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Chapter 1
Humans and the Microbial World

Chapter Overview

This chapter introduces microbiology with a discussion of some of the major events that have been important in the development of this field of study, including a timeline. The origin and discovery of microorganisms is explored, and the roles of microorganisms in the natural world are discussed, including the ways that microbes can both benefit and cause harm to humans. The concept of two cell types (prokaryotic and eukaryotic) is introduced, and the scale of microbe size is discussed. The three domains are described, and various kinds of microorganisms included in each domain are detailed. The non-living acellular infectious agents (viruses, viroids, prions) are also presented. Proper scientific naming of microorganisms is covered. 
Section 1.1 The Dispute Over Spontaneous Generation

Experiments

The discovery of microorganisms in various specimens raised an interesting question: “Where did these microscopic forms originate?” This section details several major experiments that were carried out by scientists in an effort to answer the question, including:

· Francesco Redi, who placed meat in jars and observed the development or lack of development of maggots. His experiments led him to conclude that spontaneous generation—life arising from non-living matter—was false.

· John Needham, who boiled broth but observed microbes in it within a few days, even if the flasks used in the work were sealed with cork. He concluded that the work proved spontaneous generation.
· Lazzaro Spallanzani, who repeated Needham’s broth boiling experiments but boiled broth for longer, and sealed his flasks by melting the necks closed, after which the broth remained microbe-free. He concluded that his work disproved spontaneous generation. Critics observed that sealed flasks lacked “vital force” (oxygen).

· Louis Pasteur, who boiled broth but used swan-necked flasks that were left open at the neck. After boiling, the broth remained sterile unless the flasks were tilted and broth ran into the u-bend of the neck. Pasteur’s work led to the theory of biogenesis —life comes from previous life.

· John Tyndall and Ferdinand Cohn, who discovered the existence of endospores that can resist boiling. 

Scientific Method 

The experiments of Pasteur are used in this chapter to introduce students to scientific method, walking them through the steps that are taken in the process of science. These are:
· Making an observation about something and asking a question about that situation. 

· Developing an explanation and then devising an experiment that tests the explanation (testing an hypothesis). 

· Doing the experiment, collecting the data, and drawing a conclusion. 

· Communicating the methods, results, and conclusions. 

The Golden Age of Microbiology

This subsection briefly describes the time during which microbiology blossomed as a science; the accompanying figure highlights some of the important developments during this period, including the germ theory of disease, Koch’s postulates, development of the first antimicrobial medications and vaccination, among others. Details on these developments are highlighted in the Glimpse of History in subsequent chapters.
Learning Outcomes for Section 1.1
At the end of this section, students should be able to:

1. Describe the key experiments of scientists who disproved spontaneous generation

2. Explain how the successful challenge to the idea of spontaneous generation led to the Golden Age of Microbiology.

3. Describe the scientific method, using Pasteur’s swan-necked flask experiment as an example.

Examples of Critical Thinking Questions for Section 1.1
Critical thinking questions include:
· Describing how Pasteur’s experiment that disproved the idea that a “vital force” in air was responsible for spontaneous generation.
· Discussing why scientists must repeat the experiments of others

Section 1.2 Microbiology: A Human Perspective

The enormous impact the microorganisms have on humans is covered in this section. Normal microbiota, the Human Microbiome Project and the National Microbiome Initiative (U.S. government program started in 2016 that supports research on the microbiomes of humans as well as those of our surrounding environment) are introduced. 

The benefits of microbes are discussed, including food production, biodegradation, biotechnology, commercial products, and microbes as research tools. The detrimental effects of microbes, including pathogens and disease, are also covered. The elimination of smallpox, and significant reduction of plague and polio cases are used to highlight how microbiological progress has led to improvement of human health. The subsection concludes with a description of emerging infectious diseases, including drug-resistant tuberculosis, Zika congenital syndrome, Ebola virus disease,  HIV/AIDS, and MERS, among others.
Learning Outcomes for Section 1.2
At the end of this section, students should be able to:

4. Explain the importance of microorganisms in the health of humans and the surrounding environment.

5. List three commercial benefits of microorganisms.
6. Describe why microorganisms are useful research tools.
7. Describe the role of microbes in disease, including examples of past triumphs and remaining challenges.
Examples of Critical Thinking Questions for Section 1.2
Critical thinking questions for this section include:

· Describing two microbial activities essential to life and three that make our lives more comfortable.

· Describing three factors that cause certain infectious diseases to become more common.
· Discussing why would it seem logical, even inevitable, that at least some bacteria would attack the human body and cause disease?

Section 1.3 Members of the Microbial World
The section includes a Focus Figure, which is used to introduce to students members of the microbial world, including those in the domains Bacteria, Archaea and Eukarya, as well as the non-living agents: viruses, viroids and prions. Prokaryotes are single-celled organisms that do not have a membrane-bound nucleus. The genetic material is found in a region of the cell called the nucleoid. Bacteria are in a separate domain because they possess a cell wall of peptidoglycan, a compound unique to this group. Archaea also have a cell wall, but it is not composed of peptidoglycan. Eukaryotes may be single-celled or multicellular, and have a “true” membrane-bound nucleus in which the genetic material is contained. Members of the Eukarya include fungi, algae, protozoa and also the helminths. Characteristics of members of each domain are summarized in this section. 
The comparative sizes of non-living agents, microbes and other organisms are illustrated on a figure.  This section also covers scientific naming of microorganisms, covering the use of genus, species and strain.

Learning Outcomes for Section 1.3

At the end of this section, students should be able to:

8. Compare and contrast characteristics of members of the Bacteria, Archaea, and Eukarya.

9. Explain the features of an organism’s scientific name.
10. Compare and contrast the algae, fungi, and protozoa.
11. Compare and contrast viruses, viroids, and prions.
Examples of Critical Thinking Questions for Section 1.3

Critical thinking questions for this section include:

· Describing the chemical composition of viruses, viroids, and prions.

· Discussing the following scenario: A microbiologist obtained two pure biological samples: one of a virus, and the other of a viroid. Unfortunately, the labels had been lost. The microbiologist felt she could distinguish the two by analyzing for the presence or absence of a single molecule. What molecule would she search for and why?

Focus on a Case
The case presentation in chapter 1 discusses an opportunistic C. diff. infection that developed after antibiotic treatment, focusing on the role of a fecal transplant in resolving the infection!
Digital Case Studies

1. Spontaneous Generation Debate—examines the experiments involved in resolving this debate.

2. Zika Preparedness Plan—discusses how preparedness and a robust response program will limit the effects of Zika virus, and ensure proper screening, diagnosis and medical care of infected people.
3.  C. difficile Infection—examines a CDI resulting from taking antibiotics for a tooth infection.
Focus on the Future

The Focus box gives more information on the Human Microbiome Project and the National Microbiome Initiative. The microbiome project is a good topic for additional student research.
Focus Your Perspective

This box describes some interesting microbes that are exceptions to the generally accepted information on microbial size.

Additional ideas for classroom discussion/ homework assignments

· As an ice-breaker in the class, after introducing students to various ways microbes are both helpful and harmful to us, break them into small groups and have them create a chart giving specific examples of each.

· Students are fascinated by the microbiome. Although the microbiome is covered more fully in subsequent chapters, this is a good place to expand a little on the current research etc.  A good place to look for easy-to-read articles on the microbiome is https://www.sciencenews.org/search?st=microbiome. Download specific articles to give to your students, or direct them to this website and ask them to locate articles of interest. Alternatively, there are several excellent TED talks on YouTube on the microbiome.
· Scientific method is of key importance. After discussing Pasteur’s experiment in terms of scientific method, have student design a simple experiment to show their understanding of the concepts. A good topic for this would be a simple handwashing experiment. The digital case study in the question bank for chapter 5 presents a simple handwashing experiment – use it as a resource for you, or have students do that case study.
· The digital case study in the question bank for chapter 2 directs students through reading a scientific abstract. This is a good homework exercise for reinforcing the scientific method.
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