
Alveolata



• large group of protists

• 3 main groups, distinct in morphology, life strategies...

• Ciliata, Apicomplexa, Dinophyta

• common ultrastructural features

– micropores

– cortical alveoli + extrusomes (ejectosomes)

Alveolates



Alveolates



Alveolata, Ciliata
• one of the most common 

group of protists (nálevníci)

• cilia covering the cell surface

• lakes, ponds, oceans, soil

• free-living, symbionts, 
parazites

• 2 nuclei types: micronuclei, 
macronuclei

http://upload.wikimedia.org/wikipedia/commons/6/65/Haeckel_Ciliata.jpg


Alveolata, Colponemida

• Colponema

• ancestral Alveolate 
morphology



Alveolata, Apicomplexa

• apicoplast (organelle of 
plastid origin)

• animal parasites

• Plasmodium (malaria)

• Toxoplasma

• Cryptosporidium

http://en.wikipedia.org/wiki/Image:Plasmodium.jpg


Alveolata, MAG I a II

Group I – symbionts of Radiolaria

Group II – parasites of dinoflagellates



Alveolata, Perkinsea

• parasites of mussels

scallop (hřebenatka)

Perkinsus marinus



Alveolata, Ellobiopsea

Ellobiopsis, Thalassomyces

   - parazites of crustaceans



Alveolata, Chromerida

• phylogenetically related to 
Apicomplexa

• photosyntetic

• originally isolated from a 
coral thallus in Sydney 
Harbour

• simply cultivated (testing 
the anti-parasitic drugs?)



Chromerida, Chromera

Chromerosome



Chromerida, Vitrella

sporangia surrounded by a large number 

of cell wall layers



Alveolata, Dinophyta



Alveolata, Dinophyta

• marine and freshwater algae

• autotrophic and heterotrophic



General characteristics

• cca 130 genera, 2000 species

• monanoid, amoeboid, capsal, coccal, or 

filamentous thallus

• 90% of known species marine

• autotrophic and heterotrophic

• enormous primary production



Cell organisation

dinokontní desmokontní
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Cell organisation
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Cell organisation
alveolar vesicles 

containing cellulose plate 
plasmalema



Cell organisation

alveolar vesicles with amorphous material



Cell organisation



Cell organisation

plasmatic membrane

outer membrane of alveolar vesicle

intercalar band

suture inner membrane of alveolar vesicle

pelicle

connection of two adjacent plates

(cellulose + dinosporin)



Cell organisation

plasmatická membrána

vnější membrána alveolárního váčku 

interkalární pásek

structure of the thecal plate

polygonal 

fields

thecal 

plate pores of 

trichocysts

thecal vesicle



Plastids

• only in 50% of species

• chl a, c2, β-caroten, peridinin (or fukoxanthin), 

diadinoxanthin, dinoxanthin

• thylakoids stacked in triplets

• 3 membranes



Plastids

thylakoid 
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membrane

lamella 

pyrenoid 

starch envelope



Cell organisation in Peridinium balticum



Complex endosymbioses



Complex endosymbioses

Karenia Karlodinium

Lepidodinium Dinophysis



Plastid types
Type I. – typical plastid (peridinin)

3 plastid 

membranes

lamella 



Plastid types
Type II. – reduced Stramenopile endosymbiont (fucoxanthin)
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Plastid types
Type III. – reduced green endosymbiont (chl a + b)

vestigial endosymbiont nucleus

host membrane

endosymbiont 

membrane

endosymbiont 

cytoplasm

plastid membrane 

of the 

endosymbiont

endosymbiont 

cytoplasm



Recent endosymbioses
Dinophysis – plastids continuously replaces from Cryptophytes

Hatena (Katablepharids),

plastids from the green alga 

Nephroselmis



Chloroplast genome
Minicircles – extremely reduced genome

• only 14 photosinthesis-related proteins coded

• Laatsch et al. (2004): minicircles found in the nucleus 

– facilitation of tertiary endosymbiosis

http://www.biomedcentral.com/1471-2164/7/297/figure/F1?highres=y


Heterotrophic nutrition
Katodinium, Gymnodinium – pedunculus



Heterotrophic nutrition
Protoperidinium – pedunculus, palium



Heterotrophic nutrition
Noctiluca scintillans – tentacle (modified pedunculus)



Heterotrophic nutrition
Paulsenella chaetoceratis – feeding tube penetrating into the 

diatom setae



Heterotrophic nutrition
Peridiniopsis



Heterotrophic nutrition
Peridiniopsis



Flagella

dinokont desmokont
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Flagella, pusule
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Flagella
transverse flagellum



Flagella roots
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Flagella roots - peduncle

Gymnodinium aureolum



Piston
• repetitive and dramatic contractile motion

• suggested function for locomotion, prey capture or defense



Piston



Stigma
Peridinium balticum – lipid granule



Stigma
Warnowia – complex stigma (ocelloid)



Ocelloid

Gavelis et al. 2015, Nature



Ocelloid

Gavelis et al. 2015, Nature

Focused ion beam SEM



Ocelloid



Trichocysts



Nematocysts
• ballistic multi-barrel guns for taking out prey



Nematocysts
• ballistic multi-barrel guns for taking out prey



Dinokaryon

absence nukleozomů



Dinokaryon



MA

nuclear membrane

kinetochore

Mitosis

P



Nuclear net



Asexual reproduction



Sexual reproduction
Ceratium horridum – anisogamy, haplontic life cycle



Sexual reproduction
Ceratium cornutum – isogamy, haplontic life cycle

A

a



Cysts
• surviving for many years

• large inocula in coastal water sediments



• age of up to 600 mil. years (precambrium)

Fosil cysts - hystrichospheres



Red tides



Red tides

Raphidophyceae



Red tides

germinating cyst 

cell division 

red tide

sexual process

cysts formation



Red tides



Red tides

wind

red tide



Red tides
Negative influence on marine organisms

• formation of anoxic environment

• poor light penetration

• plugging of fish gills

• production of toxins



Red tides
Negativní vliv na mořské organizmy



Red tides
NSP - Neurotoxic Shellfish Poisoning 

1880 



Red tides
NSP - Neurotoxic Shellfish Poisoning 

• Gymnodinium breve – brevitoxin

• accumulation in mussel (water filtration)

• neurotoxin – influence on 

Na+ canals

• gastroenteritis, 

neurological and respiratory

problems (inhalation of 

aerosols)



Red tides
NSP - Neurotoxic Shellfish Poisoning 



Red tides
PSP - Paralytic Shellfish Poisoning 



Red tides
PSP - Paralytic Shellfish Poisoning



Red tides
PSP - Paralytic Shellfish Poisoning

• saxitoxin, neosaxitoxin

• accumulation in mussels

• nausea, vomiting, diarrhea, 

abdominal pain, brain

dysfunction

• rarely complete paralysis,

death by suffocation

• no antitoxin

• mortality 8,5 – 9,5 %



Guatemala 1978: 50 % of all infected children died

Red tides
PSP - Paralytic Shellfish Poisoning



Red tides
PSP - Paralytic Shellfish Poisoning



Red tides
DSP - Diarrhetic Shellfish Poisoning 



Red tides
DSP - Diarrhetic Shellfish Poisoning 

Dinophysis



Red tides
DSP - Diarrhetic Shellfish Poisoning 

• gastrointestinal symptoms, no neurological 

symptoms

• accumulation in mussles

• diarrhea, vomiting, hospitalisation not 

needed



Red tides
CFP – Ciguaterra Fish Poisoning 



Red tides
CFP – Ciguaterra Fish Poisoning 

• the most common disease caused by marine 

toxins (50 000 cases per year)

• Gambierdiscus toxicus

• accumulation in marine tropical fish 

(barracuda, ...)

• gastrointestinal symptoms: diarrhea, vomiting

neurological symptoms: hallucinations, burning 

sensation on contact with cold

cardiological symptoms: arytmia, cardiac arrest

• mortality 0,1 – 12 % (pulmonary arrest, cardiac arrest)



Red tides
CFP – Ciguaterra Fish Poisoning 



Red tides



Red tides



Bioluminescence

• animals, bacteria, …; among autotrophic 

organisms only dinoflagellates

• lucipherin (oxidation catalyzed by lucipherase)

• reduction of predation

• mechanically, chemically or osmotically 

mediated 



Bioluminescence
Noctiluca scintillans - scintilons





Bioluminescence
Pyrocystis - scintilons



Bioluminescence
Pyrocystis fusiformis



Bioluminescence
Pyrocystis fusiformis



Why the dinoflagellates shine?
(A) startling predatory copepods
(B) warning potential predators of toxicity,
(C) drawing the attention of higher order visual predators to the copepod’s location.



Why the dinoflagellates shine?

They probably produce the light to help predators preying 

herbivors of dinoflagellates



http://www.youtube.com/watch?v=bCNjXaMPZxw

http://www.youtube.com/watch?v=bCNjXaMPZxw


Symbiotic dinoflagellates

• green algae (zoochlorells) - in freshwater 

habitats and terrestrial ecosystems

• dinoflagellates (zooxanthels) – in marine 

environments



Symbiotic dinoflagellates
cnidarians - corals



Symbiotic dinoflagellates
cnidarians – sea anemones

Anthopleura



Symbiotic dinoflagellates
Fungia scutaria, planula



Symbiotic dinoflagellates
cnidarians - jellyfish

Mastigias papua



Symbiotic dinoflagellates
Radiolaria



Symbiotic dinoflagellates
Foraminifera
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