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GOE – "great oxygenation event"



Proterozoicum

geology.cz



Cyanobacteria – first occurrence of thylakoids and phycobilisomes

oxygennic photosynthesis
(therefore oxyphotrophic bacteria)
(some of the may be capable of suphurogenic photosynthesis, too)

phycobilisome

6 CO2 + 6 H2O → C6H12O6 + 6 O2 



2.5 to 0.6 billion years - „age of cyanobacteria “,
or „boring billion“

well documented fossils of coccoid and filamentous cyanobacteria – 2.5 bya 

stromatoliths



GOE and Huronian glaciation



Basic characteristics of Cyanobacteria

- coccoid (solitary or colonial) or filamentous
- always have chlorophyll a (sometimes b or d)
- in some lineages very important fixation of atmospheric nitrogen
- in phanerozoicum – so called static phenotypic evolution
- reproduction – vegetative cell division
- in general, three morphological types:

coccoid
simple filamentous
filamentous with differentiated cells



phylogeny of Cyanobacteria

Schirrmeister et al., 2015, Palaeontology 2015: 1-17



phylogeny of Cyanobacteria

Strunecký et al., 2023, J. Phycol. 59



evolution of plastids from Cyanobacteria

Moore et al. 2019, Front. Microbiol.



Sánchez-Baracaldo, 2015, Sci Rep



three types of photosynthetic apparatus

type Gloeobacter
- no thylakoids, phycobilisomes and pigments on plasmatic membrane

G. violaceus – originally isolated 
from limestone rocks in the Alps.
Probably the most plesiomorphic 
cyanobacterial lineage.



standard type (Synechococcus)
   - thylakoids, phycobilisomes on them



type Prochlorococcus
(Prochloron, Prochloroccoccus, Prochlorothrix, Acaryochloris)

- lacking phycobilisomes, with chlorophyll b



nitrogenation by Cyanobacteria
- the only source of nitrogen for eukaryotic orgnaisms
- nitrates from molecular nitrogen
- in heterocytes (Nostocales), but not always

Berman-Frank et al., 2003, Res. Microbiol.



Fixation of atmospheric N2

fixation = conversion of atmospheric N2 (N≡N) to 
biologically available NO3

- (and then to NH4
+)

N – often a limiting macronutrient in ecosystems, necessary 
for protein syynthesis

only several bacterial lineages may fix N

interestingly, nitrogenase is inactivated by oxygen – thus it 
interferes with photosynthesis

N2 + 8 H+ + 16 ATP  2 NH3 + H2+ 16 ADP + 16 P

therefore – spatial or temporal separation of both 
processes in cells

Nitrogenation is energetically the single most demanding cellular process in living nature!

Mo – essential for nitrogenase complex



aerotopes – the only intracellular gas vesicles in living nature



Diversity of Cyanobacteria
coccoid Cyanobacteria (solitary or colonial)

Chroococcus

freshwater benthos (plankton), often in acidic wetlands

Limnococcus limneticus

Chroococcus
turgidus



occurs in virtually all regions of
marine euphotic zone 
(with some exceptions in Antarctica)
(usually less abundant than Prochlorococus)

Synechococcus

http://cfb.unh.edu/phycokey

density in the phytoplankton
up to 106 cells/ml



Synechococcus - possibly the most ancient example of vision in living organisms

the entire cell acts as a lens;
pili close to the light-sensitive patch of the plasmatic membrane are electrocally inactivated
which leads to positive phototaxis

Yamashita & Baluška, 2023, Plants 12; Schuergens et al., 2017, Curr. Opin. Plant Biol. 37



Gloeocapsa
Gloeocapsopsis

subaerial microhabitats (biofilms)



Prochlorococcus

a dominant organism of high seas phytoplankton,

up to 50% of primary production in the oceans,

an example of the picoplanktonic organism

http://www.sciencemag.org/news/2017/03/meet-obscure-microbe-influences-climate-ocean-ecosystems-and-perhaps-even-evolution



marine phytoplankton – introductory information

- about 60% of primary production
  on Earth

- four dominant groups:
- Cyanobacteria
   (Prochlorococcus, Synechococcus)
- Haptophyta
- Dinophyta
- Bacillariophyceae

cell size abundance (chl a)



oceanic phytoplankton – „basic global structure“



Trichodesmium - possibly the most important nitrogen fixing organism on Earth

Berman-Frank et al., 2001, Science 294
Inomura et al., 2019, ASMJ, mSystems 4
www.alga.cz, Algatech, MBÚ AVČR

protection of nitrogenase enzyme
from oxidative damage



Merismopedia
 
unilayered flattened colonies

freshwater phytobenthos



planktonic colonial Cyanobacteria
e.g. genera Snowella, Woronichinia

Woronichinia (cells with aerotopes)

Snowella lacustris

cells arranged on the surface of mucilaginous mat or stalks

frequent members of freshwater eutrophic phytoplankton
S. littoralis



cyanobacterial water blooms
genera:
Microcystis, Dolichospermum, Anabaena, Aphanizomenon, Cylindrospermopsis, Nodularia

- causes, ecological dynamics

microcystins – hepatotoxic oligopeptides
anatoxins – neurotoxic heterocyclic compounds
cylindrospermopsins – hepatotoxic
saxitoxins – neurotoxic

WHO limits for microcystins in drinking water
– max. 1,0 µm.L-1

[ČR – vyhl. 252/2004 MZd]

technological means of „fighting“ CWBs:
dredging of sediments, algicides,
artificial aerating, precipitation of colonies
by Al-compounds (PAX-18)



Microcystis



Microcystis
aeruginosa



non-heterocytous filamentous Cyanobacteria
 

e.g. Oscillatoria, Leptolyngbya, Lyngbya, Arthrospira, Limnothrix



Leptolyngbya



Lyngbya



phytobenthos of marine and freshwater habitats
often indicates eutrophication



Spirulina (= Arthrospira)

history

Aztecs used spirulines at least since 16th century 
(Mexico)

picking and drying of spiruline biomass in Lac Tchad – „dihé“ cakes



heterocytous Cyanobacteria (Nostocales)

Cyanobacteria with heterocytes are crucially important in many symbiotic interactions

Nostoc



Nostocales

Strunecký et al., 2023, J. Phycol. 59



symbiotic interactions of (nostocalean) Cyanobacteria
Azolla

cycads
hornworts

Geosiphon
some pennate diatoms

some lichens



Anabaena ("Aphanizomenon", Dolichospermum)



Cylindrospermopsis raciborskii

C. raciborski WB in N Argentina

subtropical species, since 1990s expanding into Europe

contains hepatotoxic microcystins and other toxic compounds

http://galerie.sinicearasy.cz/v/Cyanobacteria/Nostocales/Cylindrospermopsis/Cylindrospermopsis_raciborskii1.jpg.html


Rivularia

heteropolar filaments, basal heterocytes, mucilaginous colonies

R. mesenterica
Mediterranean Sea

freshwater Rivularia – usually in
oligotrophic biotopes



false branching in in traditional genera

Tolypothrix
Scytonema

Petalonema



"true branching" in Hapalosiphon / Stigonema



Mastigocladus laminosus

extremophilic (thermophilic) species
an example of strictly ecologically determined geographical distribution
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