Chapter 28



PROTISTS
There are fossil remains that seem to indicate that eukaryotes appeared on earth as early as 2.7 billion years ago. 

Kingdom Protista is an artificial grouping AND many biologists have abandoned it.
Classification does not represent evolutionary relationships.

Systematists have split protists into as many as 20 kingdoms.

There are about 60,000 species of protists. 

PROTISTS ARE A VERY DIVERSE GROUP
Protists are Eukaryotes: have true nucleus; membrane bound organelles, 9+2 flagella and cilia.

Most are small, single-celled organisms; some are coenocytic (multinucleated), colonial and some are multicellular.

Almost all are aerobic, using mitochondria for cellular respiration.

Anaerobic forms live in anaerobic environment and lack mitochondria or have mutualistic respiring bacteria. 

Some have chloroplasts and manufacture their own food like plants. Photosynthesizers = Algae
Others ingest food like animals: Heterotrophs = Protozoa
Others absorb food like fungi: Absorbers = Fungus-like protists.

Mixotrophs combine photosynthesis and heterotrophic nutrition.

Interesting websites: 

http://biology.unm.edu/ccouncil/Biology_203/Summaries/Protists.htm
http://www.micrographia.com/specbiol/protis/homamoeb/amoe0000.htm
http://www.sidwell.edu/us/science/vlb5/Labs/Classification_Lab/Eukarya/Protista/
http://www.micrographia.com/specbiol/alg/alghome/alggen01.htm
ORIGIN AND DIVERSIFICATION OF EUKARYOTES
In some groups of prokaryotes, increasing complexity evolved by...

· Becoming multicellular filamentous where different cell types perform different functions, e. g. some cyanobacteria.

· The evolution of complex communities, e. g. stromatolites.

· The development of compartmentalization within the cell that produced eukaryotes.

Endosymbiont hypothesis proposed by Merschkovsky and developed by Margulis and others.

An endosymbiont is a cell that lives inside other cells or tissues.

Eukaryotic cells evolved from prokaryotic cells that incorporated other prokaryotic cells using the mechanism of endocytosis.

Mitochondria and chloroplasts were originally small prokaryotes living within larger cells.

· Chloroplasts developed from photosynthetic cyanobacteria.

· Mitochondria were formed from aerobic heterotrophic bacteria.

· Flagella, cilia, centrioles and other structures are made of microtubules and appear to be homologous. They arose by the capture of spirochete-like prokaryotes. the evidence of this is not strong.

Secondary endosymbiosis.

Some algal groups have plastid envelopes with three or four membranes.

Euglena has a three-membrane envelope, and belongs to a group of protists that also includes flagellated, heterotrophic forms lacking plastids. 

A hypothesis states that plastids were acquired independently several times during the early evolution of eukaryotes.

Each evolutionary event added one more membrane derived from the vacuole membrane of the host cell that engulfed the endosymbiont. 

In some cases of secondary endosymbiosis, the endosymbiont lost all its parts except the plastid. In other cases remnants of other parts are still present.

Interesting websites: 
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/E/Endosymbiosis.html
http://www.mrs.umn.edu/~goochv/CellBio/lectures/endo/endo.html
PROTISTAN DIVERSITY
Many biologists have abandoned the Kingdom Protista. Others keep it for convenience until phylogenetic problems are resolved.
A new hypothesis recognizes five supergroups of eukaryotes.
I.  EXCAVATA

The excavata is a recently proposed group that is based on morphological studies of the cytoskeleton.

Some members have an “excavate” feeding grove on one side of the cell body.
DIPLOMONADS 

· Two haploid nuclei.

· Have multiple flagella

· Modified mitochondria called mitosomes 

· They get their energy through fermentation. 

· They have a very simple cytoskeleton. 

· Heterotrophs: most are commensals in the intestine of animals; some are free living and others are parasitic. 

Interesting sites: 

http://biology.kenyon.edu/Microbial_Biorealm/eukaryotes/diplomonads/diplomonadida.html#desc
http://www.biologydaily.com/biology/Giardia_lamblia
PARABASALIDS

· Have reduced mitochondria called hydrogenosomes; they generate some energy anaerobically, releasing hydrogen gas as a bi-product.

· Heterotrophs, either commensals in the digestive track of insects or parasitic in animals. 

· Apparently capable of digesting cellulose.

· Undulating membrane along the length of the cell. 

EUGLENOZOA

This is a diverse clade that includes predatory heterotrophs, photosynthetic autotrophs and parasites. 

They all have a spiral crystalline rod of unknown function inside their flagella. 

KINETOPLASTIDA

· A single large mitochondrion associated with a unique organelle, the kinetoplast, which is single mass of extranuclear DNA.

· They are flagellated and, therefore motile; some are colonial.

· Sexual reproduction has not been observed. 

· Heterotrophs: free living consumers of prokaryotes; parasites of plants and animals, e. g. Trypanosoma causes the African sleeping sickness; Chagas disease.

EUGLENOIDS

· Euglenoids have two flagella, one short and one long.

· They have chlorophyll a and b, carotenoids and xanthophylls.

· They possess flexible internal protein plates but lack cell wall.

· They are heterotrophic in the absence of light.

II. CHROMALVEOLATA

This supergroup is an extremely diverse clade.

It has been recently proposed based on two lines of evidence.

1. DNA sequence data suggest that they form a monophyletic group.

2. Some data support the hypothesis that they originated more than a billion years ago, when a common ancestor of the group engulfed a single-celled, photosynthetic red alga. 

ALVEOLATA

The alveolates have small membrane bounded cavities under their cell surfaces. The function of the cavities or alveoli is uncertain.

There are three groups in the alveolata: 

1. Dinoflagellates: aquatic autotrophs.

2. Apicomplexans: parasitic organisms that produce sporozoites.

3. Ciliates: heterotrophs that move by cilia; 

Interesting websites:

http://www.ucmp.berkeley.edu/protista/alveolates.html
DINOFLAGELLATES

· They are a major component of phytoplankton and the basis for marine food chains.

· Most are unicellular and some are colonial.

· They have two flagella.

· Many are covered with cellulose plates.

· They have chlorophyll a and c, carotenoids and fucoxanthin, a yellow-brown carotenoid.

· Many are mixotrophic, and about half are purely heterotrophic.

· Some produce bioluminescence; some produce neurotoxins.

· They have a characteristic type of nuclear and cell division. Their chromosomes are always condensed. See special mitosis, page 237.
· Reproduction is mostly asexual but sexual reproduction has been observed in some species.

http://www.ucmp.berkeley.edu/protista/dinoflagellata.html
http://biology.kenyon.edu/Microbial_Biorealm/eukaryotes/dinoflagellata/dinoflagellata.html
APICOMPLEXANS

· Parasitic protozoan that lack structures for locomotion.

· Their infectious cells are called sporozoites, non-resistant compact infective cells.

· Complex of apex organelles (fibrils, microtubules, vacuoles, etc.) specialized to penetrate host cells and tissues.

· Apicoplast: an organelle involved in the synthesis of fatty acids. 

· They move by flexing.

· They have a complex life cycle with sexual and asexual reproduction involved.

· They require two or more species to complete their life cycle, e.g. the malaria Plasmodium. 

CILIATES

· Members of this group are unicellular and use cilia for locomotion.

· They are covered with the pellicle, which gives them a definite but flexible shape.

· Solitary and motile or colonial and sessile. 

· They have two types of nuclei: a macronucleus that controls metabolism, and one or several micronuclei that function in the sexual process.

· Generally reproduce asexually by binary fission in which the macronucleus disintegrates and a new one is formed from the cell’s micronuclei.

· Sexual reproduction by conjugation.

http://home1.gte.net/vsjslsk1/stalkedciliates.htm
http://www.soton.ac.uk/~ceb/Diagnosis/Vol2.htm
III. STRAMENOPILA

The stramenopiles have been grouped on the basis of similarities of the ribosomal RNA gene sequence. They have a "hairy" flagellum and non-hairy one. In most groups, the only flagellated stages are the motile reproductive cells. Some of these groups are commonly called algae.

DIATOMS

· Mostly unicellular with some colonial forms covered with a shell of silica, silicon dioxide embedded in an organic matrix.

· They are nonmotile but some forms glide over a secreted slime.

· Their plastids contain chlorophyll a and c, carotenoids and xanthophylls.

· Energy reserves are stored as oils and a carbohydrate called chrysolaminarin.

· Reproduction is usually asexual; sexual stages are rare.

· Diatomaceous earths are made of fossil diatoms.

http://www.ucmp.berkeley.edu/chromista/diatoms/diatomlh.html
http://www.indiana.edu/~diatom/diatom.html
http://www.bgsu.edu/departments/biology/facilities/algae/html/SEM.html
http://www.ucl.ac.uk/GeolSci/micropal/diatom.html#intro
CHRYSOPHYTES OR GOLDEN ALGAE

· They are unicellular and colonial organisms bearing two flagella on the anterior end.

· Their plastids contain chlorophyll a and c, carotenoids and xanthophylls.

· Energy reserves are stored as oils and the carbohydrate laminarin.

· Some species are mixotrophic; they can turn to predation in the absence of light or absorb dissolved organic compounds.

· Cells are covered with tiny scales made of silica or calcium carbonate.

· Reproduction is primarily asexual involving the production of motile spores called zoospores.

http://www.ucmp.berkeley.edu/chromista/chrysophyta.html
BROWN ALGAE OR PHAEOPHYTA

· All are multicellular organisms, the largest and more complex of protists: may have blades, stipes and holdfast; these structure forms the thallus or body.

· Kelps may reach more than 30 feet in length.

· They have chlorophyll a and c and fucoxanthin.

· Store carbohydrate in the form of laminarin.

· Their cell wall is made of cellulose and algin.

· There are several types of life cycles with alternation of generation.

· The generations may be isomorphic or heteromorphic.

Seaweeds have structural and biochemical adaptations that allow them to survive and reproduce in a harsh habitat. 

Seaweed is a general term that includes the brown, red and green algae. 

They have a holdfast for attachment, a stem-like stipe and the leaf-like blades. The body of the seaweed is called the thallus.

They normally inhabit the intertidal and subtidal zones near the shoreline.

Their cell wall has cellulose and a gel-forming polysaccharide that helps cushion the thallus against the agitation of the waves.

Brown algae produce algin; red algae produce agar and carageenan.  

Alternation of generation is a complex life cycle in which the multicellular diploid sporophyte alternates with a multicellular haploid gametophyte.

If the sporophyte and gametophyte are similar in appearance they are called isomorphic; if different, they are called heteromorphic.

http://www.ucmp.berkeley.edu/chromista/phaeophyta.html
OOMYCETES OR WATER MOLDS

· They have a filamentous body called a mycelium. Each filament is called a hypha.

· Mycelium is coenocytic.

· They grow over organic matter digesting it and absorbing it.

· The cell walls are made of cellulose.
· They reproduce asexually by forming motile zoospores, or sexually by fusion of gametes.

· Biflagellated zoospores have two kinds of flagella, one hairy and one smooth. 

· The sexually produced zygote is thick-walled and it is called an oospore.

· The diploid condition dominates the life cycle

· Some are important plant pathogens. They include water molds, white rusts and downy mildew.

http://www.ucmp.berkeley.edu/chromista/oomycota.html
http://botit.botany.wisc.edu/images/332/Oomycota/
http://www.mycolog.com/chapter2b.htm
IV. RHIZARIANS
This group has been recently proposed based on DNA similarities, which suggest that the group is monophyletic.

Rhizarians are distinguished from amoebas by having thread-like pseudopodia.

FORAMINIFERANS

· Phylum Foraminifera.

· These are marine and freshwater unicellular organisms that produce shells or tests made of calcium carbonate.

· They form cytoplasmic projections (pseudopodia) through small openings in the test that function is swimming, feeding and shell formation.

http://www.ucmp.berkeley.edu/foram/foramintro.html
http://userwww.sfsu.edu/~biol240/labs/lab_06protists/pages/foramina.html
RADIOLARIANS OR ACTINOPODS

· Phylum Actinopoda, a polyphyletic group grouped for convenience. 

· They are heterotrophic, unicellular and mostly planktonic organisms found in fresh and saltwater.

· Actinopods have cytoplasmic projections called axopodia, reinforced with bundles of microtubules thinly covered with cytoplasm.

· Axopods delay sinking and help in the capture of prey and particles. 

· Many are covered with mineral skeletons of silica, and sometimes containing organic substances.

· Many contain algal endosymbionts.

http://www.personal.psu.edu/users/j/k/jks202/Evolution.html
http://www.ucmp.berkeley.edu/protista/radiolaria/radmm.html
V. OTHER ALGAE

The red algae, green algae and land plants make the fourth supergroup.

RED ALGAE

· Phylum Rhodophyta.

· They are mostly multicellular but some are unicellular.

· They live primarily in warm, marine habitats but some are found in fresh water and soil.

· They have chlorophyll a and some chlorophyll d, carotenoids, phycocyanin and phycoerythrin.

· The accessory pigments phycocyanin and phycoerythrin are adaptation to living in deep water; they absorb blue and green light that penetrates more deeply into the water.

· Some species lack pigment and live as parasites of other red algae.

· Nuclear envelope does not disintegrate during mitosis. See page 237.

· Red algae never form motile gametes. 

· Store their energy reserve as floridean starch (similar to glycogen).

· Cell wall is made of cellulose, agar and carrageen.

· All red algae reproduce sexually and have no flagellated stages.

· Alternation of generations is common, and some have a complex life cycle.

http://www.ucmp.berkeley.edu/protista/rhodophyta.html
http://tolweb.org/tree?group=Rhodophyta
http://www.life.umd.edu/labs/delwiche/PSlife/lectures/Rhodophyta.html
GREEN ALGAE OR CHLOROPHYTA

· Phylum Chlorophyta

· Mostly fresh water inhabitants but also found in saltwater and moist land places. 

· Green algae have a variety of body types: unicellular, colonial, filamentous and wide-leaf-like body.

· Their pigments, energy reserve products and cell wall are chemically identical to those of plants.

· They have chlorophyll a and b, carotenoids, and the energy reserve is starch.

· Their chloroplasts are similar to those of plants.

· Most have complex life history involving sexual and asexual stages. Some show alternation of generations.

· Their gametes are biflagellated, with a varied morphology: isogamy, anisogamy and oogamy.

· Spirogyra reproduces sexually by conjugation, an exception within the Chlorophyta.

· Probably within this group is the ancestor of land plants.

Larger size and greater complexity evolved in chlorophytes by three different mechanisms:

1. Formation of colonies and filaments.

2. Formation of true multicellular bodies b cell division and differentiation.

3. Repeated division of the nuclei with no cytokinesis. 

http://www.ucmp.berkeley.edu/greenalgae/greenalgae.html
http://hypnea.botany.uwc.ac.za/phylogeny/classif/chloro1.htm
http://saltaquarium.about.com/gi/dynamic/offsite.htm?zi=1/XJ&sdn=saltaquarium&zu=http%3A%2F%2Fvis-pc.plantbio.ohiou.edu%2Falgaeimage%2FChlorophyta.htm
VI. UNIKONTS
This group includes animals, fungi and some protists.

There are two major groups of unikonts: amoebozoans and opisthokonts.
These two major groups are strongly supported by molecular systematics.

AMOEBOZOANS

Amoebozoans move and feed by means of pseudopodia, cellular extensions capable of changing shape, elongating and contracting.

They feed on bacteria, protists and detritus.

PLASMODIAL SLIME MOLDS

· The plasmodium is a multinucleated gigantic cell up to 1 foot in diameter.

· It creeps along the forest floor ingesting bacteria and other pieces of organic matter.

· It often forms a network of channels.

· When stressed it ceases to grow and form sexually reproductive structures called sporangia in which spores are produced through meiosis.

· The spores will germinate and produce a biflagellated cell called a swarm cell or an amoeboid cell called a myxamoeba. Both types act as gametes

· A zygote is formed by the fusion of gametes. The resulting diploid nucleus divides many times by mitosis forming a new multinucleated plasmodium.

http://www.discoverlife.org/nh/tx/Slime_Molds/
http://herbarium.usu.edu/fungi/FunFacts/SlimeMold.htm
http://helios.bto.ed.ac.uk/bto/FungalBiology/slime.htm
http://serendip.brynmawr.edu/biology/b103/f01/web1/blucher.html
CELLULAR SLIME MOLDS

· Phylum Dictyostelida.

· The feeding stage consists of solitary haploid cells.

· When the food supply is depleted, the cells aggregate to form a mass called pseudoplasmodium or slug.

· The cells remain separate and maintain their own identity; the nuclei are haploid

· The slug produces a stalked fruiting body that produces haploid spores.

· The haploid spores produce more haploid solitary cells.

· Sexual reproduction has been observed on occasion by the fusion of haploid cells.

· No flagellated stage present.

Slime molds were thought to be fungi because the produce spores in structures similar to those found fungi. 

These protists differ from true fungi in having centrioles and cell wall made of cellulose.

Molecular systematics places them in the Amoebozoa and may be descendants of gymnamoeba-like ancestors. 

http://dictybase.org/Multimedia/LarryBlanton/index.html
http://www.sidwell.edu/us/science/vlb5/Labs/Classification_Lab/Eukarya/Protista/Arasiomycota/
http://www.biologie.fu-berlin.de/mibi2/csme.html
http://dictybase.org/tutorial/about_dictyostelium.htm
Other slime mold sites: 

http://www.ucmp.berkeley.edu/protista/slimemolds.html
http://www.infoplease.com/ce6/sci/A0845543.html
http://www.cs.cuc.edu/~tfutcher/Slimemolds.html
GYMNAMOEBAS

· They are free-living, shapeless and unicellular with a flexible body; they lack shell. 

· Move by means of pseudopodia.

· Some species are multinucleated. 

· Feed by endocytosis.

http://www.microscopy-uk.org.uk/mag/indexmag.html?http://www.microscopy-uk.org.uk/mag/artsep01/amoeba.html
http://now.ifmo.ru/amecol/
ENTAMOEBAS

· Entamoebas are unicellular and parasitic; they infect vertebrates and invertebrates. 

· They cause dysentery.

http://homepages.lshtm.ac.uk/entamoeba/
http://www.cdfound.to.it/HTML/enta3.htm
http://www.innvista.com/health/microbes/protozoa/amoebas.htm
ECOLOGICAL RELATIONSHIPS

Symbiotic protists form a wide range of mutualistic and parasitic relationships that affect their partners and many members of their community.

Photosynthetic protists are among the most important producers in aquatic ecosystems. They are at the base of the food web. 
SUMMARY

Diplomonadida: two equal-sized nuclei; lack mitochondria; have multiple flagella

Parabasala: anaerobe eukaryotes; lack mitochondria; amoeba-like cell; some flagellated.

Euglenozoa: photosynthetic and heterotrophic flagellates; 

1. Euglenoids: two flagella; paramylon.

2. Kinetoplastida: A single large mitochondrion associated with an unique organelle, the 

 kinetoplast, which contains extranuclear DNA.

Alveolata: unicellular protists with subsurface cavities.

1. Dinoflagellates: two flagella; many are covered with cellulose plates.

2. Apicomplexans: lack structures for locomotion; parasitic; complex life cycle.

3. Ciliates: cilia; two types of nuclei.

Stramenopila: water molds and heterokont algae ("hairy" flagellum and non-hairy one.)

1. Water molds or oomycota: filamentous body (hyphae); zoospores.

2. Diatoms: shell, a box of silica; nonmotile or gliding movement.

3. Golden algae: carbohydrate laminarin; two flagella.

4. Brown algae: large, multicellular; cell wall is made of cellulose and algin.

Foraminiferans: tests or shells of CaCO3; cytoplasmic projections through 


small openings in the test that function is swimming, feeding and shell formation

Radiolarians or Actinopods: cytoplasmic projections called axopodia, reinforced with 


bundles of microtubules thinly covered with cytoplasm

Unikonts:

Amoebozoan:  shapeless and unicellular; pseudopodia; feed by endocytosis.

1. Gymnamoebas: free living in soil and water.

2. Entamoebas: parasites of animals.

3. Plasmodial slime molds: unicellular, multinucleated gigantic cell called plasmodium; fruiting bodies produce spores.

4. Cellular slime molds: unicellular haploid stage;  cells aggregate to form a mass called 

 
pseudoplasmodium or slug; fruiting bodies. 

Rhodophyta: lack flagellated cells; phycoerythrin; cell wall of cellulose, agar and carageenan.

Chlorophyta: plant-like chloroplasts; chlorophyll a and b; starch; biflagellated gametes.

http://www.sidwell.edu/us/science/vlb6/labs/Classification_Lab/Eukarya/Protista/
http://www.spea.indiana.edu/joneswi/e455/chrysophyta.htm
http://www.microscopy-uk.org.uk/mag/indexmag.html?http://www.microscopy-uk.org.uk/mag/artsep01/amoeba.html
