Cyanobacteria

Cyanobacteria /sa1 @nosbzk tiorio/, also known as
Cyanophyta, is a phylum of bacteria that obtain their
energy through photosynthesis./*! The name “cyanobacte-
ria” comes from the color of the bacteria (Greek: Kvavog
(kyanos) = blue). They are often called blue-green algae
(but some consider that name a misnomer, as cyanobac-
teria are prokaryotic and algae should be eukaryotic,™! al-
though other definitions of algae encompass prokaryotic
organisms).%!

By producing gaseous oxygen as a byproduct of photo-
synthesis, cyanobacteria are thought to have converted the
early reducing atmosphere into an oxidizing one, caus-
ing the “rusting of the Earth””! and causing the Great
Oxygenation Event, dramatically changing the compo-
sition of life forms on Earth by stimulating biodiversity
and leading to the near-extinction of anaerobic organ-
isms (that is, oxygen-intolerant). Symbiogenesis argues
that the chloroplasts found in plants and eukaryotic algae
evolved from cyanobacterial ancestors via endosymbiosis.

Cyanobacteria are arguably the most suc-
cessful group of microorganisms on earth.
They are the most genetically diverse; they
occupy a broad range of habitats across
all latitudes, widespread in freshwater, ma-
rine, and terrestrial ecosystems, and they
are found in the most extreme niches such
as hot springs, salt works, and hypersaline
bays.  Photoautotrophic, oxygen-producing
cyanobacteria created the conditions in the
planet’s early atmosphere that directed the evo-
lution of aerobic metabolism and eukaryotic
photosynthesis. Cyanobacteria fulfill vital eco-
logical functions in the world’s oceans, being
important contributors to global carbon and ni-
trogen budgets.

— Stewart and Falconer!®!

1 Ecology

Cyanobacteria can be found in almost every terrestrial
and aquatic habitat—oceans, fresh water, damp soil,
temporarily moistened rocks in deserts, bare rock and
soil, and even Antarctic rocks. They can occur as
planktonic cells or form phototrophic biofilms. They
are found in almost every endolithic ecosystem.”! A few
are endosymbionts in lichens, plants, various protists, or

Cyanobacterial bloom near Fiji

sponges and provide energy for the host. Some live in the
fur of sloths, providing a form of camouflage.[!”!

Aquatic cyanobacteria are known for their extensive and
highly visible blooms that can form in both freshwater and
marine environments. The blooms can have the appear-
ance of blue-green paint or scum. These blooms can be
toxic, and frequently lead to the closure of recreational
waters when spotted. Marine bacteriophages are signifi-
cant parasites of unicellular marine cyanobacteria.!'!!

2 Characteristics

Cyanobacteria are a group of photosynthetic, nitrogen
fixing bacteria that live in a wide variety of habitats
such as moist soils and in water. They may be free-
living or form symbiotic relationships with plants or with
lichen-forming fungi as in the lichen genus Peltigera.!'?)
They range from unicellular to filamentous and include
colonial species. Colonies may form filaments, sheets,
or even hollow balls. Some filamentous species show
the ability to differentiate into several different cell


https://en.wikipedia.org/wiki/Help:IPA_for_English
https://en.wikipedia.org/wiki/Phylum_(biology)
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Photosynthesis
https://en.wikipedia.org/wiki/Greek_language
https://en.wikipedia.org/wiki/Prokaryotic
https://en.wikipedia.org/wiki/Algae
https://en.wikipedia.org/wiki/Eukaryote
https://en.wikipedia.org/wiki/Gas
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Reducing_atmosphere
https://en.wikipedia.org/wiki/Redox
https://en.wikipedia.org/wiki/Great_Oxygenation_Event
https://en.wikipedia.org/wiki/Great_Oxygenation_Event
https://en.wikipedia.org/wiki/Biodiversity
https://en.wikipedia.org/wiki/Anaerobic_organism
https://en.wikipedia.org/wiki/Anaerobic_organism
https://en.wikipedia.org/wiki/Symbiogenesis
https://en.wikipedia.org/wiki/Chloroplast
https://en.wikipedia.org/wiki/Plants
https://en.wikipedia.org/wiki/Eukaryote
https://en.wikipedia.org/wiki/Algae
https://en.wikipedia.org/wiki/Evolution
https://en.wikipedia.org/wiki/Microorganisms
https://en.wikipedia.org/wiki/Photoautotrophic
https://en.wikipedia.org/wiki/Desert
https://en.wikipedia.org/wiki/Antarctic
https://en.wikipedia.org/wiki/Planktonic
https://en.wikipedia.org/wiki/Phototrophic_biofilms
https://en.wikipedia.org/wiki/Endolithic_ecosystem
https://en.wikipedia.org/wiki/Endosymbiont
https://en.wikipedia.org/wiki/Lichen
https://en.wikipedia.org/wiki/Protist
https://en.wikipedia.org/wiki/Fiji
https://en.wikipedia.org/wiki/Sea_sponge
https://en.wikipedia.org/wiki/Host_(biology)
https://en.wikipedia.org/wiki/Sloth
https://en.wikipedia.org/wiki/Camouflage
https://en.wikipedia.org/wiki/Freshwater
https://en.wikipedia.org/wiki/Toxic
https://en.wikipedia.org/wiki/Marine_bacteriophage
https://en.wikipedia.org/wiki/Parasites
https://en.wikipedia.org/wiki/Peltigera
https://en.wikipedia.org/wiki/Colony_(biology)
https://en.wikipedia.org/wiki/Filamentation
https://en.wikipedia.org/wiki/Cell_(biology)

types: vegetative cells, the normal, photosynthetic cells
that are formed under favorable growing conditions;
akinetes, climate-resistant spores that may form when en-
vironmental conditions become harsh; and thick-walled
heterocysts, which contain the enzyme nitrogenase, vital
for nitrogen fixation.

2.1 Nitrogen fixation

{LIT[EE L TR
cm 11 i?l |3 4! 1!5

Colonies of Nostoc pruniforme

Cylindrospermum sp.

Cyanobacteria can fix atmospheric nitrogen in aero-
bic conditions by means of specialized cells called
heterocysts. Heterocysts may also form under the ap-
propriate environmental conditions (anoxic) when fixed
nitrogen is scarce. Heterocyst-forming species are spe-
cialized for nitrogen fixation and are able to fix nitrogen
gas into ammonia (NH3), nitrites (NO—

2) or nitrates (NO—

3), which can be absorbed by plants and converted to
protein and nucleic acids (atmospheric nitrogen is not
bioavailable to plants, except for those having endosym-
biotic nitrogen-fixing bacteria, especially the Fabaceae

3 PHOTOSYNTHESIS

family, among others). Most importantly they are uni-
cellular.

Nitrogen-fixation by the cyanobacteria such as
(Anabaena, a symbiont of the aquatic fern Azolla),
provides rice plantations with biofertilizer.'*! Free-
living cyanobacteria are also present in the water column
in rice paddies, and cyanobacteria can be found growing
as epiphytes on the surfaces of the green alga, Chara,
where they may fix nitrogen.!'#!

2.2 Morphology

Many cyanobacteria form motile filaments of cells, called
hormogonia, that travel away from the main biomass to
bud and form new colonies elsewhere. The cells in a hor-
mogonium are often thinner than in the vegetative state,
and the cells on either end of the motile chain may be
tapered. To break away from the parent colony, a hor-
mogonium often must tear apart a weaker cell in a fila-
ment, called a necridium.

Each individual cell of a cyanobacterium typically has a
thick, gelatinous cell wall. They lack flagella, but hor-
mogonia of some species can move about by gliding along
surfaces. Many of the multicellular filamentous forms
of Oscillatoria are capable of a waving motion; the fil-
ament oscillates back and forth. In water columns, some
cyanobacteria float by forming gas vesicles, as in archaea.
These vesicles are not organelles as such. They are not
bounded by lipid membranes, but by a protein sheath.

Some of these organisms contribute significantly to
global ecology and the oxygen cycle. The tiny marine
cyanobacterium Prochlorococcus was discovered in 1986
and accounts for more than half of the photosynthesis of
the open ocean.!"! Many cyanobacteria even display the
circadian rhythms that were once thought to exist only in
eukaryotic cells (see bacterial circadian rhythms).

3 Photosynthesis

While contemporary cyanobacteria are linked to the plant
kingdom as descendants of the endosymbiotic progen-
itor of the chloroplast, there are several features which
are unique to this group. (At the same time, a majority
of features are remarkably conserved among the plants,
cyanobacteria, and algal oxygenic phototrophs).

3.1 Carbon fixation

Cyanobacteria use the energy of sunlight to drive
photosynthesis, a process where the energy of light is
used to split water molecules into oxygen, protons, and
electrons. Because they are aquatic organisms, they typ-
ically employ several strategies which are collectively
known as a “carbon concentrating mechanism” to aid in
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3.2 Electron transport

the acquisition of inorganic carbon (CO; or bicarbonate).
Among the more unique strategies is the widespread
prevalence of the bacterial microcompartments known as
carboxysomes.!'®! These icosahedral structures are com-
posed of hexameric shell proteins that assemble into
cage-like structures that can be several hundreds of
nanometers in diameter. It is believed that these struc-
tures tether the CO»-fixing enzyme, RuBisCO, to the in-
terior of the shell, as well as the enzyme carbonic anhy-
drase, using the paradigm of metabolic channeling to en-
hance the local CO2 concentrations and thus increase the
efficiency of the RuBisCO enzyme.!'”)

3.2 Electron transport

In contrast to chloroplast-containing eukaryotes,
cyanobacteria lack compartmentalization of their thy-
lakoid membranes, which have been demonstrated
to be contiguous with the plasma membrane. Thus,
the various protein complexes involved in respiratory
energy metabolism share several of the mobile energy
carrier pools (e.g., the Quinone pool, cytochrome c,
ferredoxins), thereby affording interactions between pho-
tosynthetic and respiratory metabolism. Furthermore,
there is a tremendous diversity among the respiratory
components between species. Thus cyanobacteria can
be said to have a “branched electron transport chain”,
analogous to the situation in purple bacteria.

While most of the high-energy electrons derived from
water are used by the cyanobacterial cells for their own
needs, a fraction of these electrons may be donated to the
external environment via electrogenic activity.!8!
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3.2.1 Metabolism and organelles

As with any prokaryotic organism, cyanobacteria do not
have nuclei or an internal membrane system. However,
many species of cyanobacteria have folds on their external
membranes that function in photosynthesis. Cyanobacte-
ria get their colour from the bluish pigment phycocyanin,
which they use to capture light for photosynthesis. In
general, photosynthesis in cyanobacteria uses water as
an electron donor and produces oxygen as a byproduct,

though some may also use hydrogen sulfide!'®! a pro-
cess which occurs among other photosynthetic bacteria
such as the purple sulfur bacteria. Carbon dioxide is re-
duced to form carbohydrates via the Calvin cycle. In
most forms, the photosynthetic machinery is embedded
into folds of the cell membrane, called thylakoids. The
large amounts of oxygen in the atmosphere are consid-
ered to have been first created by the activities of an-
cient cyanobacteria. They are often found as symbionts
with a number of other groups of organisms such as fungi
(lichens), corals, pteridophytes (Azolla), angiosperms
(Gunnera), etc.

Many cyanobacteria are able to reduce nitrogen and car-
bon dioxide under aerobic conditions, a fact that may be
responsible for their evolutionary and ecological success.
The water-oxidizing photosynthesis is accomplished by
coupling the activity of photosystem (PS) II and I (Z-
scheme). In anaerobic conditions, they are also able to
use only PS I—cyclic photophosphorylation—with elec-
tron donors other than water (hydrogen sulfide, thiosul-
phate, or even molecular hydrogen!?”") just like purple
photosynthetic bacteria. Furthermore, they share an
archaeal property, the ability to reduce elemental sulfur
by anaerobic respiration in the dark. Their photosyn-
thetic electron transport shares the same compartment as
the components of respiratory electron transport. Their
plasma membrane contains only components of the res-
piratory chain, while the thylakoid membrane hosts an
interlinked respiratory and photosynthetic electron trans-
port chain. The terminal oxidases in the thylakoid mem-
brane respiratory/photosynthetic electron transport chain
are essential for survival to rapid light changes, although
not for dark maintenance under conditions where cells are
not light stressed.?!)

Attached to thylakoid membrane, phycobilisomes act as
light-harvesting antennae for the photosystems. The phy-
cobilisome components (phycobiliproteins) are responsi-
ble for the blue-green pigmentation of most cyanobac-
teria. The variations on this theme are due mainly to
carotenoids and phycoerythrins that give the cells their
red-brownish coloration. In some cyanobacteria, the
color of light influences the composition of phycobili-
somes. In green light, the cells accumulate more phyco-
erythrin, whereas in red light they produce more phyco-
cyanin. Thus, the bacteria appear green in red light and
red in green light. This process is known as complemen-
tary chromatic adaptation, and is a way for the cells to
maximize the use of available light for photosynthesis.

A few genera, however, lack phycobilisomes and
have chlorophyll b instead (Prochloron, Prochlorococcus,
Prochlorothrix). These were originally grouped together
as the prochlorophytes or chloroxybacteria, but appear to
have developed in several different lines of cyanobacte-
ria. For this reason, they are now considered as part of
the cyanobacterial group.

There are also some groups capable of heterotrophic
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growth,[?? while others are parasitic, causing diseases in

invertebrates or eukaryotic algae (e.g., the black band dis-
case). 123112410251

4 Relationship to chloroplasts

Cladogram showing plastids (chloroplasts

and similar) and basal cyanobacteria>®

Chloroplasts found in eukaryotes (algae and plants) ap-
pear to have evolved from an endosymbiotic relation with
cyanobacteria. This endosymbiotic theory is supported
by various structural and genetic similarities.”?’! Primary
chloroplasts are found among the "true plants" or green
plants — species ranging from sea lettuce to evergreens
and flowers that contain chlorophyll b — as well as among
the red algae and glaucophytes, marine species that con-
tain phycobilins. It now appears that these chloroplasts
probably had a single origin, in an ancestor of the clade
called Archaeplastida. However this does not necessi-
tate origin from cyanobacteria themselves; microbiology
is still undergoing profound classification changes and en-
tire domains (such as Archaea) are poorly mapped and
understood. Other algae likely took their chloroplasts
from these forms by secondary endosymbiosis or inges-
tion.

5 Classification

See also: Bacterial taxonomy

Historically, bacteria were first classified as plants con-
stituting the class Schizomycetes, which along with the
Schizophyceae (blue-green algae/Cyanobacteria) formed
the phylum Schizophyta.!?8! then in the phylum Monera
in the kingdom Protista by Haeckel in 1866, comprising
Protogens, Protamaeba, Vampyrella, Protomonae, and
Vibrio, but not Nostoc and other cyanobacteria, which
were classified with algae.”®! later reclassified as the
Prokaryotes by Chatton."!

The cyanobacteria were traditionally classified by mor-
phology into five sections, referred to by the numer-
als I-V. The first three — Chroococcales, Pleurocapsales,
and Oscillatoriales — are not supported by phylogenetic
studies. However, the latter two — Nostocales and
Stigonematales — are monophyletic, and make up the het-
erocystous cyanobacteria.

The members of Chroococales are unicellular and usu-
ally aggregate in colonies. The classic taxonomic crite-
rion has been the cell morphology and the plane of cell
division. In Pleurocapsales, the cells have the ability to
form internal spores (baeocytes). The rest of the sections
include filamentous species. In Oscillatoriales, the cells
are uniseriately arranged and do not form specialized cells
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(akinetes and heterocysts). In Nostocales and Stigone-
matales, the cells have the ability to develop heterocysts
in certain conditions. Stigonematales, unlike Nostocales,
include species with truly branched trichomes.

Most taxa included in the phylum or division Cyanobac-
teria have not yet been validly published under the
Bacteriological Code, except:

The classes Chroobacteria, Hormogoneae, and

Gloeobacteria
e The orders Chroococcales, Gloeobacterales,
Nostocales, Oscillatoriales, Pleurocapsales, and
Stigonematales

The families Prochloraceae and Prochlorotrichaceae

e The genera Halospirulina,  Planktothricoides,
Prochlorococcus, Prochloron, and Prochlorothrix

The remainder are validly published under the
International Code of Nomenclature for algae, fungi, and
plants.

Formerly, some bacteria, like Beggiatoa, were thought to
be colorless Cyanobacteria.l!]
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6 Earth history

Stromatolites left behind by cyanobacteria are the oldest known
fossils of life on Earth. This one-billion-year-old fossil is from
Glacier National Park in Montana.

Oncolites from the Late Devonian Alamo bolide impact in
Nevada

Stromatolites are layered biochemical accretionary
structures formed in shallow water by the trapping,
binding, and cementation of sedimentary grains by
biofilms (microbial mats) of microorganisms, especially
cyanobacteria.'®”! During the Precambrian, stromatolite
communities of microorganisms grew in most marine
and non-marine environments in the photic zone. After
the Cambrian explosion of marine animals, grazing on
the stromatolite mats by herbivores greatly reduced the
occurrence of the stromatolites in marine environments.
Since then, they are found mostly in hypersaline condi-
tions where grazing invertebrates can't live (e.g. Shark
Bay, Western Australia). Stromatolites provide ancient
records of life on Earth by fossil remains which might
date from more than 3.5 Ga ago, but this is disputed.[**!
As of 2010 the oldest undisputed evidence of cyanobac-
teria is from 2.1 Ga ago, but there is some evidence for
them as far back as 2.7 Ga ago. Oxygen levels in the
atmosphere remained around or below 1% of today’s
level until 2.4 Ga ago (the Great Oxygenation Event).
The rise in oxygen may have caused a fall in methane
levels, and triggered the Huronian glaciation from around

2.4 to 2.1 Ga ago. In this way, cyanobacteria may have
killed off much of the other bacteria of the time.3*!

Oncolites are sedimentary structures composed of on-
coids, which are layered structures formed by cyanobac-
terial growth. Oncolites are similar to stromatolites, but
instead of forming columns, they form approximately
spherical structures that were not attached to the underly-
ing substrate as they formed."*>! The oncoids often form
around a central nucleus, such as a shell fragment,[36] and
a calcium carbonate structure is deposited by encrusting
microbes. Oncolites are indicators of warm waters in the
photic zone, but are also known in contemporary fresh-
water environments.*”! These structures rarely exceed 10
cm in diameter.

7 Biotechnology and applications

Cyanobacteria cultured in specific media: Cyanobacteria can be
helpful in agriculture as they have the ability to fix atmospheric
nitrogen in soil.

The unicellular cyanobacterium Synechocystis  sp.
PCC6803 was the third prokaryote and first photo-
synthetic organism whose genome was completely
sequenced.®®! It continues to be an important model
organism.*"! Cyanothece ATCC 51142 is an important
diazotrophic model organism. The smallest genomes
have been found in Prochlorococcus spp. (1.7 Mb)[401141]
and the largest in Nostoc punctiforme (9 Mb).1*?l Those
of Calothrix spp. are estimated at 12—15 Mb,*3! as large
as yeast.

Recent research has suggested the potential application
of cyanobacteria to the generation of renewable energy
by converting sunlight into electricity. Internal pho-
tosynthetic pathways can be coupled to chemical me-
diators that transfer electrons to external electrodes.4!
Currently, efforts are underway to commercialize algae-
based fuels such as diesel, gasoline, and jet fuel.[811431146]

Researchers from a company called Algenol have cul-
tured genetically modified cyanobacteria in sea water in-
side a clear plastic enclosure so they first make sugar
(pyruvate) from CO5 and the water via photosynthesis.
Then, the bacteria secrete ethanol from the cell into the
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salt water. As the day progresses, and the solar radia-
tion intensifies, ethanol concentrations build up and the
ethanol itself evaporates onto the roof of the enclosure.
As the sun recedes, evaporated ethanol and water con-
dense into droplets, which run along the plastic walls and
into ethanol collectors, from where it is extracted from the
enclosure with the water and ethanol separated outside
the enclosure. As of March 2013, Algenol was claim-
ing to have tested its technology in Florida and to have
achieved yields of 9,000 US gallons per acre per year.[*”!
This could potentially meet US demands for ethanol in
gasoline in 2025, assuming a B30 blend, from an area
of around half the size of California’s San Bernardino
County, requiring less than one-tenth of the area than
ethanol from other biomass, such as corn, and only very
limited amounts of fresh water.[8]

Cyanobacteria may possess the ability to produce sub-
stances that could one day serve as anti-inflammatory
agents and combat bacterial infections in humans.*!

Spirulina’s extracted blue color is used as a natural food
coloring in gum and candy.?%!

Researchers from several space agencies argue that
cyanobacteria could be used for producing goods for hu-
man consumption (food, oxygen...) in future manned
outposts on Mars, by transforming materials available on
this planet.>!

8 Health risks

Main article: Cyanotoxin

Cyanobacteria can produce neurotoxins, cytotoxins,
endotoxins, and hepatotoxins (i.e. the microcystin-
producing bacteria species microcystis), and are called
cyanotoxins.

Specific toxins include, anatoxin-a, anatoxin-as,
aplysiatoxin, cyanopeptolin, cylindrospermopsin, domoic
acid, nodularin R (from Nodularia), neosaxitoxin, and
saxitoxin. Cyanobacteria reproduce explosively under
certain conditions. This results in algal blooms, which
can become harmful to other species, and pose a danger
to humans and animals, if the cyanobacteria involved
produce toxins. Several cases of human poisoning have
been documented, but a lack of knowledge prevents
an accurate assessment of the risks.!5?1531541 Recent
studies suggest that significant exposure to high levels of
some species of cyanobacteria producing toxins such as
BMAA can cause amyotrophic lateral sclerosis (ALS).
The Lake Mascoma ALS cluster 3! and Gulf War
veterans’ cluster are two notable examples. 3315411561
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9 Chemical control

Several chemicals can eliminate blue-green algal
blooms from water-based systems.  They include:
calcium hypochlorite, copper sulphate, cupricide, and
simazine.’”! The calcium hypochlorite amount needed
varies depending on the cyanobacteria bloom, and
treatment is needed periodically. According to the
Department of Agriculture Australia, a rate of 12 g of
70% material in 1000 1 of water is often effective to treat
a bloom.P”! Copper sulfate is also used commonly, but
no longer recommended by the Australian Department
of Agriculture, as it kills livestock, crustaceans, and
fish.’7) Culpricide is a chelated copper product that
eliminates blooms with lower toxicity risks than copper
sulfate. Dosage recommendations vary from 190 ml
to 4.8 1 per 1000 m2.57! Ferric alum treatments at the
rate of 50 mg/l will reduce algae blooms.””! Simazine,
which is also a herbicide, will continue to kill blooms for
several days after an application. Simazine is marketed at
different strengths (25, 50, and 90%), the recommended
amount needed for one cubic meter of water per product
is 25% product 8 ml; 50product 4 ml; or 90% product
2.2 ml.b7

10 Dietary supplementation

Spirulina tablets

sold as

Some cyanobacteria are food, notably
Aphanizomenon flos-aquae and Arthrospira platen-
sis (Spirulina).[>®

Microalgae contain substances of high biological value,
such as polyunsaturated fatty acids, amino acids (pro-
teins), pigments, antioxidants, vitamins, and minerals.[®*!
Edible blue-green algae reduce the production of pro-
inflammatory cytokines by inhibiting NF-xB pathway
in macrophages and splenocytes.[®! Sulfate polysaccha-
rides exhibit immunomodulatory, antitumor, antithrom-
botic, anticoagulant, anti-mutagenic, anti-inflammatory,
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antimicrobial, and even antiviral activity against HIV,
herpes, and hepatitis.[®"]
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14 External links

e What are Cyanobacteria and What are its Types?
e Webserver for Cyanobacteria Research
e CyanoBase

o Growth Model for the Blue-Green Alga Anabaena
catenula Wolfram Demonstrations Project—requires
CDF player (free)

e Diving an Antarctic Time Capsule Filled With Pri-
mordial Life

e BgaGenomicsDB

This article incorporates text available un-
der the CC BY 2.5 license.
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