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Module VI

Harmful Cyanobacteria (3 hours)

Contents

1.1. Suggested reading

1.2. Some basic features of cyanobacteria

1.3. Taxonomy of cyanobacteria: Classification and Identification

1.4. Harmful species

1.5. References

1.6. Glossary
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1.1. Suggested reading

Present document.

1.2. Some basic features of cyanobacteria

The Cyanobacteria or Cyanoprokaryota (also called Cyanophyceae when classified as algae) are primitive single-celled, colonial or filamentous organisms, characterized by the absence of a nucleus and other membrane-bound organelles (so-called prokaryotic cell structure; Fig.1). The reproduction takes places by binary fission in 1-3 planes, by multiple fission forming baeocytes, and by hormogonium formation. In sessile cells, the reproduction can also occur through exocites formation.  Sexual reproduction is not known in this group of organisms.
They were among the first photosynthetic organisms to evolve on our Planet some 3.5 Billion years ago, capturing sunlight by means of the green pigment chlorophyll a and a combination of water-soluble phycobili-protein pigments (phycocyanin and phycoerythrin). Therefore, the cyanobacteria are primary producers as the eukariotic algae. In certain tropical regions, e.g. in the Caribbean See, Cyanobacteria constitute one of the main groups of the phytoplankton community, contributing about 20% of the total primary production (Lee, 1999).   

Most planktonic species of cyanobacteria contain aerotopes or gas vesicles [called "gas vacuoles" in older literature] that control cells buoyancy, thus allowing them to accumulate and form blooms on the surface of the water surface or form the long narrow surface streaks associated with Lagmuir circulations. Other species may accumulate at specific depths because of a physiological strategy combining the capacity to form high biomasses at low light intensities and highly efficient utilization of low nutrient concentrations. Besides, some cyanobacteria have the ability to fix nitrogen (N2), which is the main source of nitrogen in the open ocean (Lee 1999).  

The ecology of cyanobacteria is described in Whitton & Potts (2000).

Fig. 1. Structural drawing of the fine structural features of a cyanobacterial cell. (D) DNA fibrils; (G) gas vesicles; (Gl) glycogen granules; (P) plasmalemma; (PB) polyphosphate body; (Ph) polyhedral body; (Py) phycobilisomes; (R) ribosomes; (S) sheat; (SG) structured granules (cyanophycin granules); (W) wall.

1.3. Taxonomy of cyanobacteria

Classification

The cyanobacteria are divided into four orders based on morphological features, as proposed in the system of Anagnostidis & Komarek (1988, 1990) and Komarek & Anagnostidis (1989, 1999). The work of Cronberg et al. (2004) is also important for the identification of toxic Cyanobacteria.
Order Chroococcales

The organisms are unicellular or colonial and they are called coccoid cyanobacteria. In specific coccoid groups, false filaments (without contact or communication between cells) may occur; in more complex types, polarized cell or colony and differentiated cells are found. Cell division takes place by binary fission in one, two or three planes or by multiple fission forming baeocytes. The order comprises more than 90 genera including Microcystis and Synechocystis, which are widespread in freshwater, brackish water and marine environments. Some species of Microcystis may produce toxins and form extensive surface blooms.

Order Oscillatoriales

The organisms form trichomes of vegetative cells, and are without differentiated cells such as heterocytes (nitrogen-fixing cells) and akinetes (resting cells, spores), compare Nostocales below. For this reason, the trichomes of oscillatorian cyanobacteria are considered homocyted (equal cells). The trochomes do not form true branches, but in some genera false ramifications may occur.  Cell division is always in one plane perpendicular to the longitudinal axis of the trichome. When present, the sheath can be differently structured and colored. The order comprises more than 40 genera and the most common in marine and brackish water are Trichodesmium, Oscillatoria, Lyngbya and Schizothrix, and all of them compreise potentially harmful species.

Order Nostocales 

This group also includes filamentous forms with cell division in only one plane perpendicular to the longitudinal axis. The trichomes of Nostocales develop heterocytes and akinetes and are called as heterocyted (different cells). They can also be isopolar or heteropolar. Ramifications may occur, and when present, is always false. The order comprises 32 genera, and several species are toxic and may form blooms mainly in freshwater (e.g. Cylindrospermopsis). In brackish and marine water, Anabaena, Aphanizomenon and Nodularia are the most important genera, all of them with potentially harmful species.

Order Stigonematales 

This order is morphologically the most differentiated group of cyanobacteria (Anagnostidis & Komárek, 1990). They are filamentous and form heterocytes, akinetes and true branches. The filaments can be uni- or multi-seriate and, in some genera, there is a differentiation into main filament and branches. The order comprises almost 50 genera. They occur in terrestrial or benthic freshwater habitats (there is no planktonic forms), and some species can develop macroscopic thalli. Several species are poorly known. In marine waters, the most common genera are Brachytrichia and Mastigocoleus; there is no information about toxicity.    
Identification

The identification is preferably done on live material. For quantitative analysis, it is important that the preservative is acidified (e.g. acidified Lugol's iodine solution) as this will cause the aerotopes to collapse and allow the cells to be concentrated, either by settling chambers, or by centrifugation. If the aerotopes are intact, the cells may stay floating in the counting chamber or centrifuge tube, and thus cell abundance would be underestimated. For qualitative analysis (identification) it is important to preserve aerotopes, if live is cannot be used, and this may be done in e.g. 4% formalin. Identification of coccoid cyanobacteria in some cases requires observation of mucilage structures and this can be done using China Ink stain in both live and  preserved material.

1.4. Harmful species

Problems with toxic cyanobacteria species are prevalent in freshwaters, mainly relating to species of Anabaena, Aphanizomenon, Cylindrospermopsis, Microcystis, and Plankthotrix.  Nodularia and Synechocystis occur in brackish water, and Lyngbya and Trichodesmium cause problems in marine environments. More than 55 species, belonging to 30 genera, are known as toxin producers. Cyanobacterial toxins may kill domestic and wild animals drinking from intoxicated water bodies, and drinking water reservoirs used for human consumption may also be contaminated. Freshwater and brackish water shellfish may accumulate cyanobacterial toxins in their digestive system (Cronberg et al. 2004).
The most important/serious genera of harmful cyanobacteria in the marine/brackish water environment are listed below in alphabetical order. See also Komárek (2003), Komárek et al. (2003), and (Cronberg et al. 2004) for identification; and Codd (1999) and Long & Carmichael (2004) for toxin production and harmful effects.

	1. Anabaena is a freshwater genus sometimes occurring in brackish and marine waters. Species of Anabaena (A. circinalis and A. spiroides) have been found together with toxic Microcystis blooms in Rio de La Plata estuary in Uruguay (Ferrari, 2001). Some species may produce PSP toxins others possibly microcystins
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Fig. 2.  A. spiroides  (Sant’Anna & Azevedo 2000, 800x)

	2. Aphanizomenon is another freshwater genus that sometimes occurs in brackish water environments. The colony-forming A. flos-aquae may produce the PSP toxins, saxitoxin and neosaxitoxin and A. gracile may produce microcystins (Chorus 2001).
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Fig.3. A. gracile (Sant’Anna et al. 2004, 1000x)

	3. The genus Cylindrospermopsis comprises 8 species with the potentially toxic C. raciborskii being common and widespread in freshwater in the subtropical and tropical regions. It may produce the hepatotoxic alkaloid named cylindrospermopsin and also the PSP toxin (Castro et al. 2004). It is widespread from north to south of Brazil, see .Komárkova (1998) for identification of species.
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Fig. 4. C. raciborskii ( Sant’Anna & Azevedo 2000, 1000x)

	4. Lyngbya majuscula is a benthic species growing on rocks or in sediments, but is sometimes found as drift. It may form macroscopic mats in the upper zone of rocky shores of the tropical Atlantic coast.. Direct contact may cause "swimmers itch" with skin irritation and blisters, and peel off in severe cases.  It produces lyngbyatoxin A and debromoaplysiatoxin, and the toxins may accumulate in grazing marine invertebrates, e.g. sea hares.
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Fig. 5. L. majuscula (photo L.M. Blois, Brazil, 400x)

	5. Species of Microcystis are widespread in freshwaters, and may occur also in brackish water. M. aeruginosa is common in South America, and during the last ten years it has become more and more frequent in estuaries such as Patos Lagoon (Brazil, Yunes et al. 1996) and Rio de La Plata (Uruguay, Ferrari 2001). It may produce microcystins and toxic blooms may cause fish mortality and have impact on public health.
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Fig. 6. M. aeruginosa (after Sant’Anna et al. 2004, 800x)

	6. Nodularia spumigena may form blooms in brackish water and is known from South Australia, the Baltic Sea, and brackish water lakes and estuaries of New Zealand and United States. In South America, it has been reported only from Uruguay (Perez et al. 1999). It may produce the peptide hepatotoxin, nodularin, which can kill domestic and wild animals that drink from intoxicated water bodies. The toxins may also contaminate human drinking water supply, and may accumulate in mussels, prawns and fish.
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Fig. 7. Nodularia spumigena

	7. Oscillatoria comprises filamentous, unbranched species without a surrounding sheath. The filaments show oscillating or gliding moments. Several species may produce cytotoxins; thus O. nigro-viridis may produce the contact irritant debromaplysiatoxin and oscillatoxin a. This is a cosmopolitan species that may form macroscopic mats attached to rocks, macroalgae or sediments.
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Fig.8. Oscillatoria sp.

	8. Synechocystis comprises around 20 species (Komárek 2003) formed by isolated and rounded cells. Some species are reported to be hepatotoxic, and they have caused fish kills in brackish and marine waters in Brazil (Azevedo & Carmuze 1994, Magalhães et al. 2003). The picoplanktonic S. salina is able to reach high abundances (more than 80% of total phytoplankton cell number), as in Barra Lagoon, Brazil (Azevedo & Carmuze 1994).

	9. Species of Trichodesmium may form extensive blooms in tropical marine waters. The genus was re-classified by Anagnostidis & Komarek (1988), who recognized 10 species of Trichodesmium. Janson et al. (1995) studied the marine species of the tropical Atlantic and Indian Ocean, and distinguished 5 species based on morphometric measurements and colony formation. However, the taxonomy of Trichodesmium is not clear and previous reports of toxicity may have to be re-interpreted. 

At the beginning of a Trichodesmium bloom, the filaments usually occur throughout the water column, but typically with a maximum abundance at about 15 m depth. During the late-bloom stages, aerotopes cause a massive accumulation of Trichodesmium to the surface layer. Trichodesmium may appear as yellow-grey (early bloom) or reddish-brown (late bloom) coloured patches spreading over up to 40,000 square kilometres. 

	Trichodesmium blooms (“sea sawdust”) were observed as early as 1770 during Captain Cook's voyage through the Coral Sea. There is no evidence of a relationship with pollution. Species of Trichodesmium may produce neurotoxins similar to PSP toxins and there are reports of breathing difficulties from people who have been near Trichodesmium blooms ("Trichodesmium fever"), as reported by Sato et al. (1963) in North-eastern Brazil, see also Suvapepun (1992). Blooms have been reported from different parts along the South American coast, involving at least 3 species, T. erythraeum, T. thiebautii, and T. hildebrandtii (Gianesella-Galvão et al. 1995, Siqueira 1999, Ferrari 2001, Rörig et al. 1998).
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Fig. 9. Trichodesmium erythreaum (photo C.L.Sant’Anna, Brazil, 400x).
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1.6. Glossary/Glossário (português)

1. Akinete: special cell originated from vegetative cell; it stores great quantity of food and functions as resting spore taking place in the reproduction (trichomes germination).  
Acinetos: células especiais originadas de células vegetativas que aumentam de tamanho, estocam grandes quantidades de substância de reserva e espessam a parede. Os acinetos funcionam como esporos de resistência e têm função na reprodução de cianobactérias.
2. Aerotopes: group of gas vesicles that occur mainly in plankton cyanobacteria and makes possible the cell flotation. 

Aerotopos: grupos de vesículas gasosas que ocorrem especialmente em cianobactérias planctônicas e auxiliam a sua flutuação (também chamados vesículas gasosas ou pseudovacúolos)
3. Baeocites:  cells resulting of mother cell division by multiple fission and are liberated through an opening on the mother cell wall.

Baeocitos:  células resultantes da fissão múltipla do conteúdo da célula mãe e são liberados através de abertura que se forma na sua parede.
4. Binary fission: cell division in two parts that grow to size of adult cell before the next division. 

Fissão binária: divisão da célula em duas partes denominadas células filhas que crescem até o tamanho da célula mãe antes da próxima divisão.

5. Bloom: intense cell multiplication generally favored by water eutrophication.

Floração: multiplicação excessiva de células, freqüentemente causada pela eutrofização.
6. Exocites: cells resulting of mother cell division in one plane at the free extremity of sessile cells. 
Exocitos: células resultantes da divisão celular em um único plano na extremidade livre de células sésseis . 
7. False branch: plane of cell division is always perpendicular to the length axis of trichome.

Ramificação falsa: quando não há mudança no plano de divisão celular em relação ao eixo principal do filamento. Também chamada pseudo-ramificação.

8. Filament: refers to the trichome surrounded by the sheath.

Filamento: tricoma envolvido pela bainha mucilaginosa. 

9. Heterocite: special cell of cyanobacteria trichome, originated from modified vegetative cell, and responsible by nitrogen fixation.

Heterocito: célula especial dos tricomas de cianobactérias onde ocorre a fixação de nitrogênio atmosférico e é originária de  uma célula vegetativa modificada. 

10. Heteropolar trichome:  trichome with differentiation in apex and base. 

Tricoma heteropolar: quando uma extremidade é diferente da outra.

11. Hormogonium: small part of trichome, formed by trichome break and taking important place in the reproduction of filamentous groups.

Hormogônio: pequeno segmento de células originado pela quebra do tricoma e com importante papel na reprodução dos grupos filamentosos.

12. Isopolar trichome: both extremities of trichome are similar.
Tricoma isopolar: quando as duas extremidades são iguais.

13. Multiple fission: successive divisions of cell content forming many small cells (see baeocites). 

Fissão múltipla: divisões sucessivas do conteúdo celular, formando diversas células pequenas que não crescem até o tamanho da célula mãe, antes da próxima divisão.

14. Mucilaginous sheath: layer of polysaccharide excreted through the cell wall; it surrounds cells and trichomes of cyanobacteria and protects them against loss of water and damage radiation; in relation to Chroococcales, the sheath is generally named mucilaginous envelope.

Bainha mucilaginosa: camada mucilaginosa que envolve células ou tricomas e é formada por polissacarídeos excretados através da parede celular. Nas cianobactérias coloniais é freqüentemente chamada de envelope mucilaginoso.
15. Necride: dead cell that represents a break point in the trichome and has an important place in the hormogonium formation.  

Necrídio: célula morta que constitui ponto de quebra no tricoma, para formação dos hormogônios, hormocistos e ramificações. 

16. Trichome: row of cells.

Tricoma:  fileira de células de cianobactérias.

17. True branch: plane of cell division changes and becomes parallel to the length axis of trichome; it comprises different types, e.g. T, Y or V-inverted. 

Ramificação verdadeira: quando há mudança no plano de divisão celular que passa a ser paralelo em relação ao eixo principal do filamento. Pode ser de diferentes tipos, como por exemplo,  em T, Y ou V-invertido.
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