealea 

'hanizomenoide 

ltzi�ohn ln Kabenhorst 
Kützing ex Gom.ont 
{C.Agardh ex Gom.ont) Anagnostidis & Kom.árek 
K.ADagoostidis & J.K.cm6rek 

{Anissimova) Anagnostidis 

Gom.ont 

llDg1er 
C.Agardh ex Ocmont 

Woloszynska 
Vaucher ex Gom.ont 
Kiitzing ex Oom.ont 
Vaucher ex Gom.ont 
C.Agardh ex Gomont 

Thuret ex Oomont 
Eroegovic 
Bomet & Flabault ex Gom.ont 
Bcrzl 

Blc:nkin 
V.V.Miller 

Zapomelovâ, Jezbcrová, Hrouzek, Hiscm, Rehálr.ová & Komárková 

-
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A.K.Mitra & D.C.P� Â 
_{A.K.Mitra) A.K.Mitra & D.C.Pande}r Â 
Koméret, Kastovaky, Mala & J.R.JobaDsen • Â  - - Â - - - .. 
O.Kirclmc:r ex A.B.Frank • Â  - - Â - - - Â 
Kirchner ex Frank • 
O.Kirchner ex A.B.Frank: Â - - Â - - - Â 
De Tolli - - - Â 
De Toni Â 
J.Komúet, J.ICastovlk:y, J.Maa & J.RJobaDsen • 
1� ex Bcmet & Flahault • 
Thuret ex Bomet & Flabault • 
B1c:atin • Â  Â • - • - - • • 
Nige]i ex É.Bomet & C.Fiahault • Â • - • - - • • 
West & G.S.West • • • 
West & G.S.West - - • - • 
Kirchner ex Bomet & Flahault Â • 
Colm ex O.Kircbnc:r 
Cohn ex Kirchner 

erheim ex É.Bomet &- C.Flãlid 
Mr:�Stigocoleus testarum Lagerheim ex Bomet & Flahault 

N� Bichlcr 
-

AIIabaena Bory ex Bomet & Flahault 
Frém • - • 
Schmidle • 

• 
• • • 

• Ã  - • • - - - • • 
• 

• - - • • • - • 
• - - - - - - -

• - - - • • - • 
• 

• Ã  • • • Ã  • • - • • 
Nostoc carneum C.AI!ardb ex Bomet & Flahault - - - - - • 

- - - • Ã  
• - - - - - - - • 

ex Bomet & Flahault • • 
• Ã  

Vaucher ex Bomet & Flahault -

• - - - • • - • 
- - - - • • --- - ----- -- - - -------

Nostoc verrucosum Vaucher ex Bomet & Flahault • - • 
Triclwnmu (Ra.lfil ex É.Bomet & C.Flahauh} J.Komérek & K.Anagnostidis • 

• 
-
• 
• 

RC.Wood ex Bornet & Flahault • 
Bomet & F1llhault Âe - • Â Â • - e Â  • 
C.Agardh cx: Bcmet & Flahault • - - Â Â - - •Â 

Calothrix breviarticulata West & G.S.West - - - - - - Â 
Calothrix cr:�Stellii Bornet & Flahault Â - - Â 

Xlll 



Calothrix Darietina Thuret ex Bornet & Flahault 
Calothrix sp. C.Agardb ex Bornet & Flabault 

· DiChothiU G.zanardini ex É.Bomet & C.Fiiliiiiilt 
Dichothrix. baueriana Bornet & Flahault 

C.Agardh ex E.Bomet &-C.FiiliãUI.t 
West & G.S.West 
Bharadwaja 
Bornet & Flahault 

N.LGanlncr 
Hieronvmus 
llaullr, Bdnmidcá, J.R.Johalual Mares &: Bemodero-Gomez 
K.iltzimr ex É.Bom.et & C.Flahault 
K.ützin�r ex É.Bomet & C.Fiabault 

ex h.Bomet & C.Fiabault 

• 
..... 

. ..... 
..... 

• 

• 

• 
• 

• 
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• 
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• 
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• 
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• 
• 
• 
• 

• 

• 
• 

• 
• 
• 
• 
• 

• 

• 

• 
• 

Tolypothrix. tenuis K
.
iitzing ex Bornet & Flahault - - - - - - - • 

Signal key: • othcr authors; .Â. this work; -no records. 

• 
• 
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