Chapter 4
Bacteria

Cell Shapes and Patterns

Bacterial cells are found in several common shapes and arrangements, which are useful in species identification (Figure 4.1). The bacilli (singular, bacillus) are rod shaped; cocci (sing., coccus) are spherical.  There are three varieties of spiral or curved cells: the spirilla (sing., spirillum) have a rigid “wavy” or helical shape, the spirochetes form a flexible helix, and the vibrios are curved, or comma shaped cells. Rods and cocci of a particular species may be found in characteristic arrangements, as follows:  single cells, paired cells (diplococci), and chains of cells (streptococci).  In addition, cocci may be found as regular packets of four (tetrads) or eight cells (sarcina), and also as irregular  “grape-like” clusters (staphylococci). Uncommon shapes have also been described (star-shaped, triangular and square). 

Naming Bacteria

Bacteria are named using Linnaeus’s binomial classification system. Each organism carries two Latinized names, the ﬁrst or genus name and the second or species name (only the genus name is capitalized, but both names are italicized).   Bacteria names are commonly instructive, as an example, Escherichia coli is named for Theodor Escherich and coli indicates its habitat (large intestine).  It is important not to confuse the shape bacillus with the genus Bacillus, nor should one confuse the arrangement streptococcus with the genus Streptococcus.  

Anatomy of the Bacterial Cell
Bacterial anatomy is described in Table 4.1 and illustrated in Figure 4.2.  Bacteria are anatomically diverse; however, as prokaryotes, they all lack a nucleus.
Envelopes
The envelope is the plasma membrane, cell wall, outer membrane (g—) and capsule (if present). All cells have a plasma membrane, but mycoplasmas alone lack a cell wall.
Capsule
The capsule is not an integral part of the cell envelope and may be easily removed from the cell.  The capsule is an important virulence factor for some pathogens, as it helps the bacterium avoid phagocytosis.
Cell Wall
The cell wall is a rigid structure, like that found in plants, fungi, and algae.  If water were to diffuse into a cell unabated, it would eventually burst; the cell wall prevents such osmotic rupture.  Penicillins and some other antibiotics interfere with proper assembly of the cell wall, making these cells sensitive to lysis.  There are two structurally distinct types of cell wall found in bacteria.  They are named gram + (g+) and gram – (g–), after Christian Gram.  His staining procedure differentiates g+ from g– cells (Figure 4.3).  The Gram stain is the first step in identifying bacteria pathogens, as it influences the choice of antibiotic used to treat a bacterial infection.  Broad-spectrum antibiotics work against both g+ and g– cells; other antibiotics work against g+ or g–. 

The bacterial cell wall is composed of a rigid polymer, peptidoglycan.  The layer of peptidoglycan is thick in g+ cells and thin in g– cells.  Moreover, g– cells have an external outer membrane (Figure 4.3).  Rupture of the outer membrane releases bacterial endotoxin, which induces fever in humans.
Cell Membrane
The bacterial cell or plasma membrane is common to all cells; it functions as a “gatekeeper,” because it is selectively permeable.  Water freely diffuses across the membrane by osmosis. In respiratory bacteria, the cell membrane is the site of energy generation, and it is the site of enzymes needed for cell wall assembly.

Cytoplasm
The cytoplasm is the part of the cell enclosed within the plasma membrane (figure 4.2).

Nucleoid
There is no nuclear membrane in prokaryotes, but the area the chromosome occupies is the nucleoid.  E. coli possesses a single chromosome of circular, double-stranded DNA.  Other bacteria are known to have two circular chromosomes and some have linear and circular chromosomes.  Cellular division in bacteria is usually by binary fission, in which the cell simply splits into two (Figure 4.5).

Plasmids
Plasmids are small, independently replicating DNA circles found in some bacteria.  They encode a limited number of genes and are not always essential.   Laboratory manipulation can cure (eliminate) plasmids from a cell.  Plasmids may carry virulence genes. R (resistance) factors are plasmids carrying antibiotic resistance genes.  They can spread resistance through a population of cells (Figure 4.6).

Spores
Bacterial spores are formed within the cell and are termed endospores.  Endo​spores may remain viable for centuries or longer, and they are highly resistant to heat, drying, radiation, and chemical disinfectants, including alcohol (Figure 4.7).  They can also survive boiling for extended periods. The spore contains a chromosome encased in a protective protein shell.  Forming an endospore is a complex process (Figure 4.8). Vegetative cells can sporulate when nutrients are limiting.  These spores, in turn, germinate into vegetative cells when more optimal growth conditions are restored. 


Common to the soil, the endospore-forming genera Bacillus and Clostridium contain important pathogenic species.  Because they are so hardy, the endospores of Bacillus anthracis (cause of anthrax) are a candidate for use in biowarfare.  The genus Clostridium has three species capable of causing potentially fatal human illness:  C. tetani (tetanus), C. botulinum (botulism), and C. perfringens (gas gangrene).  As they are anaerobic, clostridial spores are only capable of germinating in the absence of oxygen.
Appendages

Flagella
Flagella are the most common means of bacterial locomotion (Figure 4.9).  A flagellum is a long tubular filament, composed of the protein subunit flagellin. One or more flagella are anchored to the cell envelope by a basal body (the motor, which protrudes through the cell envelope).  In motile bacteria, the arrangement of flagella is a characteristic of each species (both rods and cocci may be flagellated).  



The rings in the basal body drive the flagellum like a boat propeller.  Cells move towards “attractant” molecules and away from “repellants” using a process termed chemotaxis.  Motility is a virulence factor for some bacteria.

Pili
Pili are filaments composed of pilin protein.  They are anchored to the cell envelope of gram positive and negative cells.  Pili are shorter, straighter, and thinner than ﬂagella. Pili may serve as adhesins, anchoring cells to surfaces (including host cells).  Attachment is necessary for colonization of a host as to establish an infection.  Sex pili form a bridge between bacteria for the transmission of DNA from donor cell to recipient.
Bacterial Growth
For unicellular microbes, the terms growth and multiplication are synonymous.  Like all organisms, there are ecological factors that limit the growth of bacteria. There are abiotic factors (temperature, the availability of oxygen and water, etc.) and biotic factors, including disease and competition.  Growth curves are used to model population growth and are illustrative of what occurs in nature and in the human host (Figure 4.10).  There are four major growth phases.
Lag Phase

The lag phase is the time required for the cell to adapt for growth in a new environment; adaptation also occurs in actual infection.  Initially, some cells may die, as those cells that can’t adapt (the less fit) die off (Darwinian “survival of the fittest”).  
Exponential (Logarithmic) Phase

E. coli has a generation time of less than 20 minutes under optimal growth conditions.  At the end of each generation time, the population size is doubled. During the “log” phase, the cell population doubles each generation (this is exponential or logarithmic growth).  Starting with one cell, and a doubling time of 20 minutes, there would be 2 cells after 20 minutes, 4 after 40 minutes and 8 after 60 (i.e., 8 = 2 x 2 x 2 or 23, the exponent 3 equals the number of generations).  With few exceptions, the generation time of bacterial pathogens is typically short (Table 4.3.).

Stationary Phase

In a closed system, optimal conditions cannot be maintained indefinitely, as oxygen and nutrients become depleted and carbon dioxide and other toxins accumulate, the growth rate must slow.  At the stationary phase, the rate of cell division is about equal to the rate of death, and the population number plateaus, as there is no net change in cell number.
Death Phase

As growth conditions worsen, the number of cells dying exceeds the rate of cell division.  The number of viable cells now plummets.  Living cells will persist for quite some time, and, if transferred to new medium, these cells will repeat the cycle.
Significance of Bacterial Growth

Growth during an infection mirrors the stages outlined above.  Typically, a few bacteria attempt to establish themselves at a site of infection, and this represents the lag phase. At some point in time (hours usually), the invader has adapted to its surroundings, and an exponential increase in the bacterial population starts. During this log phase you experience the first signs and symptoms characteristic of that infection (lethargy, vomiting, diarrhea, headaches, fever, etc.).  Taking an antibiotic is an attempt to interrupt the log phase, enter the stationary phase, and, as quickly as possible, hasten the death phase (microbial, hopefully). With or without intervention, the body’s immune system responds to the infection, using various defense tactics to try to destroy the invaders. 
Culturing Bacteria: Diagnostics

When infection is indicated, a clinical specimen (throat swab, urine, or blood culture, etc.) is obtained to grow and identify the suspect organism. A portion of the specimen is placed into a tube of nutrient broth and/or streaked across the surface of a Petri dish containing nutrients and agar. Agar plates (Figure 4.13) allow the growth of bacterial colonies with identifiable morphol​ogy (Figure 4.14), providing clues for identiﬁcation. On a blood agar plate, for example, the streptococcus that causes strep throat secretes a hemolysin that destroys the sheep red blood cells (turning the area surrounding colonies transparent). This conﬁrms the diagnosis (Figure 4.15). 

Many varieties of broth and agar media exist for bacterial growth and identiﬁcation, and the medium used depends upon the source of the specimen. Those pathogens typically found in the mouth may be different from those found at other sites (skin, colon, urethra, etc.). After incubation, the cultures are examined for characteristic properties (Figure 4.16). Gram stains are performed and antibiotic sensitivities are determined by spreading an isolate onto the surface of an agar plate to which antibiotic disks are then added (Figure 4.17).  After incubation, “zones of inhibition” (no growth) form around any disks that inhibit growth. 


Usually bacteria can be identified in 24 hours or less; however, if the bacteria grow slowly it can take as long as weeks.  Some bacteria can’t be grown on artificial media at all, and in these cases other approaches are necessary.  Specific antibodies are produced in response to bacterial molecules called antigens.  The presence of antibodies in the patient’s blood that react with specific bacterial antigens can help to establish the identity of the bacteria species involved. 

Oddball (Atypical) Bacteria

There are three important “oddball” groups of bacteria, each of which possesses properties distinguishing it from the typical bacteria and from each other.  These groups are signiﬁcant pathogens of humans. They are the mycoplasmas, chlamydiae, and rickettsiae; their properties are summarized in Table 4.4. 

Mycoplasmas

Mycoplasmas are bacteria without cell walls; consequently they have no particular shape when viewed under the microscope.  Also, they are very small cells, and they require specialized media for growth and identification. The causative agent of walking pneumonia is Mycoplasma pneumoniae. 
Chlamydiae

The chlamydiae are obligate intracellular parasites, a property shared with rickettsiae and viruses.  They cannot be cultured on artificial media. They are responsible for a variety of diseases, including urethritis (inﬂammation of the urethra), trachoma (a common cause of blindness), and lymphogranuloma venereum (a sexually transmitted disease). 
Rickettsiae

Like the chlamydiae and viruses, rickettsiae are obligate intracellular parasites and can’t be grown on artificial media. Rickettsiae are the largest of the three groups of atypical bacteria and are easy to see with a light microscope. With the exception of Q fever, diseases caused by these organisms are acquired through the bites of arthropods (e.g., mosquitoes, ﬂeas, ticks, and lice.)
