Chapter 27

Prokaryotes

Teaching Objectives

Structural, Functional, and Genetic Adaptations Contribute to Prokaryotic Success

 1.
Explain why it might be said that the history of life on Earth is one long “age of prokaryotes.”

 2.
Explain why prokaryotes are unable to grow in very salty or sugary foods, such as cured meats or jam.

 3.
State the function(s) of each of the following prokaryotic features:

a.
capsule

b.
fimbria

c.
sex pilus

d.
nucleoid

e.
plasmid

f.
endospore

 4.
Describe how prokaryotes carry out cellular respiration when they lack compartmentalized organelles such as mitochondria.

 5.
List the three domains of life.

 6.
Describe the structure, composition, and functions of prokaryotic cell walls.

 7.
Distinguish the structure and staining properties of gram-positive bacteria from those of gram-negative bacteria.

 8.
Explain why disease-causing gram-negative bacterial species are generally more deadly than disease-causing gram-positive bacteria.

 9.
Explain how the organization of prokaryotic genomes differs from that of eukaryotic genomes.

10.
Describe the evidence of parallel adaptive evolution found in Lenski’s experiments on E. coli.
Nutritional and Metabolic Diversity

11.
Distinguish, with prokaryotic examples, among photoautotrophs, chemoautotrophs, photoheterotrophs, and chemoheterotrophs.

12.
Distinguish among obligate aerobes, facultative anaerobes, and obligate anaerobes.

13.
Explain the importance of nitrogen fixation to life on Earth.

14.
Describe the specializations for nitrogen fixation in the cyanobacterium Anabaena.
A Survey of Prokaryotic Diversity

15.
Explain why new assays for prokaryotic diversity that do not require researchers to culture microbes have been so fruitful.

16.
Explain why some archaea are known as extremophiles. Describe the distinguishing features of methanogens, extreme halophiles, and extreme thermophiles.

The Ecological Impact of Prokaryotes

17.
In general terms, describe the role of chemoheterotrophic and autotrophic prokaryotes in the cycling of chemical elements between the biological and chemical components of ecosystems.

18.
Describe the mutualistic interaction between humans and Bacteroides thetaiotaomicron.

19.
Distinguish among mutualism, commensalism, and parasitism. Provide an example of a prokaryote partner in each type of symbiosis.

20.
Distinguish between exotoxins and endotoxins and give an example of each.

21.
Describe the evidence that suggests that the dangerous E. coli strain O157:H7 arose through horizontal gene transfer.

22.
Define bioremediation. Describe two examples of bioremediation involving prokaryotes.

Student Misconceptions

1.
Many students simply do not appreciate the ubiquity, importance, and metabolic sophistication of prokaryotes. It is important to emphasize what recent findings have taught us about these abundant and capable organisms: that they live everywhere, that they are metabolically, structurally, and biochemically diverse, and that their biomass is an order of magnitude greater than the biomass of eukaryotes.

2.
Emphasize to students how much is still unknown about the living world in general, and about prokaryotes in particular. Students often greatly overestimate the extent to which humans are capable stewards of life on Earth. Until the recent development of genetic prospecting techniques and the discovery of huge numbers of prokaryotes living deep underground, we did not even know of the existence of the majority of living biomass.

3.
Discuss with your students that animal life—in fact, all life—is completely dependent on the metabolic activities of prokaryotes. Prokaryotes lived and evolved alone on Earth for well over a billion years. Eukaryotes would likely not survive a year in the absence of prokaryotes.

4.
For many students, the terms bacteria and prokaryote are synonymous. Make sure that you call students’ attention to the important differences between archaea and bacteria, differences that are far more basic than those between animals and plants. Ensure that your own use of the term bacteria is accurate and consistent.

5.
Many students think of evolution as progressive, and view multicellular eukaryotes as “advanced” and thus far more capable than prokaryotes. Refer to this misconception when introducing nitrogen-fixing cyanobacteria as the most self-sufficient of all organisms, requiring only light energy, CO2, N2, water, and some minerals to grow. With very few exceptions, all metabolic pathways evolved in prokaryotic organisms. Prokaryotes are far more metabolically diverse than eukaryotes.

Further Reading

Gould, Stephen Jay. 1996. The planet of the bacteria. The Washington Post, November
13 (available at http://www.stephenjaygould.org/library/ gould_bacteria.html).
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Word Roots

an- = without, not; aero- = the air (anaerobic: lacking oxygen; referring to an organism, environment, or cellular process that lacks oxygen and may be poisoned by it)

anti- = against; -biot = life (antibiotic: a chemical that kills bacteria or inhibits their growth)

bi- = two (binary fission: the type of cell division by which prokaryotes reproduce; each dividing daughter cell receives a copy of the single parental chromosome)

chemo- = chemical; hetero- = different (chemoheterotroph: an organism that must consume organic molecules for both energy and carbon)

endo- = inner, within (endotoxin: a component of the outer membranes of certain gram-negative bacteria responsible for generalized symptoms of fever and ache)

exo- = outside (exotoxin: a toxic protein secreted by a bacterial cell that produces specific symptoms even in the absence of the bacterium)

-gen = produce (methanogen: microorganisms that obtain energy by using carbon dioxide to oxidize hydrogen, producing methane as a waste product)

halo- = salt; -philos = loving (halophile: microorganisms that live in unusually highly saline environments such as the Great Salt Lake or the Dead Sea)

mutu- = reciprocal (mutualism: a symbiotic relationship in which both the host and the symbiont benefit)

-oid = like, form (nucleoid: a dense region of DNA in a prokaryotic cell)

photo- = light; auto- = self; -troph = food, nourish (photoautotroph: an organism that harnesses light energy to drive the synthesis of organic compounds from carbon dioxide)

sym- = with, together; -bios = life (symbiosis: an ecological relationship between organisms of two different species that live together in direct contact)

thermo- = temperature (thermophiles: microorganisms that thrive in hot environments, often 60–80°C)
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