Stromatolites

= stromatolites — trapping and binding of the sediments as well as carbonate
precipitation in cyanobacterial sheaths (from 2.5 mld Proterozoic) or ,,sediment
trapping*“ — Prec

A i — =y —



http://www.botany.hawaii.edu/faculty/webb/BOT311/Cyanobacteria/FossilBGA400.jpg

Stromatolites

heliotropic — o S Circadian clock
g rOW towa rd stromatolite over the period of a
sunlight

year. A year’s growth is represented
by an S-shaped curve.

Counting of the
number of laminae

solar year varied considerably
1billion y ago — 435 days
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Stromatolites

- hve stromatohtes — Western Austraha Shark‘s Bay
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Stromatolites

= Jive stromatolites — southern Florida, Bahamas
Schizothrix

5 an.

Su.hﬁdal stromatolites in the southern Exumas, Bahamas Islands,
- This bioherm is made up of “club-shaped" stromatolites in 6 m of
_'qfattr. Maximum measured height was 2 m.

high tidal current



Vi Rio Mesquites, Cuatro Ciénegas,
ving Coahuila, Mexico
freshwater

stromatolites

2004)

Ca?* + 2 HCO3 — Ca?* + CO3 + CO, + H,0 — |

CaCOy(s) + CH,0 + O,
concurrent processes of
microbial calcification and
metazoan bioerosion
(hydrobiid gastropods)
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Ekology of Cyanobacteria

= ubiquists, predominantly freshwaters, but also marine —
pikoplanktonic, extreme biotopes (glaciers, desert soll
crusts, hot springs)

= colonization success — they may survive in low light
Intensities in epilimnium, phenoplastic, produce toxins



Eutrophication

nutrient €xcess
freshwater — P- limiting nutrient K =)
marine env. — N — limiting nutr. p “TEak o
nutrient runoff from human l)‘
activities:

N — surface runoff, erosion
P — industry, household
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Eutrophication
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Cyanotoxins

anatoxin, saxitoxin, aphanotoxin
cylindrospermopsin

microcystin, nodularin

component of cell walls in all cyanobacteria, alergenic



Cyanotoxins — over 50 species produced them

Genus Produced toxins

anatoxins, microcystins, saxitoxins,

Dolichospermum LPS

Aphanizomenon saxitoxins, cylindrospermopsins, LPS

Raphidiopsis=Cylindrospermopsis | cylindrospermopsins, saxitoxins, LPS

Hapalosiphon microcystins, LPS

Lyngbya aplysiatoxins, Lyngbyatoxin-a, LPS
Microcystis microcystins, LPS

Nodularia nodularins, LPS

Nostoc microcystins, LPS

Phormidium (Oscillatoria) anatoxins, LPS

anatoxins, aplysiatoxins, microcystins,

Planktothrix (Oscillatoria) saxitoxins, LPS




« anti-herbivore chemicals
« allelopatic interactions (affection of growth of other
organisms)

iInvestigations into anatoxin-a, also known as "Very Fast
Death Factor", began in 1961 following the deaths of cows
that drank from a lake containing an algal bloom in
Saskatchewan, Canada.



http://en.wikipedia.org/wiki/Anatoxin-a
http://en.wikipedia.org/wiki/Anatoxin-a
http://en.wikipedia.org/wiki/Anatoxin-a

Cyanotoxins

» Trichodesmium —saxitoxin, continental slope of the southwestern
South Atlantic Ocean, toxins are harmful to shrimp larvae and
plankton

America
South Atlantic

Ocean

W




Cyanotoxins
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4 - Variable L-amino acid

5 - 3-amino-9-methoxy-2,6,8-trimethyl
-10-phenyldeca-4.6-dienoic acid (Adda)

6 - D-Glutamic acid

7 - N-Methyldehydroalanine

(41 L-£ 13 0-

Microcystis a Anabaena



Cyanotoxins

Mdha (Mdhb)
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Epilitic cyanobacteria

= dark colour, UV protection

Calothrix

Heterocyst

Scytonemin

—
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aromatic indole alkaloid

High scytonemin content
(UV A protection) correlated with the
magnitude

100 B : 2700

Ft. Ayacucho Roraima



Epilitic cyanobacteria

" Chroococcidiopsis —able to survive extreme environments; NASA
project — Mars colonization, E.I.Friedmann, astrobiologist

lives in deserts under the
translucent stones
(humidity collectors, UV
protection)

Microbial ecology of absolute

extreme environments

Grilli-Caiola, M., D. Billiand E. I. Friedmann. 1996. Effect of desiccation on envelopes of the
cyanobacterium Chroococcidiopsis sp. (Chroococcales). Eur. J. Phycol. 31:97-105.




Endolitic cyanobacterla

B. Biidel

Chroococczdzopszs underside of translucent stones
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Cyanobacteria in microbial crusts

* bind particles — soil stabilisation — prevent erosion

* retain humidity, warming of the soil surface

* nitrogen enrichment of the soil (10-25 kg/ha/year) — nutrient
imput




Soil crusts

= cyanobacteria, algae, mosses, lichens, fungi
= cyanobacteria and lichens dominant in hot deserts

= cyanobacteria to algae ratio changes with pH (3 pH — green
algae dominate)

= typical genera: Scytonema, Lyngbya, Oscillatoria, Microcoleus,
Nostoc, Calothrix, Aphanocapsa, Chroococcidiopsis

(Reyum)

W vt w Peltigera
by T ' 1 N : :
} 4y OSI0CC alothrix




Termophilic cyanobacteria — hot springs




. Mastigocladus

~ laminosus
o =T - Miller et al. 2007, APPLIED
AND ENVIRONMENTAL
Qg MICROBIOLOGY

M. laminosus is found in thermal areas
throughout the world

populations are typically genetically ¥ f ;
differentiated on local geographic scales @

suggests the existence of dispersal barner_§§ '
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http://microbewiki.kenyon.edu/index.php/Image:Hot_spring.jpg

Limnospira (Arthrospira)

tropical lakes, large-scale cultivations, dietary sypplements




Limnospira

The Aztecs collected
spirulina on the
surface of lakes in
the Valley of Mexico

Drawing in Human Nature,
March 1978.

llustration from the
Florentine Codex
(1540 - 1585)
showing how the
Aztecs collected
spirulina (Limnospira)
from the surface of
lakes using ropes
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_dihe" cakes ﬁ -
Lake Chad e

French phycologist Pierre

Dangeard was the first to recognized
Spirulina in “dihe” cakes produced by
local people from Kanembu tribe

www.fishconsult.org
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contains essential aminé-ac-‘:ias, high protein and chlorophyll content |
digestible cell wall, vitamins (B,,), carotenoids, Fe



Symbiotic interactions

origin of plastids

with algae — diatoms, dinophytes, Glaucophyta (cyanels)
with fungi — lichens, Geosiphon

with Bryophytes — Blasia, hornworts

with ferns — Azolla

with cycas

Gunnera

different degree of assimilation, 1t may be i1solated into the
culture



Symbiotic interactions

. . . ; ;"hi-:. . _-'f:f—‘-'“‘f:':-"!kt't" -'-’E-; .‘ 1
= with fungi — lichens § B
. i N . NF
1.:_—_ i ' L ‘.-__..I- i |‘|:¢- ?
¥ S i b . LESSIAR™ wafrty
£ 5 I i i3
) L = - # o & P - SRl
o P L L 4 T PR S 1y _ —-f-',lr e o - . *;. =5
o A T . e iy 1 .'{}l: _.'1:."!'5'. .|.,1i
:‘-:J_.'.'l s Wl F:_:' =
'n._ . T " :‘_ - g
j. L . T ‘r.-,u"_|
G2 . ¥ = i ; iy 8 =
= ; vl 8 L
: &~ * N ’ J‘.""l- 'L s ;l"- Fis L '-:fi. N -;:E .
.'ilII Fr Nl T s A o ol "q;-;‘l'._-;.;a N
L RS, 3 = o ad Py % BTN 1; N :;;_qﬁ_'li'..‘ i
P e, T - " L . g MMt p
i ) £ e LA ; F i -
r{..l j : -"'. (e .,_'a':;:..-', o 'Jﬂ! et . Il : i |:lj":':f
» I-r*_._. o o’ ?.j"‘: 5 F oy F ™ ) - 4 - e F
el N Vo e SOy e
A ol e e : _:' Ty sy T T
X 3" - = - o , ' . ¥ ! i = L ‘
= 5 :\::‘_, _{:"" s ..'I - L ¥ L i _!-;'——.

PR DB e N Nostoc
[ - e I F - Lo S

%Iler;fé -




Symbiotic interactions

= with fungi— Geosiphon — Glomeromycota

heteroccyst

symbiosome
membrana

plasma
membrane

cell wall




Symbiotic interactions
- W1th Bryophytes —Blasza homworts Anthoceros

Blasia

il




Symbiotic interactions

= with ferns — Azolla has
Nostoc 1n meristems

X $ i T L sy i
biofertilizer in rice LR o S %
paddies, fixation 20 x & 28
higher within Azolla, .

B -"a:_ ' A y
Cyanobacteria JI



Rice fields 'fertilized' with Azolla fern (carries a symbiotic cyanobacterium) —
growing organic rice without artificial fertilizers and pesticides.

! i r'.."':l»lf_.'.‘ 31 By
Al WG L 0 5
& AR 1 SR
..'_:jl-:;.r_l ’ nf. -,
N o g T
LR Sl e
- l e (4

A

3 3 UL
y e t__l'}l. 4",7"- - _Y""-.

RN P ’
i / 9\15.4 *f
0y ¥

The Power
of Duck

Weeds :‘




Azolla event From greenhouse Earth to icehouse Earth

b =y

\ [ .‘

Hypothetical scenario: Middle Miocene T
(around 49 million years ago) Azolla

covered the entire Arctic Ocean.
Now

At the end of each growing season, it sank into the sediment annually for
800,000 years — a carbon trap (CO, sequestration — reducing concentration
by 80% in less than a million years; from 3500 ppm to 650 ppm; today

421). Cooling effect on the Earth's climate.





http://www.biologie.uni-hamburg.de/b-online/library/webb/BOT311/Cyanobacteria/CycafMegaStrobOver300.jpg

Neurotoxin BMAA produced by
Nostoc

beta-
methylamine L-
alanin
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]
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BMAA: mechanism for its biomagnification10-
240x) through increasing trophic levels. within brain

tissues, the endogenous neurotoxic reservoir can slowly release free BMAA, thereby
causing incipient and recurrent neurological damage over years or even decades
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Symbiotic interactions
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o Prochloron and ascidians:
o
‘u‘
The tunic contains mycosporins which filter out
ultra-violet radiation and protect the symbiotic
?3’ cyanobacteria from damage in strong sunlight
lg .
' cloacal cavity
e TR
) ""‘;&}\ Zubi 05

CLOACAL CAVITY LINED

! WITH ALGAL CELLS

dhw]gtpotnwthmthtt and T lt }upto
ot algae direction of water flow; C, common cloacae; S,
larva. (From Kott 1982).



Prochloron and ascidians

Fig. 5. Series of diagrams showing the metamorphosis of a didemnid larvae. Note how the
tissue overgrowth brings about encapsulation and internalization of the symbiotic algﬁ;a.
The view in e is from above looking down into what will be the cloacal cavity.

diagram in f shows a ventral-lateral view of a colony variant which has a pigmented base.
(From Kott 1982).



http://www.botany.hawaii.edu/faculty/webb/BOT311/Cyanobacteria/OscillatoriaColony240Lab.jpg

Prochloron + Didemnum (Chordata, Tunicata)




Tropical marine heterotrophic dinoflagellates Ornithocercus




Why are cyanobacteria important?



The systematics of Cyanobacteria

Castenholz (1992): only genera, so called ,static
evolution®

Van den Hoek et al. (1995): 2000 species in 150 genera
Komarek & Anagnostidis (1999). thousands of species

the frequency of horizontal gene transfer (HGT) and
homologous recombination (HR) decreases with the genetic
distance — there seem to be coherent evolutionary lineages,
which might be called species



The systematics of Cyanobacteria

Taxonomic scheme according to Bergey's Manual of
Systematic Bacteriology 2nd Edition
D.R. BOONE, R.W. CASTENHOLZ, G.M. GARRITY (eds), 2001.

[. Chroococcales — single celled, free living or colonial, binary fission
II. Pleurocapsales — multiple fission, baeocytes

[1I. Oscillatoriales — simple filamentous cyanobacteria without
heterocysts and akinetes

IV. Nostocales - filamentous cyanobacteria with heterocysts and akinetes,
some of them with false branching

V. Stigonematales - filamentous cyanobacteria with heterocysts and true
branching
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v Nostoc punctiforme PCC 73102
Mares et al. 201 microchaete sp. PGC 7126
190 Cajothrix sp. PCC 7507
Cylindrospermum stagnale PCC 7417
53 100r Cylindrospermopsis raciborskii CS-505
Raphidiopsis brookii D9
100 %' Nostoc azollae' 0708
38 Anabaena cylindrica PCC 7122
99 Anabaena sp. PCC 7108
Nostoc sp. PCC 7107
921 |[roa nabaer?a variabilis ATCC 29413
Nostoc sp. PCC 7120
a4l | 1OONGSos sp. PCC 7554
Scytonema hofmanni UTEX 2349
Calothrix sp. PCC 6303
100__ Calothrix sp. PCC 7103
Mastigocladopsis repens PCC 10914
100| [F2%%- Scytonema hofmanni PCC 7110
" cyanobacterium PCC 7702
T4 Fischerella clade (7 OTUs
00 Mastigocoleus testarum BC008
i Rivularia sp. PCC 7116
Glogocapsa sp. PCC 7428
98 E‘hrogcocc't?di‘opsis thermalis PCC 7203
91 Synechocystis sp. PCC 7509
Rubidibacter lacunae KORDI 51-2
100 Halothece'sp. PCC 7418
o0 filamentous cyanobacterium ESFC-1
100 Spirufina subsalsa PCC 9445
Stanigria cyanosphaera PCC 7437
00 Xeno Dccuspsp. I{'CC 7305
100 Pleurocapsa sp. PCC 7319
Cyanobacterium stanieri PCC 7202

62]

100

100__ Geminocystis herdmanii PCC 6308
100 Leptolyngbya sp. PCC 7376
Synechococcus sp. NKBG15041¢
100 Synechococcus sp. PCC 7002
Gloeocapsa sp. PCC 73106
1004 Microcystis clade (14 OTUs)
ol Cganorhsce sp. PCC 7822
10 Cyanothece sp. PCC 7424
98 1004 Synechocystis sp. PCC 6803 (7 OTUs)
100 Cyanothece sp. PCC 8801
99| Cyanothece sp. PCC 8802

Chroococcidiopsidale_s; |
Rubidibacter/Halothece
Spirulinales

Pleurocapsales

Cyanobacterium aponinum PCC 10605

Chroococcales

00 Candidatus Atelocyanobacterium thalassa

ooy Crocosphaera watsonii WH 0401
100] Crocosphaera watsonii WH 8501
9Cyanothece sp. CCY0110
5,Cyanothece sp. ATCC 51142
100lCyanothece sp. ATCC 51472
Microcoleus sp. PCC 7113
1100 Coleofasciculus chthonoplastes PCC 7420
49 Moorea producta 3L
— Chamaesiphon minutus PCC 6605
Crinalium epipsammum PCC 9333
Oscillatoria sp. PCC 10802
Oscillatoria acuminata PCC 6304
Trichodesmium erythraeum IMS101
100y Lyngbya sp. PCC 8106
Lyngbya aestuarii BL J
5 1o Arthrospira platensis str. Paraca
Arthrospira platensis NIES-39
100 100|, Arthrospira platensis C1
100! Arthrospira sp. PCC 8005
100p Microcoleus vaginatus FGP-2
100 Oscillatoria nigro-viridis PCC 7112
Oscillatoria formosa PCC 6407
Geitlerinema sp. PCC 7105

100

99

Oscillatoriales

Synechococcus/Prochlorococcus/Cyanobium clade (29 OTUs)

00
1001 Synechococcus elongatus PCC 7942
'S¥nechococcus elongatus PCC 6301
Leptolyngbya sp. PCC 6406
Nodosilinea nodulosa PCC 7104
00 Synechococcus sp. PCC 7335
100 Leptolyngbya sp. PCC 7375
100 Leptolyngbya sp. Heron Island J
Leptolyngbya boryana PCC 6306
Oscillatoriales cyanobacterium JSC-12
Geitlerinema sp. PCC 7407
1ogrAcaryochloris sp. CCMEE 5410
Acaryochloris marina MBIC11017
Cyanothece sp. PCC 7425
Synechococcus sp. PCC 6312
100 4o Thermosynechococcus sp. NK55a
‘Thermosynechococcus elongatus BP-1
Pseudanabaena sp. PCC 6802
Pseudanabaena biceps PCC 7429
Pseudanabaena sp. PCC 7367
100~ Synechococeus sp. JA-3-3Ab
Synechococcus sp. JA-2-3B'a(2-13)
Synechococcus sp. PCC 7336
oo Gloeobacter violaceus PCC 7421
Gloeobacter kilaueensis JS1

100)
10087

0.2 substitutions per site

Synechococcales

Gloeobacterales

Filamentous types with complicated cytology
and development of heterocytes, akinetes,
resp. arthrospores. Facultative false or true
branching.

Complicated coccoid types with baeocytes.

Coccoid; often baeocyte production.

Coccoid types with complicated cytology
(incl. thylakoidal system).

Filamentous types without heterocytes and
akinetes; with complicated cytology, particularly
thylakoidal system.

Simple coccoid and simple filamentous types
with parietal arrangement of thylakoids.

Phylogenetic differences are indistinct.

Coccoid types with lacking thylakoids.



I. GLOEOBACTERALES

Gloeobacteraceae ABSENT

- polar granules

Il. SYNECHOCOCCALES - parietal thylakoids

Synechococcaceae
- division in one plane

Merismopediaceae
- division in two planes

Prochloraceae
= division in one plane
- chlorophyll b

Coelosphaeriaceae
-d on in two planes, polarized cells

Acaryochloridaceae
- division in multiple planes
= chlorophyll d
Chamaesiphonaceae

- asymmetrical binary fission
- sedentary, polarized cells

Romeriaceae
- sheaths absent, loose filaments

Pseudanabaenaceae
- sheaths absent, regular filaments

Leptolyngbyaceae
- single fil with

Schizotrichaceae

- clusters of filaments
- common sheath

Heteroleibleiniaceae
- single filaments with sheaths
- heteropolar filaments

Ill. SPIRULINALES
. ) Spirulinaceae

- parietal thylakoids @

- sheaths absent, coiled filaments W

V. PLEUROCAPSALES

Hydrococcaceae
- irregular cell division
- pseudo-fil. or - parench

Dermocarpellaceae

- division in multiple planes
- baeocytes

- polarized colonies

Xenococcaceae
- irregular cell division
- baeocytes

- polarized cells

Hyellaceae

- division in multiple planes
- baeocytes

- polarized pseudo-filaments

VIl. CHROOCOCCIDIOPSIDALES

Chroococcidiopsidaceae 7
- division in three or more planes
- baeocytes 7

PARIETAL

IRREGULAR

IRREGULAR

IRREGULAR/RADIAL

IV. CHROOCOCCALES
Microcystaceae

- division in three planes
= colonial, aerotopes present

Aphanothecaceae
- division in one plane, colonial

Cyanobacteriaceae
- division in one plane, not colonial

Cyanothrichaceae
- division in one plane

Stichosiphonaceae

- asymmetrical binary fission
- sedentary, polarized cells

- exocytes.

Chroococcaceae
- division in three or more planes
- colonial, aerotopes absent

Gomphosphaeriaceae
- division in two planes

- spherical colonies

- polarized cells

Entophysalidaceae
- division in three or more planes
- heteropolar colonies

&
DS
DS

e (D 00ADA0

g @
@

\

[Symphyonemataceae
- isopolar filaments
- Y-type true branching

Scytonemataceae
- isopolar filaments
- false branching

Rivulariaceae

- heteropolar filaments

- tapering trichomes

- facultative false branching

Chlorogloeopsidaceae
- isopolar filaments

or cell aggregates
- true branching???

\
(V1. OSCILLATORIALES

Cyanothecaceae
- division in one plane

AT

=

- special cell wall structure

Borziaceae

Coleofasciculaceae
- parietal to irregular thylakoid
arrangement

Microcoleaceae
- radial thylakoid
arrangement

Oscillatoriaceae

- short cells

= irregular thylakoid
arrangement

- special cell wall (cellulose)

Homoeotrichaceae
= polar filaments
- false branching

A

i |I“\\\\

- obligatory short filaments @:D

Gomontiellaceae

-short cells m

- special thylakoid u
arrangement &

-,

IRREGULAR

containing planktic species
o with species, facultatively occuring in plankton

VIIl. NOSTOCALES
see Fig. 2
heterocytes

(: -
Hapalosiphonaceae

- isopolar filaments

- T-type true branching

- uni- or multiseriate main filament

with uniseriate branches

Lo -

Stigonemataceae

- T-type true branching

- uni- or multiseriate
filaments and branches

Tolypothrlchaceae

- heteropolar filaments
- false branching
- trichomes not tapering ?

Capsosiraceae

- cell aggregates and filaments
- true branching

- polar growth of colonies

Gloeotrichiaceae
- heteropolar filaments
- tapering trichomes

- akinetes

- spherical colonies

\

(Nostocaceae

- isopolar or heteropolar filaments
- facultative false branching

- akinetes

-

-
Aphanizomenonaceae

- isopolar or subsymmetric filaments

- unbranched

Godleyaceae

- isopolar and heteropolar filaments
- false branching

- tapering




Mares et al. 2014, Preslia

|. Gleobacterales

Il. Synechococcales

Ill. Spirulinales

V. Chroococcales

V. Pleurocapsales

VI. Oscillatoriales

VIl. Chroococcidiopsidales
VIIlI.Nostocales



I. Gleobacterales

* Gleobacter - unique among in not having thylakoids, instead,
the phycobilisomes sit on the inside of the plasma membrane

" @. violaceus — limestone rock in the Swiss Alps

" Gleobacter kilaueensis - from an epilithic biofilm in a lava cave
in Kilauea Caldera, Hawaii.

The cyanobacteria mat on
Kilauea cave wall

raised bumpy purple colonies

Saw et al. 2013 : 2




II. Synechococcales

= Synechoccocus —picoplanktonic, freshwater/marine, eutrophic,

* Synechocystis — marine/mineral waters, Synechocystis sp. PCC
6803 — well studied model organisms

Synechococcus - a few cells to 10° cells per ml in virtually all regions of
oceanic euphotic zone, prefer eutrophic waters

Synechococcus _division in one plane



https://en.wikipedia.org/wiki/Synechocystis_sp._PCC_6803
https://en.wikipedia.org/wiki/Synechocystis_sp._PCC_6803
https://en.wikipedia.org/wiki/Synechocystis_sp._PCC_6803
https://en.wikipedia.org/wiki/Synechocystis_sp._PCC_6803
https://en.wikipedia.org/wiki/Synechocystis_sp._PCC_6803

II. Synechococcales
Merismopedia — division in two planes, phytobentos

-k Phumsyntrmm
Membranes

symbiont of
ascidians



II. Synechococcales

Acaryochloris marina — chlorophyll d

' . ¥
- X 5 F-,"‘""'.-‘,.

This unique cyanobacterium is
the only known phototroph that
has exchanged its Chl a for Chl d

oxygenic photosynthesis using
near-infrared radiation (NIR).

In nature, Acaryochloris thrives in
biofilms colonizing microniches
experiencing strong depletion of
visible light, while sufficient NIR
prevalils.

Behrendt et. al 2012, Appl. Environ.
Microbiol.



new Acarychloris marina strain isolated from an NIR-enriched stratified
microbial layer 4—-6 mm under the surface of stromatolite mats located in the
Shark Bay, Australia

Enrich in artificial
seawater supplemented

Spectral Confocal with BG11

d Excise

Select single colonies

NIR light NIR light

Spectral Confocal Flow cytometry Excitation Emission 16S rDNA

Section of stromatolitic mat ' = el Spectrometry




II. Synechococcales

Chamaesiphon — freshwater, pear-shaped cells, stones 1n fast-
flowing streams

Chamaesiphon

Exospore




II. Synechococcales
Pseudanabaena — sheaths absent, loose filaments

P. limnetica P rutilus—viridis
5 y X

* nonheterocystous cyanobacteria P. catenata
« characterized by simple trichomes

with a width less than 4 ym :
- cells are longer than wide, possess ° Some strains are capable

parietal thylakoids, contain polar of anaerobic N, fixation
gas vesicles and the cross walls
are conspicuously constricted Pseudanabaen

rutilus—viridis



II. Synechococcales

Leptolyngbya — single filaments in sheaths, thin filaments (0.5 to 3.5 ym
wide) and parietal location of the thylakoids, ubiquitous, bentic,
subaerophytic, on wet rocks, on soil

L. valderiana - poly(3-hydroxybutyrate)

biodegradable bioplastics .

AR g |

L. fovearum { L. fovearum




III. Spirulinales

Spirulina — parietal thylakoids, sheath absent, coiled
filaments |

filaments unbranched, always without sheaths,
rarely solitary (free floating), usually in clusters or
in fine mats which are to macroscopically visible
and covering the substrate, regularly screw-like
coiled along the whole trichome length
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Several species are benthic or grow in metaphyton
of freshwater biotopes, usually in not heavy

artificially polluted waters, in detritus among water
plants. Several species prefer thermal and mineral
springs, or halophilic biotopes (marine coastal and
brackish waters) - Halospirulina.

YD
\e

b motility

Cyanobacteria

J J % Spiruling sp. UBMM Bo 89 b i
~ closed helices
P % Spirulina sp. CCC Snake P. Y-85
/ % Spirulina sp. |AM M-223
’ .
7 , Fiafosiraling cluster
’ /

Synechococcus sp. PCC 7002
J Synechocystis sp. PCC 6803




IV. Chroococcales

" Aphanothece — mucilage colonies, from various freshwater habitats

" (A. castagnei, lime stone), benthos (4. stagnina, eutrophic ponds)
(A. microscopica, acidic waters)

* Gloeocapsa — concentrically layered slime, damp rocks (granite)

Aphanothece- " =" Gloeocapsa [CH I F e ¥ L o8 /W




IV. Chroococcales

= Chroococcus — marine/freshwater, soil, damp rocks
* (Cyanothece — peat bogs, diazotroph, diurnal activities N —fix.

1.000
0.900

0.800

= 0.700

2 0.600

& 0.500

= i

S 0400

g 0300 |

o |
0.200 |
0.100 -/

0.000 =
D2 D6 D10 L2 L6 LI10 D2 D6 DI0 L2 L6 L10 D2 D6 DIO L2 L6 LI0




IV. Chroococcales

= Microcystis — irregular colonies in mucilage, acrotopes,
only planktonic, cyanotoxines, water blooms

Kombinace znakt pri urcovani morfotypl Microcystis

Vel. b.(um) Tvar kolonii Sliz Nahusténi b. Morfotypl/toxicita

pravidelné
nepravidelné rozplyvavy, rovnoméme,
2-32 sféricke nezietelny  zprvu velice

hustt — M. ichtyoblabe

kopiruje  nepravidelné
4-7  krychlovitt  okraje Balickovité

skupin b. shiuky s w1 viridis
laloénaté, pravidelné
4-6 otvory rozplyvavy rovnomémeé

= M. aeruginosa

lalocnaté,  zfetelné nahodné —
otvory hraniéeny, rozmisténé b. IR

Ockiion od b. — M. wesenbergii

Oddéleni experimentalni fykologie a ekotoxikologie Centrum pro cyanobakterie a jejich toxiny

Botanicky Gstav Akademie véd CR, Bmo —#” Botanicky tstav Akademie véd CR, Brno
& Masarykova Univerzila
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Otsuda et al. 2001 (IJSEM)

M. aeruginosa NIESB43T (AB035549) @
M. aeruginosa TACT1 (AB012332)
M. viridis CC9 (AB035552) @

M. viridis TAC17 (AB012328)

M. viridis TAC78 (AB012331)

M. wasenbergii TAC38 (AB012334)
M. novacekii BC18 (AB035551) @
M. novacekii TACES (ABO12337)

M. novacekii TAG20 (AB012336)
M. ichthyoblabe TAC91 (AB012330)
M. wesenbergii TC7 (AB035553) @
M. wesenbergii TAC52 (AB012335)

E M. ichthyoblabe TAC48 (ABD12338)

M. aeruginosa TACSEE (AB012333) @

M. aeruginosa TAC170 (AB012340)

M. ichthyoblabe TC24 (AB035550) @
Synechocystis sp. PCC 8803 (D90916)
Synechococcus sp. PCC 7002 (DBB2AI)
ﬂllr Trichodasmium arythrasum (AF013030)

Trichodesmium tenue (AF013029)

a7.9 ﬂl_— Trichodesmium hildebranatii (AF091322)
Trichodesmium thisbautii (AF081321)

o ?l_ Microcoleus sp. PCC 7420 (X70770)

‘ Oscillatoria agardhif CYA18 (X84811)

EI FPseudanabaenasp. PCC 367 (AF091108)
Pssudanabaena sp. PCC 6903 (AF132778)

— Synechococcussp. PCC 6301 (X03538)

L Synechococcus sp. PCC 7942 (D88288)

Synechecoccus elongatus (DB3715)

[ 100

Fig. 1. Neighbour-joining tree of the Microcystis strains and related organisms. An alignment of 1347 nt after excluding
positions with gaps was used. Local bootstrap probabilities (for branches except those within the Microcystis cluster) are
indicated at nodes. Strains marked with a black circle were used for DNA-DNA hybridization and strains in each rectangle
have an identical sequence. Accession numbers in the DDBIJEMBL/GenBank databases are indicated in parentheses. E. coli

(accession no. E05133), used as an outgroup, is not shown.

proposed to unify these five species into M. aeruginosa under the
Rules of the Bacteriological Code




IV.Chroococcales
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Chroococcales

* Woronichinia — toxic, water bloom, does not fix N, gas vesicles

" Gomphosphaeria — free-living (mainly in the metaphyton), usually
enveloped by narrow, mdlstlnct ﬁne and dlfﬂuent mucilage

2 '
', \r' . A5 = "‘.‘
Yoronichinia .
‘colo :

G. semen-vitis

é’\"vf} ﬁp

“'i_, ?ﬁxg




U5 V. Pleurocapsales

Thermopsis thermophile
. thermophilic ostracod micro-
crustacean, active up to 47-48 °C

w I Eon

T
g

Castenholz 2015+

- Vg % e e QRS PR URE, IR
~ Pleurocapsa/Calothrix were dependent on
~grazers - the springs without ostracods

were overgrown with Geitlerinema

freshwater/marine, in alkalic waters calcification
— stromatolite-like structures, containes
scytonemin

Geothermal Spring, Hunter’s
Hot Springs, Oregon



VII. Oscillatoriales

Microcoleaceae

some species e.g. ,

were transfered to the genus Microcoleus
according to molecular data and cytomorphology of
trichomes)

Microcoleus — bunches of filaments with thin sheaths, slightly motile,
without hormogonia, calyptra, typical for saline waters, in soil M.
vaginatus

P v e 4 L

Ph. autumnale = M. autumnale



d

Stanojkovic¢ et al. 2024

selection,
geographical
distance, and the
environment

LAk

Plio-

b
i,

Eocene |Oligocene| Miocene ||
Paleogene Neogene ‘Eew
45 = 35 25 15 5 0

Time (Mya)

M5
M6
M7
M8
M4
M10

M9
M13

M12
M11
M3
M1

M2

Phylogenetic relationships
and divergence times of the
13 Microcoleus lineages
(indicated as M1-M13)

diversification of the nearly
ubiquitous soil cyanobacterium
Microcoleus. Microcoleus
represents a global speciation
continuum of at least 12
lineages, which radiated during
Eocene/Oligocene aridification
and exhibit varying degrees of
divergence and gene flow.




VII. Oscillatoriales

Oscillatoriaceae

= Lyngbya — metafyton, sladk., hodn€ mot., povlaky, toxicke,
Siroka pochva (nad 1 um), trlchomy nad 8 wm

growing attached to seagrass, corals and
other shallow substrates. On occasions it
can grow rapidly to form an algal bloom
Queensland coastal waters (Moreton Bay)

-/ Deception
" Bay

Moreton Bay

. Aneem, LG

new genera were erected from this genus:
e.g., Moorea, Limnoraphis, Okeania,Microseira, a




Lyngbya majuscula - Queensland,
| Bribie Island 2001 '

lyngbyatoxins

<% ‘sea gerass beds

5.

Australian Rivers Institute, Griffith University



VII. Oscillatoriales

Oscillatoriaceae
Limnoraphis robusta forms recently water blooms in tropical
and subtropical lakes near west coasts of Central and South

America, since 2008

= —=
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e
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Aerotopes, N-fixing (day/night),
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4-7pm 7-10pm  10pm-lam 0-12am

nitrogenase activity




VII. Oscillatoriales

Limnospira fusiformis

separation of commercially grown taxa (Arthrospira platensis, A.
maxima, and A. fusiformis) into the new genus Limnospira

Nowicka-Krawczyk et al. 2019



Arthrospira jenneri /5-1 MHS36771
Arthrospira jenner A13-1 MH586773
Arthrospira jennarl 45-4 MHS86772
Arthrospira jennari 513-3 MH586774
Arthrospira jenmeri 410 cl. 1 MDA MHS86776
MAW' Jenneri 55-4 MHG1 5064
‘Arthrospirs jenneri 810 . 2 MDA MHSEETTT
| Arthrospira jenmeri A10 o, 3 MDA MHSBET7E
Arthrospira jenner A13-5 MH586775
Arthrospira jennarl 57-4 MHG15066
Arthrospira jennerl 57-5 MHG15067
- Arthrospira jenmeri 58 o, 2 MOA MHE15068
Arthrospira jenneri 57-31 MHG1 5065
Arthrospira jennerd 58 ¢, 1 MDA MHG15069
Arthrospira jenneri 55-3 MHE15063

L Arthrospira fenmer 55-1 MHE15062

- Arthrospira jenmerl 58 o, 5 MDA MHE15070
1201100

AT a5A T

igasasion

Microcoleus + Tychomema (19 OTUs, e.g. JQ712634)

/

Trichodesmium [4 OTUs, e.g. CPODO3II) !
atoria sancta® (4 OTUs, e.g. ABD39015}
' Hydrocoleum iyngbyaceum HBC7 EU249124
Oreania (6 OTUs, e.g. KC986930)
' _WH;P'mcafeum glutimosum M34 GU2Z38272
Hydrocolewm glvbinosum M2 GUZIB2TF0
Mydracolesum majus M5 GU238273

Osciltatarie sp. SAG F7.79 KMO15970
Phormuidivm of, irriguorm CCALA 7509 EU19G61E
Aergfakkonenma funifiorme Leodb ABEBEG261

= Potamolnes (2 OTUs, e.g. KX001790)
cY Symplocastrum (2 OTUs, e.g. KF312350)

Planktothrix (29 OTUs, e.g. G0Q351563)

100y L 8

A, platensis” AICRA9 AYET2T13

"A. platensis” CBN3 KC195870

"A, maxima” FACHBE438 F1826622

“Arthrospicra” sp. FACHBE438 AF329392

A, platensis® 112 KC195867

"A, platensis” Sp-12 EF432315

“A, plalensis” 5p-7 EF432313

“A, platensis® PCCF345 INEB31264

"A, platensis” Sp-8 EF432314

"A, platensis" CBNZ3 KC195871

“A. platensis” FACHBE34 FIB26623

"A, platensis” FIL KC195864

"A, platensis” BY KC195869

A, platensis” Sp-16 EF432318

"A. platensis” PCC7345 JNB312585

Limnospira fusiformis SAG 257,80 DQ3I93282
“Arthrospira® sp. FACHB439 AF329391
“A. platensis” Sp-17 EF432319

A, platensis™ F35 KC195865

“A. platensis™ Sp-4 EF432311

“A. platensis” Sp-15 EF432317
"Arthrospira® sp, X75044
“Arthrospira” sp. QUQDSE AF3Z9393

A, fusiformis® AICE 689 AYET2723

"A, fusiformis” AICB 668 AY6T2721

P

[| "4 platensis” Sp-5 DOITFIT7I

- 4. platansis" Sp-3 DQ279772

L "4, platensis” Sp-9 DO279765

A,
A,
"5,
A,
A,
AL
"A.
“A.
AL
"A.
.
e
"A.
A,
“A.
"A.
A,

mlatensis” Sp-10 DO27I767

platansis” HF KC195872

maxima” UTEX "LB 2342 INB31262
platensis” SAG 21,99 KM019966

fusifarmis” AB2002/03 AYS75925

platensis” Sp-2 DO2TI768

fusiformis™ AB2002/11 AYS75929

fusifarmis” AICB 665 AYG72720

platensis” BYNL KC536647

fusiformis" AICE 664 AYE72T18

fusiformis” AB2002/04 AYS75326

maxima" UTEX "LB 2342° INB31262
fusiformis™ AB2002/01 AYS75923

ifrgdica” PD1998, pus AYS7S030

fusiformis" AICE 663 AYE72715

platensis"” SAG 86,79 KM019957

platensis” 5p-1 DO2TITT0

“A. maxima" Lefevre 1963/M-132-1 FI798612
"A. platensis® CG KC195858

Limnospira fusiformis SAG 85.79 KMO19968
“A. fusiformis” AICE 664 AYE72718

"A. fusiformis" AB2002/02 A¥S75924

"A, plabensis” FAC KC195866

[ Limnospira fusiformis SAG 84,79 ¢l. 1 MH702201
Limnaspira indica POCBOO0S X70769

Limnpospira indica PD2002/ana AY575932

“A. platensis” Sp-6 (2 OTUs; EF432312)

P A, platensis” Sp-14 EF432316

Limnpospira maxima Ethi-A2 (= UTEX 2720) AF260509
b A, platensis” BHN2 KC536648

BT, A
i

= Limnoespiva fusiformis SAG 84,79 ¢l 3 MH702202

warren b platensis® Sp-11 DO279771

"A, erdagensis” Tnner Mongelia' (2 OTUS; INEI1261)

"A, jenreri” EB 9604 GQ184185 o7




VII. Oscillatoriales

Planktothrix rubens
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VII. Oscillatoriales — neperzistujici

A\ \VA 4

pochvy, b. kratSi nez SirS

= QOscillatoria — motile filaments, sheaths under stress,
metaphyton, gliding filaments, water blooms



http://www.botany.hawaii.edu/faculty/webb/BOT311/Cyanobacteria/OscillatoriaColony240Lab.jpg

VII. Oscillatoriales

" Trichodesmium — first described by Cook 200 years ago, extensive
water blooms (10 — 100 km wide), nitrogen fixer (1/2 of nitrogen
fixation 1n marine systems), oligotrophic waters

high energy, low nutrient environm.

limited by Fe and phosphate, gas
vesicles — vertical movement to
harvest nutrients

b

——— = o

A e e



VII. Oscillatoriales

Why the Red Sea red?

filled with blooms of cyanobacteria
Trichodesmium erythraeum.




Colonies of marine cyanobacteria Trichodesmium

iInteract with other bacteria to acquire iron from dust

* Environmental significance of b Dust capturing and centering c Trichodesmium-bacteria interactions for
Trichodesmium to the ocean by Trichodesmium colonies utilization of iron from dust

Demise Plankton succession

)

1
Remineralization §

/ < Trichodesmium colonies

<= Bacteria

e

g 'Dust particles
M Siderophore ligands

@ |ron (Fe)
C/N Dissolved organics

—> Cell release or uptake




VIII. Nostocales — heterocytes intercalar

* Dolichospermum - planktonic (aerotopes), water bloom, some toxic,
Anabaena — benthic species; fertilization, reservoirs

® J. KaStovsky



VIII. Nostocales — heterocytes intercalar

" Aphanizomenon — filaments evenly tapered at the ends, water
bloom 'needles on the surface — A. flos-aque,




Lake Kinneret, Israel Enslavement in the Water
Body

Aphanizomenon ovalisporum
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—— APase activity
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R2=0.52
Pv < 0.0001

 ability to induce phosphate
availability to itself through
release of cylindrospermopsin

Filaments ml"l
>
S
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* Cylindrospermopsin causes
other phytoplankton to
increase their alkaline

. phosphatase activity,

4 e Dbl increasing inorganic

Tkl ohosphate availability in the

] water to Aphanizomenon

during times when phosphate

becomes limiting.

Bar-Yosef et al. 2010




VIII. Nostocales — interkalarni
heterocyt

= Nostoc — s form colonies composed of filaments 1n a gelatinous
sheath of polysaccharides, freshwater, soils, symbiotic
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Nostoc ﬂage///forme

Desert crusts, North and North-

west China

Fa Cai (Faat Choy) — in Cantonese, it
sounds the same as 'meet good
fortune.’


http://upload.wikimedia.org/wikipedia/zh/0/05/Nostoc_flagelliforme_fake.jpg

VIII. Nostocales — interkalarni

heteroc ty

" Nodularia — cells short and wide, akinetes arranged 1n a row,
benthic and planktonic, toxic

SINICE
& RASYa

Soos — Cisarsky spring, in the
Cheb basin

=

™ N. harveyana



Nodularia spumigena (mostly in brackish waters)

Nodularia spumigena bloom, January 2002, in
the Gippsland Lakes, Victoria, Australia




Nodularia spumigena — Baltic Sea, brackish water, hepatotoxin
(nodularin), max. toxicity with nitrogen deficiency and phosphorus
€XCeSS

The wide hlue-green algal accumulations were observed
in the Aland Sea inJuly 2005. Photo Finnish Frontier Guard.




VIII. Nostocales — heterocytes basal

" Gloeotrichia — spherical colonies, macroscopic (2mm),
submerged substrates, also 1n plankton, N fixer

colonies develop in the bottom waters where
sediment mineralization releases a portion of
its phosphate, then adjust their buoyancy by
elongating gas vesicles and rise to the surface
- push lakes towards eutrphication



VIII. Nostocales — term. heterocyty

Raphidiopsis (Cylindrospermopsis) — Heterocytes conical, asymmetric division of
terminal cells, eutrophic waters, temperate zone to tropics, water bloom, toxic




VIII. Nostocales — basal heterocysts

* Rivularia — Solid spherical colonies, macroscopic, submerged
substrates, calcification — crusts, travertine




VIII. Nostocales — false branching

= Tolypothrix — Lateral filaments grow one by one, longitudinally
layered sheath or without sheath, epiphyte, stream stones, submerged

plants
* Hasallia — rare, acrophytic, cooling towers

Hasalla ;B

[ “L-t-r*"




VIII. Nostocales — false branching

= Scytonema — mucilaginous sheath, lateral branches in pairs,

occasionally one by one, predominantly freshwater, CaCO,
incrustation — travertine

" Petalonema — obliquely layered sheath, apically hormogonia

= }:;’" ‘.. 1 . ‘ '. : : .?'1“‘ -
X as - & S. crispata
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VIII. Nostocales — true branching

= Stigonema — prominent mucilage, uniseriate or multiseriate filaments,
branching in all directions, subaerial, soil, growths, mainly in the tropics

S. ocellatum




VIII. Nostocales — true branching

* Mastigocladus — uniseriate filaments, irregularly coiled, M.
laminosus 1s an obligate thermophile (t from 45 to 60°C, pH >
7.5, low salinity), 1862 Karlovy Vary
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