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E&l _- reria6 Structure
'The prokaryotes referred to in this chapter as bacteria' include the
organisms that compose the kingdom Eubacteria (Domain Bacteria)
eukaryotic cells. p aA
and the organisms that compose the kingdom Archaebacteria (Domain
Archaea). Bacteria cliffer from eukaryotes in at'least seven ways.
Describe three different
ways bacteria can obtain
1. Internal compartmentalization. Bacteria are prokaryotes.
energy. p 4B TAKS 2 Unlike eukaryotes, prokaryotes lack a cell nucleus. Bacterial
cells ]lave no intemal. compartments or membrane systems.
- Describe the external and
internal structure of
2. Cell size. Most bacterial cells are about 1 jam in diameter; most
Eschenchia co/1. 44A .
eukaryotic cells are more than 10 times that size.
-Distinguish two ways that
Multicellularity. All bacteria are single cells. Some bacteria may
3.
bacteria cause disease. Q 40
stick together or may.form strands. However; these formations
TAKS 3,
Identify three ways that
are not truly multicellular because the cytoplasm in the.cells does
bacteria benefit humans. p 4D
3
not, directly interconnect, as is the case with many multicellular
TAKS
eukaryotes. Also, the activities of the cells are not specialized.
4. Chromosomes. Bacterial chromosomes consist of a single cirpilus
cular piece of DNA.. ,Eukaryotic chromosomes are linear pieces
bacillus
of DNA that are associated with proteins.
coccus
5. Reproduction. Bacteria reproduce by binary fission,. a process
spirillum
in which one cell pinches into two cells. In eukaryotes, however,
capsule
antibiotic
microtubules pull' chromosomes to opposite poles of the cell duranvdospore
ing mitosis. Afterward, the cytoplasm of the eukaryotic cell
conjugation
divides in half, forming .two cells.
anaerobic
o.
Flagella.
Bacterial flagella are simple structures composed of a.
aerobic
single
fiber
of protein that spins like a corkscrew to move the cell.
toxin
Eukaryotic flagella are more-complex structures made of microtubules that whip back and .
List seven differences

between bacteria and
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Figure 9 Flagella and

pili. Bacteria have

flagella that provide them
with movement and pill

that enable, adherence to
surfaces.

Proteus mirabifis

forth rather than spin. Some

bacteria also have shorter,
thicker outgrowths called pili:
(PIHL ee) (singular, pilus),
shown in Figure 9. Pili enable
bacteria to attach to surfaces
or to other cells.
7. Metabolic diversity. Bacteria
have many metabolic abilities
that eukaryotes lack. For example, bacteria perform several
different kinds of anaerobic
and aerobic processes, while
eukaryotes are mostly aerobic
organisms.

CeH -,apes

A bacterial cell is ubually one of three basic shapes, as shown in
Figure 10: bacillus (bich SIHL uhs), a rod-shaped cell; coccus
(KAHK us), a round-shaped cell; or spirilluiin (spy .RIHL uhm), a
spiral cell. A few kinds of.bacteria aggregate into strands. Species
that . form ' filaments are indicated by the. prefix strepto-, while
species that form clusters are indicated by the prefix staphylo-.
Members of the kingdom'Eubacteria have a cell w'~1 made of peptidoglycan, a network of polysaccharide molecules linked together
with chains of'amino acids. Outside the cell wall and membrane,
many bacteria have a gel-like layer called a capsule. Members of the
kingdom Archaebacteria often lack cell walls.,
Cell wails Eubacteria can have two types of cell walls, distinguished by a dye staining technique called the ' Gram stain. One
group is called Gram-negative, and the. other Gram-positive.
Gram staining is important in medicine because the two groups
of eubacteria differ- in their susceptibility to clifferent antibiotics.
Antibiotics are chemicals that interfere with life processes in bacteria. Thus, Gram staining can help determine which antibiotic
would be most useful in fighting an infection.
Endospores Some bacteria form thick-walled endospores ,(EHN
doh spohrz) around their chromosomes and• a small bit •of cytoplasm when they are exposed to harsh conditions. These conditions
can be the depletion of nutrients, a drought, or high temperatures.
Endospores can survive environmental stress and may germinate
years after they were formed, releasing new, active bacteria.
pm Pili enable bacteria to adhere to the surface of sources of'nutrition, such as your skin. Some kinds of pili enable bacteria to
exchange genetic ,material through" a process called conjugation.
Conjugation (kahn . juh GAY shuhn) is a process in which two
organisms exchange genetic material. In prokaryotes, pili from one
bacterium adhere to a second bacterium; and genetic material is.
transferred from the :first bacterium to the second bacterium. Conjugation enables bacteria to spread genes within a population.
Magnification: 117,300x-;

Bacillus (rod-shaped)
E coli

Coccus (round-shaped)
Micrococcus luteus

Figure 10 Bacterial

shapes. Bacteria are usually
one of three shapes.
Magnification; 2,296x

Spirillum (spiral-shaped)
Spirillum volutans

Big, big bacteria
In 1999, scientists
announced the discovery

of the largest bacteria ever
discovered. Thiomargarita
namibiensis was found off

the coast of Namibia.
More than 100 times larger
than the previously known
largest bacterium, T. namibiensis is 0.5 mm wide.

Obtaining Er'(qruy

Path ea r10+ e"roc Bacteria

Over 4,000 species of bacteria have been named, and probably many
more haven't yet been discovered. Bacteria occur in the widest possible range of habitats and play key ecological roles in nearly all of
them. As you may recall from an earlier chapter, bacteria thrive in
hot springs, frigid arctic seas, and groundwater. They are even found at high pressures in the deep sea and inside solid rock.
Bacteria can be classified in several different ways. Classifying
bacteria by the different ways in which they obtain energy, for example, gives a good general sense of the great diversity among bacteria.
Bacteria can also be classified according to their phylogenetic
relationships. By comparing the sequence of their ribosomal RNA,
scientists have determined that there are at least 12 phyla of eubacteria and four phyla of archaebacteria.

In order to understand infectious diseases, think of your
.body as a treasure chest full of resources. Your body has protein, minerals, fats, carbohydrates, and vitamins. You may
want to keep and use these resources, but so do many other
organisms, including the bacteria on and in your body. Bacteria -have evolved various means. of obtaininP these
resources from you. In some cases, the competition for the
resources in your body,can result in your becoming ill.

Hetelratrrophs
Most bacteria are heterotrophs. Together with fungi,
heterotrophic bacteria' are the principal decomposers
of the living world; they break down the bodies of dead
organisms and make the nutrients available to other
organisms. Many are aerobic , that is, they live in the
presence of oxygen. Some other bacteria can live without oxygen. 1
Other activities of heterotrophic bacteria may be
helpful or harmful to humans. For example, more
than half of our antibiotics are produced by several
species of Streptomyces, a filamentous bacterium
found in soil. On the •other, hand, one species of
Staphylococcus can secrete a poison into food. This
poison causes nausea, diarrhea, and vomiting in people who eat the Staphylococcus-contaminated food.
Species of the symbiotic bacteria Rhizobium are by
far the most important of all.nitrogen-fixing organisms. Rhizobium species are heterotrophic bacteria
that usually live within lumps on the roots of legumes
(plants such as soybeans, beans, peas, peanuts, alfalfa, and clover),
as shown in Figure 12.. Farmers take advantage of .Rhizobium's
nitrogen-fixing abilities when they "rotate" their crops every few
years and grow legumes, which replenish the soil with nitrogencontaining compounds.

Bacterial Can MetaboNze Their Lost
Heterotrophic bacteria obtain nutrients by secreting
enzymes that break down' complex..organic structures in.
their environment and then absorbing them: If that environment is your throat or lungs, this can cause serious problems.
For example, tuberculosis, a disease of the lungs, is caused by
Mycobacterium tuberculosis, shown in Figure 13. Tuberculosis was
once one of the most common causes of death. In most cases, infection occurs when tiny droplets of moisture that contain the bacteria
are inhaled. Some bacteria settle in the lungs, where they grow
using human tissue as their nutrients. The bacteria may also spread
to other parts of the body. Symptoms may include coughing up sputum and blood, chest pain,, fever, fatigue, weight loss, and loss of
appetite. If left untreated, death may occur as quickly as within 18
months but more commonly within 5 years., Other important bacterial diseases are described in Table 2.
2,, `Illnpark2lnt Bacterial: Diseases '
;~„ble
t
Disease

Description of illness:

Figure 13 Tuberculosis
in a lung. The red-stained
structures in this light
micrograph are Mycobacterium
tuberculosis, which cause
tuberculosis.

~, _
Bacterium

. s ,, ;;,
How the disease is
transmitted or caused

Anthrax

Fever, severe difficulty breathing

Bacillus anthraces

Inhalation of spores

Bubonic plague
plag

Fever, bleeding, lymph nodes that form
swellings called buboes; often fatal

Yersinia pesos

Site of an infected flea

Cholera

Severe diarrhea and vomiting;
fatal if not treated

>rbrio cholerae

Drinking contaminated wafer

Dental cavities

Destruction of minerals in tooth

Streptococus mutans

Dense collections of bacteria
in mouth

Lyme disease

Rash, pain, swelling in joints

Borrefla burgdorferi

Site of an infected tick

Tuberculosis

Fever, difficulty breathing

Mycobacterium

Inhalation

Rickettsia

Bite of infected flea or louse

Magnffication:1,44ox
Figure 12 Nitrogen-fixing.
bacteria: The bacteria inside
the lumps on these soybean
roots contain Rhrroblum, a
nitrogen-fixing bacteria. ,

Typhus

dache, high fever

Not all bacteria are'lethal. For example, some bacteria cause
everyday health problems, such as acne. Acne occurs in' about 85
percent of teenagers. Bacteria, such as Propionibacterium acnes,normally grow in an oil gland of the skin. They metabolize a certain
kind of oil produced by those glands. During puberty the oil glands
increase the amount of oil produced, and the bacterial population
on the skin increases greatly. The bacteria grow in the pores where
the, oil normally flows, forming pimples and blackheads.
Bacterial Toxins
The second way bacteria cause disease is by secreting chemical
compounds into their environment. These chemicals, called ,toxins,
are poisonous.to eukaryotic cells, as shown in Figure 14. Toxins can
be secreted into the body of an infected person or into a food in
which bacteria are growing.
When bacteria grow in food and produce toxins, the toxins can
cause illness in humans who eat those contaminated foods. This
kind of illness is called an intoxication. For example, Staphylococcus aureus causes the most common type of food poisoning. The
symptoms include nausea, vomiting, and- diarrhea. This type of poisoning is painful but is seldom fatal.
, Another type. of intoxication that is fatal occurs when food is not
canned properly. Sometimes canned food is not heated.enough to
kill endospore,forming bacteria, such as Clostridium botulinum.
The bacteria can then grow and produce a deadly toxin that affects
the nervous system. A person who eats food that contains this toxin
then becomes ill with .a disease called botulism, whose-symptoms
•include double vision mad paralysis. People with botulism may die
because they are unable to breathe.
Some bacteria are responsible for other diseases reported in. the.
news, such as E. coli 015707, the cause of several outbreaks of
food poisoning in the United States. E. coli' normally lives in our
intestines. However, if it acquires DNA that codes for the - toxin
through conjugation, it can produce the. toxin. E. coli poisoning is
associated with raw or improperly cooked ground beef.
Most bacteria can be killed by' boiling water or various chemicals. Using hot, soapy water to prevent contamination of our food
utensils .and food supply is one way of preventing disease. Many
commercial,antibacterial products can also be used to prevent bacterial contamination in the kitchen and in industrial food factories.

Blowarffare
Biowarfare is the deliberate exposure of people to biological toxins or
pathogens such as bacteria or viruses. The United States government
is justifiably concerned about the use of bioweaponsbiological
toxins or pathogens suitable for mass infection-against military
personnel overseas and against civilians within the United States.
Biologists are working on new approaches to recognize. the onset of
an attack-with a bioweapon, to treat infected people, and to slow the
spread of any outbreak of disease.

Dmpa -tance of Bacteria
In'. 1928, the British bacteriologist Alexander Fleming
noticed a fungus of the genus Penicillium growing on a
culture of S. aureus. He saw that bacteria did not grow near
the fungus. He concluded that the fungus was secreting a
substance that killed the bacteria, ;
Fleming isolated the substance ' ana named it penicillin.
In the early 1940s, scientists found that penicillin was effective in treating many bacterial diseases, such as pneumonia.
Different antibiotics interfere with' different cellular
processes. Because these processes do not occur in viruses,
antibiotics are not effective .against them. Other antibiotics, such as tetracycline and ampicillin, have been
discovered in nature or imitated chemically.

Despite the misery that some bacteria cause humans in the. form of
disease and food spoilage, much of what bacteria do is extremely
important to our health and economic well-being.

Food and ChernicaO [Pro uct2a n.

Many of the foods tha~t'we eat are processed by specific kinds of
bacteria. For example, .many fermented foods are produced with
the assistance' of bacteria, as shown in. Figure 16. These foods
include pibldes, buttermilk, cheese, sauerkraut, olives, vinegar;.
sourdough bread, and even some kinds of sausages.
Humans are able to use different bacteria to produce different
kinds of chemicals for industrial uses, as shown in Figure 17. For
example, different kinds of Clostridium species can make either
acetone or. butanol. These chemicals can be used to produce a large
AnUbiofic-(Resistant Bacteria
'variety of other useful chemicals.
Genetic engineering companies use genetically engineered
In recent years, some bacteria have become resistant to antibiotics.
Susceptible bacteria are eliminated,from the population, and resis- bacteria to produce• their many products, such as drugs for
tant bacteria survive and reproduce, thus passing on their resistance medicine and complex chemicals for research.
traits. Mutations for antibiotic resistance arise spontaneously in
bacterial populations as errors in DNA replication. There are many Mining and E nvironmentaU uses of i; acteria
individuals in a bacterial population, and bacteria multiply very Mining companies can .use bacteria to concentrate desired elerapidly (doubling their numbers in as few as 20 minutes). Therefore,
ments Eom low-grade, ore. Lo~v-grade ore has a low percentage
a mutation that gives the bacteria a selective advantage can quickly
of - the desired mineral, but it also has sulfur • compounds.
spread throughout a population. ,
Chemoautotrophic bacteria can convert the sulfur into a soluble compound, leaving the desired mineral behind. The sulfur
Antibiotic Misuse Mutations that confer resistance to antibiotics are
compound can be washed away with water, leaving only the
strongly favored in bacterial populations being treated with an antidesired mineral: This technique can be used to harvest copper
biotic. Usually, if the full course of the antibiotic is administered, all
or uranium.
the targeted bacteria are killed and there is no chance for a resistant
Bacteria metabolize different organic chemicals and are
strain to develop. I£ antibiotic treatment ends prematurely, some of
therefore
used to.help clean up environmental disasters such as
the bacteria may survive. Which ones? The ones most resistant to the
petroleum and chemical spills. Powders containing petroleumantibiotic. A patient who does not take the full course of a prescribed
metabolizing bacteria are used to help clean oil spills.
antibiotic is setting, the stage for the development of antibioticresistant bacteria.
Multiple-antibiotic Resistance A related problem can arise in a
patient being treated with two or more antibiotics at the same time.
This practice selects for'bacteria-that have acquired several antibiotic-resistance genes. A number of strains of Staphylococcus. aureus
associated with severe infections of hospital patients (so-called hospital staph) have appeared in recent years. These strains are resistant to penicillin and a wide variety of other antibiotics, so
infections caused by these strains are very, difficult to treat.
Recently, concern. has arisen over the common use of antibacterial soaps. Antibacterial soaps are marketed as a means of protecting
people from harmful bacteria. Their routine use, however, may favor
bacteria 'resistant to the antibacterial agents in the soap. Ultimately,,
routine use of antibacterial soaps could reduce our ability to treat
common bacterial infections. 1

recce

Mn

Section., Bacteria
In the space provided, write E if the characteristics describes eukaryotes or B if the
characteristic describes bacteria.
1. have no internal compartments

2. cell size is usua ly about 1 mm in diameter
3. can exist in the form of multicellular organisms
4. chromosomes are'linear pieces of DNA associated with proteins
S. reproduce by binary fission
6. flagella are composed of a. single fiber of protein that spins like a
corkscrew
.7 can perform-various types of anaerobic-metabolic activities
Read each question, and write your answer in the space provided.
16. What-'resources in your body do bacteria on or in your body compete for?

.17 What is the name of the bacterium that causes Lyme disease? How is T yore

disease transmitted?

10. What causes tooth cavities?

_ 19. What are the two basic ways that bacteria cause disease?

Complete each statement by wvdiing ghe Q®rredt term tr phrase in the space
provided.

20.Alexander Fleming noticed-that a certain fungus secreted-a substance called
that was toxic to bacteria.
21.Antibiotics cannot be used to cure diseases caused by

22. Different types of bacteria called
-useful acetone or butanol.23. Petroleum metabolizing bacteria are used to help clean

species can make

