Chapter 28: The Origins of Eukaryotic Diversity
Introduction to the Protists
· early prokaryotes gave rise to a great diversity of protists
Systematists have split protists into many kingdoms
· kingdom Protista has always been a problem in the five-kingdom system
· Protista had contained mostly unicellular eukaryotes, and eukaryotes that did not fit the definitions of plants, fungi, or animals
· the kingdom Protista has been split into as many as 20 kingdoms by systematists
Protists are the most diverse of all eukaryotes
· most are unicellular, but some are colonial and multicellular species
· unicellular protists are the simplest of eukaryotic organisms, but at the cellular level they are actually quite complex
· carry out the functions of all the specialized cells in animals and plants in one cell
Nutrition
· most protists are aerobic in metabolism, use mitochondria for cellular respiration
· protists can be photoautotrophs (contain chloroplasts), heterotrophs (absorb organic molecules), or mixotrophs
· mixotrophs = organisms that combine photosynthesis and heterotrophic nutrition
· three categories of protists:
· protozoa = ingestive (anmimal-like) protists
· absorptive = (fungus-like) protists
· algae = photosynthetic (plant-like) protists
Motility
· most protists are motile, having flagella or cilia
· difference between flagella and cilia between prokaryotes and eukaryotes
· prokaryotic flagella and cilia are connected to cell surface, eukaryotic are extensions of the plasma membrane
· eukaryotic flagella and cilia have same ultrastructure, but cilia are shorter and more numerous
Life Cycles
· mitosis occurs in almost all protists, but there are unknown variations in some
· some protists are exclusively asexual, others
· others can reproduce sexually or employ meiosis and syngamy, which shuffles genes between two individuals
· syngamy = union of two gametes
· all three types of sexual life cycles (Chapter 13) are represented in protists
· haploid stage is the main vegetative stage of most protists (Chapter 13 for reference)
· the only diploid cell being the zygote
· at some point in cycle, cysts are formed
· cysts = resistant cells that can survive harsh conditions
· oldest remnants of eukaryotic life in the Precambrian era
Protistan Habitats
· most protists are aquatic
· found in terrestrial habitats that are sufficiently moist, such as damp soil, or leaf litter
· found in the bottoms of oceans, ponds, and lakes, attaching themselves to rocks and other anchorage, or creeping through sand and silt
· protists are also important constituents of plankton
· plankton = communities of organisms that drift passively or swim weakly near the water surface
· phytoplankton = planktonic eukaryotic algae, along with prokaryotic cyanobacteria
· protists also include the many symbionts that inhabit the body fluids, tissues, or cells of hosts
· span from mutualistic to parasitic
The Origin and Early Diversification of Eukaryotes
· during genesis of protists, the cellular structures and processes unique to eukaryotic cells arose
Endomembranes contributed to larger, more complex cells
· small size of prokaryotes limited the number of genes coding for enzymes that control metabolic processes
· in some prokaryotes increasing complexity evolved
· evolution of multicellular evolution where different cell types were specialized for different functions 
· evolution of complex communities of prokaryotes, where each species benefited from the metabolic specialties of others
· compartmentalization of different functions within single cells
· this probably evolved from specialized infoldings of prokaryotic plasma membrane
· or through endosymbiosis, leading to mitochondria, plastids, and other eukaryotic features
Mitochondria and plastids evolved from endosymbiotic bacteria
· endosymbiosis likely gave rise to mitochondria and plastids
· plastids = class of eukaryotic organelles that includes chloroplasts, as well as other types of plastids, both photosynthetic and nonphotosynthetic
· called the theory of serial endosymbiosis
· serial endosymbiosis = mitochondria and chloroplasts were formerly small prokaryotes living within larger cells 
· endosymbiont  = a cell that lives within another cell
· proposed ancestors of mitochondria were aerobic heterotrophic prokaryotes that became endosymbionts, ancestors of chloroplasts were photosynthetic prokaryotes that became endosymbionts
· gained entry to host cell as undigested prey, suggesting the evolution of an endomembrane system and a cytoskeleton that allowed the larger cell to engulf smaller prokaryotes and package them within vesicles
· theory suggests that mitochondria evolved before chloroplasts, as all cells have mitochondria remnants, but not all cells have choloropast remnants
· the evidence:
· endosymbiotic relationships in modern world
· mitochondria and chloroplasts have many similarities to bacteria
· size, division, membranes, DNA, ribosomes
The eukaryotic cell is a chimera of prokaryotic ancestors
· eukaryotic cell is made of prokaryotic parts, mitochondria, plastids, and nuclear genome
The Ancestors of Mitochondria and Chloroplasts
· closest prokaryotic relatives of mitochondria are alpha proteobacteria, and closest prokaryotic relatives of plastids are cyanobacteria
· alpha proteobacteria and cyanobacteria have evolved since eukaryotic life began, but they at some time split from a common ancestor with the mitochondria and cyanobacteria
Gene Transfer to the Nucleus
· plastids and mitochondria contain DNA and the equipment for building proteins, they are not genetically self-sufficient
· some proteins within them are encoded by the eukaryotic cell’s nucleus, and still other proteins are molecular chimeras of polypeptides made in the organelles and polypeptides imported from the cytoplasm
· collaboration between the genomes of organelles and the nucleus is that endosymbionts transferred some of their DNA to the host cell’s genome during the evolutionary transition
Secondary endosymbiosis increased the diversity of algae
· diverse algae display various types of plastids that differ in their ultrastructure
· have envelopes containing different number of membranes
· can possibly be explained by the hypothesis that plastids were acquired independently several times during the early evolution of eukaryotes
· explains membrane difference because each endosymbiotic event adds a membrane derived from the vacuole membrane of the host cell that engulfed the endosymbiont
· in most cases of secondary plastid acquisition, the endosymbiont lost most of its parts, except its plastid
· secondary endosymbionts acquired their plastids by taking in cyanobacteria
Research on the relationships between the three domains is changing ideas about the deepest branching in the tree of life
· eukaryotic cell evolved by “horizontal” fusions of species from different phylogenetic lineages
· new tree has three domains arising from the ancestral community of primitive cells that swapped DNA promiscuously
The origin of eukaryotes catalyzed a second great wave of diversification
· origin of eukaryotic cell catalyzed evolution of more structural diversity than was possible for simple prokaryotic cells
· clustering of eukaryotic forms into clades is based on comparison of cell structure, life cycles, and molecules
· this brings up another kingdom problem: if plants, fungi, and animals are designated as kingdoms then each of the other major clades of eukaryotic life probably deserve kingdom stature as well
· protistan systematics is still very unsettled 
