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Overview

Following an introduction involving luminescent bacteria associated with flashlight fish, the chapter gives an overview of the features of Kingdoms (Domains) Bacteria and Archaea. A brief investigation of bacteria and their reproduction is followed by a discussion of true bacteria, with representatives and human relevance of heterotrophic and autotrophic true bacteria being surveyed. Sections on composting, disease transmission, bacterial diseases, and Koch’s Postulates are included. Cyanobacteria and prochlorobacteria are explored next, and human relevance of cyanobacteria is examined. Archaebacteria are then discussed. The chapter concludes with an overview of the nature, reproduction, and human relevance of viruses, viroids, and prions.

Some Learning Goals


1.
Know the basic forms of bacteria. Explain how a prokaryotic cell differs from a eukaryotic cell and why prokaryotic organisms are difficult to classify.


2.
Learn the forms of nutrition in bacteria.


3.
Know at least 10 bacteria useful to humans and understand how they are useful.


4.
Understand the various ways in which disease bacteria are transmitted; describe how each type of disease bacterium functions in causing disease.


5.
Learn Koch’s Postulates.


6.
Know how the major groups of bacteria differ from one another in form, pigmentation, and reproduction. Also know how viruses and viroids differ from bacteria in form and reproduction.

he astonishing variety and beauty of undersea life, with representatives from all six kingdoms, have attracted the attention of snorkelers and scuba divers in ever-increasing numbers, particularly since the late Jacques Cousteau and other marine biologists added to our knowledge of this vast domain with their sophisticated investigations and color cinematography. The shallow tropical waters of the Great Barrier Reef of Australia, the Virgin Islands National Park, Hanauma Bay of Hawaii, and countless other reefs teem with brilliantly colored marine life. Scuba divers who explore the oceans at night in areas such as Indonesia’s Banda Sea, the region just north of Darwin, Australia, or Israel’s Gulf of Elat are frequently rewarded with a spectacular sight not seen by those who explore by day. They find themselves in the midst of a shimmering, constantly changing light display.

Countless numbers of lights, bright enough to read by, flicker, dart, glide slowly, or even congregate in glimmering groups. The lights come from large pouches beneath the eyes of small fish, which can turn them off at will by covering them with special folds of tissue. Unlike their deep-sea relatives, these flashlight fish, as they are called, do not produce the light within their own bodies. Instead, the light comes from thousands of microscopic, luminescent bacteria that enjoy a symbiotic, or specifically, a mutualistic, relationship with the fish.

In this instance, the fish furnish some food and oxygen to the bacteria from numerous blood vessels in the pouches, while the bacteria produce the light used by the fish not only to search for food at night but also to attract live food and to confuse predators by flashing the lights on and off while swimming in erratic patterns. Both organisms derive benefit from the relationship.

Luminescent bacteria are minor representatives of the most numerous and geologically ancient of the earth’s living organisms. Fossils of bacteria have been found in geological strata that are estimated to be 3.5 billion years old. Since fossils of the first organisms with eukaryotic cells date back “only” 1.3 billion years, bacteria are almost three times as old as any other organism known to have existed on this planet.

The approximately 5,000 species of bacteria recognized today occur in astronomical numbers in almost every conceivable natural habitat. Each gram of garden soil, for example, is estimated to contain as many as 2 billion bacteria. They are found on and in all plants and animals, in all types of soils, throughout both fresh and salt waters, in polar ice caps and bubbling hot springs, in coal and petroleum, throughout the atmosphere, in bottles of India ink, and almost anywhere else one may care to look for them.

Just how many species of bacteria there are is uncertain, since it is difficult to classify simple one-celled organisms on the basis of visible features alone. For example, a disease-causing bacterium with the scientific name of Streptococcus pneumoniae occurs in 84 known strains, all of which look alike but each of which causes a different form of pneumonia or related disease. Should each strain then be called a species? Microbiologists, who study microscopic organisms of all kinds, are not sure, but they tend to recognize clusters of strains based on what they do rather than how they look.

Although bacteria that cause disease and spoilage receive most of the publicity, more than 90% of bacterial species are either harmless or useful to humans. They are used in industry for a wide variety of purposes and are so important ecologically that life as we know it today would be vastly different without the activities of these tiny organisms. Both industrial uses and the role of bacteria in ecology are discussed in later sections.

FEATURES OF KINGDOMS (DOMAINS) BACTERIA AND ARCHAEA

All members of Kingdoms (Domains) Bacteria and Archaea have prokaryotic cells. Such cells have no nuclear envelopes, but each has a long strand of DNA, ribosomes, and membranes. In addition, there usually are small DNA fragments called plasmids present in bacterial cells. Membrane-bound organelles, such as plastids, mitochondria, dictyosomes, and endoplasmic reticulum are lacking (Table 17.1; see Fig. 17.13).

In a number of members of these two kingdoms, cells may occur in a common matrix of gelatinous material as variously shaped colonies or in the form of chains or filaments (threads), but each cell is completely independent, with protoplasmic connections between them being absent. Some species are motile (capable of independent movement), usually by means of simple flagella (whiplike tails, which often occur in pairs) that propel or pull a cell through the water. Several filamentous species exhibit a gliding motion in which the filaments glide back and forth independently or against each other, but most species are nonmotile.

Nutrition in the two kingdoms is primarily by the absorption of food in solution through the cell wall, but some bacteria are capable of obtaining their energy through chemical reactions involving various compounds or elements, while a few true bacteria, including cyanobacteria (blue-green bacteria) and chloroxybacteria, exhibit forms of photosynthesis.

Reproduction is predominantly asexual, by means of fission, a form of cell division in which one cell essentially pinches in two. Fission does not involve mitosis since there are no nuclei or other organelles. The strand of DNA duplicates itself, however, and the DNA is distributed between the two new cells originating from the parent cell. Sexual reproduction is unknown, but genetic recombination occurs in several groups. The genetic recombination is often facilitated by means of pili (minute tubes) that form connections between cells, but genetic recombination can still occur without pili between cells in close contact.

Cellular Detail and 
Reproduction of Bacteria

Although the prokaryotic cells of bacteria have no nuclear envelopes or organelles, folds of the plasma and other membranes apparently perform some of the functions of the organelles of eukaryotic cells. Ribosomes that are about half the size of those in the cytoplasm of eukaryotic cells are also present. Bacterial cells have a nucleoid, which is a single, long, very condensed DNA molecule in the form of a ring. The nucleoid is usually attached at one point to the plasma membrane. In addition, up to 30 or 40 small, circular DNA molecules called plasmids may be present. The plasmids replicate (produce duplicate copies of themselves) independently of the large DNA molecule or chromosome, and the entire complement of plasmids often consists of copies of one or, at most, very few different plasmids. The chromosome and sometimes all or part of the plasmids replicate before the cell divides (Fig. 17.1).

Unlike eukaryotic cells, bacteria do not undergo mitosis. Instead, there is an internal reorganization of material -during which the two copies of the duplicated DNA molecule migrate to opposite ends of the cell. Then, at approximately the middle of the cell, transverse walls and cell membranes are formed, dividing the cell in two. Finally, the two new cells separate and enlarge to their original size, or in some bacteria, the cells remain attached to each other in chains. This simple form of asexual reproduction, fission, is found so universally in bacteria that they were in the past called schizomycetes, which means “fission fungi” (Fig. 17.2). Bacteria, however, are not currently believed to be closely related to the fungi, as was the case when the name was originally applied.

Under ideal conditions of moisture, food supply, and temperature, a bacterium may undergo fission every 10 to 20 minutes. If a single bacterium of average size were to duplicate itself every 20 minutes for as little as 36 hours, a mass of bacteria numbering  322,981,536,679,200,000,000,000,000,000,000 and weighing 126,464,618,590 metric tons (137,438,953,472 tons) would be produced. If this mass were not compacted, its volume would exceed that of the earth. Of course, bacteria do not continue to reproduce at their maximum rate for very long due to the exhaustion of food supplies and the accumulation of toxic wastes.

Bacteria do not produce gametes or zygotes, nor do they undergo meiosis. However, at least three forms of genetic recombination occur.


1.
In conjugation, a plasmid and/or part of the DNA strand is transferred from a donor cell to a recipient cell, usually through a tiny, hollow, tubelike pilus while the two cells are in contact (Fig. 17.3). Once in the recipient cell, the DNA becomes part of the new cell. Bacterial cells are genetically different from each other, and usually only cells of different mating types undergo conjugation.


2.
In transformation, a living cell acquires fragments of DNA released by dead cells into the medium in which it occurs and incorporates them into its own cell.


3.
In transduction, fragments of DNA are carried from one cell to another by viruses (discussed toward the end of this chapter in the section entitled “Viruses”).

Size, Form, and 
Classification of Bacteria

Except for the cyanobacteria, which are discussed separately, and a few giant bacteria, which attain lengths of up to 60 micrometers, most bacteria are less than 2 or 3 micrometers in diameter, and a few of the smaller species approach 0.15 micrometer. The latter are so small that 6,500 of them arranged in a row would not quite extend across the head of a pin. Because of their small size, bacteria are not visible individually to the unaided eye and are studied in the laboratory with electron microscopes or with the highest magnifications of light microscopes.

Millions of bacteria have yet to be described and given a name. The different kinds of bacteria occur primarily in three forms: cocci (singular: coccus), which are spherical or sometimes elliptical; bacilli (singular: bacillus), which are rod shaped or cylindrical; and spirilla (singular: spirillum), which are in the form of a helix, or spiral (Fig. 17.4). Further classification is based on various visible features including, for example, development of slimy or gummy, capsule-like sheaths around cells; color; presence of hair-like or bud-like appendages; development of internal thicker-walled endospores and other cell inclusions; mechanisms of movement, including gliding movements by which threadlike groups of bacteria appear to slide back and forth lengthwise against each other; and features of colonies. Biochemical characteristics, including energy sources, cell-wall components, fermentation products, luminescence, optimum ranges of pH and temperature, oxygen relationships, amino acid sequences of proteins, and salt tolerance are also used in classification.

Some bacteria have slender flagella, usually about 5 to 10 micrometers in length, which propel them through fluid media. Others have somewhat shorter tubelike pili, which resemble flagella but do not function in locomotion. The pili apparently enable bacteria to attach themselves to surfaces or to each other, as in conjugation, which was discussed previously in the section “Cellular Detail and Reproduction of Bacteria.”

True bacteria are also grouped into two large categories based on the reaction of their cell walls to a dye. After a heat-fixed smear of cells has been stained blue-black with a violet dye, a dilute iodine solution, alcohol, or acetone is added. When so treated, some species rapidly lose their color (but absorb pink safranin dye) and are called gram-negative. Others, called gram-positive, retain most of the blue-black color. Gram’s stain, named after Christian Gram who discovered it in 1884, has many variations, but all the variations produce similar results. Other features used in classifying bacteria are indicated in the discussions that follow.

DOMAIN BACTERIA (KINGDOM BACTERIA)—THE TRUE BACTERIA

Phylum Bacteriophyta

Class Bacteriae—The Unpigmented, Purple, and Green Sulfur Bacteria

The true bacteria have muramic acid in their cell walls and are also fundamentally different from archaebacteria in their RNA bases, metabolism, and lipids. They constitute quite a heterogeneous assemblage, with most being heterotrophic (organisms that cannot synthesize their own food and therefore depend on other organisms for it).

The majority of heterotrophic bacteria are saprobes (living organisms that obtain their food from nonliving organic matter). Saprobic bacteria, along with fungi, are primarily responsible for decay and for recycling all types of organic matter in the soil. Some of their recycling activities are discussed in the section on the nitrogen cycle in Chapter 25. Other heterotrophic bacteria are parasites (living organisms that depend on other living organisms for their food).

Several parasites that cause important human diseases are discussed later in the chapter.

Autotrophic Bacteria

A few groups of true bacteria are similar to green plants in being autotrophic; that is, they are capable of synthesizing organic compounds from simple inorganic substances. Some carry on photosynthesis without, however, producing oxygen as a by-product. Included in the photosynthetic bacteria are the purple sulfur bacteria,the purple nonsulfur bacteria,and the green sulfur bacteria.The cyanobacteria (blue-green bacteria) and the chloroxybacteria,which do produce oxygen as a product of their photosynthesis, are discussed separately later in this chapter. Cells of the first two groups appear purplish, or occasionally red to brown, because of the presence of a mixture of greenish, yellow, and red pigments. Their greenish bacteriochlorophyll pigments (there are several closely related ones) are very similar to the chlorophyll a of higher plants. No plastids are present in bacteria, and their pigments are, instead, located in folds in the plasma membrane or in small, spherical bodies. During photosynthesis, the purple bacteria substitute hydrogen sulfide, the bad-smelling gas given off by rotten eggs, for the water used by higher plants. The generalized equation for the process is as follows:
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The equation for the purple nonsulfur bacteria is similar, but hydrogen from organic molecules is used instead of hydrogen sulfide. Green sulfur bacteria do use hydrogen sulfide, but their chlorophyll, called chlorobium chlorophyll, differs significantly in its chemistry from the chlorophylls of higher plants.

Other groups of bacteria are chemoautotrophic; that is, they are capable of obtaining the energy they require from various compounds or elements through chemical reactions involving the oxidation of reduced inorganic groups, such as NH3, H2S, and Fe++, or the oxidation of hydrogen gas (as discussed in the section on oxidation-reduction reactions in Chapter 10).

Chemoautotrophic bacteria include iron bacteria,which transform soluble compounds of iron into insoluble substances that accumulate as deposits (e.g., in water pipes); sulfur bacteria, which can convert hydrogen sulfide gas to elemental sulfur and sulfur to sulfate; and hydrogen bacteria, which flourish in soils where they use molecular hydrogen derived from the activities of anaerobic and nitrogen-fixing bacteria. Nitrifying and nitrogen-fixing bacteria (some of which are heterotrophic) are a group of ecologically important bacteria that are discussed, along with their roles in the nitrogen cycle, in Chapter 25.

HUMAN RELEVANCE OF THE UNPIGMENTED, PURPLE, AND GREEN SULFUR BACTERIA

Composting and Compost

Long before the existence of bacteria was known or even suspected, primitive agriculturists made rough piles of weeds, garbage, manure, and other wastes. They watched as the piles became reduced to a fraction of their original volume and changed into compost, a dark, fluffy material that conditions and enriches soil when mixed with it. Today, the compost pile is at the heart of the activities of numerous organic gardeners and farmers. With many communities instituting ordinances forbidding the burning of leaves and refuse, and with space for waste disposal becoming scarce, a significant number of cities and towns have turned to the composting of street leaves and other materials. They have found that they not only save space but also are producing a useful, ecologically compatible product (Fig. 17.5).

Because bacteria are ubiquitous, a single leaf or nonliving tissues in a pile of any size will eventually be decomposed. Ideally, however, a compost pile is 2 meters wide, 1.5 meters deep, and at a minimum, 2 meters long (6 feet wide, 4.5 feet deep, and at least 6 feet long). If the pile is of lesser length or breadth, or greater depth, the conditions that favor the breakdown of materials (created by the bacteria themselves) develop at a slower pace.

Any accumulation of household garbage, leaves, weeds, grass clippings, and/or manure may be heaped together (Fig. 17.5), and it has been demonstrated that no so-called starter culture of microorganisms is needed to initiate decomposition. Once the ever-present decay organisms have material to decompose, their numbers increase rapidly, and much heat is generated. In fact, the temperature in the center of the pile often rises to 70°C (158°F). As it rises, populations of organisms adapted to higher temperatures replace those not as well-adapted. The remains of the latter are then added to the compost. The high temperatures also kill many weed seeds and most disease organisms.

The proportion of carbon to nitrogen present in a compost pile largely determines the pace at which the microbial activities proceed, a ratio of 30 carbon to 1 nitrogen being optimal. Microbial growth stops if the proportion of carbon gets much greater, and nitrogen is lost in the form of ammonia if the ratio drops lower.

If the materials are kept moist and turned occasionally to aerate the pile, composting may be completed in as little as 2 weeks. Shredding the materials exposes much more surface area for the microorganisms to work on and speeds up the process. Composters generally avoid or keep to a minimum a few materials, such as Eucalyptus and walnut leaves, which contain substances that inhibit the growth of other plants, when the compost is intended for use as a soil conditioner or crop fertilizer. Bamboo and some types of fern fronds are particularly resistant to decay bacteria and will decompose much more slowly than other materials. Domestic cat manure may contain stages of a parasite that can infect humans, although the organism should be killed if proper composting techniques are employed. Generally, however, almost any organic materials are suitable. Although compost adds humus to the soil and improves soil structure and moisture-holding capacity, its value as a fertilizer has certain limitations. The nitrogen content of good compost is about 2% to 3%, phosphorus 0.5% to 1%, and potash 1% to 2%, as compared with 5 to 10 times those amounts in chemical fertilizers, which also require less labor to produce. Nevertheless, with the spiraling costs of chemical fertilizers, an increasing awareness of the problems accompanying their use, and greater public enlightenment concerning the accumulation and disposal of solid wastes, compost is undoubtedly destined to play a major role in pertinent agricultural practices of the future.

True Bacteria and Disease

It has been calculated that plant diseases alone cause American farmers losses of more than $4 billion per year. Although many plant diseases are caused by fungi, a number involve bacteria. Bacteria are involved in diseases of pears, potatoes, tomatoes, squash, melons, carrots, citrus, cabbage, and cotton. Bacteria also cause huge losses of foodstuffs after they have been harvested or processed. They are even better known, however, as the culprits in many serious diseases of animals and humans (Table 17.2).

Since they are so tiny and often incapable of independent movement, how are they transmitted, and what is it about their activities that causes them to fell creatures billions of times their size? We have learned much about their activities in the past century and know now that they can gain access to human tissues in a variety of ways.

Modes of Access of Disease Bacteria

Access from the Air  Every time a person coughs, sneezes, or just speaks loudly, an invisible cloud of tiny saliva droplets is produced (Fig. 17.6). Each droplet contains bacteria along with other microorganisms and a tiny amount of protein. The moisture usually evaporates almost immediately, leaving minute protein flakes to which live bacteria adhere. As normal breathing takes place, these may soon find their way into the respiratory tracts of other humans or animals, particularly if they have been confined within the air of a room. Fortunately, the natural resistance of most of those who acquire the bacteria in this way prevents the bacteria from multiplying to the point of causing a disease. When the resistance is not there, however, a number of diseases, including diphtheria, whooping cough, some forms of meningitis and pneumonia, and strep throat, can develop. Some bacteria such as anthrax require inhalation of a minimum of about 8,000 spores for the disease to develop internally in humans. 

Psittacosis, a disease carried by birds, is caused by the inhalation of chlamydias, which are exceptionally minute organisms unable to manufacture their own ATP -molecules. They are apparently energy parasites, depending on their host cells for the energy needed to carry on their own functions. Some chlamydias are transmitted sexually and in recent years have become a widespread human problem. 

Access Through Contamination of Food and Drink  
Food Poisoning and Diseases Associated with Natural Disasters. In the past, open sewers and unsanitary conditions for food preparation caused a number of bacterial diseases, including cholera, dysentery, Staphylococcus and Salmonella food poisoning, and typhoid and paratyphoid fevers, to reach epidemic proportions all over the world. Although Staphylococcus food poisoning, which is seldom fatal, is still fairly common today, developed countries now rarely see epidemics caused by other bacteria unless a -natural disaster, such as a flood or a typhoon, disrupts normal sewage disposal. The diseases are more often spread by carriers who handle food, or by houseflies.

The United States and other countries with ocean shorelines ban the harvesting of shellfish at certain times because Salmonella bacteria may multiply enough in clams and mussels to cause illness in humans who eat them—particularly if they are not well cooked. The Salmonella bacteria multiply in the intestinal tract or spread from there to other parts of the body.

Legionnaire Disease.Some bacteria are very common on algae in freshwater streams, lakes, and reservoirs. One such bacterium, Legionella pneumophila, causes Legionnaire disease, which killed 34 members of the American Legion attending a convention in a Philadelphia hotel in 1976. An estimated 50,000 Americans are infected annually by Legionnaire disease bacteria, which nearly always pass through the human digestive tract harmlessly without multiplying. On rare occasions, however, something unknown triggers their reproduction, mostly in older males who are heavy smokers or alcoholics. The results are often fatal.

Botulism. The most deadly of all known biological toxins is produced by a bacterium with the scientific name of Clostridium botulinum (Fig. 17.7). The name comes from botulus, the Latin word for sausage, since the bacterium was first discovered after people had died from eating some contaminated sausage at a picnic.

Unlike Salmonella food poisoning, botulism is not an infection but is poisoning from a substance produced by bacteria that can grow and multiply anaerobically (in the absence of oxygen) in improperly processed or stored foods. Home-canned beans, beets, corn, and asparagus, in particular, have been known to permit the development of botulism bacteria. Just 1 gram (0.035 ounce) of the toxin is enough to kill 14 million adults, and a little more than half a kilogram (1.1 pound) could eliminate the entire human race.

The bacteria, which are present in most soils, produce unusually heat-resistant spores and are likely to be present on any soil-contaminated foods. They may not be destroyed during canning unless the food is heated for 30 minutes at 80°C (176°F) or boiled for 10 to 15 minutes. They ordinarily will not grow in foods that have been preserved in brines containing at least 10% salt (sodium chloride) or in fairly acid media, such as the juices produced by most stone fruits. The toxin is absorbed directly from the stomach and the intestines, affecting nerves and muscles and causing paralysis. While some antidotes are available, they are ineffective after symptoms have become advanced.

Deaths reported from botulism in the United States reached a peak of about 25 per year in the 1930s but have declined to 5 or 6 per year since then. There is evidence that some deaths of infants due to unknown causes are actually due to botulism. For reasons that are not clear, botulism bacteria, which pass harmlessly through the digestive tracts of humans over the age of 1 year, may germinate in the intestines of infants less than a year old. About 100 cases of sudden infant death reported worldwide each year appear to have been due to botulism, and the evidence now suggests that botulism is responsible for about 5% of the 8,000 cases of sudden infant death that occur each year in the United States alone.

Access Through Direct Contact  
Syphilis and Gonorrhea. Bacteria responsible for diseases such as syphilis, gonorrhea, anthrax, and brucellosis enter the body through the skin or mucous membranes (i.e., those membranes lining tracts with openings to the exterior of the body). Both syphilis and gonorrhea are transmitted through sexual intercourse or other forms of direct contact, rarely through the use of public washroom towels or toilets. In recent years, gonorrhea has accounted for the largest number of reported cases of any communicable disease in the United States, and currently, despite increasing precautions taken by the public since the escalation of AIDS, more than 1 million Americans become infected every year. The symptoms of both syphilis and gonorrhea, which include persistent sores or discharges from the genitalia, sometimes disappear after a few weeks, leading victims to believe the body has healed itself. It is estimated that about 50% of females infected with gonorrhea at first exhibit no symptoms at all. More often than not, however, symptoms appear or reappear in different parts of the body at a later date. Because gonorrheal eye infections often occur in newborns as they pass through an infected birth tract, the United States, by law, requires a drop of antibiotic or silver nitrate solution be placed in the eyes of infants at birth. Both syphilis and gonorrhea are curable when treated promptly, but it is very important that such treatment be sought, since failure to do so can lead to sterility, blindness, and even death.

Anthrax, which is primarily a disease of cattle and other farm animals in addition to wild animals, is sometimes transmitted to humans, particularly workers in the wool and hide industries. Since September 2001, anthrax has received much publicity as an agent of bioterrorism. Like syphilis and gonorrhea, it can be effectively eliminated if treated early enough but may be fatal if allowed to progress. Brucellosis, another disease of farm animals, is occasionally transmitted to humans through direct contact or through the consumption of contaminated milk. It is sometimes called undulant fever because of a daily rise and fall of temperature apparently associated with the release of toxins by the bacteria.

Access Through Wounds  
Tetanus and Gas Gangrene. When one steps on a dirty nail or is wounded in such a way that dirt is forced into body tissues, tetanus (“lockjaw”) bacteria, which are common soil organisms, may gain access to dead or damaged cells. There they can multiply and produce a deadly toxin so powerful that 0.00025 gram (0.00000088175 ounce) is enough to kill an adult. In contrast, about 150 times that amount of strychnine is needed to achieve the same result. Control of tetanus through immunization is very effective and has become widespread. About 100 cases of tetanus are reported in the United States each year, most of the victims being intravenous drug users. Several related bacteria that gain access to the body in the same way are responsible for potentially fatal gas gangrene,which used to be feared on the battlefields in the past but is now controlled through the use of antibiotics and aseptic techniques.

Access Through Bites of Insects and Other Organisms  
Bubonic plague (the “Black Death”) and tularemia are two bacterial diseases transmitted by fleas, deerflies, ticks, or lice that have been parasitizing infected animals, particularly rodents.

Rat fleas, found on infected rats that inhabit dumps, sewers, barnyards, and ships (Fig. 17.8), acquire the bacteria for plague and then pass them on to humans through their bites. The disease has been found in ground squirrels and other rodents in the United States, particularly in the West, since 1900.

In the past, bubonic plague spread with great speed and reached devastating epidemic proportions. In 1665, in London, hundreds of thousands perished from the disease, and between 1347 and 1349, it is believed to have killed one-fourth of the entire population of Europe (about 25 million persons). Today, plague is rare in North America, but it still occasionally manifests itself in port cities of Asia, Europe, and South America. Control depends on control of rats and fleas, which are virtually impossible to eradicate entirely, and the use of vaccines, which produce immunity for about 6 to 12 months.

Tularemia is primarily a disease of animals, but infected ticks or deerflies may transmit the disease to humans through bites. It is an occupational disease of meat handlers and is fatal in 5% to 8% of the cases. Ticks, lice, and fleas may also transmit rickettsias, which cause typhus and spotted fevers. Rickettsias are extremely tiny bacteria that live within eukaryotic cells.

Mycoplasmas, referred to in the past as pleuropneumonialike organisms (PPLOs), are also minute bacteria that may be transmitted in various ways. These have no cell walls and therefore are quite plastic. They are found in many plants, in hot springs, and in the moist surfaces of the respiratory and intestinal tracts of animals and humans. They are responsible for a form of human pneumonia and for -numerous plant diseases. Like an increasing number of bacteria, they are resistant to penicillin.

Lyme disease, which was known in Europe before 1900, has spread rapidly throughout the United States since 1975 when an outbreak occurred at Lyme, Connecticut. Its arthritis-like effects are caused by a bacterium (Borrelia burgdorferi) hosted by deer and field mice. It is injected into the human bloodstream by deer ticks.

Koch’s Postulates

Since there are so many bacteria present everywhere, how can we be certain that a given bacterium obtained from an infected person is actually the organism responsible for the observed disease? Robert Koch, who was a German physician, became known during the latter half of the 19th century for his investigations of anthrax and tuberculosis. As a result of his work, Koch formulated rules for proving that a particular microorganism is the cause of a particular disease. His rules, with minor modifications, are still followed today. They have come to be known as Koch’s Postulates, and their essence is as follows:


1.
The microorganism must be present in all cases of the disease.


2.
The microorganism must be isolated from the victim in pure culture (i.e., in a culture containing only that single kind of organism).


3.
When the microorganism from the pure culture is injected into a susceptible host organism, it must produce the disease in the host.


4.
The microorganism must be isolated from the experimentally infected host and grown in pure culture for comparison with that of the original culture.

True Bacteria Useful to Humans

For many years, we controlled insect pests of food plants mostly through the use of toxic sprays. Residues of the sprays remaining on the fruits and vegetables have accumulated in human tissues, often with adverse effects, while at the same time, many organisms have become immune or resistant to the toxins. In addition, the sprays kill useful organisms, and precipitation runoff washes the toxins into streams, lakes, and oceans, harming or killing aquatic organisms.

As we have become aware of the undesirable effects of the use of toxic sprays, we have looked for alternative means of controlling crop pests. Today, many harmful pests and even weeds can be significantly limited through the use of biological controls, which are discussed in Appendix 2, and with transgenic plants, discussed in Chapter 14.

Bacillus thuringiensis and Bacillus popilliae

Three biological control bacteria have been registered for use by the U. S. Department of Agriculture. One, Bacillus thuringiensis (often referred to as Bt), has been remarkably effective against a wide range of caterpillars and worms, including peach tree borers, European corn borers, bollworms, cabbage worms and loopers, tomato and fruit hornworms (Fig. 17.9), tent caterpillars, fall webworms, leaf miners, alfalfa caterpillars, leaf rollers, gypsy moth larvae, and cankerworms.

The bacteria, which are easily mass-produced by commercial companies, are sold in the form of a stable, wettable dust containing millions of spores. When the spores are sprayed on food plants, they are harmless to humans, birds, animals, earthworms, or any living creatures other than moth or butterfly larvae. When a caterpillar ingests any tissue with Bt spores on it, the bacteria quickly become active and multiply within the digestive tract, soon paralyzing the gut. The caterpillar stops feeding within 2 or 3 hours and slowly turns black, dropping off the plant in 2 to 4 days.

The toxin-producing gene from Bacillus thuringiensis was introduced into another bacterium, Pseudomonas fluorescens, which is used on corn to control black -cutworms.

In 1983, a variety of Bacillus thuringiensis (var. israelensis) was introduced into the commercial market for the control of mosquitoes. Called BtI, the bacterium attacks only mosquito larvae (“wigglers”) and one or two other pests. Six years of experiments performed on more than 70 species of fish, snails, shrimp, and insects demonstrated no adverse effects on either plants or animals other than mosquitoes (and a couple of lesser pests) even at dosages 100 times more powerful than those needed to kill mosquito larvae. Use of this bacterium to control mosquitoes in the future may constitute a significant step in lessening the ecological damage and disruption that so frequently accompanies the use of toxic chemicals for pest control.

Another bacterium, Bacillus popilliae,is also marketed in a powder form. When it is applied to soil where grubs of the highly destructive Japanese beetle are present, it causes what is known as “milky spore disease” in the grubs, which die in a few days. The spores are carried throughout the topsoil by rain water, foraging grubs, and by organisms that feed on the grubs.

Bioremediation

Naturally occurring bacteria have shown much potential in the developing science of bioremediation,which involves the study of the use of living organisms in the cleanup of toxic wastes and pollution. One bacterium produces enzymes that break down nitroglycerin and trinitrotoluene, which are contaminants in the soil around some munitions factories and explosive sites.

Preliminary tests indicate that the bacteria can decompose such waste and contaminant materials into harmless residues within 6 months. Other bacteria, such as Pseudomonas cepacia, can perform similar feats in oil spills and chemical dumps containing degreasers, such as trichloroethylene (TCE), creosote, and even 2,4,5-T, the Agent Orange defoliant of Vietnam fame. The pollution-fighting bacteria may, however, need a few nutrients added to the contaminants to stimulate their activities. Some scientists believe bacteria may also eventually be used to break down nuclear wastes. With the probability of the development of bacteria specifically engineered (see “Gene Splicing and Transgenic Plants” in Chapter 14) to deal with a host of pollution problems, their use for this purpose may become widespread in the future.

Other Useful Bacteria

Human eyes contain rhodopsin, a protein that is so sensitive it reacts to light in less than one millionth of a second. Certain bacteria that contain a form of rhodopsin have proved to be invaluable in research on the chemistry of vision and have led to our understanding of how eyes convert light energy into vision.

Bacteria play a major role in the dairy industry. Milk, which is composed of proteins, carbohydrates, fats, minerals, vitamins, and about 87% water, has exceptional nutritive value for animals and is also an excellent medium for the growth of many kinds of bacteria. Milk is sterile when secreted within the udder of the cow, but it picks up bacteria as it leaves the cow’s body. It spoils rapidly if it is not obtained and stored under strictly sanitary conditions. Even after it has been pasteurized and refrigerated, the numbers of bacteria in it will increase the longer it stands. If milk is left in open containers in household refrigerators, for example, bacterial growth will not be kept in check for much longer than 24 hours.

Except for milk itself, either alone or in mixtures (e.g., ice cream), all dairy products are manufactured from raw or pasteurized milk by the controlled introduction of various bacteria. Such products include buttermilk, acidophilus milk, yogurt, sour cream, kefir, and cheese. Whey, the watery part of the milk separated from curd during cheese-making, is used, along with starches and molasses, for the commercial production of lactic acid. Lactic acid is used extensively in the manufacture of textile and laundry products, in the leather tanning industry, as a solvent in lacquers, and in the treatment of calcium and iron deficiencies in humans.

Beneficial bacteria, such as Lactobacillus acidophilus (a common organism in healthy digestive tracts), aid in digestion, reduce the risk of cancer, and may even reduce cholesterol levels. Acidophilus bacteria also have been widely used, along with antibiotics, to control or eliminate human female yeast infections. Researchers at the University of Minnesota are working on developing strains of intestinal bacteria that have an external layer of sticky polysaccharides that make them resistant to being eliminated by less desirable bacteria in the digestive tract.

In their metabolism of various sugars, proteins, and other organic substances, bacteria also produce waste products that have important industrial uses. Such products are often produced in large quantities by culturing bacteria in huge vats. These products include acetone, used in the manufacture of photographic film; explosives; solvents (e.g., nail polish remover); butyl alcohol, used in the manufacture of synthetic lacquers; dextran, used as a food stabilizer and as a blood plasma substitute; sorbose, used in the manufacture of ascorbic acid (vitamin C); and citric acid, which is the principal citrus-like, tart flavoring of soft drinks, candies, and other foods. Some vitamin and medicinal preparations also involve bacterial synthesis.

Bacteria are used in the curing of vanilla pods, cocoa beans, coffee, and black tea and in the production of vinegar, sauerkraut, and dill pickles. Fibers for linen cloth are separated from flax stems by bacteria, and green plant materials are fermented in silos to produce ensilage for cattle feed. In recent years, the production of several important amino acids by bacteria has been exploited commercially. More than 6,800 metric tons (7,500 tons) of one amino acid, glutamic acid, are produced in North America each year. This is in demand as a flavor-enhancing agent in the form of monosodium glutamate.

In 1989, Patricia Mertz of the University of Miami discovered that Brevibacterium,the genus of bacteria responsible for the odor of Limburger and Brie cheeses, also is the source of foot odor in certain people. Bactericides are being tested to improve foot pads that merely absorb odor rather than kill the bacteria.

CLASS CYANOBACTERIAE—THE CYANOBACTERIA 
(BLUE-GREEN BACTERIA)

Introduction

In the past, algae as a group have been distinguished from other organisms in being photosynthetic, in having relatively simple structures, and, for those reproducing sexually, in having sex structures consisting of a single cell. As more became known about cellular details, however, it became apparent that the differences between the cyanobacteria (blue-green bacteria) (formerly known as the blue-green algae) and true algae are quite basic. Like all other members of Kingdom Bacteria, cyanobacteria have prokaryotic cells, while all algae that are assigned to Kingdom Protista have eukaryotic cells. Cyanobacteria, in fact, are so much like other true bacteria (Fig. 17.10) that biologists generally have abandoned the reference to them as algae and consider them true bacteria.

The main distinctions between organisms traditionally regarded as bacteria and cyanobacteria are (1) cyanobacteria have chlorophyll a, which is found in higher plants, and oxygen is produced when they undergo photosynthesis; (2) cyanobacteria also have blue phycocyanin and red phycoerythrin pigments known as phycobilins; (3) cyanobacteria are the only organisms that can both fix nitrogen and produce oxygen—a paradox, since nitrogen-fixation is essentially an anaerobic process. Except for the prochlorobacteria, other bacteria capable of carrying on photosynthesis do not produce oxygen, and they do not have chlorophyll a.
Distribution

Cyanobacteria are found in almost as diverse a variety of habitats as other true bacteria. They are common in temporary pools or ditches, particularly if the water is polluted. They are not found in acidic waters, but they are abundant in other fresh and marine waters around the globe, from the frozen lakes of Antarctica to warm tropical seas. In the open oceans, cyanobacteria are the principal photosynthetic organisms in plankton, the tiny cells of the cyanobacterium Synechococcus, commonly occurring in concentrations of 10,000 cells per milliliter. Trichodesmium is a marine, filamentous, nitrogen-fixing cyanobacterium that forms extensive mucilage-producing colonies in some tropical waters. Other bacteria multiply in the mucilage and become food for protozoa.

A different species of cyanobacterium is found in each temperature range of the hot springs of Yellowstone National Park, where water temperatures approach 85°C (185°F). There the bacteria precipitate chalky, insoluble carbonate deposits, which become a rocklike substance called travertine.The deposits accumulate at the rate of up to 2 to 4 millimeters per week, with other cyanobacteria often forming brilliantly colored streaks in the travertine.

Cyanobacteria are often the first photosynthetic organisms to appear on bare lava after a volcanic eruption, and they also thrive in the tiny fissures of desert rocks. Some are found in jungle soils or on the shells of turtles and snails, while others live symbiotically in various types of organisms, including amoebae and other protozoans, diatoms, certain sea anemones and their relatives, some fungi, and in the roots of tropical palmlike plants called cycads. They also flourish in tiny pools of water formed at the bases of the leaves of tropical grasses and other plants, and they are well-known components of “compound” organisms called lichens, which consist of a fungus and a photosynthetic -partner.

Form, Metabolism, and Reproduction

The cells of cyanobacteria often occur in chains or in hairlike filaments, which are sometimes branched. Several species occur in irregular, spherical, or platelike colonies, the individual cells being held together by the gelatinous sheaths they secrete (Fig. 17.11). The sheaths may be colorless or pigmented with various shades of yellow, red, brown, green, blue, violet, or blue-black, which makes some colonies quite striking in appearance.

The cells themselves appear blue-green in color in about half of the approximately 1,500 known species. This color, which is due to the presence of green chlorophyll a and blue phycocyanin, is often masked by the presence of other pigments. Several yellow or orange carotenoid pigments similar to those of higher plants are usually present, and varying amounts of phycoerythrin (a red phycobilin pigment in a form unique to the cyanobacteria) may give the cells a distinct red color. The periodic appearances of large numbers of cyanobacteria with considerable amounts of phycoerythrin are believed to have given the Red Sea its name.

Cyanobacteria produce a nitrogenous food reserve called cyanophycin.The production of such food reserves is atypical for prokaryotic organisms. Cyanobacteria also produce and store carbohydrates and lipids. Flagella are unknown in the cyanobacteria, but some of these organisms are nevertheless capable of movement. Oscillatoria filaments (see Fig. 17.11), for example, seem to rotate on axes and move in a gliding fashion, apparently by the twisting of minute fibrils inside the cell walls while secreting mucilage that reduces friction. New cells are formed through fission, while new colonies or filaments may arise through fragmentation (breaking up) of older ones.

In the common genera Nostoc and Anabaena (see Fig. 17.11), which form chains of cells, fragmentation often occurs at special, larger, colorless, nitrogen-fixing cells called heterocysts, which are produced at intervals in the chains. Members of these two genera also may produce thick-walled cells called akinetes, which can resist freezing and other adverse conditions. When favorable conditions return, this survival feature enables the cells to germinate and become new chains or filaments. Some akinetes have been known to germinate after lying dormant for more than 80 years.

Cyanobacteria do not produce gametes or zygotes and do not undergo meiosis. Genetic recombination has, however, been reported—apparently taking place in similar fashion to that reported for other bacteria—but its occurrence evidently is rare.

Cyanobacteria, Chloroplasts, 
and Oxygen

Cyanobacteria that occur symbiotically in other organisms commonly lack a cell wall and appear to function essentially as chloroplasts. When a eukaryotic cell containing chloroplasts divides, the chloroplasts divide at the same time. The cells of cyanobacteria occurring within the cells of other organisms divide in similar fashion, leading to speculation that -chloroplasts originated as cyanobacteria or prochlorobacteria (discussed after the cyanobacteria), living within other cells.

Fossils of photosynthetic organisms believed to be 3.5 billion years old and closely resembling present-day cyanobacteria have been found in Australia. It was not until half a billion years later, about 3 billion years ago, that these organisms began producing oxygen as a by-product of photosynthesis. The oxygen slowly began to accumulate, becoming substantial about 1 billion years ago. At the same time the oxygen was accumulating, other photosynthetic organisms appeared, and forms of aerobic respiration developed.

Within the last half billion years, enough ozone, which is a by-product of oxygen, accumulated to become an effective shield against most of the harmful ultraviolet radiation coming from the sun. Photosynthetic organisms, which had been protected from the radiation by their watery environments, were then able to survive on land.1 Accordingly, -cyanobacteria appear to have played a fundamental role in almost the entire history of living organisms.

Human Relevance 
of the Cyanobacteria

Cyanobacteria are included among the many aquatic and photosynthetic organisms at the bottom of various food chains. They store energy in the sugar they produce through photosynthesis. Small fish and crustaceans feed on them, only to be eaten by larger fish, which then become food for other aquatic organisms or humans.

During warmer months, various algae and cyanobacteria may become abundant in bodies of freshwater, especially if the water is polluted. A floating scum or mat called a bloom may extend across a square meter or two of small bodies of water to 2,000 or more square kilometers (800 square miles) of the surfaces of larger lakes in late summer (Fig. 17.12). Cyanobacteria, in particular, tend to become abundant in blooms when agricultural runoffs are high in nitrogen and phosphorus. The water in the vicinity of a bloom often acquires a “fishy” or otherwise objectionable odor or taste.

Anabaena, Microcystis, and other genera of cyanobacteria produce toxic substances that can kill both domestic and wild animals. Cattle, hogs, horses, sheep, rabbits, dogs, and even poultry have been poisoned through drinking water that had an algal-bacterial bloom. Many poisonous fish that are immune to the toxins of certain cyanobacteria become poisonous to their predators only after feeding on the bacteria.

While the cyanobacteria are alive, they produce oxygen, and the oxygen content of the water is temporarily increased. Later, however, decay bacteria decomposing the bodies of organisms that have died may deplete the available oxygen so much that fish and other organisms are killed.

Cyanobacteria can be attacked by specific viruses called cyanophages, and there has been considerable interest in using the viruses to control blooms in lakes and ponds. Many of the cyanobacteria responsible for the blooms, however, have thick, mucilaginous sheaths that may prevent viruses (and, incidentally, fungi) from penetrating the cells. Blooms that develop in calm ocean waters in the tropics can be even more extensive than those of fresh waters. A marine bloom once reported between the shore and the Great Barrier Reef of Australia was 1,600 kilometers (almost 1,000 miles) long and covered 52,000 square kilometers (20,000 square miles) of ocean.

Most cyanobacteria are not palatable to humans, but there are exceptions. Species of Spirulina have been used for food by the natives of the Lake Chad region of central Africa and areas around Mexico City for centuries. Spirulina, which has a signficant vitamin content, is now cultured commercially and sold in health-food stores. The Japanese use several cyanobacteria, including two species of Nostoc, as side dishes, and the Chinese treat Nostoc commune as a delicacy. A few colorless forms are mild parasites in humans and animals.

Some strains of certain Nostoc species produce antibiotics that kill related strains of the same species. Scytonema hofmannii and other cyanobacteria produce antibiotics called cyanobacterins that kill many different forms of both cyanobacteria and eukaryotic algae. These particular cyanobacteria undoubtedly play a role in their own survival by inhibiting growth of competing organisms.

Swimmers in Hawaii occasionally suffer from “swimmers’ itch,” a severe skin inflammation that is caused by a species of Lyngbya that sometimes becomes abundant. Ironically, the toxin produced by these organisms has been demonstrated to suppress leukemia and several other types of cancer.

In human water supplies, cyanobacteria frequently clog filters, corrode steel and concrete, cause natural softening of water, and produce undesirable odors or coloration in the water. Many communities control cyanobacteria in reservoirs through the addition of very dilute amounts of copper sulfate.

More than 40 species of cyanobacteria are known to fix nitrogen from the air at roughly the same rates as the nitrogen-fixing bacteria of the leguminous plants discussed in Chapter 25. They may be more important than originally thought in this regard. In Southeast Asia, so much usable nitrogen is produced in the rice fields by naturally occurring cyanobacteria that rice is often grown for many years on the same land without the addition of fertilizer.

CLASS PROCHLOROBACTERIAE—THE PROCHLOROBACTERIA

In 1976, Ralph A. Lewin of the Scripps Institute of Oceanography announced the discovery of unicellular, prokaryotic organisms with bright green cells that were living on marine animals called sea squirts found in shallow marine waters of Baja California. These organisms, which were given the name Prochloron, have the chlorophylls a and b of higher plants but no trace of the phycobilin accessory pigments associated with cyanobacteria. Instead, their accessory pigments were confined to the carotenoid pigments found in higher plants. Also, unlike the single membranes of cyanobacteria, those of the new organisms are double.

Lewin considered the pigment differences between cyanobacteria and the bright green cells of Prochloron to be basic enough to warrant recognition at the division level, and he proposed a new division to be known as the Prochlorophyta. Many microbiologists are reluctant to recognize these organisms as belonging to a separate bacterial division because the prokaryotic cell structure and chemistry are similar to those of cyanobacteria and other true bacteria (Fig. 17.13), but others agree with Lewin’s assessment of the significance of the pigment system. While the pigment system is, indeed, significant, they are treated here as a class of true bacteria because their remaining structure and features are essentially indistinguishable from those of other true bacteria.

In 1984, Dutch biologists discovered a similar organism, which they named Prochlorothrix, in shallow lakes in the Netherlands. It differs from Prochloron in being free--living and filamentous. In the late 1980s, Sally Chisholm of the Massachusetts Institute of Technology identified yet another marine prochlorobacterium that flourishes in dim light at a depth of about 100 meters (328 feet). This organism now appears to be one of the two most numerous bacteria living in ocean waters.

The discovery of prochlorobacteria adds weight to the theory that chloroplasts may have originated from such cells living within the cells of other organisms, especially since the pigments involved are identical with those of higher plants.

KINGDOM ARCHAEA 
(DOMAIN ARCHAEA)—
THE ARCHAEBACTERIA

The archaebacteria represent one of two quite distinct lines of the most primitive known living organisms. They are fundamentally different in their metabolism from the other line of bacteria, the true bacteria, and also differ in the unique sequence of bases in their RNA molecules, the lack of muramic acid in their walls, and in the production of distinctive lipids.

In the early 1980s, these basic differences led University of Illinois microbiologist Carl Woese and his colleagues, who have conducted considerable research on the archaebacteria, to suggest that the organisms should be separated from the true bacteria in a kingdom of their own, a suggestion that was widely adopted. Subsequently, microbiologists suggested the differences between true bacteria and archaebacteria are so fundamental that they should be placed in two super-kingdoms called domains. Three distinct groups of bacteria are included in the archaebacteria.

The Methane Bacteria

The methane bacteria, which comprise the lion’s share of the archaebacteria, are killed by oxygen and are active only under anaerobic conditions found in swamps, ocean and lake sediments, hot springs, animal intestinal tracts, sewage treatment plants, and other areas not open to the air. Their energy is derived from the generation of methane gas from carbon dioxide and hydrogen.

Methane, or “marsh gas,” is a principal component of natural gas and may have been a major part of the earth’s atmosphere in early geologic times. It still is present in the atmospheres of the planets Jupiter, Saturn, Uranus, and Neptune and is the main ingredient of firedamp, which causes serious explosions in mines. Methane will burn when it constitutes only 5% to 6% of the air, and a flitting, dancing light called ignis fatuus,or “will-o’-the-wisp,” which is occasionally seen at night over swamps and marshy places, is said to be due to the spontaneous combustion of the gas.

The Salt Bacteria

Commercial salt evaporation ponds and other shallow areas in bodies of water with high salt content often have a unique appearance from above. They can be strikingly red due to the presence of a distinctive group of archaebacteria. These are the salt bacteria, whose metabolism enables them to thrive under conditions of extreme salinity that instantly kills other living cells. The bacteria carry on a simple form of photosynthesis with the aid of a membrane-bound red pigment called bacterial rhodopsin. The concentration of salt inside the cells is much lower than in their surroundings, but their metabolism is so closely tied to their environment that the bacteria die if placed in waters with lower salt concentrations (Fig. 17.14).

The Sulfolobus Bacteria

The sulfolobus bacteria constitute a third group of archaebacteria whose members occur in sulfur hot springs. The extraordinary metabolism of these bacteria allows them to thrive at very high temperatures—mostly in the vicinity of 80°C (176°F), with some doing very well at only 10°C below the boiling point of water. One genus (Pyrodictium), discovered in superheated ocean-floor areas, has a minimum temperature requirement of 82°C (179°F), an optimum growth temperature of 105°C (220°F), and can tolerate 110°C (230°F). The environment of one order of these thermophilic bacteria is also exceptionally acidic, their hot-springs habitats often having a pH of less than 2 (the neutral point on the 14-point pH scale is 7). One genus (Thermoplasma) in this group is bounded by only a plasma membrane and has no cell wall. It is found only in the embers of coal tailings. Another genus (Thermoproteus) appears to be confined to the geothermal areas of Iceland.

James Lake and his colleagues discovered that the shape of the ribosomes of sulfolobus bacteria is significantly different from those of other archaebacteria, true bacteria, and eukaryotes and that the chemistry of sulfur-dependent bacteria also distinguishes them from other archaebacteria. They have proposed a third kingdom of prokaryotes named Eocytes (dawn cells). Other microbiologists are hesitant to base kingdom status on ribosome shape, but the controversy over the significance of these discoveries will undoubtedly continue as further research into the matter is pursued.

Human Relevance 
of the Archaebacteria

Archaebacteria are significant to humans in several ways. In the future, methane bacteria may be used on a large scale to furnish energy for engine fuels and for heating, cooking, and light, since the methane gas they produce can be used to replace the methane in natural gas. Methane has an octane number of 130 and has been used as a motor fuel in Italy for over 40 years. It is clean, nonpolluting, safe, nontoxic, and prolongs the life of automobile engines, also making them easier to start. The methane is given off by the bacteria as they “digest” organic wastes in the absence of oxygen. Nine kilograms (20 pounds) of horse manure or 4.5 kilograms (10 pounds) of pig manure fed daily into a methane digester will produce all the gas needed for the average American adult’s cooking needs. Considerably less green plant material is required to produce the same amount of methane.

The digester basically consists of an airtight drum connected by a pipe to a storage tank with a means of drawing off the sludge left after the gas has been produced (Fig. 17.15). The sludge itself makes an excellent fertilizer, although many sludges that originate from municipal and large-scale agricultural plants carry with them toxic levels of metals.

France had over 1,000 methane plants in operation by the mid-1950s, and in India, where cows produce over 812 million metric tons (800 million tons) of manure per year, many villages satisfy their fuel needs with manure-fed methane gas digesters. They are now being employed on a small scale in rural areas in the United States. Methane is the primary source of hydrogen in the commercial production of ammonia.

VIRUSES

Introduction

Smallpox is a communicable disease that apparently was widespread for thousands of years, periodically killing countless numbers of individuals. As it developed in its victims, it appeared as blisterlike lesions on the skin, which later often became permanent pits or depressions. In 1901, an outbreak of smallpox in New York caused 720 deaths. Since that time, however, it has been eliminated in the United States through vaccination. Vaccination involves the introduction of a weakened form of the disease agent to the body. The body’s natural defenses, in fighting the agent, build up an immunity to the disease. The first known vaccinations were performed in England by Benjamin Jesty, a farmer, and Edward Jenner, a country physician. They both had noticed that farmhands working with cows having cowpox, a comparatively mild disease related to smallpox, did not contract smallpox itself during the devastating epidemics of the disease that occurred in Europe from time to time.

In 1796, Jenner scratched the skin of a boy with fluid he had obtained from a cowpox blister on the hand of a milkmaid. Six weeks later, he deliberately inoculated the boy with fluid from a blister of a smallpox victim, but the boy developed no symptoms of the disease. Jenner thus had performed a successful vaccination against a dread disease more than 50 years before Louis Pasteur developed the germ theory of disease.

The World Health Organization believes that as a result of vaccinations and vigilance, smallpox had essentially been eradicated throughout the world, but there has been speculation that it may have been cultured by rogue nations and could reappear as an agent of bioterrorism.  

Size and Structure

We know now that smallpox was caused by something considerably smaller in size than bacteria. During Pasteur’s time, virtually all infectious agents, including bacteria, protozoans, and yeast, were called viruses. One of Pasteur’s associates, Charles Chamberland, discovered that porcelain filters would block out bacteria but would not keep an unseen agent from passing through. The agent caused rabies, another serious disease of both animals and humans. Agents of disease that could pass through filters became known as filterable viruses, although the word filterable is no longer used. Today, we know that not only smallpox and rabies are caused by these viruses but also measles, mumps, chicken pox, polio, yellow fever, influenza, fever blisters, warts, and the common cold.

Only those organisms that have certain unique features are now called viruses. These features, which include a complete lack of cellular structure, make viruses quite different from anything else in the six kingdoms of living organisms we now recognize. In fact, some question whether or not viruses are even living organisms. In 1946, Wendell Stanley, an American chemist, received a Nobel Prize for demonstrating that a virus causing tobacco mosaic, a common plant disease, could be isolated, purified, and crystalized and that the crystals could be stored indefinitely but would always produce the disease in healthy plants at any time they were placed in contact with them. We also know that viruses do not grow by increasing in size or dividing, nor do they respond to external stimuli. They cannot move on their own, and they cannot carry on independent metabolism.

Viruses are incredibly numerous. In 1989, for example, marine biologists at the University of Bergen in Norway discovered that a teaspoon of sea water typically contains more than 1 billion viruses. They are about the size of large molecules, varying in diameter from about 15 to 300 nanometers (Fig. 17.16). Thousands of the smallest ones could fit inside a single bacterium of average size.

Viruses consist of a nucleic acid core surrounded by a protein coat. The architecture of the protein coats varies considerably, but many have 20 sides and resemble tiny geodesic domes, while others have distinguishable head and tail regions. The nucleic acid core consists of either DNA or RNA—never both. Viruses have been classified in several ways. Originally, they were grouped according to their hosts and the types of tissues or organs they affected. Now they are separated first according to the DNA or RNA in their cores. Then they are grouped according to size and shape, the nature of their protein coats, and the number of identical structural units in their cores.

Bacteriophages

Viruses that attack bacteria have been studied extensively. These are called bacteriophages, or simply phages (Fig. 17.17 A,B). Some resemble the space exploration vehicles portrayed in the literature and films of science fiction. They consist of a head on top of a thin cylindrical core, which is surrounded by a sheathing coat. At the base of the core are six spiderlike, fibril “legs,” which anchor the virus in place.

Viral Reproduction

Viruses can replicate (reproduce themselves) only at the expense of their host cells. In doing so, they first become attached to a susceptible cell. Then they penetrate to the interior, some types leaving their coats on the outside. Inside the cell, their DNA or RNA directs the synthesis of new virus molecules, which are then assembled into complete viruses. These are released from the host cell, usually as it dies (Fig. 17.18).

Some viruses (e.g., those causing influenza) can mutate (see Chapter 15) very rapidly, allowing them to attack organisms that previously had been immune to them. As a result, new vaccines constantly have to be developed to combat new strains of viruses. Some viruses greatly affect the metabolism of their host cells. For example, in botulism bacteria, the botulism toxins are produced only if specific phages are present and active. Evidence is mounting that many forms of cancer, which usually involves abnormal cell growth, are caused by viruses. Scientists also suspect that all living organisms carry viruses in an inactive form in their cells, and they are trying to discover what causes the inactive viruses suddenly to become active.

Cells of higher animals that are invaded by viruses produce a protein called interferon, which is released into the fluid around the cells or into the bloodstream. Minute amounts of interferon in contact with cells cause the cells to produce a protective protein that prevents or inhibits the propagation of many types of viruses within the protected cells and also inhibits viruses from causing tumors that transform normal cells into tumor cells.

Because of these properties of interferon, it is now being produced in large quantities for use in controlling certain cancers and many other viral infections. The use of bacteria as hosts for donor DNA is especially promising for the future. This process, in effect, turns the bacteria into interferon synthesis centers (see Fig. 14.12). In 1981, scientists at the University of Washington and the Genentech Corporation of San Francisco announced that they had succeeded in producing a form of interferon by splicing interferon genes into yeast cells. Because yeast cells are larger than bacteria, the process can potentially produce much larger quantities of interferon at considerably lower cost than is possible using bacteria.

Human Relevance of Viruses

The economic impact of viruses in both third-world and industrialized countries is enormous. The annual loss in work time due to common cold and influenza viruses alone amounts to millions of hours. While discomfort, adverse effects on employment, and even deaths due to viral diseases, such as chicken pox, measles, German measles, mumps, and yellow fever, have declined dramatically since immunizations against the diseases became widespread, they still take their toll. Another viral disease, infectious hepatitis, periodically still claims victims. Guillain-Barré syndrome and Epstein-Barr are debilitating diseases caused by viruses that are apparently carried by nearly everybody, but what triggers them into action is as yet still unknown. Avian flu is caused by the bird flu virus. This virus is typically confined to birds, but transmission to humans has been documented. Symptoms can range from fever and cough to life-threatening respiratory distress. Currently, human-to-human spread of the disease is rare. However, health officials are concerned that a mutation in the virus could allow it to spread rapidly, causing a pandemic (worldwide disease outbreak).

The virus associated with AIDS (acquired immune deficiency syndrome), a usually fatal disease, is caused by a retrovirus (a virus with two identical single nuclear strands) that is related to those that cause cancer. It was detected in a blood sample collected in 1959 from Zaire. AIDS was not adequately described, however, until 1981, and the virus itself was not identified until 1983. Research has shown that two forms of the AIDS virus, HIV-1 and HIV-2, diverged from a common ancestor in the early 1950s (Fig. 17.19). Thirty years later, the AIDS virus had spread all over the world. Retroviruses mutate so rapidly that they are capable of evolving about a million times faster than cellular organisms. Since the initial appearance of AIDS, increasing research is being applied to the development of a vaccine with the use of a genetically engineered virus. If successful, the vaccine will cause the human body to develop a defense against AIDS viruses without the disease itself developing.

The production of vaccines for a number of other diseases is undertaken by a flourishing worldwide -multimillion dollar industry. Other mass-produced viruses are used to infect ticks, insects, and other disease organisms of both animals and plants. Some viruses cause great losses when they infest creamery vats during the manufacture of dairy products or culture vats during the production of antibiotics. One phage attacks nitrogen-fixing bacteria in the roots of leguminous plants, while other phages attack diphtheria and tuberculosis bacteria. One natural virus called Abby (an abbreviation of Abington, which is one of 19 strains of nuclear polyhedrosis viruses) is found only in the caterpillars of gypsy moths. Gypsy moth caterpillars have been particularly destructive in forests of both North America and Europe, and it is hoped that the destruction may be greatly reduced by the dissemination of this virus in the forests under attack.

VIROIDS AND PRIONS

More than a dozen plant diseases (e.g., chrysanthemum stunt disease, potato spindle-tuber disease) are caused by infectious agents called viroids. Viroids, which are even smaller than viruses, consist of circular strands of RNA that occur in the nuclei of infected plant cells. They may remain latent in the host nuclei without any outward manifestation of the disease in some plants but cause severe disease symptoms in others. Viroids are transmitted from plant to plant via pollen or ovules or by machinery, and it is not yet known how they produce symptoms of a disease. They do appear, however, to be synthesized from RNA templates by an enzyme. In addition, unlike viruses, viroids may be seed-transmitted.

Prions, which are also smaller than viruses, appear to be particles of protein that cause diseases of animals and humans. Cruetzfeldt-Jacob disease and chronic wasting diesase, its counterpart in deer, elk, and moose, are caused by prions. Prions are believed to cause disease by inducing abnormal folding of the proteins in the brain, resulting in brain damage. Prion diseases are always fatal.

Summary


1.
Kingdoms (Domains) Bacteria and Archaea consist of prokaryotic organisms (bacteria). The bacteria occur as single cells, in colonies, or in the form of chains or filaments. Some cells may be motile, or they may exhibit a gliding motion; most are nonmotile.


2.
Bacterial nutrition is primarily by absorption of food in solution through the cell wall, but some are photosynthetic or chemosynthetic.


3.
Reproduction is asexual by means of fission; some genetic recombination occurs by means of pili between cells.


4.
Bacteria are mostly less than 2 or 3 micrometers in diameter. They occur as spheres (cocci), rods (bacilli), and in spiral forms (spirilla); they are further classified on the basis of several visible features such as sheaths, appendages, and motion. They are also classified by their chemistry and as gram-positive or gram-negative.


5.
Prokaryotic cells have no nuclear envelopes or organelles. Each cell has a single, closed loop of double-stranded DNA and sometimes up to 30 or 40 small, circular DNA molecules called plasmids, which replicate independently of the large DNA molecule or chromosome.


6.
Neither meiosis nor mitosis occurs, but fission takes place with the development of a transverse wall that forms near the middle of the cell; gametes and zygotes are not produced. Conjugation facilitates genetic recombination. Transformation involves the incorporation of fragments of DNA released by dead cells; transduction involves the viral transfer of fragments of DNA from one cell to another.


7.
Heterotrophic bacteria are saprobes or parasites. Autotrophic bacteria are photosynthetic but do not produce oxygen; chemoautotrophic bacteria obtain their energy through oxidation of reduced inorganic groups.


8.
Any nonliving organic material will eventually be decomposed to compost by bacteria and fungi. Compost is definitely good for the soil but has limited value as a fertilizer.


9.
Bacteria cause huge losses through plant diseases and food spoilage and many serious diseases in animals and humans. They gain access to their hosts by various means.


10.
Koch formulated postulates (rules) for proving that a particular microorganism is the cause of a particular disease.


11.
Bacteria useful to humans include Bacillus thuringiensis, Bacillus thuringiensis var. israelensis, and Bacillus popilliae. Bacteria also play a major role in the manufacture of dairy products, such as yogurt, sour cream, kefir, and cheese.


12.
Bacteria are used in the manufacture of industrial chemicals, vitamins, flavorings, food stabilizers, and a blood plasma substitute; they play a role in the curing of vanilla, cocoa beans, coffee, and tea and in the production of vinegar and sauerkraut; they aid in the extraction of linen fibers from flax stems, in the production of ensilage for cattle feed, and in the production of several important amino acids.


13.
Cyanobacteria are virtually ubiquitous in their occurrence.


14.
The cells of cyanobacteria occur in a variety of forms. They are distinguished from other bacteria in having chlorophyll a, in producing oxygen, and in having blue and red phycobilin pigments. They produce cyanophycin, a nitrogenous food reserve.


15.
Cyanobacteria have no flagella, but some species have gliding movements. Fragmentation may occur at hetero-cysts. Akinetes may also be produced.


16.
Cyanobacterial cells may have been the origin of chloroplasts, since they divide as chloroplasts do when their host cells divide.


17.
Cyanobacteria may become very abundant in bodies of polluted fresh water. Toxic substances are produced when the bacteria die and are decomposed. At least 40 species of cyanobacteria are known to fix nitrogen.


18.
Prochlorobacteria are similar in form to cyanobacteria but have pigmentation similar to that of higher plants and lack phycobilins.


19.
Vaccination was first performed by Jesty and Jenner in connection with smallpox. Smallpox is believed to have been eradicated but may reappear as an agent of -bioterrorism.


20.
Viruses, which have no cellular structure, are about the size of large molecules. Some can be isolated, purified, and crystalized, yet remain virulent. They cannot grow or increase in size and cannot be replicated outside of a living cell. They depend upon DNA for their raw materials.


21.
Viruses consist of a core of nucleic acid surrounded by a protein coat. They are classified on the basis of the DNA or RNA in their core, their size and shape, the number of identical structural units in their cores, and the nature of their protein coats.


22.
Bacteriophages are viruses that attack bacteria. In replicating, they become attached to a susceptible cell, which they penetrate, with their DNA or RNA directing the synthesis of new virus molecules from host material; the assembled new viruses are released when the host cell dies.


23.
Cells of higher animals being invaded by viruses produce interferon, a protein that causes cells to produce a protective substance that inhibits replication of viruses and also inhibits the capacity of viruses to transform normal cells into tumor cells.


24.
Viral diseases, such as chicken pox, measles, mumps, and yellow fever, have declined since immunizations against the diseases have become widespread. Mass-produced viruses are used to infect insects and other pests of both plants and animals. Some viruses cause losses in creamery vats.


25.
Viroids and prions are disease-causing particles that are smaller than viruses.

Review Questions


1.
What is symbiosis? Give examples other than those mentioned in the text.


2.
Why are bacteria not classified on the basis of visible features alone?


3.
How do bacteria exchange DNA?


4.
How does fission differ from mitosis?


5.
Is photosynthesis the same in bacteria as it is in higher plants? Explain.


6.
How do chemoautotrophic bacteria differ from photosynthetic bacteria?


7.
What is the difference between nitrification and nitrogen fixation?


8.
If decay bacteria use nitrogen, how does composting accumulate any nitrogen?


9.
How are disease bacteria transmitted?


10.
What are Koch’s Postulates?


11.
Why are many bacteria considered useful?


12.
What do cyanobacteria and other bacteria have in common? How do they differ?


13.
How do cyanobacteria survive freezing and desiccation?


14.
What is an algal-bacterial bloom?


15.
How do viruses differ from bacteria?


16.
What is a vaccination?


17.
What is a phage?


18.
How do viruses multiply?

Discussion Questions


1.
If a virulent phage were to eliminate all the bacteria in North America for 1 year, how would our lives be affected?


2.
What would be the feasibility and the advantages or disadvantages of using only cyanobacteria and other -nitrogen-fixing bacteria for our agricultural nitrogen needs?


3.
Methane gas produced by bacteria is proving to be sufficient to meet all the fuel needs of villages in India. Do you think we could produce and use methane in a similar fashion in the United States?


4.
If cyanobacteria are capable only of asexual reproduction, does this mean that species of these organisms can never change in form?


5.
As long as viruses can multiply, why should there be any question as to whether or not they are living?
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A sausage-shapted bacterial cell that has ruptured. The long DNA strand, which is normally tighlty coiled inside, has unraveled and is spilling out. (Photomicrograph © Gopal Murti, Science Photo Library/Photo Researchers, Inc.)

TABLE 17.1

Some Differences Between Eukaryotic and Prokaryotic Cells

	Eukaryotic Cells


	Prokaryotic Cells



	1. Have a nuclear envelope


	1. Lack a nuclear envelope



	2. 
Have two to hundreds of chromosomes per cell; 
DNA is double stranded


	2. 
Have a single, closed loop of double-stranded DNA plus (usually) several to 40 plasmids



	3. 
Have membrane-bound organelles 
(e.g., plastids, mitochondria)


	3. Lack membrane-bound organelles



	4. Have 80S ribosomes1


	4. Have 70S ribosomes1


	5. Have asexual reproduction by mitosis


	5. Have asexual reproduction by fission



	6. Have sexual reproduction by fusion


	6. Sexual reproduction unknown




1. S is a Svedberg unit, which is used to measure the rate at which a particle suspended in a fluid settles to the bottom when centrifuged. An 80S ribosome is larger than a 70S ribosome.

A.

C.

B.

Figure 17.1  Replication of a nucleoid in a bacterial cell. The replication process begins (A) at a single point or bubble (upper right) that expands (B) until the two new rings of DNA separate (C). 150,000. (Electron micrographs courtesy Tsuyoski Kakefuda)
Figure 17.2  A dividing bacterial cell. The new wall is growing inward. 48,750. (Electron micrograph courtesy R.G.E. Murray) 
Figure 17.3  Conjugation in bacteria. Part of the DNA strand of the donor cell migrates through the hollow, tubelike pilus to the recipient cell, where it is incorporated into the DNA of its new cell. Shorter pili, which cover the surfaces of both cells, are not involved in conjugation. 
A.

B.

C.

Figure 17.4  Three basic forms of bacteria. A. Cocci. B. Bacilli. C. Spirilli. 1,500.

Figure 17.5  Compost. Left. Garbage and leaves before composting. Right. After composting. 

TABLE 17.2

Some Diseases of Humans Caused by Bacteria or Viruses

	Bacterial Diseases


	Viral Diseases



	Anthrax


	Meningitis (some)


	AIDS


	Meningitis (some)



	Botulism


	Pneumonia (some)


	Bird flu


	Mononucleosis



	Brucellosis


	Syphilis


	Chicken pox/Shingles


	Mumps



	Bubonic plague


	Tetanus


	Common colds


	Pneumonia (some)



	Cholera


	Tuberculosis


	Diabetes (some)


	Poliomyelitis



	Diphtheria


	Typhoid fever


	Encephalitis


	Rabies



	Dysentery (some)


	Whooping cough


	Genital herpes


	Rubella



	Gonorrhea


	
	Infectious hepatitis


	SARS



	Leprosy


	
	Influenza


	Smallpox



	Mastitis


	
	Measles


	Yellow fever




Figure 17.6  Stop-action photograph of a sneeze. (Reprinted with the permission of Marshall W. Jennison, Syracuse University)
Figure 17.7  Botulism bacteria. 1,500. (Courtesy Robert McNulty)
Figure 17.8  A rat climbing over a barrier on a ship’s mooring line. (Courtesy U.S. Public Health Service)
A.

B.

Figure 17.9  A tomato hornworm (A) before and (B) 3 days after spraying with Bacillus thuringiensis.

Figure 17.10  Similarity of form between various unpigmented bacteria and cyanobacteria. 2,000. (After M. J. Pelczar, Jr., and R. D. Reid. 1972. Microbiology, 3d ed. The McGraw-Hill Companies. All rights reserved.)
Figure 17.11  Representative cyanobacteria. 2,500.

1. See also the discussion in Chapter 18 of the role of certain green algae in the transition of aquatic organisms to land, and the discussion in Chapter 25 of the effects of ozone depletion on our environment.

Figure 17.12  An algal bloom on a freshwater canal.

Figure 17.13  A section through a cell of the prochlorobacterium Prochloron, which lives on the surface of sea squirts (marine animals). Note the absence of a nucleus and other organelles, and the concentric layers of membranes that perform some of the functions of organelles. 15,750. (Electron micrograph courtesy Jean Whatley)
Figure 17.14  The north end of Utah’s Lake Bonneville, as seen from the air. The water has a very high salt content. The pinkish areas are due to a red pigment produced by salt bacteria. The pigment, called bacterial rhodopsin, is involved in a form of -photosynthesis.

Figure 17.15  An integrated organic digester operation for the production of methane gas. (Redrawn from Producing Your Own Power © 1974 by Rodale Press, Inc. Permission granted by Rodale Press, Inc., Emmaus, PA, 18049.)
Figure 17.16  Papavoviruses in a human wart. 52,000. (Electron micrograph courtesy Richard S. Demaree, Jr.)
Plant Viruses

The book Hot Zone and the movie Outbreak created an awareness of emerging viruses and their dangers to the human population. The Ebola, Hanta, and HIV viruses are now everyday words that have become synonymous with death. There is another group of viruses that also has a significant impact—plant viruses—which cause an estimated $15 billion worth of crop loss per year worldwide. They infect plants and cause hundreds of diseases, such as tomato spotted wilt disease, tobacco mosaic disease, maize stripe disease, and apple chlorotic leaf spot disease.

In total, nearly 400 plant viruses have been identified and classified by the International Committee on Taxonomy of Viruses (ICTV). Another 320 have been identified but are awaiting final classification.

Surprisingly, the first viruses ever identified were in plants. In 1898, a Dutch professor of microbiology, Dr. Martinus Beijerinck, was working to identify the disease that caused tobacco leaves to become mottled with light green and yellow spots. He demonstrated that the condition was not caused by a bacterium as was commonly thought at the time, but rather by some other unknown pathogen in the sap of the tobacco plant. He proved this by collecting sap from a diseased plant that was then passed through a filter capable of straining out any bacteria. When the filtered solution was reinjected into the leaf veins of healthy plants and the disease was transmitted, he had made his point. He called this filtered sap a contagium vivum fluidium (a contagious living fluid) and introduced the term virus to describe its property of being able to reproduce itself within living plants. Dr. Beijerinck’s virus was later named tobacco mosaic virus (TMV), consistent with the now-established practice of naming plant viruses both by the plant it infects and by describing the major disease symptom (e.g., mosaic, wilting, spotted, etc.).

Not only were the first viruses discovered in plants, but the understanding of their biochemical nature was first recognized through research on tobacco mosaic virus. Today, we know that viruses are submicroscopic, infectious particles that are composed of a protein coat and a nucleic acid center. They can be seen only with an electron microscope. As obligate parasites, they can reproduce themselves only with a living cell. The biochemical nature of viruses remained unknown until 1935 when Dr. Wendell Stanley, an organic chemist in the United States, succeeded in crystallizing the protein coat of TMV. Stanley, however, did not recognize the nucleic acid content of the virus that was later shown to be RNA. The fact that RNA could exist separately from DNA was a discovery that has had great influence on the development of molecular biology thought.

Today, we know that tobacco mosaic virus is a rigid rod, 300 nanometers by 15 nanometers, composed of a protein coat of approximately 2,100 helically arranged protein subunits surrounding an axial canal that contains a single-stranded RNA molecule consisting of 6,400 nucleotides. It, like all plant viruses, is classified according to the type of nucleic acid that it contains, either DNA or RNA but never both; whether the nucleic acid is single- or double-stranded; and the shape of the virus particle (spheres, stiff rods, flexible rods).

TMV is highly contagious, so much so that it can be transmitted to healthy plants merely from the fingers of smokers of cigarettes that were made from infected tobacco. This is unlike most other plant viruses that can survive no more than a few hours outside their living host. Plant viruses can gain entry into a plant only through an open wound or puncture and are typically transmitted by insect vectors such as aphids, leafhoppers, white flies, and mites. Aphids are the most important vectors, infecting healthy plants when they insert their mouth parts, called stylets, into phloem tubes for feeding. During feeding, they inject salivary secretions containing the virus particles into the plant’s sieve tubes.

Once injected, viruses are transmitted within the phloem and move throughout the plant. However, viruses cannot move directly through cell walls. Rather, cell-to-cell movement of viral particles occurs via the plasmodesmata (singular: plasmodesma), which are membrane-lined, cylindrical pores through cell walls. Plasmodesmata create cytoplasmic bridges that cross cell walls to connect adjacent cells, and this transport route explains why many viral infections are systemic, affecting the entire organism.

Viruses seldom kill the plant outright, but rather weaken it by causing abnormalities in leaves (such as mottling or changes in leaf color, shape, or vein patterns); changes in flower color; or irregularities in fruit size, shape, or color. Viruses can also cause fruits to ripen prematurely and to have an unpleasant taste or reduced sugar content. Crop yields of fruits and vegetables, as well as quality, can be reduced.

Few options exist for controlling plant viral diseases. The most effective control is achieved by sanitation—removing and burning diseased plants and thus killing the virus--carrying insects. Additionally, naturally resistant varieties of some plants have been developed. Chemicals remain an ineffective treatment for plant viruses because of the cost and environmental concerns.

Viral diseases affect many important agricultural crops in addition to tobacco. Crop losses worldwide are enormous each year. With the world’s human population increasing at about 1.6% yearly, any disease that threatens agricultural productivity and the ability of the human population to feed itself must be taken seriously. Although not as spectacular or newsworthy as Ebola or HIV, plant viruses are silent killers because they rob humanity by directly affecting the food supply.

D.C. Scheirer

Figure 17.17  Phage viruses. A. Structural detail. B. Transmission electron micrograph. 20,000. (Electron micrograph courtesy D. Kay)
B.

Figure 17.18  Stages in the development of a phage virus within a bacillus bacterium. A. The virus becomes attached to the bacterium. B. The DNA of the virus enters the cell. C. Various components of the virus are synthesized by the DNA of the bacterium. D. The viral components are assembled into units. E. The assembled viruses are released as the bacterial wall breaks down. (After M. J. Pelczar, Jr., and R. D. Reid. 1972. Microbiology, 3d ed. The McGraw-Hill Companies. All rights reserved.)
Figure 17.19  A virus is a nucleic acid coated with protein. The human immunodeficiency virus (HIV), which causes AIDS, consists of RNA surrounded by several layers of proteins. Once inside a human cell (usually a T cell, part of the immune system), the virus uses an enzyme to convert its RNA to DNA, which then inserts into the host DNA. HIV damages the human body’s protection against disease by killing T cells and by using these cells to make more of itself.

Bacteria, the most abundant and widely distributed organisms in the biosphere, are also the most metabolically diverse organisms. While most bacteria are heterotrophic, obtaining their energy from organic matter, others are photosynthetic, obtaining energy from light, or chemoautotrophic, obtaining energy from inorganic elements or compounds. Although some bacteria cause many serious diseases, most do not, and the sustained ecological functioning of earth’s ecosystems, especially decomposition and nutrient cycling, depends upon the activities of bacteria. The capacity of bacteria to recycle organic matter is commonly put to work in the production of compost, a valuable conditioner of soils. Viruses, which consist of a nucleic acid core surrounded by a protein coat, are among the most common disease agents and are a source of mortality in populations of all organisms from bacteria to humans.

