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▪ Protist is the informal name of the group of mostly 
unicellular eukaryotes 

▪ Advances in eukaryotic systematics have caused the 
classification of protists to change significantly 

▪ Protists constitute a polyphyletic* group, and Protista 
is no longer a kingdom

* from phylum, meaning a group of similar organisms

Euglena sp.



Most eukaryotes are single-
celled organisms

▪ Protists are eukaryotes 
▪ Eukaryotic cells have organelles and 

are more complex than prokaryotic 
cells 

▪ It is important to bear in mind that 
▪ the organisms in most 

eukaryotic lineages are protists 
▪ most protists are unicellular

Euplotes sp. Acineta tuberosa (a suctorian ciliate, Phylum Ciliophora)

Sonderia sp. (a ciliate 
that preys upon 
various algae, 
diatoms, and 
cyanobacteria)



The predatory ciliate Lacrymaria olor

Haematococcus (algae), Euplotes 
(protozoa), and Cyclidium (ciliate)

Structural and Functional 
Diversity in Protists

▪ Protists exhibit more structural and 
functional diversity than any other 
group of eukaryotes 

▪ Though most protists are unicellular, 
there are some colonial and 
multicellular species 

▪ Single-celled protists can be very 
complex, as all biological functions 
are carried out by organelles in each 
individual cell



▪ Protists, the most nutritionally diverse of all eukaryotes, include 
▪ Photoautotrophs, which contain chloroplasts 
▪ Heterotrophs, which absorb organic molecules or ingest larger food 

particles 
▪ Mixotrophs, which combine photosynthesis and heterotrophic 

nutrition

▪ Some protists reproduce asexually, while others reproduce sexually, or 
by the sexual processes of meiosis and fertilization
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Excavates include protists with 
modified mitochondria and protists 
with unique flagella

▪ The clade Excavata is characterized by 
its cytoskeleton 

▪ Some members have an “excavated” 
feeding groove on one side of the body 

▪ The excavates include three 
monophyletic groups: the 
diplomonads, parabasalids, and 
euglenozoans



Diplomonads and Parabasalids
▪ These two groups lack plastids and have 

modified mitochondria, and most live in 
anaerobic environments

▪ Diplomonads  
▪ have reduced 

mitochondria called 
mitosomes 

▪ derive energy from 
anaerobic biochemical 
pathways 

▪ have two equal-sized 
nuclei and multiple 
flagella 

▪ are often parasites, for 
example, Giardia 
intestinalis (don't drink 
stream water !)

▪ Parabasalids  
▪ have reduced mitochondria called 

hydrogenosomes that generate some energy 
anaerobically 

▪ include Trichomonas vaginalis, a sexually 
transmitted parasite

Gut contents of a termite, containing hundreds of species of 
single-celled parabasalid microorganisms (Trichonympha)



Euglenozoans

▪ Euglenozoa is a diverse clade that includes predatory 
heterotrophs, photosynthetic autotrophs, mixotrophs, 
and parasites 

▪ The main feature distinguishing them as a clade is a 
spiral or crystalline rod inside their flagella 

▪ This clade includes the kinetoplastids and euglenids



Kinetoplastids

▪ Kinetoplastids have a single mitochondrion with 
an organized mass of DNA called a kinetoplast 

▪ Free-living species are consumers of 
prokaryotes in freshwater, marine, and moist 
terrestrial ecosystems

▪ Some species parasitize animals, plants, and other protists 
▪ For example, kinetoplastids in the genus Trypanosoma 

cause sleeping sickness in humans 
▪ Another pathogenic trypanosome causes Chagas’ disease

▪ Trypanosomes evade host immune 
responses by producing cell-
surface proteins with different 
molecular structures in each 
generation 

▪ These frequent changes prevent 
the host from developing immunity

▪ The Euglenozoa includes the 
kinetoplastids and euglenids



https://www.who.int/news-room/fact-sheets/detail/chagas-disease-(american-trypanosomiasis)

Chagas disease (American trypanosomiasis) 
Key facts 
• About 6 million to 7 million people worldwide, mostly in Latin America, are estimated to be infected with Trypansosoma 

cruzi, the parasite that causes Chagas disease. 
• Vector-borne transmission occurs in the Americas. The insect vector is a triatomine bug that carries Trypanosoma cruzi 

which causes the disease. 
• Chagas disease was once entirely confined to the Region of the Americas – principally Latin America – but in the last 

decades has spread to other continents. 
• Trypanosoma cruzi infection is curable if treatment is initiated soon after infection. 
• In the chronic phase, antiparasitic treatment can also prevent or curb disease progression. 
• Up to 30% of chronically infected people develop cardiac alterations and up to 10% develop digestive, neurological or 

mixed alterations which may require specific treatment. 
• Vector control is the most useful method to prevent Chagas disease in Latin America. 
• Blood screening is vital to prevent infection through transfusion and organ transplantation. 
• Screening of newborns of infected mothers without previous antiparasitc treatment, together with their siblings, is 

essential. 

Carlos Chagas

Brazilian physician


Carlos Chagas was a Brazilian sanitary physician, scientist, and bacteriologist, who worked 
as a clinician and researcher. He discovered Chagas disease, also called American 
trypanosomiasis, in 1909, while working at the Oswaldo Cruz Institute in Rio de Janeiro.




Euglenids

▪ Euglenids have one or two flagella that 
emerge from a pocket at one end of the cell 

▪ Some species are mixotrophs; they can be 
autotrophic or heterotrophic depending on 
the environmental conditions

An autotroph is an organism capable of synthesizing its own food from inorganic 
substances, using light or chemical energy. Green plants, algae, and certain bacteria 
are autotrophs
An organism that cannot manufacture its own food and instead obtains its food and 
energy by taking in organic substances, usually plant or animal matter. All animals, 
protozoans, fungi, and most bacteria are heterotrophs

▪ The Euglenozoa includes the 
kinetoplastids and euglenids



SAR is a highly diverse group of 
protists defined by DNA similarities

▪ SAR is a monophyletic supergroup 
named for the first letters of its three 
major clades: stramenopiles, 
alveolates, and rhizarians 

▪ This group is one of the most 
controversial* of the four supergroups

*There is disagreement about what to 
include and how they are grouped.



Stramenopiles

▪ Stramenopiles includes some of the most important 
photosynthetic organisms on Earth 

▪ Most have a “hairy” flagellum paired with a “smooth” 
flagellum 

▪ Stramenopiles include diatoms, golden algae, and brown 
algae

Smooth 
flagellum

5 µm

Hairy 
flagellum



Chrysophyceans (Golden Brown)

Colonial chrysophytes, Synura uvella

Most stramenophiles are photosynthetic 

Synurophyceans (silica scaled algae)

Synura petersenii

Tribophyceans (yellow-green algae)

Xanthophyta species

Phaeophyceans (brown algae, kelp,

rockweeds) Bacillariophyceans (diatoms)



Diatoms

▪ Diatoms are unicellular algae with a unique 
two-part, glass-like wall of silicon dioxide 

▪ Diatoms are a major component of 
phytoplankton and are highly diverse

▪ After a diatom bloom, many dead individuals fall to the ocean floor, where decomposition is slow 
▪ The carbon they took up from the atmosphere and incorporated into their biomass is 

sequestered on the ocean floor for decades to centuries 
▪ Some scientists advocate fertilizing the ocean with iron to promote diatom blooms and facilitate 

movement of CO2 to the bottom of the ocean

Pinnularia sp.

Asterionellopsis sp.



Thalassiothrix sp.
Arachnoidiscus ehrenbergii 

Pleurosigma Chaetoceros debilis

Achnanthes longipes Caloneis amphisbaena DIATOMS !



Golden Algae
▪ Golden algae are named for their colour, which results 

from their yellow and brown carotenoids 
▪ The cells of golden algae are typically biflagellated, with 

both flagella near one end 
▪ All golden algae are photosynthetic; some are 

mixotrophs 
▪ Most are unicellular, but some are colonial

Flagellum

Outer container

Living cell

Golden algae is commonly used to refer to a single species, Prymnesium parvum, which causes fish kills by excreting toxins

Prymnesium parvum



Brown Algae

▪ Brown algae are the largest and most complex 
algae 

▪ All are multicellular, and most are marine 
▪ Brown algae include many species commonly 

called “seaweeds”

▪ Brown algal seaweeds have 
plantlike structures: the 
rootlike holdfast, which 
anchors the alga, and a 
stemlike stipe, which 
supports the leaflike blades 

▪ Some have gas-filled, bubble-
shaped floats to keep their 
photosynthetic structures 
near the water surface 

▪ However, unlike plants, brown 
algae lack true tissues and 
organs

Blade

Stipe

Holdfast



kelp, a brown alga

Brown algae are generally khaki-brown in colour, due to the possession of green pigments 
(chlorophyll a and c) and the brown fucoxanthin. The different pigments absorb different 
coloured light and this is very important for algae that live in deeper water.



Alveolates
▪ Alveolates have membrane-enclosed sacs (alveoli) just 

under the plasma membrane 
▪ The alveolates include 

▪ Dinoflagellates 
▪ Apicomplexans 
▪ Ciliates

Flagellum Alveoli

Alveolate

0.
2 
µm



Dinoflagellates
▪ Dinoflagellates have two flagella, and each cell is 

reinforced by cellulose plates 
▪ They are abundant components of both marine and 

freshwater phytoplankton 
▪ They are a diverse group of aquatic phototrophs, 

mixotrophs, and heterotrophs 
▪ Toxic “red tides” are caused by dinoflagellate 

blooms

Flagella

Red tide in the 
Gulf of Carpentaria 
in northern Australia

3 µm



Pyrocystis fusiformis (marine dinoflagellate)

Ceratium hirundinella (freshwater dinoflagellate)Ceratium sp.

Ceratium sp.



Apicomplexans

▪ Most apicomplexans are parasites of animals; some 
cause serious human diseases 

▪ They spread through their host as infectious cells called 
sporozoites 

▪ One end of a sporozoite, the apex, contains a complex 
of organelles specialized for penetrating host cells and 
tissues  

▪ The life cycles of most apicomplexans have sexual and 
asexual stages and require two or more different hosts

▪ The apicomplexan Plasmodium is the parasite that causes malaria 
▪ Plasmodium requires both mosquitoes and humans to complete its life 

cycle 
▪ Approximately 200 million people in the tropics are infected, and 

600,000 die each year from malaria 
▪ The first malarial vaccine was approved in Europe in 2015, but it 

provides only partial protection 
▪ Efforts are ongoing to develop vaccines that target this pathogen



https://www.cdc.gov/malaria/about/biology/



Ciliates
▪ Ciliates, a large varied group of protists, are 

named for their use of cilia to move and feed 
▪ Most ciliates are predators of bacteria or 

other protists

Contractile 
vacuole

Oral groove
Cell mouth50 µm Cilia

Micronucleus

Macronucleus



Trichodina pediculus (freshwater ciliates), ventral view

Ophryoglena atra (ciliates) feasting on a copepod (crustacean) larva



Rhizarians

▪ Many species of rhizarians are amoebae 
▪ Amoebae are protists that move and feed by 

pseudopodia, extensions of the cell surface 
▪ Rhizarian amoebae differ from amoebae in 

other clades by having threadlike pseudopodia 
▪ Rhizarians include radiolarians, forams, and 

cercozoans

▪ Radiolarians, mostly marine 
protists, have delicate, 
symmetrical internal skeletons 
generally made of silica 

▪ Pseudopodia reinforced by 
microtubules radiate from the 
central body of radiolarians 

▪ Cytoplasm covering the 
microtubules engulf prey that 
become attached to the 
pseudopodia 



▪ Foraminiferans, or forams, 
are named for their porous 
shells, called tests 

▪ Pseudopodia extend through 
the pores in the test and are 
used for swimming, test 
formation, and feeding 

▪ Some are also nourished by 
the photosynthetic activity of 
symbiotic algae living within 
their tests 

▪ Both freshwater and marine 
forms are known

▪ Cercozoans are a large group of 
amoeboid and flagellated protists 
with threadlike pseudopodia 

▪ They are common in marine, 
freshwater, and soil ecosystems 

▪ Most are heterotrophs, including 
parasites and predators

Chromatophore

5 µm

Foraminifera (a deep sea microscopic organism)



Clathrulina elegans

Lecthyium sp.

▪ Cercozoans



▪ Plastids arose when a heterotrophic protist 
acquired a cyanobacterial endosymbiont 

▪ The photosynthetic descendants of this 
ancient protist evolved into red algae and 
green algae 

▪ Plants are descended from the green algae

Archaeplastida is the supergroup that 
includes red algae, green algae, and plants



Red Algae
▪ Red algae are reddish in color due to an 

accessory pigment called phycoerythrin, which 
masks the green of chlorophyll 

▪ The color varies from greenish-red in shallow 
water to dark red or almost black in deep water 

▪ Red algae are usually multicellular; the largest 
are seaweeds 

▪ Red algae are the most abundant large algae in 
coastal waters of the tropics

Bonnemaisonia hamifera

8 mm

20 cm

Dulse (Palmaria palmata)

Nori is a species of the red algae genus Pyropia, 
including P. yezoensis and P. tenera. 



Diatoms on red alga

Ptilota (red algae)



Green Algae
▪ Green algae are named for their grass-green 

chloroplasts 
▪ Plants and green algae are closely related 
▪ Green algae are a paraphyletic group 
▪ The two main groups are the charophytes and the 

chlorophytes  
▪ Charophytes are most closely related to plants

2 cm

Ulva, or sea lettuce

▪ Most chlorophytes live in fresh water, although many 
are marine 

▪ Other chlorophytes live in damp soil, as symbionts in 
lichens, or in environments exposed to intense visible 
and ultraviolet radiation

Microasterias rotata



(a) Zygnema, a 
common pond 
alga

2 cm (b) Ulva, or sea 
lettuce

(c) Caulerpa, an 
intertidal 
chlorophyte

▪ Larger size and greater 
complexity evolved in 
green algae by 

1. the formation of 
colonies from 
individual cells (e.g., 
Zygnema)  

2. the formation of true 
multicellular bodies by 
cell division and 
differentiation (e.g., 
Ulva) 

3. the repeated division 
of nuclei with no 
cytoplasmic division 
(e.g., Caulerpa)



Fan-shaped thallus of the green alga 

Ancdyomene stellata

Asexual reproductive cells of green algae (sp. Acetabularia)

Pleurotaenium ovatum (microalgae)



Closterium, a common genera of green algae (chlorophyta)

Spirogyra sp.

Asexual reproduction of 
green alga, (sp. Volvox)



Unikonts include protists that are 
closely related to fungi and animals

▪ The supergroup Unikonta includes animals, fungi, 
and some protists 

▪ This group includes two clades: the amoebozoans 
and the opisthokonts (animals, fungi, and related 
protists) 

▪ The root of the eukaryotic tree remains 
controversial 

▪ It is unclear whether unikonts separated from other 
eukaryotes relatively early or late



Amoebozoans
▪ Amoebozoans are amoebae that have lobe- 

or tube-shaped, rather than threadlike, 
pseudopodia 

▪ They include slime moulds, tubulinids, and 
entamoebae

▪ Slime moulds, or mycetozoans, were once thought to 
be fungi due to their spore-producing fruiting bodies 

▪ This resemblance between slime moulds and fungi is 
a result of convergent evolution 

▪ Slime moulds include two lineages, plasmodial slime 
moulds and cellular slime moulds

Slime Moulds

Movie by Jeremy Pickett-Heaps

Cellular Slime Molds 
▪ Cellular slime moulds form multicellular aggregates 

in which cells are separated by their membranes 
▪ Cells feed individually but can aggregate to migrate 

and form a fruiting body 
▪ Dictyostelium discoideum is an experimental model 

for studying the evolution of multicellularity



Black slime mould fruiting bodies (sporangia) 
of Comatricha nigra growing on dead wood.

Trichia decipiens fruiting bodies on 
decaying wood.

Stemonitis fusca 

Carnival Candy 
Slime Mould, 
Arcyria denudata

Physarum penetrale



Plasmodial Slime Molds 
▪ Many species of plasmodial slime molds are 

brightly pigmented, usually yellow or orange 
▪ They form a unicellular feeding mass called a 

plasmodium (not to be confused with malarial 
Plasmodium) 

▪ The plasmodium is undivided by plasma 
membranes and contains many diploid nuclei

Various slime moulds

Spores are 
formed

Various 
spores



Tubulinids
▪ Tubulinids are a diverse group of amoebozoans with lobe- 

or tube-shaped pseudopodia 
▪ They are common unicellular protists in soil as well as 

freshwater and marine environments 
▪ Most tubulinids are heterotrophic and actively seek and 

consume bacteria and other protists

Entamoeba
▪ Entamoeba are parasites of vertebrates and some 

invertebrates 
▪ Entamoeba histolytica causes amebic dysentery, the third-

leading cause of human death due to eukaryotic parasites

Amoeba proteus, a tubulinid



▪ Opisthokonts include animals, 
fungi, and several groups of protists

Clockwise, from top left: 


Abeoforma whisleri (Ichthyosporea)


Amanita muscaria (Fungi)


Desmarella moniliformis (Choanoflagellatea)


Bonnet Macaque (Metazoa) 


Nuclearia thermophila (Nucleariida) 


Ministeria vibrans (Filozoa)
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