THE ORIGINS OF EUKARYOTE ALGAE

1. Review of major events leading to eukaryotic forms 

1. origin of life in an anoxic world 

1. first cells simple getting energy by anaerobic fermentation 

2. origins of electron transport systems and carbon and nitrogen fixation 

3. origins of anoxygenic photosynthesis 

4. origins of oxygenic photosynthesis (cyanobacteria) 

5. increasing oxygen in the environment lead to selection for 

1. oxygen tolerance 

2. advanced oxygen tolerance (catalase, etc.) 

3. aerobic respiration 

2. in the meantime, early cells quickly split into two major lineages, the eubacteria and the archaebacteria and from the archeabacterial lineage (?) arose proto-eukaryotes 

1. major features of the proto-eukaryotes probably include: 

1. anaerobic fermentation; eventually oxygen tolerance (catalase) 

2. complex internal membrane system 

1. nucleus 

3. complex cytoskeleton including microtubules 

4. phagocytic life-style in at least many of them 

3. rise of oxygen lead to selection among eukaryotes for those forms capable of maintaining some organisms as endosymbionts 

1. anoxygenic photosynthetic bacteria, which eventually evolved into mitochondria and hydrogenosomes, possibly during the anoxic stages of Earth's history 

1. process must have begun very early, because mitochondria now highly modified 

1. ribosomes don't match the bacterial type any more 

2. most of the genes have been transferred into the nucleus 

2. three types - flattened, disk-like, and tubular - repesenting three events or three lineages (?) 

3. hydrogenosomes in Giardia appear to represent an extreme case, in which all DNA has been transferred 

2. cyanobacteria as plastids, other plastid containing eukaryotes as plastids 

2. Examples of modern equivalents of some of the stages in the process of plastid incorporation 

1. endosymbiosis with living cells 

1. Aphanocapsa - common cyanobacterial endosymbiont of warm-water sponges 

2. inclusions in some open ocean diatoms - under EM can be seen to contain thylakoids with phycobilisomes and to undergo cell division - probably cyanobacteria 

3. Chlorella in Hydra and in numerous ciliates 

1. live in special vacuoles that block normal digestion and cause production of maltose 

2. only a few species in the genus can cause the formation of special vacuoles 

4. most large foraminifera contain some sort of algal symbiont 

5. corals contain up to 2 million zooxanthellae per square millimeter 

2. cyanelles 

1. photosynthetic structures in the glaucophytes 

2. clearly modified cyanobacteria 

1. contain peptidogycan and lipopolysaccharide layers 

2. thylakoids with phycobilisomes, but lack phycoerythrin 

3. can make glucose but not starch 

4. more DNA than normal plastids, but 90% of proteins made by nuclear genes 

3. some well-known forms include Cyanophora and Glaucocystis 

3. primary endosymbiosis in the green and the red algae 

1. plastids with two membranes in the envelope 

2. most of the photosynthesis genes now in the nucleus 

3. some no longer photosynthetic at all but still with sizable genome 

4. secondary endosymbiosis 

1. in chlorarchiophytes 

1. in this case a green alga has been incorporated as a plastid into a eukaryotic amoeba 

2. the plastid retains several features hinting at its origins 

1. surrounded by four membranes 

2. between the inner two and the outer two is a nucleomorph containing tiny chromosomes and just ennough genes to keep it alive and capable of division - clearly the remains of a nucleus from an endosymbiont 

3. best-known genus is Chlorarachnion 

2. the situation is similar in cryptophytes 

3. secondary endosymbiosis in ochrophytes (heterokont algae), euglenoids, etc., has progressed to the stage where the nucleomorph has been lost 

5. tertiary endosymbiosis 

1. in this case an organism with secondary plastids is eaten by a third organism 

2. most common examles are the dinoflagellates (always a good group to look for interesting plastids) 

1. Peridinium balticum contains two nuclei and a plastid without peridinin that probably derives from a diatom ancestor 

6. kleptoplastidy 

1. some organisms harvest just the plastids and keep them alive for months in special pouches 

1. oligotrich ciliates (Strombidium) - from lots of unicellular algae 

2. the sea slug Elysia - Cladophora 

3. Gymnodinium acidotum - cryptomonad plastids 

7. cryptic endosymbiosis and gene transfer 

