PLANT BIOLOGY

17. PROTISTA
A. Famous Botanist
Name:  Ruth Patrick

Dates: 1907- 

Country of origin: USA

Contribution to Plant Science:

Ruth Patrick studies diatoms in freshwater ecosystems.  Her work, during the 1950s & 1960s on the log-normal structure of diatom commun-ities led to the development of a means of assessing ecosystem health.  The method which assays the impact of pollution on freshwater systems is in widespread use today.

b. Kingdom Protista
· The Protista are Eukaryotes.  Protists are mostly single celled.  The few multicellular forms have only a few cell types or are clearly related to single celled forms. 

· Note that protists have the 9 + 2 flagellum structure, a nuclear envelope, cytoskeleton, microtubules, chromosomes, diploid and haploid stages, mitosis and meiosis, and sex (cf. the other eukaryotes).

· They are considered to be the ancestors of the organisms in the other eukaryotic kingdoms, e.g., Fungi, Plantae and Animalia

· The protists are a polyphyletic “catchall”. That is they are descended from multiple ancestral lineages.  Cell division, nuclear structure and life cycles vary.

· Is Protista therefore a weak taxon that should be treated differently in introductory biology classes?  Convergent and parallel evolution sometimes causes these “misclassifications.”  Is there anything wrong with an artificial polyphyletic grouping? 

· Endosymbiotic origin of the Kingdom Protista.

It is widely accepted that the Domain Eukarya originated by symbiosis among prokaryotes in which prokaryotes became incorporated into other prokaryotic cells to form  cell organelles like mitochondria, plastids and chloroplasts

The rRNA of these organelles is more similar to prokaryotic RNA than to the rRNA of eukaryotic cytoplasm.  This is especially the case for chloroplast rRNA which is similar to some photosynthetic bacteria.  

These organelles replicate by splitting. 

Symbiosis is a situation in which two different organisms live together in a close association.  This usually implies a beneficial relationship to both parties.  Originally included parasitism and mutualism (cf. lichens and mycorrhiza).

· Protists are found in almost all environments.  Marine, freshwater and terrestrial.  Moisture is a key requirement for them to be healthy and complete their life cycles.
· They are mostly aerobic and use mitochondria for cellular respiration (except Giardia).  They may be photoautotrophic, chemoautotrophic, or mixotrophic).

· Heterotrophic protists were formerly called the protozoa and the autotrophic protists the algae.  Scientists who study algae are called Phycologists.

c. Key Diagnostic Attributes of the Autorophic Protista and their Relatives

· Morphology:  Unicells, filaments or sheets.

· Flagella:  Presence or absence, number, type and position.

· Color:  Chlorophylls a, b, c, d and auxillary pigments e.g. carotenoids etc.

· Food storage compounds: Starch, laminarin, glycogen etc.

· Cell wall chemistry: Cellulose, silica, protiens etc.
· Habitat:  Freshwater, marine, terrestrial etc.

D. IMPORTANCE OF THE AUTOTOPHIC PROTISTA

Phylogenetics:    In some respects the Protista are a polyphyletic “catchall”.  One group (P. Chlorophyta) is ancestral to the K. Plantae.

Ecology:  Important base (autotrophic/phytoplanktonic) of most aquatic food chains.  Critical in contributing to 30 – 50% of  annual world CO2  uptake and primary production. Some form “toxic blooms”.

Economical value:  Support for world fisheries.  Algae are indicators of the health (temperature, pollution, productivity) of oceans and water bodies.  Many algae especially the red algae important food items as in nori and carrageenan. 

Biological diversity:  Perhaps as many as 130,000 species of autotrophic protists have been described. This compares with 250,000 Plantae and 56,000 Fungi.

e. Major Characteristics of Dinoflagellata
	Phylum
	Dinoflagellata (dinoflagellates)

	Number of Species
	3,000

	Photosynthetic Pigments
	Brown

chlorophyll a, c

	Carbohydrate Food Reserves
	starch

	Flagella
	1-lateral

1-posterior

	Cell Wall Component
	cellulose

submembrane

	Habitat
	Predominantly marine and freshwater


f. Major Characteristics of Bacillariophyta
	Phylum
	Bacillariophyta (diatoms)

	Number of Species
	100,000

	Photosynthetic Pigments
	None, or chlorophylls a and c; carotenoids, mainly fucoxanthin

	Carbohydrate Food Reserves
	Chrysolaminarin

	Flagella
	None or 1; only in male gametes of centric type; apical; tinsel (two rows of hairs)

	Cell Wall Component
	Silica

	Habitat
	Marine & freshwater


g. Major Characteristics of Phaeophyta
	Phylum
	Phaeophyta (brown algae)

	Number of Species
	1500

	Photosynthetic Pigments
	None, or chlorophylls a and c; carotenoids, mainly fucoxanthin

	Carbohydrate Food Reserves
	Laminarin, mannitol (transported)

	Flagella
	2; only in reductive cells; lateral; tinsel (two rows of hairs) forward, whiplash behind

	Cell Wall Component
	Cellulose embedded in matrix of mucilaginous algin; plasmodesmata in some

	Habitat
	Almost all marine; mostly temperate and polar; flourish in cold ocean waters


h. Major Characteristics of Rhodophyta
	Phylum
	Rhodophyta (red algae)

	Number of Species
	5,000

	Photosynthetic Pigments
	red

chlorophyll a, d
phycoerythrin

phycobilin

	Carbohydrate Food Reserves
	floridean starch/glycogen

	Flagella
	2+ apical

	Cell Wall Component
	Cellulose, external mucillages Agar and Carrageenan

	Habitat
	Predominantly fresh water, rarely marine


i. Two special diagnostic characteristics of Rhodophyta

· Phycoerythrin reflects red light and is therefore responsible for the color of most red algae. All the colors that are not reflected are absorbed, so phycoerythrin is good at absorbing blue/green light. Because that is the color of light that penetrates the deepest in the ocean, red algae can live at depths which receive as little as one thousand times less light than does the surface.

· Most red algae store their sugars as Glycogen, or Floridean starch, as it is often called. Glycogen is a long chain of glucose sugars with lots of side branches (a 1-4 linked glucans with 1-6 branches). This Floridean starch is very different from the starch that brown or green algae store. Greens have a grainy starch that reacts with iodine to create a black color (said to be IKI +). Brown algae have an oily starch that doesn't produce any color when put to the iodine test (IKI -). Reds, which lie somewhere between those two, produces a pinkish brown color in response to iodine-exposure (also considered IKI -). 

j. Useful compounds to Science and Food preparation from Rhodophyta

In addition to the usual cellulose cell walls that most algae have, Rhodophyta also have 2 important chemicals in their cell walls. These chemicals are amorphous (shapeless) mucilages (mucuses) which are widely used in science and food preparation. 

· Agar: 

The petri dishes that scientists use to grow bacteria and other such things usually have a layer of agar in them, on which the bacteria grow. Agar is also used widely in genetic research and in food preparation as a gelling agent/stabilizer. Pharmaceuticals use agar to regulate time-released medications.

· Carrageenan: 

Is used as widely as agar, but more in food preparation. Ice cream and instant puddings are stiffened with carrageenans. 

Algae often protect themselves from grazers (like snails) by producing different carrageenans that are indigestible to the herbivore. Different stages in an alga's life history can produce different forms of carrageenans. This helps ensure that an entire algal population is not eaten up - at least one phase of its life cycle will survive.

k. Major Characteristics of Euglenophyta
	Phylum
	Euglenophyta (euglena)

	Number of Species
	900

	Photosynthetic Pigments
	Green

chlorophyll a, b

	Carbohydrate Food Reserves
	Paramylon (a lipo-polysaccharide)

	Flagella
	1-3 apical

	Cell Wall Component
	Protein submembrane

	Habitat
	Predominantly fresh water, rarely marine


l. Major Characteristics of Clorophyta
	Phylum
	Clorophyta (green algae)

	Number of Species
	17,000

	Photosynthetic Pigments
	Chlorophylls a and b; carotenoids

	Carbohydrate Food Reserves
	Starch

	Flagella
	None or 2 (or more); apical or subapical; equal or unequal; whiplash (some with hairs)

	Cell Wall Component
	Glycoproteins, noncellulose polysaccharides or cellulose; plasmodesmata in some

	Habitat
	Mostly aquatic, freshwater or marine; many in symbiotic relationships


m. Comparative Summary of Characteristics of Protista
	Phylum
	# Species
	Photosynthetic Pigments
	Carbohydrate Food Reserve
	Flagella
	Cell Wall Component
	Habitat

	Oomycota

(including water molds)
	700
	None
	Glycogen
	2; in zoospores and male gametes only; apical or lateral; 1 tinesel (two rows of hairs) forward, 1 whiplash behind
	Cellulose or cellulose-like
	Marine, freshwater, and terrestrial ( need water)

	Rhodophyta

(red algae)
	5,000
	red

chlorophllys a, d
phycoerythhrin

phycobilin
	plant starch
	2+ apical
	cellulose
	Predominantly fresh water, rarely marine

	Euglenophyta

(euglena)
	900
	Green

chlorophylls a, b
	paramylon
	1-3 apical
	Protein

submembrane
	Predominantly fresh water, rarely marine

	Bacillariophyta

(diatoms)
	100,000
	None, or chlorophylls a and c; carotenoids, mainly fucoxanthin
	Chrysolaminarin
	None or 1; only in male gametes of centric type; apical; tinsel (two rows of hairs)
	Silica
	Marine & freshwater

	Chrysophyta

(chrysophytes)
	1000
	None, or chlorophylls a and c; carotenoids, mainly fucoxanthin
	Chrysolaminarin
	None or 2; apical; tinsel (two rows of hairs) forward, whiplash behind
	Wall-less or silica scales or cellulosic fibrils
	Predominantly freshwater, a few marine

	Phaeophyta

(brown algae)
	1500
	None, or chlorophylls a and c; carotenoids, mainly fucoxanthin
	Laminarin, mannitol (transported)
	2; only in reductive cells; lateral; tinsel (two rows of hairs) forward, whiplash behind
	Cellulose embedded in matrix of mucilaginous algin; plasmodesmata in some
	Almost all marine; mostly temperate and polar; flourish in cold ocean waters

	Dinoflagellata

(dinoflagellates)
	3,000
	Brown

chlorophylls a, c
	starch
	1-lateral

1-posterior
	cellulose

submembrane
	Predominantly marine and freshwater

	Clorophyta

(green algae)
	17,000
	Chlorophylls a and b; carotenoids
	Starch
	None or 2 (or more); apical or subapical; equal or unequal; whiplash (some with hairs)
	Glycoproteins, noncellulose polysaccharides or cellulose; plasmodesmata in some
	Mostly aquatic, freshwater or marine; many in symbiotic relationships


n. Summary
The Kingdom Protista includes a variety of autotrophic

and heterotrophic organisms:

· Protists are eukaryotic organisms that are not included in the fungal, plant, or animal kingdoms. 

· The Kingdom Protista consists of very many phyla and is a polyphyletic taxon. 

· The Phyla considered in this course include photosynthetic (autotrophic) protists most of which have been traditionally called the algae.  

· Algae are important components of aquatic food webs and, together with the cyanobacteria, constitute the phytoplankton.

· Algae have considerable ecological and economic value.

· Important features separating the various algal Phyla are pigmentation, chlorophyll type, storage products, flagellation, cellular organisation and range of habitats.

· In this lecture we considered many of the phyla belonging to the eykaryotic algae. E.g., the Rhodopyhyta, the Euglenophyta and the Dinoflagellata.

· We also considered some Heterokont phyla, e.g., Oomycota (water molds), Bacilliarophyta (diatoms), and Phaeophyta (brown algae).

· The Heterokonts have one long tinsel flagellum and one short whiplash flagellum.  They form a fairly natural group with not only similar flagellar structure but also several molecular affinities. 

· The Phylum Chlorophyta is diverse but more of less natural taxon of the Domain Eukarya. Members range from motile, single-celled forms, with simple life cycles (e.g., Chlamydomonas ) to multicellular filaments and sheets of cells (e.g. Ulva) with a complex life cycles.

· They have cellulose and pectin cell walls, chlorophyll a and b, carotenoids and starch which they hold in common with the Kingdom Plantae and cytokinesis is characterized by cell plate formation, not seen in other taxa. 

· This strongly suggests that the Chlorophyta are ancestral to Kingdom Plantae.

· The search for the ancestors of the Plantae often starts with plants like Ulva that have isomorphic alternating diploid and haploid generations. 
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