  SOME FLAGELLATE ALGAE

1. CRYPTOPHYTA 
1. small group of marine and freshwater flagellates (12 genera) 

2. basic characteristics 

- plastids with four envelope membranes and chlorophylls a and c2 

nucleomorph with 3 chromosomes and a nucleolus located between the outer membranes and the inner membranes 

either phycoerythrin or phycocyanin in soluble form used as accessory pigment; no phycobilisomes 

- two flagella arising from a vestibulum 

both flagella with bipartite microtubular hairs (not tripartite like mastigonemes) 

root with a prominent rhizostyle extending backward into the cytoplasm 

- vestibulum and gullet associated with an array of ejectosomes 

- region of small organic plates just below the cell membrane (periplast)
3. diversity 

- Cryptomonas - common form with 2 brownish plastids and a large array of ejectosomes 

- Rhodomonas - single red plastid, large ejectosomes 

2. HAPTOPHYTA 
1. small, but important, group common in the marine plankton (75 genera, 500 species) 

2. basic features 

1- plastids follow the basic ochrophyte pattern -- chlorophylls a and c, mixture of accessory pigments, four envelope membranes, chrysolaminarin as the storage product in the cytoplasm 

2- 2 flagella, approximately equal in length, sometimes covered with fine hairs, but without mastigonemes 

3- usually with a haptonema 

- in LM appears to be a third flagellum pointing straight ahead; in EM, there is an array of single microtubules enclosed in the endoplasmic reticulum and covered by the cell membrane; doesn't beat like a flagellum, but can bend and coil 

- sometimes functions as a long thin net -- particles stick and are moved down to form  a bolus; when ready the bolus moves to the tip; once the bolus is at the tip, the haptonema bends, bringing the bolus to the feeding organ at the rear of the cell 

- can function in avoidance reaction -- when the cell bumps into an object, the haptonema coils, changing the direction of motion 

- can function as an attachment organ 

4- most have scales, either organic plates containing cellulose or inorganic coccoliths 

1. organic scales and heterococcoliths are formed internally in the golgi, holococcoliths are formed externally 

2. coccoliths may function as CO2 concentrating mechanism                       (2HCO3- + Ca++ --> CaCO3 + CO2 + H2O) 

3. structure of coccoliths diverse, used taxonomically 

3. many species capable of forming large blooms; these may be toxic; most blooms form large quantities of dimethylsulfide, a compound implicated in acid rain and global climatology 

4. non-toxic forms (Isochrysis, Phaeocystis) widely used as food in aquaculture 

5. diversity 

1. naked forms 

1. Chrysochromulina - common marine form without coccoliths that may form toxic blooms; a related form is found in Lake Louise 

2. Prymnesium - similar to Chrysochromulina, also capable of forming toxic blooms 

2. coccolithophorids 

1. Emiliana - present in nearly every ocean sample; can tolerate a wide range of salinities and temperatures; can survive very low light levels; forms extensive blooms detectable by satellite, reaching densities of 108 cells per liter; some debate concerning toxicity 

2. Phaeocystis - with a short haptonema and two types of scales; forms large blooms 

3. DINOPHYTA

Large and important group of marine and freshwater flagellates (130 genera, 2000 extant species, another 2000 extinct species in the fossil record; fossil record extends to 400 mya); about 50 % lack plastids 

A. basic characteristics 

1. plastids, when present are variable 

2. most have plastids with chlorophyll a and c2 with peridinin as the dominant accessory pigment, but a mixture of accessory pigments representative of a variety of groups is possible 

1. peridinin transfers light energy to chlorophyll c2, which passes it onto chlorophyll in a manner reminiscent of phycobilisomes 

2. the process is very efficient and many explain the presence of dinoflagellate zooxanthellae in very low light regimes 

3. the rest have plastids clearly derived from endosymbiosis with other algae groups 

2. usually two unequal flagella inserted laterally (the dinokont system) 

4. one of the flagella lies in a transverse groove called the cingulum or girdle; this flagellum is ribbon-form with a normal axoneme at one edge of the ribbon and a contractile protein rod at the other other; the contractile rod gives the flagellum a way appearance; the whole flagellum undulates, causing the cell to spin 

5. second flagellum is more or less normal and lies, at least partially, in a rearward directed sulcus; it is covered with fine hairs (not mastigonemes) 

3.  the wall is composed of a series of cellulosic plates contained in a series of flat vesicles called the amphiesma located just below the cell membrane (in some cases the vesicles are empty and the dinoflagellate is called naked); the cingulum divides the wall into a hypocone and an epicone; the arrangement of the plates is used for taxonomic purposes 

4.  eyespots are usually missing; when present they can be in the cytoplasm or in a plastid; in one family the eyespot is remarkably well-developed, with a lens (hyalosome) surrounded by mitochondria and fibers that can change its shape, and a cup-shaped retinoid of membrane and pigments 

5.  chromosomes are always condensed and visible, lack histones, and may contain multiple strands of DNA; mitosis is closed, but with an external spindle -- the chromosomes attach to the nuclear membrane 

B. special characters 

ii. many cells with trichocysts (paracrystalline rods that expand on contact with water) 

iii. many dinoflagellates are bioluminescent, with specialized organelles containing luciferin and, possibly, luciferase; luciferase is an enzyme that acts on luciferin at the proper pH and in the presence of ATP, producing light 

iv. heterotrophy and mixotrophy common, often involving an accessory structure (a peduncle or a pallium) 

v. cyst production is common; cysts have walls of cellulose and dinosporin, an aromatic polymer similar to sporopollenin; these have distinctive shapes used in taxonomy, especially of fossil forms 

vi. toxin formation (note: some of these are lipid soluble and can lead to biological amplification) 

B. saxitoxins -- block sodium channels, leading to paralysis (paralytic shellfish poisoning) 

C. okadaic acid and dinophysis toxin 1 and 2 -- block serine- and threonine-linked phosphatases, linked to diarrhetic shellfish poisoning 

D. brevitoxin and ciguatoxin -- additional sodium-channel blockers; ciguatoxin is especially effective 

E. palynotoxin-like produced by Ostreopsis benthic species  -- the presently known most dangerous 

C. diversity 

i. Prorocentrum - desmokont (equal flagella) genus common in and on sandy beaches 

ii. Gymnodinium - common marine and freshwater genus with the appearance of a naked genus; small plates are visible with EM 

iii. Symbiodinium - symbiont in all reef-building corals, some sponges, and giant clams 

iv. Peridinium - common armored genus 

v. Gonyaulax - bloom- and red-tide organism on the west coast 

vi. Ceratium - horned genus 

vii. Ornithocercus - winged genus 

viii. Noctiluca - colorless, naked, phagotroph noted for bioluminescence, especially in bloom densities 

ix. Pfiesteria - freshwater toxic genus in the southeast US coast 

4. EUGLENOPHYTA 
2. small group of common green and colorless flagellates (40 genera); possibly related to the kinetoplasts (Trypanosoma and Leishmannia); the two groups seem to have diverged from the rest of Eucarya at a very early point 
3. basic characteristics 

1. plastids with three membranes in the envelope, chlorophyll a and b, beta-carotene; storage product is paramylon, stored in the cytoplasm is with definite shapes; plastid can be dedifferentiated to colorless proplastids (we used to say the cell was "cured" of its plastids), but most can redifferentiate as conditions change 

2. two flagella attached in an ampulla or reservoir; in many forms only one flagellum leaves the reservoir, giving the appearance of a single flagellum 

1. flagella usually covered with hairs (not mastigonemes) 

2. flagella with a paraflagellar rod next to the axoneme, making the flagellum thicker and more visible, as well as stiffer 

3. prominent eyespot external to any plastids 

4. mitosis is closed and the chromosomes always condensed; the nucleolus also persists during mitosis 

5. the wall or pellicle is composed of interlocking proteinaceous strips wrapped around the cell spirally just below the membrane; in many forms the pellicle is flexible allowing the cell to flex in a characteristic euglenoid movement (metaboly, flexible cells are called metabolic) 
             3. diversity 

6. Euglena - flexible pellicle, elongated shape 

7. Phacus - rigid pellicle, flattened shape 

8. Lepocinclis - rigid pellicle, cylindrical shape 

9. Trachelomonas - enclosed in a rigid, iron hydroxide impregnated lorica 

10. Paranema - a common colorless form with a characteristic stiff flagellum

