Chapter 15 Lecture Outline

Introduction
How Ancient Bacteria Changed the World

A.
The evolution of life has had a profound effect on the Earth.


1.
Photosynthetic prokaryotes (cyanobacteria) evolved very early in the history of life and left unique fossilized communities called stromatolites.

2.
Modern-day cyanobacteria of this type are found in ponds, lakes, and shallow oceans and are virtually indistinguishable from the early forms found in stromatolites. Cyanobacteria that form thick mates or mounds are today found only in inhospitable environments.


3.
In addition to being the ancestors of today’s cyanobacteria, these first photosynthetic cyanobacteria produced Earth’s first oxygen-rich atmosphere.


4.
Photosynthetic prokaryotes were dominant for about 2 billion years, from nearly 3 billion years ago (bya) to about 1 bya.


5.
This chapter begins a survey of all of Earth’s life forms in an evolutionary context, beginning with the evolution of life itself.


B.
The two goals of the chapters in this unit are as follows:


1.
To examine the roles that various organisms have had on the history of life on Earth.


2.
To introduce the reader to the diversity of life on earth.


I.
Early Earth and the Origin of Life

Module 16.1
Life began on a young Earth.


A.
The age of the universe is estimated to be between 10 and 20 billion years old, while Earth coalesced from gathering interstellar matter about 4.6 bya.


B.
The first atmosphere was likely to have been dominated by hot hydrogen gas. However, the Earth’s gravity was not strong enough to hold onto the light H2.


C.
Studies of modern volcanoes suggest that Earth’s second early atmosphere was composed of water vapor, carbon dioxide, nitrogen, hydrogen sulfide (H2S), and possibly some methane (CH4) and ammonia (NH3).


D.
Earth’s crust cooled and solidified, condensing water vapor into early seas. Early Earth was also subject to intense lightning, volcanic activity, and ultraviolet radiation (Figure 16.1A).



NOTE: It is ironic that life arose under conditions that included bombardment by UV radiation, and now a major environmental concern is the depletion of the ozone layer that protects the planet from this radiation (Modules 7.14 and 38.4).


E.
Fossil evidence shows that photosynthetic prokaryotes existed by 3.5 bya (Figures 16.1B and C).



NOTE: The immensity of geological time and the very early events discussed can be made more meaningful by putting them in perspective. Borrowing an idea used by many, use a geologic time scale divided into a “life-on-Earth year.” On such a scale, prokaryotic life evolves in mid-March, eukaryotes first appeared around September 1, dinosaurs flourished around Christmas, and the typical human life span of 70 years is represented by the last half-second on December 31.


F.
Because cyanobacterial photosynthesis is complex and advanced, the first cells likely evolved earlier, perhaps as early as 3.9 bya.


G.
An analogy of the passage of time since Earth’s beginning is illustrated with a clock. (Figure 16.1D). Note the major biological events and the atmospheric changes that occurred.

Module 16.2
How did life originate?


A.
Early ideas on the origin of life held that life arose by spontaneous generation.


B.
Experiments in the 1600s showed that larger organisms couldn’t arise spontaneously from nonliving matter.


C.
In the 1860s, French scientist Louis Pasteur confirmed that all life today, including microbes, arises only from preexisting life. However, Pasteur’s experiments did not deal with the question of the origin of life.


D.
It is very likely that life on Earth arose between 3.9 and 3.5 bya.


E.
Most biologists subscribe to the hypothesis that the earliest life forms were simpler than any that exist today and that they evolved from nonliving matter.


F.
Although extraterrestrial organic molecules could have seeded Earth’s early environment, most scientists think that life arose from nonorganic molecules present in Earth’s early oceans and atmosphere.


G.
A possible scenario: Organic monomers evolved first, then polymers, then aggregates eventually formed in a particular arrangement that allowed simple metabolism and self-replication within an enclosed membrane. Data supporting the likelihood of many of these steps exist from a number of experiments.



NOTE: The following modules detail some of the experimental evidence and theory supporting the steps in this scenario. No one has completed all the steps in order. Today’s environment (even in laboratories) is very different from the environment of early Earth. Huge amounts of time are needed for these complex developments to occur.

Module 16.3
Talking about Science: Stanley Miller’s experiments showed that organic molecules could have arisen on a lifeless Earth.


A.
In the 1920s, Oparin and Haldane proposed that organic chemistry could have evolved in early Earth’s environment because it contained no oxygen and was a reducing environment.


B.
An oxidizing environment (such as Earth’s O2-rich environment today) is corrosive, tending to break molecular bonds. Thus, life could not spontaneously arise today on Earth.


C.
A reducing environment tends to add electrons to molecules, building more complex forms from simple ones.


D.
In 1953, Miller tested this hypothesis using an artificial mixture of inorganic molecules (H2O, H2, CH4, and NH3; see Module 16.1) in a laboratory environment that simulated conditions on early Earth (Figures 16.3A and B).


E.
Within days, the mixture produced amino acids, some of the 20 amino acids that are found in organisms today (see Module 3.12).


F.
More recent experiments, using modifications of Miller’s setup to more closely mimic early Earth’s environment, have produced most of the 20 naturally occurring amino acids, sugars, lipids, and nitrogenous bases of nucleotides including ATP.


G.
Rather than the early atmosphere, many scientists think deep-sea vents and submerged volcanoes provided the chemicals required for the origin of life.

Module 16.4
The first polymers may have formed on hot rocks or clay.


A.
Review: Polymerization occurs by dehydration synthesis (Module 3.3).


B.
Although biological polymerization occurs enzymatically in organisms today, the reactions can also occur when dilute solutions of monomers are dripped on hot mineral surfaces (heat forces the dehydration synthesis) or on clays (electric charges concentrate monomers, and metallic atoms act as catalysts).


C.
American biochemist Sidney Fox has made polypeptides from mixtures of amino acids dripped on hot mineral surfaces.

Module 16.5
The first genetic material and enzymes may both have been RNA.


A.
Review: The flow of genetic information from DNA to RNA to protein is intricate and probably did not evolve as such (see Module 10.15).


B.
The essential difference between cells and nonliving matter is replication.


C.
A number of lines of reasoning and some experiments using artificially selected RNA molecules that can assemble nucleotides support the hypothesis that the first genes may have been made of RNA. Short RNA molecules can assemble spontaneously, without cells or enzymes, from precursor nucleotides. Some of these sequences will self-replicate if placed with additional monomer nucleotides. Further, some RNAs can act as enzymes (ribozymes), even one that catalyzes RNA polymerization (Figure 16.5, Module 10.10).


D.
The hypothetical period in the evolution of life, when RNA played the role of both genetic material and enzyme, is termed the RNA world.
Module 16.6
Membrane-enclosed molecular cooperatives may have preceded the first cells.


A.
Life requires the close and intricate cooperation of many different polymers. Macromolecules may have cooperated prior to the development of membranes (Figure 16.6A).


B.
Experimental evidence shows that polypeptides and lipids self-assemble into microscopic spheres called protobionts, fluid-filled droplets with semipermeable, membranelike coatings. Though not alive, these microspheres grow by the attraction of additional polypeptides or lipids and divide when they reach a certain maximum size (Figure 16.6B).


C.
Early molecular cooperation may have involved a primitive form of translation of polypeptides directly from genes in RNA. If these cooperating molecules were incorporated into a protobiont, the basic structures for self-replicating cells would be present (Figure 16.6C).


D.
At this point, a primitive form of natural selection would favor those protobionts that were most efficient at growing and replicating.


E.
Protobionts that relied on the environment for all their molecular needs were replaced by those that could synthesize their own monomers using sunlight or other forms of energy. Diversification was encouraged and heterotrophs developed that used the by-products of the early autotrophs or the autotrophs themselves.


F.
The reign of prokaryotes started approximately 3.5 bya and lasted until 2 bya. The changes to the biosphere by prokaryotes was dramatic; for example, the addition of oxygen to the atmosphere changed the way life evolved.


II.
Prokaryotes

Module 16.7
Prokaryotes have inhabited Earth for billions of years.



Review: Prokaryotic cells (Module 4.3).


A.
Fossil evidence shows that prokaryotes were abundant 3.5 bya, and they evolved alone for the following 1.5 billion years.


B.
Prokaryotes are ubiquitous, numerous, and small, surviving in environments that are too hot, cold, acidic, salty, or alkaline for any eukaryote (Figure 16.7).


C.
Despite being small, prokaryotes influence all other life—as the cause of disease and other problems; as benign inhabitants of all environments; and more commonly, in beneficial relationships with all other living things. Bacteria that cause disease (pathogens) will be the focus of Module 16.14.


D.
Probably the most essential activities carried out by prokaryotes are the numerous ways they function in the decomposition of dead organisms.



Note: See Modules 37.17 and 37.18 for the biogeochemical cycles of carbon and nitrogen.

Module 16.8
Bacteria and archaea are the two main branches of prokaryotic evolution.



NOTE: When viewed through a microscope, these two groups look similar.



Review: Classification of prokaryotes is first discussed in Module 15.10.


A.
The main differences between these two groups are summarized on Table 16.8. Many of these differences concern their nucleic acids (rRNA sequences, RNA polymerase, and the presence of introns within genes).


B.
Other differences between Archaea and Bacteria concern the structure of their cell walls and cell membranes. Bacteria have a true peptidoglycan, a polymer of sugars cross-linked with short polypeptides that functions like a cell wall.


C.
In most features, archaea are more similar to eukaryotes than to bacteria.


D.
Review: Currently, it is thought that modern archaea and eukaryotes evolved from a common ancestor (Figure 15.10B).

Module 16.9
Prokaryotes come in a variety of shapes.


A.
Cocci (singular, coccus) are spherical and often occur in defined groups of two or more (Figure 16.9A). Those that occur in clusters are called staphylococci. Those that occur in chains are called streptococci.


B.
Bacilli (singular, bacillus) are rod-shaped and usually occur unaggregated (Figure 16.9B). Diplobacilli occur in pairs, and streptobacilli occur in chains.


C.
Vibrios resemble commas, while spirilla and spirochetes are spiral-shaped. Spirilla are shorter and less flexible than spirochetes (Figure 16.9C).

Module 16.10
Various structural features contribute to the success of prokaryotes.


A.
External Structures:

1.
The cell wall of prokaryotes provides protection, prevents lysis in a hypotonic environment, and maintains cell shape. Plasmolysis occurs in a hypertonic environment and prevents binary fission. Thus, salting is a method of preserving food.


2.
The cell walls of bacteria can be differentially stained with Gram’s stain, and most bacteria can be classified as Gram positive (thick peptidoglycan but simple cell wall) or Gram negative (thin peptidoglycan but complex cell wall).


3.
There are more pathogenic Gram-negative bacteria than Gram-positive bacteria. This is related to the outer membrane that has a protective effect against the host defense system. The lipopolysaccharides (LPS) of the outer membrane can also be toxic. The thick outer membrane covered in polysaccharides is called a capsule and promotes virulence (Figure 16.10A).


4.
Pili (also called fimbriae; singular, fimbria) are protein filaments thinner than bacterial flagella (Figure 16.10B). Pili help bacteria stick to each other or to surfaces in their environments. Sex pili are specialized fimbriae that are used to transfer plasmids from one bacterial cell to another (Review Module 10.22 for the three methods of DNA transfer by bacteria).


B.
Motility: Review: Size, structure, and function of prokaryotic flagella differ from those aspects of eukaryotic flagella (Module 4.17). Flagella can be either scattered over a cell or in bunches at one or both ends. They are composed of protein in two parts:


1.
External, nonmembrane-bounded filaments without microtubules.


2.
Internal, rotating rings embedded in the plasma membrane and cell wall. Motion is produced as they spin on their axes like propellers (Figure 16.10C). Bacteria can move toward or away from stimuli with their flagella.


C.
Reproduction and Adaptation: With generation times as short as several hours or less, prokaryotic populations can multiply exponentially as long as there is a ready supply of nutrients.


1.
Bacteria multiply by binary fission and, under ideal conditions, divide once ever twenty minutes.


2.
Some bacteria can survive adverse environmental conditions by producing a thick-walled endospore inside the parent cell (Figure 16.10D). Endospores are thick walls around a replicated copy of DNA and are extremely resistant to decomposition or disintegration. They can resist high temperatures; therefore, laboratory personnel use autoclaves to kill endospores (steam at 1218C and 15 pounds of pressure for 15 to 20 minutes).


3.
An example of the toughness of endospores is illustrated by those of Clostridium botulinum, a bacterium that grows in anaerobic, low-acid environments, such as poorly canned vegetables. The toxin released by colonies of this bacterium causes botulism when consumed by humans.


D.
Internal Organization: Review Module 4.3 for basic structure of prokaryotes.


1.
The membrane of the bacterial cell can perform certain metabolic functions such as cellular respiration and photosynthesis (Figure 16.10E).


2.
Prokaryotic ribosomes are smaller than their eukaryotic counterparts, containing slightly different proteins and RNA. These differences can be exploited with antibiotics that block protein synthesis in bacteria and not eukaryotes.


3.
Prokaryotic DNA is smaller than eukaryotic DNA (1/1000 the size) and is usually circular. Plasmids are often present and confer extra traits such as antibiotic resistance or special metabolic capabilities. Plasmids are commonly passed between Gram-negative bacteria by conjugation.

Module 16.11 Prokaryotes obtain nourishment in a variety of ways.


A.
Review: Cellular respiration (Chapter 6) and photosynthesis (Chapter 7).


B.
Types of Nutrition: Modes of nutrition refer to how organisms obtain energy and carbon (Table 16.11).


1.
Autotrophs are “self-feeders” that make carbon compounds from the carbon in CO2 and the energy in sunlight (photoautotrophs) or inorganic compounds such as hydrogen sulfide (chemoautotrophs).
Preview: Chemoautotrophic prokaryotes living in hydrothermal vents are discussed in the introduction to Chapter 34.


2.
Heterotrophs are “other-feeders” that make carbon compounds from the carbon in other organic compounds and obtain energy from those same compounds (chemoheterotrophs) or from sunlight (photoheterotrophs). E. coli is an important chemoheterotroph that lives in the human intestine; it can live on simple sugars alone (Figure 16.11A).


C.
Metabolic Cooperation: It was originally thought that each bacterial cell foraged for its own existence. Now it is clear that bacterial cells can cooperate metabolically.


1.
Cyanobacteria can perform photosynthesis and nitrogen fixation but not simultaneously. Therefore, certain cells in a cyanobacterial colony will perform nitrogen fixation and share the nitrogen with the other cells via filamentous connections.


2.
Metabolic cooperation occurs in surface coating biofilms (Figure 16.11B). Internal cells use channels for nutrient and waste exchange.


3.
Between-species metabolic cooperation can occur. Sulfur-consuming bacteria and methane-consuming archaea coexist in the mud in the ocean floor. An estimated 300 billion kg of methane are consumed each year.

Module 16.12 Archaea thrive in extreme environments—and in other habitats.


A.
Extreme halophiles thrive in salty places such as the Great Salt Lake (Figure 16.12A).


B.
Some extreme thermophiles thrive in hot springs, even at temperatures above boiling (for example, deep-ocean vents). Other extreme thermophiles thrive in high-temperature, very-low-pH environments such as those found in Yellowstone National Park (Figure 16.12B).

C.
The methanogens are a group of anaerobic, methane-producing bacteria that thrive in some vertebrate intestines and in the mud of swamps.


D.
Methanogens are the organisms responsible for the production of marsh gas and are a major contributor to flatulence in humans. Methanogens also digest cellulose in the gut of animals such as cattle and deer.


E.
Archaea are turning up in environments that are not so extreme. They are found at all depths in the ocean and are in equal proportions to bacteria at depths below 1,000 meters. More research needs to be conducted on this new domain.

Module 16.13
Bacteria include a diverse assemblage of prokaryotes.


A.
The domain Bacteria is divided into nine groups based on molecular systematics. Five of the groups are all part of one clade and are called proteobacteria. The members of this clade are designated with Greek letters.


B.
The alpha subgroup has members that can fix atmospheric nitrogen in the nodules of legumes (Rizobium, see Module 32.14). Another important member of this subgroup is Agrobacterium, which is used in genetic engineering studies and can produce plant tumors.


C.
The gamma subgroup (largest in the proteobacteria clade) has members that can oxidize sulfur (Figure 16.13A) and is commonly found in the intestines of animals. This group has many pathogens, including Salmonella typhi and Vibrio cholera. Escherichia coli, the most-studied bacterial species, is normally found in the human intestines, but some E. coli serotypes can be deadly (see Module 16.14).


D.
The delta proteobacteria include the slime-secreting myxobacteria that aggregate to form fruiting bodies during times of stress, releasing resistant spores. Also in this group are the Bdellovibrios that prey on other bacteria by attacking them at high rates of speed (Figure 16.13B).


E.
Chlamydias form a second group and are responsible for causing blindness and a common sexually transmitted disease called nongonococcal urethritis.


F.
A group of spiral bacteria move through their environment like corkscrews. Internal filaments rotate, causing spirochetes to spin rapidly (see Module 16.9). Most spirochetes are free-living, but others such as Treponema pallidum and Borrelia burgdorferi are pathogens causing syphilis and Lyme disease, respectively.


G.
A large collection of bacteria called Gram-positive bacteria are as diverse as the proteobacteria. A subgroup of Gram-positive bacteria was once mistaken for fungus and is called actinomycetes. This group is found in the soil and is a major source of antibiotics (Figure 16.13C). Gram-positive bacteria also include commonly recognized pathogens such as Staphylococcus and Streptococcus. The smallest living organism is in this group and is called Mycoplasma. It has no cell wall and is only 0.1 micrometers (mm) in diameter (the size of a virus).


H.
The cyanobacteria are photosynthetic bacteria that are capable of generating oxygen during photosynthesis. Their ancestors led to the oxygen-rich atmosphere we enjoy today (see Figure 16.13D, the chapter introduction, and Module 16.11).

Module 16.14 Connection: Some bacteria cause disease.


A.
Bacterial pathogens cause about half of all known human diseases and are responsible for diseases in all other eukaryotes. Approximately 2 to 3 million people die each year from TB caused by Mycobacterium tuberculosis, and another 2 million people die from diarrhea caused by a variety of bacteria species.


B.
Bacterial can cause disease by growth on and destruction of tissues, but they are more likely to cause disease by the release of poisons called exotoxins and endotoxins. Exotoxins are proteins released by bacteria either by secretion or when the bacteria die. Exotoxins are among the deadliest poisons known. A good example of an exotoxin is the botulinum toxin produced by the bacteria Clostridium botulinum.


C.
Staphylococcus aureus is a normal microbiota found in moist skin folds, but when it grows inside a person, the exotoxin it produces can cause serious disease, such as toxic shock syndrome (Figure 16.14A). S. aureus can also cause food poisoning and the skin to slough off as if it has been burned (scalded skin syndrome).


D.
Harmless bacteria can develop pathogenic strains. For example, E. coli O157:H7, normally found in cattle, may have obtained the pathogenic genes via horizontal transfer and can now produce an exotoxin that causes bloody diarrhea and may lead to death. The best prevention is to avoid undercooked meat and contaminated vegetables.


E.
Endotoxins are made of glycolipids (LPSs) found in the outer membrane of Gram-negative bacteria. The signs and symptoms from all endotoxins are the same: chills, fever, aches, weakness and decreased blood pressure that can lead to shock. Species of Salmonella produce endotoxins that cause food poisoning and typhoid fever.


F.
Sanitation, the use of antibiotics, and education are three of our defenses against bacterial diseases.


G.
However, antibiotic-resistant bacteria have evolved and are now a major health issue (Module 13.13).


H.
The cause of Lyme disease, Borrelia burgdorferi, is carried by a tick and elicits a distinctive set of symptoms and potential disorders (Figure 16.14B). Prevention of Lyme disease is best accomplished through public education.

Module 16.15 Connection: Bacteria can be used as biological weapons.


A.
Biological organisms as weapons have played a part throughout history. As recently as October 2001, anthrax endospores (Bacillus anthracis) were sent through the mail to members of the media and U.S. Senate (Figure 16.15). Victims of bubonic plague (the causative agent, Yersinia pestis) were hurled into the ranks of opposing armies during the Middle Ages in Europe. Other examples abound.


B.
The anthrax scare we experienced in the fall of 2001 was horrifying (five Americans died) yet it could have been worse. Anthrax is not as deadly as some other infectious diseases such as Ebola or smallpox. The route of infection determines the mortality rate. Cutaneous anthrax is relatively easy to treat, while pulmonary anthrax is treatable if detected early; however, it can be deadly because it is usually ignored as a common cold until it’s too late.


C.
An anthrax vaccine is available for personnel in harm’s way, such as military personnel and foreign diplomats. Widespread vaccination programs would be too expensive and impractical. The complete genome of B. anthracis has been sequenced in an effort to produce new vaccines and antibiotics.


D.
The United States started its own biological weapons program in 1943 and, after developing high-quality bioweapons, decided that the program was too repulsive to continue. The program was dismantled in 1969, and in 1975, the United States signed the Biological Weapons Convention that banned any future bioweapon programs. Several nations ignored the treaty even though they had signed it. The solution is diplomacy.

Module 16.16 Connection: Prokaryotes help recycle chemicals and clean up the environment.


A.
Because of the variety of metabolic capabilities, prokaryotes play many beneficial roles in cycling elements among living and nonliving components of environments.


B.
Preview: Chemical cycles are discussed more fully in Chapter 37.


C.
Only prokaryotes are capable of nitrogen fixation, the conversion of N2 gas to nitrogen in amino acids. Important nitrogen fixers include many cyanobacteria and many chemoheterotrophs in the soil.



Preview: Many plants depend on prokaryotes for nitrogen (Modules 32.13 and 32.14).


D.
Bacteria can be used to clean polluted water, soil, or air. This process is referred to as bioremediation. The breakdown of organic wastes by decomposers is one of the most common beneficial roles of prokaryotes.


E.
Prokaryotic decomposers are part of the aerobic and anaerobic communities of organisms functioning in sewage-treatment plants (Figure 16.16A).


F.
Natural bacteria are encouraged, or recombinant strains are used, to decompose the remains of oil spills on beaches (Figure 16.16B).


G.
Species of Thiobacillus, autotrophs that obtain energy from oxidizing ions in minerals, can be used to help remove toxic metals from old mines and industrial waste sites. However, their use in this role is limited since their metabolism adds sulfuric acid to the water. Other bacterial species are used to extract gold and copper from low-grade ores.


III.
Protists

Module 16.17 The eukaryotic cell probably originated as a community of prokaryotes.


A.
The fossil record indicates that the first eukaryotes evolved approximately 2.1 bya. There are two theories of how the membrane-enclosed organelles arose.


B.
The first theory is that the endomembrane system is thought to have evolved by membrane infolding and resulted in the specialization of internal membranes into membrane-bounded organelles (Figure 16.17A) except mitochondria and chloroplasts.



Review: The endomembrane system is described in Modules 4.5–4.13.


C.
The second theory involves the concept of symbiosis. The close association between two organisms of different species is referred to as symbiosis. Endosymbiosis is the likely basis of the origin of mitochondria and chloroplasts (Figure 16.17B), with mitochondria evolving first. The ancestral mitochondria may have been small heterotrophic prokaryotes, and similarly, the ancestral chloroplasts may have been small photosynthetic prokaryotes.


D.
Several lines of evidence support the endosymbiotic hypothesis. Mitochondria and chloroplasts are similar in size and shape to prokaryotes and include bacterial-type DNA, RNA, and ribosomes. These organelles replicate in eukaryotic cytoplasm in a manner resembling binary fission. The inner, but not the outer, membranes of these organelles contain enzymes and electron transport molecules characteristic of prokaryotes, not eukaryotes.



NOTE: Endosymbiosis is common today among protists and/or prokaryotes.


E.
Evidence from RNA gene analysis indicates that eukaryotic mitochondria are closely related to alpha proteobacteria and that chloroplasts are most closely related to cyanobacteria. Eukaryotes may have obtained a nucleus from an endosymbiotic relationship with an ancient archaeal cell. Still, other evidence indicates that horizontal gene transfer may have played a significant role in the acquisition of the eukaryotic genome.

Module 16.18 Protists are an extremely diverse assortment of eukaryotes.


A.
Protists are diverse and likely represent several kingdoms within Domain Eukarya. Protists are found in all habitats but are most common in aquatic environments (Figure 16.18).


B.
As a group, protists are nutritionally diverse. Photosynthetic protists are referred to as “algae,” a term with no taxonomic meaning. Another useful (but informal) term describing a protist is protozoan. Protozoa are heterotrophs that eat bacteria and other protists. Still other protists are fungus-like, obtaining their nutrients by absorption.


C.
Protists are more complex than prokaryotes because they are eukaryotes and have all the complexity of any plant or animal cell: a nucleus, organelles, cilia, and flagella with the typical 9 1 2 microtubule pattern.


D.
In spite of the protists’ complexities, they are still considered the simplest eukaryotes, as most are single-celled organisms.


E.
In the survey that follows, protists’ taxonomic groups are presented based on the most current information obtained from molecular and cellular studies.

Module 16.19
A tentative phylogeny of eukaryotes includes multiple clades of protists.


A.
Like all scientific inquires, the phylogenic studies of protist is a work in progress. The phylogenetic tree shows the Kingdoms for plants, animals, fungi, and the groups that were once part of the Protista kingdom (Figure 16.19).


B.
Ignore the complexity of the figure, and recognize the evolutionary relationships that are represented for the protists.

Module 16.20
Diplomonads and euglenozoans include some flagellated parasites.


A.
Diplomonads contain two nuclei and multiple flagella and are considered the most ancient living eukaryotic lineage. Giardia intestinalis is a good example of this group (Figure 16.20A). What makes Giardia particularly interesting is its lack of mitochondria. Drinking water contaminated with Giardia without boiling it first will lead to intestinal cramps and severe diarrhea.


B.
Euglenozoans are a multiform clade containing photosynthetic autotrophs, heterotrophs, and pathogenic parasites. A pathogenic parasite in this group is the Trypanosoma (Figure 16.20B). It is spread by a bite from the tsetse fly and causes African sleeping sickness. Trypanosomes escape a host’s immune response by frequently changing the molecular structure of the cell membranes (a process called antigenic variation).

Module 16.21
Alveolates have sacs beneath the plasma membrane and include dinoflagellates, apicomplexans, and ciliates.


A.
This clade of protists, called alveolates, has a membrane-bound sac under the plasma membrane.


B.
Dinoflagellates are uniquely shaped phytoplankton, found in both fresh and marine water, and move by two flagella in perpendicular grooves (Figure 16.21A). Some dinoflagellates are responsible for toxin-releasing blooms in warm coastal waters that are known as red tides. The toxins can cause extensive fish kills and can be harmful to humans.


C.
Apicomplexans have an apical structure designed to penetrate the host, and some are parasites that can cause serious human disease. Plasmodium is an apicomplexan that is the cause of malaria, a parasitic infection afflicting approximately 300 million people with about 2 million deaths each year. Plasmodium species are spread by mosquitoes; reproduce inside red blood cells; and cause the cells to lyse, resulting in fever and severe anemia (Figure 16.21B).


D.
Ciliates are the third group in the alveolates. They are a very diverse group that uses cilia for movement and for feeding. Most are free swimming, including the very common Paramecium. Unique to ciliates is that they have a macronucleus that performs the daily functions of the cell and micronuclei involved in reproduction. The species Stentor has a macronucleus that looks like a string of beads (Figure 16.12C).

Module 16.22
Stramenopiles are named for their “hairy” flagella and include water molds, diatoms, and brown algae.


A.
Stramenopiles are a group of protists that have flagella covered with many hair-like projections. Each hairy flagellum is associated with a smooth flagellum. This group includes heterotrophs and certain algae.


B.
Water molds are not fungus, although they were originally classified as fungus (Figure 16.22A). They decompose dead plants and animals much like fungus and can be parasitic to fish. Downy mildew is a plant parasite related to water molds and caused the potato blight famine in Ireland during the mid 1800s.


C.
Diatoms are unicellular, with uniquely shaped and sculptured silica walls. They are common components of watery environments (Figure 16.22B). In terms of being a food source, diatoms are to marine animals as plants are to land animals. Fossilized diatoms make up thick sediments of diatomaceous earth, which can be used either for filtering or as an abrasive.


D.
Brown algae are the largest algae. Most species of brown algae are marine, all are multicellular, and the brown color is due to pigments in the chloroplast. Brown algae (along with red and green algae) are commonly referred to as seaweed. Brown algae are used as a food in some cultures. Large underwater forests of brown algae are called kelp (Figure 16.22C). Kelp can grow up to 100 meters and have the appearance of true plants but lack the typical plant structures. Kelp forests are used as feeding grounds by many marine species.

Module 16.23
Amoebozoans have pseudopodia and include amoebas and slime molds.


A.
Amoebas move and feed by means of pseudopodia. Molecular analysis reveals that amoebas cross many taxonomic groups. Therefore, this section will cover only the amoebozoans. This group includes free-living and parasitic amoebas, and the slime molds. All members of this group have lobe-shaped pseudopodia (singular, pseudopodium).


B.
Amoebas capture their prey by encasing them in their pseudopodia and engulfing them into food vacuoles (Figure 16.23A; see Module 4.11). One species of parasitic amoebas can cause dysentery, which kills approximately 100,000 people each year.


C.
Plasmodium slime molds are brightly colored, multinucleated, branched, single-celled organisms that are commonly found anywhere there is decaying organic matter. The branching pattern seen in Figure 16.23B increases the surface area. Cytoplasmic streaming is used to distribute nutrients and can be seen under a microscope. When growing conditions are not optimal, the plasmodium differentiates into spores. When conditions are again favorable the spores release (haploid) cells that fuse to form (diploid) zygotes, and the life cycle continues (review Module 8.14).


D.
Cellular slime molds are amoeboid cells that feed on bacteria in rotting vegetation. The three stages of the Dictyostelium life cycle are depicted in Figure 16.23C. Usually Dictyostelium exists as amoebas, but when the food supply runs out, the individual cells mass into a slug-like, multicellular aggregate. The slugs wander about for a short time; then some cells form a stalk, while others form reproductive spores above. Because Dictyostelium has a simple developmental sequence, it has played a role in determining the genetic mechanisms and chemical changes of cellular differentiation.

Module 16.24 Red algae and green algae are the closest relatives of land plants.


A.
Molecular evidence (and other evidence) supports the following phylogenetic scenario:


1.
More than 1 bya, a heterotroph developed a symbiotic relationship with a cyanobacterial cell.


2.
The descendents of this cell evolved into the red and green algae.


3.
Another endosymbiosis of red algae led to the alveolates and the stramenopiles.


4.
Approximately 475 mya, green algae ancestors gave rise to the land plants.


B.
Red algae are most common in tropical marine waters. Most are soft-bodied, but encrusted species are important in building coral reefs (Figure 16.24A). The red color in red algae comes from accessory pigments that mask the green color of chlorophyll.


C.
The green algae are common inhabitants of fresh water and include a large variety of forms. Green algae can be either unicellular such as Chlamydomonas or multicellular such as Volvox (Figure 16.24B). Some multicellular green algae are large enough to qualify as seaweed.


D.
The reproductive pattern of some algae (for example ulva, sea lettuce) involves alternation of generations, alternating between haploid gametophytes that give rise to gametes directly by mitosis and diploid sporophytes that give rise to flagellated spores by meiosis (Figure 16.24C).

Module 16.25
Multicellularity evolved several times in eukaryotes.


A.
Single-celled protists are more complex than prokaryotes and, thus, are more diverse in form. The next big breakthrough in structural organization came when multicellular organisms developed.


B.
Most multicellular organisms, including seaweed, slime molds, fungi, plants, and animals, are characterized by the differentiation of cells that perform different activities within one organism.


C.
A hypothetical scenario for the evolution of a multicellular plant or animal from an early protist is presented below:


1.
Formation of ancestral colonies, with all cells the same.


2.
Specialization and cooperation among different cells within the colony.


3.
Differentiation of sexual cells from the somatic cells (Figure 16.25).


D.
Multicellular organisms develop from a single cell (zygote) and contain all the genetic information necessary to develop all the other cells of the organisms. A good example of colonial protists that display specialized cells is Volvox. Truly multicellular organisms have a wide array of specialized cells for waste removal, nutrient acquisition, reproduction, gas exchange, protection, and structural maintenance.


E.
There are three distinct eukaryotic lineages that led to multicellular organisms:


1.
One that led to brown algae.


2.
One that led to fungi and animals.


3.
One that led to red and green algae and plants.


F.
Through the use of fossil records and molecular techniques, the earliest multicellular eukaryotes are thought to have been present on Earth about 1.2 billion years ago.


G.
The fossil records indicate an abundance of multicellular organisms (red algae and invertebrates) dating from 600 mya. These organisms were red algae and animals resembling corals, jellyfish, and worms. Other kinds of multicellular algae probably existed as well, but their remains are yet to be found in the fossil record.


H.
A mass extinction occurred between the Precambrian and Paleozoic eras. Up until 500 mya, life was aquatic and represented by diverse animals and multicellular algae, along with ancestral protists and prokaryotes. Around 500 mya, life began to move onto land as green algae. The next chapter traces the evolution of plants.

