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Chapter 1 A Brief History of Microbiology
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Fill in the Blanks


1.
Martinus Beijerinck and Sergei Winogradsky


2.
Louis Pasteur and Eduard Buchner


3.
Paul Ehrlich


4.
Edward Jenner


5.
John Snow


6.
Robert Koch


7.
John Snow


8.
Louis Pasteur


9.
Louis Pasteur
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Visualize It!

1.
1. cilium; 2. flagellum; 3. pseudopod; 4. nucleus


2.
Microbes were only in the dust in the lowest portion of the swan neck tube.
Short Answer


1.
The theory of spontaneous generation hindered the development of the field of microbiology because the theory seemed to explain observed phenomena such as food spoilage, so further investigations were not made. Leeuwenhoek’s microscopic observations 
revealed previously unseen microorganisms and advanced interest in microbiology.


2.
Spallanzani’s flasks contained sterilized nutrients but were sealed from air, whereas 
Pasteur’s flasks had sterilized nutrients in flasks with curves (“swan-necked” flasks), which allowed air to enter but trapped microorganisms that fell in the tube. Although Pasteur’s controlled investigation provided all the environmental and nutritional requirements for life to arise spontaneously, the flasks remained sterile. This settled the dispute.


3.
Six types of microorganisms: archaea, bacteria, protozoa, fungi, algae, and worms.


4.
Leeuwenhoek’s investigations changed the world by revealing the presence of microorganisms. Subsequent investigations were directed at microorganisms, their taxonomy, their effect on disease, disease control, and so on; and the result not only is of academic interest but also affects the quality and duration of human life.


5.
Macroscopic tapeworms are studied in microbiology because their eggs and infective stages are microscopic and because of historical tradition.


6.
“The Golden Age of Microbiology” was a 50-year period during which scientists searched for the answers to four questions: (1) Is spontaneous generation of microbial life possible? (2) What causes fermentation? (3) What causes disease? (4) How can we 
prevent infections and disease? Applying the scientific method to their investigations, 
biologists pioneered discoveries in disciplines such as industrial microbiology, genetics, environmental microbiology, antiseptic medical technology, serology, immunology, and chemotherapy. The season of discovery was “golden” to the field of microbiology.


7.
Today, microbiological investigations are propelled by four major questions: (1) What are the basic chemical reactions of life? (2) How do genes work? (3) What roles do microorganisms play in the environment? (4) How do we defend against disease?


8.
Pasteur’s fermentation experiments followed the scientific method. (1) Pasteur observed Needham’s investigations and questioned the source of microorganisms. (2) He hypothesized that dust in the air contained microbes that would reproduce in nutrient broth. (3) His experimental design (with controls) included heated infusion in “swan-necked flasks,” which remained free of dust and therefore microbes unless the flasks were tilted to allow the infusion to touch the dust in the curve of the flask. Those flasks that were tilted showed microbial life. (4) Based on the results, Pasteur concluded that microbes in the infusion were not spontaneous but rather were descendants of microbes in the air or on dust particles.


9.
Koch’s postulates are: (1) The suspected causative agent must be found in every case of the disease and be absent from healthy hosts. (2) The agent must be isolated and grown outside the host. (3) When the agent is introduced to a healthy, susceptible host, the host must get the disease. (4) The same agent must be re-isolated from the diseased experimental host. These postulates are significant because when they are satisfied, the cause of an infectious disease is proven.

10.
HAI is an acronym for healthcare-associated infections (formerly called nosocomial infections). These terms refer to infections acquired in a healthcare setting. Their frequency emphasizes the need for good hygiene in healthcare facilities.
Critical Thinking


1.
Koch would have been extremely frustrated by attempts to identify the agents of viral diseases. Methods to detect viruses did not exist, and the means to grow viruses in the laboratory had not been developed. His initial success with anthrax provided the basis for the development of his postulates, for the bacteriologic methodology his laboratory 
devised, and for his renown. Had Koch pursued viral diseases, his lifetime accomplishments would have been greatly reduced: fewer etiologic agents would have been identified, and doubt would have been cast on the power of his postulates.


2.
Under the influence of Pasteur’s and Koch’s work, the Germ Theory of Disease had 
become widely accepted in the early 1900s, and the prevailing belief in the scientific community was that microorganisms caused all diseases. In this atmosphere, explanations for disease that did not involve microbial infection were ridiculed. Biochemistry was a very young science, and metabolism was just beginning to be investigated. 
Although Funk’s interpretation of his observations was correct, he could not provide a mechanism for how polished rice might promote disease.


3.
Checking for the presence of H. influenzae in a large number of diagnosed cases of flu would likely have cast doubt on the conclusion that H. influenzae was the cause of flu. In some cases, H. influenzae is not present, and thus Koch’s first postulate would not be satisfied. In addition, H. influenzae can be found in the upper respiratory tract of people who do not have flu, inconsistent with the first postulate. Further, inoculation of H. influenzae into an experimental organism would not have produced flu, violating the third postulate.


4.
The relatively low temperature used in pasteurization is not high enough, nor is heating long enough in duration to destroy bacterial endospores or fungal spores. Any such 
contaminants would have a chance to germinate and ferment the milk over winter break.


5.
Pour the milk into sterile containers through a filter that will trap bacteria, endospores, and spores, and then incubate in a sterile chamber or in a chamber with filtered vents that allow air exchange but no microbial entry. If the sterile milk remains sterile, then spontaneous generation did not occur.


6.
Identifying cholera cases in persons who visited the Broad Street area only during the day would demonstrate that nocturnal exposure to “fermented vapors” was not the source of cholera.


7.
Redi showed that flies laid eggs that hatched onto larvae on meat by covering jars of meat with gauze upon which the events took place. Needham’s experiments with boiled infusions and gravy in sealed containers suggested that microbes arise spontaneously, but Spallanzani repeated Needham’s experiments more rigorously and concluded that spontaneous generation of microorganisms does not occur. The absence of air exchange in Spallanzani’s experiments caused some doubt about his conclusions. Pasteur demonstrated the growth of microorganisms in supposedly sterile infusions in swan-necked flasks, which remained sterile unless contaminated with nonsterile dust.


8.
There are a number of possible answers, including infection control (hygiene and the control of disease in health care settings); bioremediation (the use of microbes to remove pollutants); pharmaceuticals (design and development of medications for infectious disease), clinical microbiology (testing for microbes and their products in the clinical setting) and recombinant DNA technology (the alteration of microbial genes to synthesize useful products).

9.
Algae have simple nutritional requirements (carbon dioxide, water, light, a few salts) that are easily obtained from the environment; therefore, they do not need to obtain nutrients from other living things.
10.
Buchner’s experiments demonstrated that intact living cells were not required for fermentation of sugars. Had the experiments been done in the 1850s, prior to Pasteur’s experiments on spontaneous generation, one argument for spontaneous generation (the appearance of yeast cells in fermenting sugar solutions) would have been weakened. Spallanzani’s results might have been more widely accepted as demonstrating that spontaneous generation does not occur. When scientists accepted that animals do not arise from spontaneous generation, they might have been less likely to exempt microorganisms.
11.
Many bacteria are very small and may be easily overlooked during examination with a light microscope. In contrast, Koch’s method allows a single microbe to reproduce into a much more visible population of cells—a colony—which is less likely to be overlooked. In addition, many microorganisms, especially pathogens, have stringent nutritional requirements; dilution in standard growth medium might be harmful to the microbes and therefore prevent their detection.
12.
Koch’s postulates are not useful in determining the cause of diseases that are not infections (e.g., Down syndrome, lung cancer). Some diseases (e.g., cholera) occur only under specific conditions (high numbers, specific genetic component), so the microbes may be present in asymptomatic persons, and Koch’s first postulate is not met. Disease caused by microorganisms that are infectious only in humans is difficult to prove by Koch’s postulates because ethical considerations prohibit deliberate exposure of humans to potential harm (e.g., HIV/AIDS), preventing the third postulate from being applied. Some syndromes are common to a variety of microbes (e.g., pneumonia), so identifying a single causative agent is not possible (first postulate again). Alzheimer disease may be a physiologic/genetic disorder and not suitable for the application of Koch’s postulates, or it may be a syndrome caused by a nonliving agent (prion), which also precludes application of the postulates.
13.
Kluyver was referring to the metabolism/biochemistry common to all cellular life on the planet, regardless of the number of cells per organism or size. The statement can be 
extended to shared cellular structures as well.
14.
Nitrogen compounds (NO3, NO2, NH3, etc.) are often a limiting resource for growing plants, but nitrogen gas (N2) is abundant in the air. Beijerinck’s discovery that some bacteria can convert nitrogen gas to nitrogen compounds is important to the cultivation of these grains. It may be possible to (1) introduce into the soil bacteria capable of converting N2 to organic forms of nitrogen, (2) create soil conditions that promote the growth of such bacteria, and/or (3) genetically modify crop plants with bacterial genes to convert nitrogen gas for themselves.
Answers to Clinical Case Studies


Chapter 1 A Brief History of Microbiology

Clinical Case Study: Remedy for Fever or Prescription 
for Death? (p. 16)

1. Unknown to the people of that era, mosquitoes rarely migrate farther than one mile from their original birthplace. Many of the affluent (wealthy Philadelphians) who left the city for their countryside estates simply did not experience the epidemic. They had little or no direct exposure to infected mosquitoes. Yellow fever is not passed from one human to another (contagious).

2. Early American settlers believed the cold weather somehow purified the air and exposing themselves and even furniture to the frost was purifying. In a way, this principle was correct in that the frost may have killed the live infected mosquitoes. However, as the dormant infected larva began to hatch the following year, the epidemic reoccurred in other nearby areas.

Clinical Case Study: Can Spicy Food Cause Ulcers? (p. 21)

1. To determine if a microbe caused ulcers, Dr. Koch would: (a) examine several cases of stomach ulcer to see if the same microbe appears to be present in all cases; (b) collect a sample and isolate a culture of the microbe in the laboratory; (c) introduce the microbe into a willing subject and observe whether an ulcer develops; and (d) if an ulcer develops in the test subject, he would collect a new sample from the test subject and verify it is the same microbe introduced into the subject.
2. The lack of nuclei indicates these microbes are prokaryotes.

3. The cells are pink in color; therefore, they are Gram-negative
Answers to Micro in the Clinic 
Follow-Up Questions
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Micro in the Clinic Follow-Up: Too Much Cake, or Something Worse? (p. 22)

1.
Dr. Andrews observed Patty’s signs and symptoms, then formulated the hypothesis that her illness was caused by something she ate. He then gathered data on what she had eaten to refine the hypothesis, and determined what sample to collect and what tests on it to order. The doctor’s hypothesis of food poisoning was supported by the lab results. 

2.
Most foods in a fruit salad are washed but not cooked. A raw food item that was not properly handled could have become contaminated. The probable source of the norovirus contamination of the kitchen was the child who had been sick the previous week.
Answers to Tell Me Why Questions

Chapter 1 A Brief History of Microbiology

p. 7: Some people consider Leeuwenhoek the “Father of Microbiology.” Explain why this moniker makes sense.
Leeuwenhoek was the first person to observe microscopic organisms and describe his 
observations.
p. 17: Some people consider Pasteur or Koch to be the Father of Microbiology rather than Leeuwenhoek. Why might they be correct?
Pasteur was first in many fields of microbiology. He disproved the theory of spontaneous generation, showed that microbes could travel in air, demonstrated that yeast ferments 
alcohol anaerobically, and invented pasteurization. He also formulated the germ theory 
of disease and made significant contributions in the area of medical microbiology.

Koch and his team developed many techniques that are the foundations of modern micro-
biology, including isolation, staining, and cultivation procedures. Koch also developed the process of demonstrating the causative agent of infectious disease, and applied it to identify the causes of anthrax and tuberculosis.

p. 21: Why are so many modern questions in microbiology related to genetics?
Advances in microbial genetics have led to the development of several disciplines that are fast-growing fields, and powerful tools to ask important questions. They have also made it possible to study microbes that cannot yet be isolated and grown in the laboratory.
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The Early Years of Microbiology (pp. 2–7)

The early years of microbiology brought the first observations of microbial life and the initial efforts to organize them into logical classifications.

What Does Life Really Look Like?

Antoni van Leeuwenhoek (1632–1723), a Dutch tailor, made the first simple microscope in order to examine the quality of cloth. The device was little more than a magnifying glass with screws for manipulating the specimen, but it allowed him to begin the first rigorous examination and documentation of the microbial world. He reported the existence of protozoa in 1674 and of bacteria in 1676.

By the end of the 19th century, Leeuwenhoek’s “beasties” were called microorganisms. Today, they are also known as microbes.
How Can Microbes B
e Classified?

During the 18th century, Carolus Linnaeus (1707–1778), a Swedish botanist, developed a taxonomic system for naming plants and animals and grouping similar organisms together. Biologists still use a modification of Linnaeus’s taxonomy today.

All living organisms can be classified as either eukaryotic or prokaryotic. Prokaryotic organisms are unicellular microbes that lack a true nucleus. Eukaryotic organisms are organisms whose cells contain a nucleus composed of genetic material surrounded by a distinct membrane. Within these categories, microorganisms are further classified as follows:

· Bacteria are single-celled prokaryotes whose cell walls are composed of peptidoglycan (though some bacteria lack cell walls). Most are beneficial, but some cause disease.

· Archaea are prokaryotes whose cell walls lack peptidoglycan and instead are composed of other polymers. No archaea are known to cause disease in humans.

· Fungi are relatively large microscopic eukaryotes and include multicellular molds and single-celled yeasts. These organisms obtain their food from other organisms and have cell walls. Fungi reproduce both sexually and asexually: molds produce spores, yeasts reproduce by budding. Many are beneficial while others cause disease.
· Protozoa are single-celled eukaryotes that are similar to animals in their nutritional needs and cellular structure. Most are capable of locomotion by means of pseudopods, cilia, or flagella. Some protozoa cause disease. Most reproduce asexually, while some reproduce sexually as well.
· Algae are plant-like eukaryotes that are photosynthetic; that is, they make their own food from carbon dioxide and water using energy from sunlight. The algae include multicellular and unicellular organisms. Most have cell walls, and many produce useful chemicals including agar.
· Microbiologists also study parasitic worms, which range in size from microscopic forms to adult tapeworms several meters in length. Microscopes are important diagnostic tools for diseases caused by parasitic worms. 
· Viruses are microbes so small that they were hidden from microbiologists until the invention of the electron microscope in 1932. All are acellular obligatory parasites.

The Golden Age of Microbiology (pp. 7–17)
During what is now sometimes called the “Golden Age of Microbiology,” from the late 19th to the early 20th century, microbiologists competed to be the first to answer several questions about the nature of microbial life.

Does Microbial Life Spontaneously Generate?

The theory of spontaneous generation (or abiogenesis) proposes that living organisms can arise from nonliving matter. It was proposed by Aristotle (384–322 b.c.) and was widely accepted for almost 2000 years, until experiments by Francesco Redi (1626–1697) challenged it. In the 18th century, British scientist John T. Needham (1713–1781) conducted experiments suggesting that perhaps spontaneous generation of microscopic life was indeed possible, but in 1799, Italian scientist Lazzaro Spallanzani (1729–1799) reported results that contradicted Needham’s findings. The debate continued until experiments by French scientist Louis Pasteur (1822–1895) using “swan-necked flasks” that remained free of microbes disproved the 
theory definitively.

The debate over spontaneous generation led in part to the development of a generalized scientific method by which questions are answered through observations of the outcomes of carefully controlled experiments. It consists of four steps:

1.
A group of observations leads a scientist to ask a question about some phenomenon.

2.
The scientist generates a hypothesis—a potential answer to the question.

3.
The scientist designs and conducts an experiment to test the hypothesis.

4.
Based on the observed results of the experiment, the scientist either accepts, rejects, or modifies the hypothesis.
 Video Tutor: The Scientific Method
What Causes Fermentation?

Pasteur’s investigations into the cause of fermentation led to the discovery that yeasts are facultative anaerobes, growing with or without oxygen. He also determined that anaerobic bacteria ferment grape juice to produce acids, whereas yeast cells ferment grape juice to produce alcohol. These discoveries suggested a method to prevent the spoilage of wine by heating the grape juice just enough to kill contaminating bacteria, so that it could then be inoculated with yeast. Pasteurization, the use of heat to kill pathogens and reduce the number of spoilage microorganisms in food and beverages, is an industrial application widely used today. Pasteur’s work began the field of industrial microbiology (or biotechnology), in which microbes are intentionally manipulated to manufacture products.

In 1897, experiments by the German scientist Eduard Buchner (1860–1917) demonstrated the presence of enzymes, cell-produced proteins that promote chemical reactions such as fermentation. His work began the field of biochemistry and the study of metabolism, a term that refers to the sum of all chemical reactions in an organism.
What Causes Disease?

Prior to the 1800s, disease was attributed to various factors such as evil spirits, astrological signs, imbalances in body fluids, and foul vapors. Pasteur’s discovery that bacteria are responsible for spoiling wine led to his hypothesis in 1857 that microorganisms are also responsible for diseases, an idea that came to be known as the germ theory of disease. Microorganisms that cause specific diseases are called pathogens. Today, we know that diseases are also caused by genetics, environmental toxins, and allergic reactions; thus, the germ theory applies only to infectious disease.

Investigations into etiology, the study of the causation of disease, were dominated by German physician Robert Koch (1843–1910). Koch initiated careful microbiological laboratory techniques in his search for disease agents, such as the bacterium responsible for anthrax, and observed its resting stages, called endospores. He and his colleagues were responsible for developing techniques to isolate bacteria, stain cells, estimate population size, sterilize growth media, and transfer bacteria between media. They also achieved the first photomicrograph of bacteria, developed the Petri dish, and elucidated bacteria as distinct species. But one of Koch’s 



greatest achievements was the elaboration, in his publications on tuberculosis, of a set of steps that must be taken to prove the cause of any infectious disease. These four steps are now known as Koch’s postulates:
1.
The suspected causative agent must be found in every case of the disease and be absent from healthy hosts.

2.
The agent must be isolated and grown outside the host.

3.
When the agent is introduced into a healthy, susceptible host, the host must get the disease.

4.
The same agent must be re-isolated from the diseased experimental host.

In 1884, Danish scientist Christian Gram (1853–1938) developed a staining technique involving application of a series of dyes that leave some microbes purple and others pink. The Gram stain is still the most widely used staining technique; it distinguishes Gram-positive from Gram-negative bacteria, the two large groups of bacteria.

How Can We Prevent Infection and Disease?

In the mid-19th century, modern principles of hygiene, such as those involving sewage and water treatment, personal cleanliness, and pest control, were not widely practiced. Medical facilities and personnel lacked adequate cleanliness, and health care associated infections (HAI or nosocomial infections), those acquired in a health care facility, were rampant. Around 1848, Hungarian physician Ignaz Semmelweis (1818–1865) noticed that women whose births were attended by medical students in Vienna died at a rate 20 times higher than those whose births were attended by midwives in an adjoining wing of the same hospital. He hypothesized that “cadaver particles” from the hands of the medical students caused puerperal fever, and required medical students to wash their hands in chlorinated lime water before attending births. Mortality from puerperal fever in the subsequent year dropped precipitously.

A few years later, English physician Joseph Lister (1827–1912) advanced the idea of antisepsis in health care settings, reducing deaths among his patients by two-thirds with the use of phenol. Florence Nightingale (1820–1910), the founder of modern nursing, introduced antiseptic techniques that saved the lives of innumerable soldiers during the Crimean War of 1854–1856. She carefully documented her work, and established the first school of nursing. In 1854, observations by the English physician John Snow (1813–1858) mapping the occurrence of cholera cases in London led to the foundation of two branches of microbiology: infection control and epidemiology, the study of the occurrence, distribution, and spread of disease in humans.

The field of immunology, the study of the body’s specific defenses against pathogens, began with the experiments of English physician Edward Jenner (1749–1823), who showed that vaccination (also called immunization) with pus collected from cowpox lesions prevented smallpox. Pasteur later capitalized on Jenner’s work to develop successful vaccines against fowl cholera, anthrax, and rabies.

The field of chemotherapy, a branch of medical microbiology in which chemicals are studied for their potential to destroy pathogenic microorganisms, began when German microbiologist Paul Ehrlich (1854–1915) began to search for a “magic bullet” that could kill microorganisms but remain nontoxic to humans. By 1908, he had discovered a chemical effective against the agent that causes syphilis.

The Modern Age of Microbiology (pp. 17–21)

Since the early 20th century, microbiologists have worked to answer new questions in new fields of science.

What Are the Basic Chemical Reactions of Life?

Biochemistry is the study of metabolism. It began with Pasteur’s work on fermentation and Buchner’s discovery of enzymes but was greatly advanced by the proposition of microbiologists Albert Kluyver (1888–1956) and C. B. van Niel (1897–1985) that biochemical reactions are shared by all living things, are few in number, and involve the transfer of electrons and hydrogen ions. In adopting this view, scientists could begin to use microbes as model systems to answer questions about metabolism in other organisms. Today, biochemical research has many practical applications, including the design of herbicides and pesticides; the diagnosis of illness; the treatment of metabolic diseases; and the design of drugs to treat various disorders.

How Do Genes Work?

Microbial genetics is the study of inheritance in microorganisms. Throughout the 20th century, researchers working with microbes made significant advances in our understanding of how genes work. Investigations with microbes demonstrated that DNA is the genetic material. Other studies established that a gene’s activity is related to the function of the specific protein coded by that gene, and they determined the exact way in which genetic information is translated into a protein.

Molecular biology combines aspects of biochemistry, cell biology, and genetics to explain cell function at the molecular level. It is particularly concerned with genome sequencing. Recombinant DNA technology, also called genetic engineering, involves the manipulation of genes in microbes, plants, and animals for practical applications. For example, a human blood clotting factor is produced in the bacterium Escherichia coli, and used to treat hemophiliacs. Gene therapy is the use of recombinant DNA to insert a missing gene or repair a defective gene in human cells.

What Roles Do Microorganisms Play in the Environment?

Environmental microbiology studies the role microorganisms play in their natural environment. Bioremediation is the use of living microbes to detoxify polluted environments. Microbial communities play an essential role, for example, in the decay of dead organisms and the recycling of chemicals such as carbon, nitrogen, and sulfur. Environmental microbiologists study the microbes and chemical reactions involved in biodegradation, as well as the effects of community-based measures to limit the abundance of pathogenic microbes in the environment by sewage treatment, water purification, and other sanitation measures.

How Do We Defend Against Disease?

The germ theory of disease shows microbes can cause disease, but the body can defend itself. Although the work of Jenner and Pasteur marked the birth of the field of immunology, the discovery of chemicals in the blood that are active against specific pathogens advanced the field considerably. Serology is the study of blood serum, the liquid that remains after blood coagulates and that carries disease-fighting chemicals. Serologic studies showed that the body can defend itself against a remarkable range of diseases. Nevertheless, medical intervention is often necessary, and the 20th century saw tremendous advances in chemotherapy, including the discovery of penicillin in 1929 and sulfa drugs in 1935. Emerging diseases—ones that are diagnosed in a population for the first time, increasing in incidence, or expanding geographically—are another area of concern, as well as the development of antibiotic-resistant microbes.
What Will the Future Hold?

Among the questions microbiologists are working to answer today are the following:

(
How can we develop successful programs to control or eradicate diseases such as tuberculosis, malaria, AIDS, and Ebola?

(
What is it about the physiology of life forms known only by their nucleic acid sequences that has prevented researchers from growing them in the laboratory?
(
Can bacteria and archaea be used in new ultraminiature technologies, such as living computer circuit boards?

(
How can an understanding of biofilms—aggregates of microbial cells growing together on a surface—help us understand aspects of microbial action in preventing and curing diseases, recycling nutrients, degrading pollutants, and moderating climate change?

(
How can we reduce the threat from microbes resistant to antimicrobial drugs, particularly so called persistent cells that resist antimicrobial treatment without acquiring genetic changes?

(
Can we develop inexpensive, rapid, accurate, and simple tests for infections?

(
Can microorganisms that grow normally in the body bolster our ability to fight disease, lose weight, and maintain good mental health?

(
Can microorganisms or their genes be used to develop sustainable fuels or bioremediate synthetic chemicals?

New Media Resources

(
Connecting Concepts: The Scientific Method and Epidemiology

(
Learning Catalytics: Assess students in real time using open-ended tasks to probe student understanding.

(
ASM pre-/post-quizzes: Quiz your students on their mastery of ASM learning outcomes.

(
MicroBooster videos: Cover key concepts that some students may need to review or relearn, including Study Skills, Math, Scientific Terminology, Basic Chemistry, Cell Biology, and Basic Biology.
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