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I.	Submodule A:  Survey of microbes and their capabilities





A.	Microbial diversity





1.	Four broad classes of microorganisms that interact with humans:





a)	Bacteria


b)	Fungi


c)	Viruses


d)	Protozoa





2.	Differentiate between prokaryotic (bacteria) and eukaryotic (fungi, protozoa) organisms:





a)	Prokaryotes:  they differ from eukaryotes in the following ways


(1)	No nuclear membrane with a single circular chromosome.


(2)	Have extrachromsomal DNA in the form of plasmids.


(3)	No cytoplasmic organelles


(4)	The plasma membrane contains enzymes of respiration and is the site of phospholipid and DNA synthesis.


(5)	Contain a cell wall made of a rigid layer of peptidoglycan (absent in Mycoplasma)


(6)	They do not have sterols (except in Mycoplasma)


(7)	They have 70s ribosomes in the cytoplasm. (eukaryotes have 80S)





3.	Viruses:  they are strict intracellular parasites.





a)	They are simple forms of replicating, biologically active particles that carry genetic information in the form of either DNA or RNA molecules, but never both.





b)	Most mature viruses have a protein coat over their nucleic acid and sometimes a lipid surface membrane (envelope) derived from the cell that they infect.





c)	They lack the protein-synthesizing enzymes and structural apparatus necessary for their own replication.





d)	Viral replication:  viruses replicate by using their genetically active nucleic acids to subvert the metabolic activities of the cell that they infect to bring about the synthesis and reassembly of their component parts.





(1)	With many viruses, cell death and infection of other cells by the newly formed viruses result.  (3)





(2)	Sometimes, viral reproduction and cell reproduction proceed simultaneously without cell death, although cell physiology may be affected.





(3)	Sometimes, there is integration of viral nucleic acid into the functional nucleic acid of the cell, producing a latent infection that can be transmitted intact to the progeny of the cell.





(a)	The integrated viral genome can be silent, producing no metabolic effect; can alter the expression of the genome of the host cell; or may encode the production of a biologically active protein.





(b)	The integrated viral nucleic genome can sometimes be activated by mutational or other stimuli, leading to production of complete viral particles and death of the host cell.





B.	Infections:





1.	Virulence factors:  organisms that invade and multiply in the tissue of individuals with intact immune mechanisms have virulence determinants that allow them to avoid eradication by phagocytic cells.





a)	Some organisms produce surface molecules that confer resistance to opsonophagocytosis 


b)	Some change their antigenic coat to confuse recognition.  (4)


c)	Some produce substances that kill phagocytes or inhibit their migration.


d)	Some confound the phagocyte’s mechanisms of destruction once inside.





2.	Immune response:  a full range of immune responses are stimulated by the infection.





a)	The local inflammatory reaction mobilizes phagocytes and  serum antimicrobial factors.





(1)	Polymorphonuclear leukocytosis often develops in bacterial infections and increases the number of available phagocytic cells.





b)	Antigen, often processed by macrophages, primes and leads to multiplication of specific immunonologically active lymphoid cells of both the T and B series.





c)	Antibody with specific attachment sites for the infecting agent and for phagocytic cells increases the efficiency of phagocytosis or nullifies the effectiveness of antiphagocytic surface components of some bacteria, a process in which the normal serum complement system collaborates.





(1)	In some cases, direct killing of the pathogen results from the action of complement on antibody-coated cells.





(2)	In others, antibody blocks attachment sites on the surface of strict intracellular parasites such as viruses, thus halting the cycle of spread from cell to cell.





d)	Cytokine-activated cell-mediated immune mechanisms serve to increase the ability of macrophages to control the growth of intracellular pathogens.





(1)	Interferon production, which plays a major role in blocking the intracellular replication of viruses, also appears to interact with natural killer cells to increase their efficiency in destroying virus-infected cells.  (5)





C.	Chemotherapy and Immunization:





1.	Some antimicrobials kill or inhibit the infecting organism, but have minimal toxicity for the host.





a)	These antibacterials exploit the structural and metabolic differences between bacterial and eukaryotic cells to provide the selectivity necessary for good antimicrobial therapy.





(1)	Penicillin, for example, interferes with the synthesis of the bacterial cell wall, a structure that has no analog in human cells.





b)	Microbial resistance:  this resistance has resulted from mutation in the microbial genome and, in the case of bacteria, from the acquisition of genetic determinants of resistance on extrachromosomal, self-replicating portions of DNA (plasmids).





(1)	Some individual genetic sequences can move from plasmid to plasmid or from plasmid to chromosome or vice versa (transposons).





(2)	Some plasmids carry multiple resistance determinants against several antibiotics and can be transferred within or between bacterial species.





2.	Prevention:  immunization is the mainstay of epidemic disease prevention.





a)	Specific immunization by parenteral injection of nonliving purified or complex antigens has long been effective in preventing diphtheria, tetanus, pertussis, poliomyelitis, and influenza infections.





b)	More recently, vaccines incorporating purified capsular polysaccharides have been highly effective in preventing major causes of acute bacterial meningitis and pneumonia.





c)	Live vaccines, using organisms of reduced virulence (attenuated) that undergo limited multiplication in the body, have been used for many decades in the prevention of smallpox, rabies, poliomyelitis, and tuberculosis.





(1)	This approach has been extended more recently to measles, rubella, and mumps.





(2)	Live vaccines provide prolonged immunologic stimuli and thus reduce the need for boosters.  (7)





D.	Diagnostic Microbiology:





1.	The role of the Microbiology laboratory:





a)	Most bacteria and fungi can be grown in artificial culture, studied for a variety of key taxonomic characteristics, and speciated within a day or two.





(1)	Once grown, they can be tested for their susceptibility to antimicrobial agents and the results used in the selection of therapy.





b)	In some cases, antigenic components or metabolic products of infecting organisms can be detected in clinical specimens using chemical or immunologic techniques.





c)	In other cases, nucleic acid probes have been developed by gene cloning that can detect microbial genes in infected cells or clinical exudates.





d)	Sometimes diagnosis of an infection can only be accomplished by detecting antibodies produced by the patient in response to the infecting organism (serodiagnosis). (6)





E.	Normal Flora:





1.	The human body carries both saprophytic and pathogenic organisms.


a)	Saprophytic= obtaining nourishment osmotically from the products of organic breakdown and decay.





b)	The saprophytes in many cases restrain the pathogenic organisms while maintaining a symbiotic relationship with the body.  (module- pg 4)





c)	If the body’s defense mechanisms become impaired, the saprophytes may cause disease.





2.	Normal Flora of Different sites:  See Table 9-1, 135





a)	Blood, body fluids, and tissues:  in health they are normally sterile.





(1)	Occasional organisms may be displaced across epithelial barriers as a result of trauma or during childbirth





(a)	Such transient bacteremia may be the source of infection when structures such as damaged heart valves and foreign bodies (prostheses) are in the bloodstream.





b)	Skin:  the skin plays host to an abundant flora that varies somewhat according to the number and activity of sebaceous and sweat glands.  The flora is most abundant on moist skin areas (axillae, perineum, and between toes).





(1)	Staphylococcus epidermidis, other staphylococci, and members of the genus Propionibacterium occur all over the skin, and facultative diphtheroids (corynebacteria) are found in moist areas.  (134)


(a)	S. aureus is a potential pathogen





(2)	Organisms of the skin flora are resistant to the bactericidal effects of skin lipids and fatty acids, which inhibit or kill many extraneous bacteria.





c)	Conjunctival sac:  in health, the conjunctivae have a very scanty flora of nonpathogenic corynebacteria and S. epidermidis.





(1)	The low bacterial count is maintained by the high lysozyme content of lacrimal secretions and by the flushing effect of tears.





d)	Intestinal tract:





(1)	Mouth:  although it varies from site to site, the total number of organisms in the oral cavity is very high.  Saliva usually contains a mixed flora of about 108 organisms per milliliter.


(a)	Different species of streptococci predominate on the buccal and tongue mucosa because of different specific adherence characteristics





(b)	Neisseria and Moraxella species make up the balance of the most commonly isolated.





(c)	Anaerobic members of the normal flora have their niches in the depths of the gingival crevices surrounding the teeth and in sites such as tonsillar crypts, where anaerobic conditions can develop readily.





(d)	The yeast Candida Albicans is a potential pathogen





(2)	Stomach:  it contains few, if any, resident microbes in health because of the lethal action of HCl and peptic enzymes on bacteria.  (135)





(3)	Small intestine:  it has a scanty resident flora, except in the lower ileum, where it begins to resemble that of the colon.





(4)	Colon:  it carries the most prolific flora in the body.


(a)	In the adult, feces are 25% or more bacteria by weight.





(i)	More than 90% are anaerobes, predominantly members of the genera Bacteroides and Fusobacterium, although Clostridium perfingens, a major etiologic agent of gas gangrene, is invariably present.





(ii)	The remainder of the flora are facultative organisms such as Escherichia coli, enterococci, yeasts, and numerous other species.





(b)	The fecal flora of breast fed infants is made up of up to 99% Bifidobacterium.





e)	Respiratory tract:


(1)	Nares:  the external 1 cm of the anterior nares is lined by squamous epithelium.


(a)	The nares have flora similar to that of the skin except that it is a primary site of carriage of a pathogen, Staphylococcus aureus.





(2)	Nasopharynx:  it has a flora similar to that of the mouth; however, it is often the site of carriage of potentially pathogenic organisms such as pneumococci, meningococci, and Haemophilus species.





(3)	Respiratory tract:  below the level of the larynx it is protected by action of epithelial cilia and by movement of the mucociliary blanket.  (136)


(a)	Only transient inhaled organisms are encountered in the trachea and larger bronchi.





f)	Genitourinary tract:  the urinary tract is normally sterile above the distal 1cm of the urethra.


(1)	The vagina:  it has a flora that varies according to hormonal influences.





(a)	Before puberty and after menopause, it is mixed, nonspecific, relatively scanty, and contains organisms derived from the flora of the skin and colon.





(b)	During the childbearing years, it is composed primarily of anaerobic and microaerophilic members of the genus Lactobacillus.  (137)





(c)	Candida Albicans is a potential pathogen





3.	The Role of Normal Flora in Protecting the Host from Disease:





a)	Organisms of normal flora play an important role in the development of immunologic competence.





(1)	Animals delivered and raised under completely aseptic conditions have a poorly developed reticuloendothelial system, low serum levels of immunoglobulins, and none of the antibodies to normal flora antigens that often cross react with those of pathogenic organisms.  (138)





b)	The normal flora produces conditions that tend to block the establishment of extraneous pathogens and their ability to infect the host.


(1)	The bifidobacteria in the colon of the breast-fed infant produces an environment that inhibits colonization by enteric pathogens.


(2)	The normal vaginal flora has a similar positive effect.  (139)





4.	Factors Determining the Nature of the Normal Flora:





a)	Local physiological and ecologic conditions determine the nature of the flora.


(1)	These conditions include the amounts and types of nutrients available, pH, oxidation-reduction potentials, and resistance to local antibacterial substances such as bile and lysozyme.





b)	Many bacteria have adhesin-mediated affinity for receptors on specific types of epithelial cells which facilitates colonization and multiplication while avoiding removal by the flushing effects of surface fluids and peristalsis.





c)	Various microbial interactions also determine their relative prevalence in the flora.


(1)	These interactions include competition for nutrients, inhibition by the metabolic products of other microorganisms, and production of antibiotics and bacteriocins.  (134)





5.	Role of Normal Flora in Disease:





a)	Many species among the normal flora are opportunists in that they can cause infection if they reach protected areas of the body in sufficient numbers or if local or general host defense mechanisms are compromised.





(1)	For example, certain strains of E. coli can reach the urinary bladder by ascending the urethra and cause acute urinary tract infection, usually in sexually active women.





(2)	Perforation of the colon releases feces into the abdominal cavity;  this contamination may be followed by peritonitis and intrabdominal abscesses.





(3)	Viridans streptococci from the oral cavity may reach the bloodstream as a result of physiologic trauma or injury (e.g. tooth extraction) and colonize a previously damaged heart valve, initiating bacterial endocarditis.  (137)





b)	Reduced specific immunologic responses, defects in phagocytotic activity, and weakening of epithelial barriers by vitamin deficiencies can all result in local invasion and disease by normal floral organisms.  (138)





6.	Resident flora:  are present invariably or for months in a particular site.





7.	Carrier state:  term often used when potentially pathogenic organisms are part of the flora.  (133)  





II.	Submodule B:  Survey of Pathogenic Bacteria





A.	Pathogenic Bacteria





1.	Gram staining properties:  reflect fundamental differences among bacteria.





a)	The differences are mainly in their permeability properties and surface components.


(1)	The chief differences are the presence of an outer membrane in the Gram negatives and of a thick murein layer in the Gram positives.





b)	Gram stain makes the positives look dark violet and the negatives red.  (Sc 180)


c)	Gram positive cocci and gram negative rods are the most common agents of infections.





2.	Gram-positive cocci:  Streptococci and staphylococci.





a)	Streptococci:





(1)	These bacteria grow in chains of round cells, like strings of pearls, and constitute a large and diverse group.





(2)	They are subdivided according to the changes they produce when grown on agar containing blood:





(a)	�symbol 98 \f "Symbol" \s 10�b�-hemolytic streptococci:  lyse RBCs causing an area of clearing around the colonies.


(i)	They cause most streptococcal infections and are the main pathogens of this genus.





(b)	�symbol 97 \f "Symbol" \s 10�a�-hemolytic streptococci:  cause a greening of the hemoglobin.





(c)	Other streptococci do not change the blood at all.





(3)	Streptococci are anaerobes:  they do not carry out respiration but only fermentation





(4)	Colonies of streptococci are usually small on agar





(5)	Streptococci make a lot of extracellular proteins, some of which are virulence factors involved in spreading the organisms through tissues and damaging host cells.





b)	Staphylococci:





(1)	There are 3 main species; thus, this group is not as diverse as the streptococci.





(2)	Staphylococci have no specific arrangement under the light microscope but look like bunches of grapes.  (Sc 181)


(3)	They make larger colonies on agar and are aerobes





(4)	They are the most likely organisms to cause pus in wounds and may produce serious infections in deep tissues, such as osteomyelitis, endocarditis, etc.





(5)	They also secrete a large number of extracellular enzymes and toxins.


(a)	One of these, coagulase, clots plasma and is useful in classification since only the more pathogenic species, S. aureus, makes this enzyme.





3.	Gram-negative Rods:  a large group of bacteria that include many important pathogens.


a)	Enteric Bacteria:  they stand out in this group.





(1)	The enteric bacteria comprise many genera, including Salmonella (typhoid fever and food poisoning) and Shigella (bacillary dysentery).


(a)	The typical bacteria is E. coli.


(2)	Included in the enterics are organisms that cause plague and certain intestinal infections (Yersinia).





(3)	They have many common characteristics:


(a)	The ability to grow readily on laboratory media


(b)	They make middle-sized colonies


(c)	They do not make spores


(d)	They do not have special cell arrangements  (Sc 182)


(e)	Many, but not all, are motile.





(4)	They are divided among those that ferment lactose (E. coli and others) and those that do not (Salmonella, Shigella)





b)	Fastidious Small Gram-Negative Rods:  they have complex nutritional requirements and tend to be smaller than other gram-negative bacteria.





(1)	Haemophilus:  (pneumonia and meningitis)


(2)	Bordetella (whooping cough)


(3)	Brucella (brucellosis)


(4)	Francisella (tularemia)





c)	Strictly Anaerobic Gram-Negative Rods:  they will not grow if incubated aerobically.





(1)	Bacteroides:  the most frequent members of intestinal flora


(a)	They are also found in the gingival pockets that surround the teeth.





(2)	Normally they are not bothersome, but members of this genus may cause serious diseases when deposited in deep tissues.


(a)	They are associated with peritonitis, the abdominal infection that results from the outpouring of intestinal content into the peritoneum.





4.	“Not So Typical” bacteria:  organisms that have their own special characteristics.





a)	Acid-fast Bacteria:  synonymous with the genus Mycobacterium.





(1)	Acid-fastness refers to the fact that these organisms are nearly impervious to many chemicals and must be stained by a special procedure.  (183)


(a)	They are surrounded by a waxy envelope that can only be penetrated by dyes if the bacteria are heated or treated with detergents.





(2)	They grow slowly and are resistant to chemical agents but not to heat.


(3)	For them, the Gram stain is irrelevant because they do not take up regular dyes.





(4)	Includes M. tuberculosis (tubercle bacillus) and M. leprae (leprosy bacillus).





b)	Spirochetes:  these bacteria are helical, in the shape of a spring.





(1)	Treponema pallidum:  the agent of syphilis


(2)	Leptospira:  causes icterohemorrhagic fever


(3)	Borrelia recurrentis:  the agent of relapsing fever.


(4)	Borrelia burgdorferi:  causes Lyme disease.





c)	Chlamydiae:  they are among the smallest cellular forms of life but have a fairly complex life cycle.  (Sc 184)





(1)	These are small strict intracellular bacteria that cannot be grown in artificial media





(2)	Chlamydia trachomatis:  the most common cause of sexually transmitted diseases (chlamydial urethritis)





(3)	C. pneumonia: an agent of pneumonia in young adults.





d)	Rickettsiae:  they are also small, intracellular bacteria.


(1)	They cause epidemic typhus, Rocky Mountain spotted fever, and other diseases.


(2)	Each species is transmitted by the bite of a different kind of arthropod.





e)	Mycoplasma:  most evolutionary distant from other bacteria.





(1)	These organisms lack a cell wall.





(2)	They are quite plastic in structure, grow slowly on laboratory media, and have special nutritional requirements.


(a)	The most unique of these nutritional requirements is the need for sterols, which are not required by any other group of bacteria.


(3)	They lack murein, and consequently, are resistant to penicillin and other cell wall antibiotics.





(4)	Mycoplasma pneumoniae: oldest known mycoplasma, causes pneumonia.  (185)








III.	Submodule C:  Bacterial Anatomy and Physiology





A.	Size, Shape and Structural Components of Bacteria:  Fig. 2.1, 12





1.	Shapes of Bacterial cells:  distinctive shapes are characteristic of broad groupings of bacteria.





a)	Cocci:  spherical or oval bacteria.





b)	Bacilli:  rods


(1)	Coccobacilli:  very short rods that can be mistaken for cocci.


(2)	Fusiform:  rod-shaped bacteria that have tapered ends.


(3)	Vibrios:  short rods that are curved or bent.





c)	Spirilla:  spiral-shaped bacteria with rigid cells  





d)	Spirochetes:  spiral-shaped bacteria with more flexible cells.  See fig 2-2 (12)





2.	Distinctive arrangements of bacterial cells:  





a)	Diplococci:  pairs of cocci


b)	Streptococci:  chains of cocci


c)	Sarcinae:  cubical arrays  (11)


d)	Staphylococci:  irregular clusters  See fig 2-3 (13)





3.	Major Macromolecular elements:  90% of the dry mass of a bacterial cell consists of 5 macromolecular substances similar to those found in eukaryotes.





a)	Proteins (55%)


b)	RNA:  rRNA, tRNA, mRNA (20%)


c)	DNA (3%)


d)	Carbohydrate (5%)


e)	Phospholipid (6%)





f)	In addition, there are a few macromolecules that are unique to prokaryotes:





(1)	Murein:  a peptidoglycan found in all walled bacteria


(2)	A few other unique molecules (LPS and teichoic acids) are found in specific groups of bacteria.  (12)





4.	General Arrangement of Bacterial Cells:  the major structures of the cell belong either to the multilayered envelope and its appendages or the interior core consisting of the nucleoid (nuclear body) and the cytosol.  See Fig 2-4, 13





a)	The cell core consists solely of nucleoid and cytosol, is incredibly simple, and almost structureless.





b)	The envelope, on the other hand, consists of structures of great complexity that vary in detail among the different major groups of bacteria.


(1)	The envelope is responsible for many processes that are the province of the internal organelles of eukaryotic cells.


(2)	The envelope is the primary site of functions that protect the bacterial cell against chemical and biological threats in its environment.


(3)	The envelope and certain appendages make possible the colonization of surfaces by bacteria.





c)	Capsule:  many bacterial cells surround themselves with one or another kind of hydrophilic gel.   





(1)	If this material forms a reasonably discrete layer, it is called a capsule (13)


(2)	If it is amorphous in appearance it is referred to as a slime layer. 





(3)	Most capsules or slime layers are polysaccharides made of single or multiple types of sugar residues. (14)





(a)	Almost all bacterial species can make such material to some degree.





(4)	Capsules protect against phagocytosis and aid in colonization, primarily by assisting the cell to attach to surfaces.


(5)	Capsules do not contribute to growth and multiplication and are not essential for cell survival.





d)	Cell Wall:  located inside the capsule, but still outside the cell proper.


(1)	A rigid cell wall surrounds all bacterial cells except mollicutes (mycoplasmas).





(a)	It is a hallmark for prokaryotes.





(2)	The cell wall has vital functions:  it protects the cell from mechanical disruption and from being burst by the turgor pressure resulting from the hypertonicity of the cell interior relative to the environment.


(a)	It also provides a barrier against certain toxic chemical and biological agents.





(3)	Its form is responsible for the shape of the cell.





(4)	The positive or negative Gram stain response of a cell reflects which of the 2 following types of wall it possesses.  (15)


(a)	Bacteria without walls exhibit a Gram-negative staining response.





e)	Gram-positive Cell Wall:  contains 2 major components, peptidoglycan and teichoic acids


(1)	The chief component is murein, a peptidoglycan, which is found nowhere except in prokaryotes.  See fig 2-6, 16


(a)	Most enzymes found in mammalian hosts and other biological systems do not degrade peptidoglycan;  one important exception is lysozyme.





(i)	On the other hand, bacteria themselves are rich in hydrolases that degrade peptidoglycan, because their murein sac must be constantly expanded by insertion of new chains





(b)	Murein consists of a glycan chain of 2 alternating sugars, N-acetyl-glucosamine (NAG) and N-acetylmuramic acid (NAM)


(i)	Each muramic acid residue bears some amino acids





(ii)	adjacent glycan chains are crosslinked into sheets by peptide bonds between amino acids on different chains (16)





(2)	Teichoic acids are found only in gram-positive cells and constitute major antigenic determinants.





(3)	Treatment of a Gram-positive cell wall with penicillin or with lysozyme destroys the murein sac and the wall is removed. (17)


(a)	Prompt lysis of the cell ensues





(b)	Wall-less bacteria can only survive if they are in an isotonic solution.


(i)	In this situation, the cell rounds up and forms a sphere called a protoplast.





f)	Gram-negative cell wall:  see fig. 2-9, 18.


(1)	Except for the presence of murein, there is little chemical resemblance to cell walls of gram-positive cells


(a)	The amount of murein is greatly reduced.





(2)	The cell wall is not completely outside of the cell membrane.


(a)	The cell wall consists of periplasm with its murein sac plus the outer membrane.  (18)





(3)	The periplasm contains a murein sac, with a unique peptidoglycan structure quite similar to that in gram-positive cells.


(a)	The murein sac is still responsible for the shape of the cell and is vital for its integrity


(b)	Removing or damaging the peptidoglycan layer leads to cell lysis.





(c)	The periplasm is an intermembrane structure, lying between the cell membrane and a special membrane unique to Gram-negative cells, the outer membrane.





(i)	Outer membrane:  it is unique in all of biology.


a.	Its inner leaflet consists of ordinary phospholipids, but these are replaced in the outer leaflet by a special molecule called lipopolysaccharide (LPS).


i.	LPS is extremely toxic to humans and is called endotoxin.





(4)	The presence of LPS in the outer leaflet of the outer membrane results in covering of gram-negative cells by a wall that should block the passage of virtually all organic molecules into the cell.


(a)	However, the presence of special proteins, porins, allows small hydrophilic molecules to pass. (19)





(5)	Functions of gram-negative cell walls:


(a)	Periplasm holds digestive and protective enzymes important in transport and chemotaxis.





(b)	Presents an outer surface with a strong negative charge, which is important in evading phagocytosis and the action of complement.





(c)	Presents a permeability barrier against such dangerous molecules as host lysozyme, �symbol 98 \f "Symbol" \s 10�b�-lysin, bile salts, digestive enzymes, and many antibiotics. 





g)	Cell Membrane:  similar to phospholipid membranes found elsewhere.


(1)	The bacterial cell membrane is exceptionally rich in proteins and does not contain sterols (except in the case of mycoplasmas)    (20)


(a)	Some species contain convoluted infoldings called mesosomes.





(2)	The bacterial cell membrane is the functional equivalent of most of the organelles of the eukaryotic cell and is vital to the growth and maintenance of the cell.


(a)	The bacterial chromosome is attached to the cell membrane, which plays a role in the segregation of daughter chromosomes at cell division





(b)	It is the site of synthesis of DNA, cell wall polymers, and membrane lipids.





(c)	It contains the entire electron transport system of the cell.





(d)	It contains receptor proteins and functions in chemotaxis.





(e)	It is a permeability barrier and contains proteins involved in selective and active transport of solutes.





(f)	It is involved in the secretion of proteins to the exterior, including exotoxins and hydrolytic enzymes involved in the pathogenesis of disease.





(3)	The cell membranes of gram-negative and gram-positive cells are similar except for one modification:


(a)	Gram-negative cells have an outer membrane in their cell wall that is in intimate contact with their cell membrane at points called Bayer’s junctions.





h)	Flagella:  found in gram-negative and gram-positive bacteria.


(1)	They may be distributed around the cell (peritrichous), at one pole (polar or monotrichous), or at both ends of the cell (lophotrichous).





(2)	They are individually helical in shape and propel the cell by rotating at their point of insertion in the cell membrane.





(3)	They consist entirely of protein.





(4)	They are attached to the cell by a basal body consisting of several proteins organized as rings on a central rod.  





(5)	The hook consists of other proteins organized as a bent structure that may function as a univeral joint.





(6)	The long filament consists of polymerized molecules of a single protein species called flagellin.  See fig. 2-11, 21.  (21)





i)	Pili:  molecular hairlike projections found on gram-negative and positive species.


(1)	Composed of molecules of a protein called pilin arranged to form a tube with a minute, hollow core.





(2)	There are 2 general classes:  common pili and sex pili.


(a)	Common pili:  cover the surface of the cell.


(i)	They are, in many cases, adhesins which are responsible for the ability of bacteria to colonize surfaces and cells.





(ii)	They are often important virulence factors.





(iii)	The term fimbriae sometimes refers to common pili.





(b)	Sex pili:  it is diagnostic of a male bacterium and is involved in exchange of genetic material between some Gram-negative bacteria.





(i)	There is only 1 per cell.  (22)





j)	Endospores:  small, dehydrated, metabolically quiescent forms that are produced by some bacteria in response to nutrient limitation or a related sign that tough times are coming.





(1)	Not many species produce spores but they are particularly prevalent in the environment.


(a)	Sporing bacteria cause the following diseases:  anthrax, gas gangrene, tetanus, and botulism.





(b)	All spore formers are Gram-positive rods.





(2)	The bacterial endospore is not a reproductive structure.


(a)	One cell produces one spore (sporulation) under adverse conditions.





(b)	The spore may persist for a long time (centuries) and then, on appropriate stimulation, give rise to a single bacterial cell (germination)





(3)	The spore of some species can withstand extremes of pH and temperature.


(a)	Thermal resistance is brought about by the low water content and the presence of a large amount of substance found only in spores, calcium dipicolinate.





(b)	Resistance to chemicals and radiation is aided by extremely tough, special coats surrounding the spore.  These include the following:


(i)	Spore membrane:  equivalent to the cell membrane.





(ii)	A thick cortex:  composed of a special form of peptidoglycan





(iii)	A coat:  consisting of an insoluble structural protein





(iv)	An external lipoprotein and carbohydrate layer called an exosporium.  (24)





B.	Bacterial Growth Conditions and Requirements:





1.	Differences between bacterial and eukaryotic cells:


a)	Metabolism in bacteria is geared to rapid growth and proceeds 10-100 times faster.





b)	Bacteria are much more versatile in their ability to use various compounds as energy sources and in their ability to use oxidants other than molecular  oxygen in their metabolism of foodstuffs.





c)	Bacteria are much more diverse in their nutritional requirements.





d)	The simpler prokaryotic body plans make it possible for bacteria to synthesize macromolecules by far more streamlined means than our cells employ.





e)	Some biosynthetic processes, such as those producing murein, LPS, and teichoic acid, are unique to bacteria.  (25)





2.	Capture of nutrients from the environment:


a)	Simple diffusion:  almost no important nutrients enter the cell by this method.


(1)	The bacterial cell membrane is too effective a barrier to most molecules.





b)	Facilitated diffusion:  some transport occurs by this protein carrier mediated process.





c)	Active transport:  the most common mechanism in aerobic bacteria.


(1)	Gram-negative bacteria have 2 kinds of active transport systems:





(a)	Shock-sensitive transport:  components are released from the cell by osmotic shock treatments.


(i)	Solute molecules cross the outer membrane either by diffusion through the pores of the outer membrane or by a special protein carrier.


(ii)	In the periplasm the solute molecules bind to specific binding proteins, which interact with carrier proteins in the cell membrane.  (26)


(iii)	Shock-sensitive systems couple the transport across the cell membrane with the hydrolysis of ATP.





(b)	Shock insensitive transport:  solute transport is coupled to the simultaneous passage of protons through the membrane.





(2)	Group translocation:  extremely common method of transport in the absence of oxygen.


(i)	Involves the chemical conversion of the transported molecule.





(3)	Transport of iron:  transport of iron and other metal ions is of particular importance in virulence.


(a)	There is little free iron in human blood or other body fluids, because it is sequestered by iron-binding proteins (transferrin)


(i)	Bacteria must have iron to grow.





(b)	Bacteria secrete siderophores (iron-specific chelators) to trap iron.


(i)	The Fe-containing chelator is then transported into the bacterium by specific active transport.





3.	Fueling Reactions:  provide the cell with energy and with the 12  precursor metabolites used in biosynthetic reactions.


a)	Connections to fermentation and respiration pathways allow the reoxidation of reduced NADH to NAD+ and the generation of ATP.  (27)





b)	Bacteria make ATP by substrate phosphorylation in fermentation or by a combination of substrate phosphorylation and oxidative phosphorylation in respiration.





(1)	Fermentation:  it is an inefficient way to generate ATP.


(a)	Huge amounts of sugar must be fermented to satisfy the growth requirements of bacteria anaerobically.





(b)	Large amounts of organic acids and alcohols are produced in fermentation.


(i)	Which compounds are produced depends on the particular pathway of fermentation employed by a given species.





(ii)	The profile of fermentation products of a given species is a diagnostic aid in the clinical laboratory.





(2)	Respiration:  substrate oxidation is coupled to the transport of electrons through a chain of carriers to some ultimate acceptor.


(a)	It is an efficient generator of ATP.





(b)	The passage of electrons through the carriers is accompanied by the secretion from the cell of protons, producing the protonmotive force used to:





(i)	Drive transport of solutes by  shock-insensitive transport.


(ii)	Power the flagellar motors.


(iii)	Generate ATP.  (28)





4.	Classification of Bacteria By Response to Oxygen:  See Table 3-1, 29


a)	Aerobic bacteria (strict aerobe):  


(1)	Cannot grow in anaerobic media.





(2)	Requires oxygen, cannot ferment.





(3)	Contains catalase and superoxide dismutase:  absence of these enzymes makes growth in an aerobic medium impossible.


(a)	They detoxify reactive oxygen species (superoxide, hydrogen peroxide)





b)	Facultative bacteria:  


(1)	Can grow in aerobic and anaerobic media.





(2)	Possess catalase and superoxide dismutase.





(3)	In the presence of O2 undergoes respiration, in the absence of O2 fermentation.





c)	Microaerophilic bacteria:


(1)	Grows optimally in anaerobic conditions, but a small amount of growth will occur in aerobic conditions.





(2)	Possesses small amounts of catalase and superoxide dismutase.





(3)	Grows best at low O2 concentrations, but can grow without oxygen. (29)





5.	DNA Replication and Gene Expression:


a)	DNA Replication:  polymerization of DNA


(1)	Some chemotherapeutic agents derive their selective toxicity for bacteria from the unique features of prokaryotic DNA replication.





(a)	2 antibiotics act by interfering with DNA replication:


(i)	novobiocin and quinolone compounds both inhibit DNA gyrase





b)	Bacterial transcription differs from eukaryotic cells:  


(1)	all forms of bacterial RNA are synthesized from the same enzyme.





(2)	Bacterial mRNA need not be transported through a nuclear membrane, and hence no poly (A) cap is needed and no special means of transport exists. (30)





c)	Bacterial translation also differs from prokaryotic cells:  protein synthesis is the target of a greater amount of antimicrobics than is any other metabolic process





(1)	The initiation of translation requires fewer proteins in bacteria.





(2)	Ribosomes of bacteria are smaller and simpler in structure.





(3)	Bacterial mRNA is largely polycistronic, each mRNA molecule is the transcript of more that 1 gene and therefore directs the synthesis of more than 1 peptide.





(4)	Translation of mRNA occurs simultaneously with transcription and occurs at the same linear rate.(31)





6.	Cell Wall Peptidoglycan (murein) synthesis:  occurs in 3 compartments of the cell.  Fig 3-6, 33


a)	Cytosol:  a series of reactions leads to the synthesis, on a nucleotide carrier (UDP), of an   N-acetylmuramic acid residue bearing a pentapeptide (the tetrapeptide found in mature murein plus an additional terminal D-alanine)





b)	Cell membrane:  this precursor is then attached, with the release of UMP, to a special, lipid soluble carrier in the cell membrane (bactoprenol).


(1)	Within the cell membrane N-acetylglucosamine is added to the precursor, along with any amino acids that in this particular species will form the bridge between adjacent tetrapeptides.





c)	Outside the Cell Membrane (in the periplasm of gram-negative cells and the wall of gram-positive cells):  this disaccharide subunit is attached to the end of a growing glycan chain, and then crosslinks between chains are formed using the energy transduced by the release of the terminal D-alanine.  (32)





(1)	Penicillin-binding proteins:  they are involved in forging, breaking, and reforging the peptide crosslinks between glycan chains.


(a)	This dynamic process is necessary to permit expansion of the murein sac during cellular growth, to shape the cell envelope, and to prepare for cell division.





(b)	This is the process that goes awry in the presence of penicillin and related antimicrobics, which act to prevent the formation of stabilizing crosslinks.





(2)	Antibiotics that affect the cell wall can do so in any of the three compartments and thus effect specific reactions that occur within that compartment.


(a)	See Fig. 3-6, 33.  (33)





7.	Cell division:  bacteria multiply by binary fission.


a)	This process involves the polar separation of the daughter chromosomes, the formation of the cross-wall and envelope at the point of cell division, and ultimately the separation of the 2 newly formed cells.





b)	The most astounding aspect of this feat is that the rate of cell division in these cells can be greater than the rate of chromosomal replication.


(1)	The trick of dividing faster than the chromosome can replicate is accomplished by a mechanism that triggers the start of a new round of chromosomal replication  before an earlier one has been completed.





(2)	Cell division must be precisely coordinated with the completion of a round of DNA replication, or nonviable offspring will be produced.





8.	Growth of Bacterial Cultures:





a)	Definitions:


(1)	Media:  solutions of nutrients that support growth of bacteria.





(2)	Inoculation:  the introduction of live cells into liquid sterile media or onto the surface of a solidified media.





(3)	Culture:  a population of bacterial cells.





(a)	Pure culture:  if the population is genetically homogenous.





b)	Pure Culture:  they can be obtained in several ways.


(1)	The most common method is to spread a very dilute suspension of a mixed culture on the surface of medium solidified with agar  (34)


(a)	The growth of individual cells deposited across the surface of solidified medium leads to visible mounds of bacterial mass called colonies.





(i)	Colonies of different species and strains show marked differences in size, form, and consistency.





(b)	The cells in a colony are usually descended from a single original cell, and in this case, constitute a clone.





(c)	There is little difference between a pure culture and a clone, except that a pure culture may have been produced by the original inoculation of several identical cells.





c)	The growth rate of a bacterial culture depends on 3 factors:  the species of bacteria, the chemical composition of the medium, and the temperature.


(1)	The greater the variety of nutrients in a medium, the faster growth occurs.





(2)	For each bacterial species, there is an optimum temperature for growth.





d)	Phases of the culture growth cycle:  see fig.  3-7, 36.


(1)	Lag period:  when first inoculated, liquid cultures of bacteria characteristically exhibit a period during which growth is undetectable.





(a)	During this lag, the cells are actually quite active in adjusting the levels of vital cellular constituents necessary for growth in the new medium.





(b)	Eventually net growth can be detected, and after a brief period of accelerating growth, the culture enters a phase of constant, maximal growth rate, called the exponential or logarithmic phase of growth.





(2)	Exponential (logarithmic) phase:  during this phase the generation time is constant.


(a)	Cell number and total cell mass, and amount of any given component of the cells increase at the same exponential rate called balanced or steady-state growth.





(b)	The full reproductive potential of bacteria is exhibited during this phase.  (35)





(c)	Growth eventually becomes progressively limited (decelerating phase) and eventually stops (stationary phase).





(3)	Stationary phase:  


(a)	Cells in the stationary phase are different from those in the exponential phase.


(i)	The cells are smaller, they have a different complement of enzymes (to deal with survival during starvation), and they have fewer ribosomes per unit mass.





(ii)	When an inoculum of such cells is placed into fresh medium, exponential growth cannot resume immediately, and hence the lag period is observed


a.	Note that there is no lag period if the inoculum consists of exponential-phase cells.





(4)	Death phase:  prolonged incubation of a stationary-phase culture leads to cell death for many bacterial species.  (36)





9.	Regulation and Adaptation:    


a)	Metabolic reactions must proceed in a coordinated fashion.


(1)	Bacteria must coordinate reactions in a flexible, adjustable manner to make growth possible in a changing environment.





b)	Bacteria have evolved many regulatory mechanisms:





(1)	Control of Enzyme activity:  


(a)	The most prevalent means by which bacterial cells modulate the flow of material through fueling and biosynthetic pathways is by changing the activity of allosteric enzymes.


(i)	It is common for the end product of the pathway to control the activity of the first enzyme in that pathway (feedback inhibition).





(2)	Control of Gene Expression: bacteria regulate their metabolism by changing the amounts of different enzymes.


(a)	Most, although not all, of the regulation of gene expression occurs at or near the initiation of transcription.  (37)





(b)	Operons are an example of this type of control.





c)	Regulons:  a group of genes that is subject to the control of a common regulator. (40) 





10.	Cell Stress Regulons:  cells have many regulons involved in survival responses during difficult circumstances.





a)	SOS system:  a set of 17 genes that are turned on when the cell suffers damage to its DNA.


(1)	The products of these genes are involved in several processes that repair damaged DNA and prevent cell division during repair.





b)	Heat-Shock Response:  it encompasses 20 genes, which are transcriptionally activated by a shift up in temperature or an imposition of several kinds of chemical stress, including alcohol.  





(1)	At least half of the heat-shock genes encode proteins that either are proteases or are protein chaperones that assist in the processing, maturation, or export of other proteins


(a)	It is thought that these chaperones and proteases are needed for normal protein processing at all temperatures, but are required in higher amounts to counteract the effects of high temperature on protein folding and protein-protein interactions.





(2)	Antibodies directed against bacterial heat-shock proteins constitute a major component of the serologic response of humans to infection or vaccine administration.  (41)





(3)	Fever in humans can elevate body temperature sufficiently to induce the heat-shock response, and this response may affect the outcome of various infections.





11.	Motility and Chemotaxis:  motility in most bacterial species is the property of swimming by means of flagellar propulsion.





a)	Flagella:  consist of a filament, hook, and basal body.


(1)	The helical filament functions as a propeller.





(2)	The hook functions possibly as a universal joint.





(3)	The basal body, with its rods and rings, functions as a motor anchored in the envelope.





(4)	All of the flagella on a given cell are synchronized to rotate simultaneously in the same direction.





b)	Chemotaxis:  it is directed movement toward chemical attractants and away from chemical repellents.  (42)


(1)	Chemotaxis is both a survival device (for avoiding toxic substances) and a growth promoting device (for finding food).  (43)





IV.	SUBMODULE D:  Bacterial Genetics





A.	Organization of Genes, Nature and Alteration of Genomes





1.	Mutations:  heritable changes in the structure of genes.  Know Table 4-1, 47





a)	Replacement mutation:  substitution of one base for another


(1)	Causative agent:  base analogs, UV radiation, deaminating and alkylating agents.





b)	Deletion:  removal of a single nucleotide (microdeletion) or a segment of many nucleotides.


(1)	Causative agent:  HNO2, radiation, bifunctional alkylating agents.





c)	Insertion:  addition of a single (microinsertion) or several nucleotides.


(1)	Causative agent:  transposons, insertion sequence (IS) elements, acridine.





d)	Inversion:  changes the direction of a segment of DNA by splicing each strand of the segment into the complementary strand.  (46)





e)	Missense mutation:  replacement mutation in a codon changes it to a different amino acid





f)	Nonsense mutation:  replacement changes the codon into one that does not code for an amino acid.





g)	Polar mutations:  many mutations prevent the expression of all genes downstream of the mutated gene.





h)	Auxotrophic mutations:  affect the production of a biosynthetic enzyme and result in a nutritional requirement of the mutant cell for the amino acid, nucleotide, vitamin, or other biosynthetic product it can no longer make for itself.





i)	Conditional mutations:  the product of a mutated gene is active in some circumstances, but inactive in others.  (48)


(1)	Temperature-sensitive mutations are the most common type:  the gene is inactive under a normal physiologic temperature, but active at higher or lower temperature.





2.	Genetic Exchange:  organisms exchange genetic material, thereby permitting combinations of mutations to be collected in individual cells resulting in rapid evolution.  (48)





a)	DNA transfer can occur by 3 processes that all involve a one-way transfer of DNA from a donor cell to a recipient cell.  (The molecule of DNA introduced into the recipient is called the exogenote to distinguish it from the cell’s own original chromosome, called the endogenote).  See fig. 4-2, 49.





(1)	Transformation:  involves the release of DNA into the environment by the lysis of some cells, followed by the direct uptake of that DNA by the recipient cells.


(a)	The only process that is governed by bacterial chromosomal genes.





(2)	Conjugation:  involves actual contact between donor (male) and recipient (female) cell during which DNA is transferred as part of a plasmid.  (49)





(3)	Transduction:  the DNA is introduced into the recipient cell by a nonlethal virus (bacteriophage) that has grown on the donor cell.  





3.	Bacterial Viruses:  they are called  bacteriophages or simply phages  (50)


a)	Viruses infect sensitive cells by adsorbing to specific receptors on the cell surface and then, in the case of phages, injecting their DNA or RNA.





b)	Phages come in 2 functional varieties according to what happens after injection of the viral nucleic acid.


(1)	Virulent (lytic) phages:  cause lysis of the host bacterium as a culmination of the synthesis of many new viruses within the infected cells.





(2)	Temperate phages:  may initiate a lytic growth process or can enter a quiescent form (called a prophage) in which the infected host cell is permitted to proceed about its business of growth and division, but passes on to its descendents a prophage genome capable of being induced to produce phage in a process nearly identical to the growth of lytic phages.





(a)	Lysogen:  a bacterial cell that harbors a latent prophage.


(i)	It is capable of producing lytic phages. (51)





c)	Lysogeny:  


(1)	In the lysogenic state, the phage DNA is physically inserted into the bacterial chromosome and thus replicates when the bacterial DNA replicates.





(2)	The only phage gene that remains active in a lysogen is the gene that codes for a repressor protein that turns off expression of all of the prophage genes except its own.





(a)	Because the lysogen contains more repressor proteins than are required to occupy the prophage operators, and because the repressor binds to the operators of any of the same type of virus, the lysogen is resistant to reinfection by the same type of virus.


(i)	This phenomenon is called superinfection immunity





(3)	Environmental insults, most notably exposure to UV light, cause inactivation of the repressor, resulting in induction of the bacteria to proceed through the lytic cycle.  (100)





d)	Occasionally, one or more phage genes, in addition to the gene coding for the repressor protein, are expressed in the lysogenic state





(1)	Lysogenic conversion:  this occurs if the expressed protein confers a new phenotypic property on the cell








B.	Techniques and Strategies of Genetic Engineering:





1.	Genetic Recombination:  the process by which chromosomes or DNA molecules are broken and the fragments are rejoined in new combinations.


a)	Recombination between exogenote and endogenote DNA results in the formation of a partially hybrid chromosome with segments derived from each source. 





b)	There are 2 major types of Recombination:





(1)	Homologous recombination:  2 DNA molecules “cross over”;  that is, their double helices break and the 2 broken ends join to their opposite partners to re-form 2 intact double helices, each composed of parts of the 2 initial DNA molecules.


(a)	The exogenote must possess reasonably large regions of nucleotide sequence identity or similarity to segments of the endogenote chromosome.


(i)	The reason for this is that during the process of recombination, extensive base pairing must occur between the 2 recombining molecules.





(b)	The recipient cell must possess the genetic ability to make a set of enzymes that can bring about the covalent substitution of a segment of the exogenote for the homologous region of the endogenote.


(i)	This process includes breaking one strand of each recombining molecule at a time and pairing it with the unbroken, complementary strand of the other molecule.





(c)	A protein known as RecA (recombination) controls the entire process.


(i)	These enzymes only function sufficiently when extensive base pairing can occur between the recombining DNA molecules.





(d)	Homologous recombination is responsible for integration of DNA fragments transferred by generalized transduction and by plasmid-mediated conjugation.  (56)


(e)	See fig 4.7, 57





(2)	Site-Specific Recombination:  these recombinational events are restricted to specific sites on both of the recombining DNA molecules.


(a)	The mechanism is RecA independent and relies on only a limited amount of DNA sequence similarity at the sites of crossover.





(b)	It is called specialized recombination because it is designed to catalyze recombination of only certain DNA sequences.





(c)	The integration of some phage genomes into the chromosome occurs only at one site on the bacterial chromosome and one site on the phage chromosome.





(d)	The enzymes that bring about site-specific recombination work on a different principle:


(i)	Unique DNA sequences are recognized and acted on by specific recombination-generating enzymes.





(ii)	The specialized enzymes are usually encoded by genes on the exogenote.





(e)	A particular form of site-specific recombination occurs in the situation of transposable elements.  (57)





2.	Transposable Elements:  they are genetic units capable of mediating their own transfer from one chromosome to another, from one location to another on the same chromosome, or between chromosome and plasmid.


a)	They are extremely important to medical microbiology, particularly in their roles in the pathogenesis of infectious disease.





b)	This transposition relies on their ability to synthesize their own specific recombination enzyme





c)	There are 3 major kinds of transposable elements:





(1)	Insertion Sequence (IS) Elements:  they are segments of DNA, of approximately 1000 bp., that encode enzymes for site-specific recombination and have distinctive nucleotide sequences at their termini.


(a)	A given IS element has the same sequence of nucleotides at each end, but in an inverted order.





(b)	Only genes involved in transposition and in the regulation of its frequency are included in IS elements, and they are therefore the simplest transposable elements.





(c)	Transposition, which occurs infrequently, involves recognition by the transposition enzymes of the ends of the IS element and the selection of a target area into which a new copy of the IS element will be inserted.


(i)	The original copy remains at its original site.





(ii)	Because transposition involves duplication of the IS element, it is sometimes called replicative recombination.





(iii)	Transposition also results in duplication of the nucleotide sequence (from the target) of the chromosome at the site of insertion.


a.	Each IS element is therefore bound by a short identical sequence on each end, and this duplicated sequence is different at each site of insertion.





(iv)	If IS elements transposes to a new site that is within a gene, this insertion is actually a mutation that alters or destroys the activity of the gene.


a.	Because most IS elements contain a transcription termination signal, the insertion also eliminates transcription of any genes downstream in the same operon


(v)	See fig 4-8, 58;  fig 4-9, 59





(d)	One of the major aspects of IS elements is that they are components of transposons.  (58)





(2)	Transposons:  they are transposable segments of DNA that contain genes beyond those needed for transposition.


(a)	The genes may code for such properties as antimicrobic resistance, substrate metabolism, or other functions.





(b)	The IS or IS-like elements of a transposon are responsible for its transposability by replicative recombination.





(3)	Transposable Prophage:  they have the option of lytic growth or lysogeny.


(a)	During lysogeny the prophage can insert virtually anywhere in the chromosome and later can transpose itself from one location to another.





(b)	When it integrates within a bacterial gene, it inactivates it in the same manner as any other transposable element. (59)





C.	Plasmids:  they are autonomous extrachromsomal elements composed of circular double-stranded DNA.


1.	They are found in most species of Gram-positive and Gram-negative bacteria and in most environments.





2.	A single organism can harbor several distinct plasmids.





3.	They have the property of governing their own replication by means of special sequences and regulatory proteins.


a)	Each plasmid, by definition, must have genes to govern its own replication





4.	Conjugative plasmids:  plasmids that are able to bring about their own transfer by the products of a group of genes called tra (for transfer).  (60)


a)	They must have genes that mobilize its DNA and mediate its transfer into a recipient cell.





5.	Episomes:  plasmids that can replicate either autonomously or as a segment of DNA integrated into the chromosome.





6.	Most plasmids show little or no DNA homology with the chromosome





7.	Many plasmid genes facilitate the survival of their host cells under certain conditions:  


a)	The following properties are associated with plasmids:


(1)	Fertility


(2)	Production of toxins


(3)	Production of pili and other adhesins


(4)	Resistance to some antimicrobics


(5)	Resistance to other toxic chemicals


(6)	Production of bacteriocins (toxic proteins that kill some other bacteria)


(7)	Production of siderophores for scavenging Fe3+


(8)	Production of certain catabolic enzymes important in biodegradation of organic residues.





8.	Incompatibility group:  a group of closely related plasmids that exclude each other.


a)	Closely related plasmids become segregated during cell division and eventually all but one are eliminated.





9.	Compatibility group:  only unrelated plasmids can coexist within the cell.





10.	Regulation of plasmid replication:  


a)	Stringent replication:  plasmid replication is closely tied to cell or chromosomal division.


(1)	Few molecules of the plasmid exist per cell.





b)	Relaxed replication:  many copies of the plasmid may be found in each cell.





11.	R Plasmids:  plasmids that include genes conferring resistance to antimicrobics. (61)


a)	They usually code for enzymes that inactivate antimicrobics or reduce the cell’s permeability to them.





b)	Many R plasmids have the capability of amplifying the number of copies of their resistance genes either by gene duplications within each plasmid or by increasing the number of plasmids.


(1)	By these means resistance can be achieved to very high concentrations of the antimicrobic.





(2)	RF plasmids:  one process of gene amplification is based on the ability of these conjugate plasmids to dissociate their components into 2 plasmids:


(a)	Resistance transfer factor (RTF):  containing genes for replication and for transfer





(b)	r (resistance) factor:  containing genes for replication and for resistance.  See fig 4-10, 62.





12.	Most plasmids, and all R factors, contain many IS elements and transposons.  (62)


a)	Virtually all the resistance determinant genes on plasmids are present as transposons.





13.	Detection of Plasmids:  a number of physical, morphological, and functional tests can be used to reveal the presence of plasmids in a bacterial population.


a)	When several genetically distinct characteristics are transferred simultaneously in the laboratory into cells known not to have possessed them previously, the evidence is very strong that a plasmid is responsible.





b)	Plasmids can be demonstrated directly by agarose gel electrophoresis.





c)	Electron microscopy can also be used to visualize plasmids.  (63)





14.	Episomal transfer:  since virtually all of the resistance determinant genes on plasmids are present as transposons, these genes can be amplified by tandem duplications on the plasmid and can hop to other plasmids within the cell as well as be passed to other cells by conjugation.





a)	The rapid evolutionary development of multiple drug resistance plasmids and their spread through populations of pathogenic bacteria can be seen as a predictable result of natural selection resulting from the widespread and intensive use of antimicrobics.  (62)





D.	Genetic Engineering:


1.	Nucleic Acid Hybridization:  process used to detect specific nucleotide sequences.


a)	First, the DNA is heated or exposed to very high pH disrupting the complementary base pairs that normally hold the 2 strands together.





b)	Then a labeled probe, containing a nucleotide sequence that is complementary to the DNA of interest, can be introduced and will bind to the appropriate DNA.





2.	DNA cloning:  a DNA fragment that contains a gene of interest is inserted into the purified genome of a self-replicating genetic element (virus, plasmid).


a)	Vector:  a virus or plasmid used for the purpose of DNA cloning.





b)	DNA clones:  multiple copies of a gene resulting from its insertion into a vector.





c)	Restriction enzymes:  they are nucleotide-specific endonucleases that act on double stranded DNA.


(1)	They cut the DNA at a specific sequence that is recognized by the enzyme.





(2)	The cleavage is asymmetric in that the site of cutting on one strand is a few bases away from the other strand.


(a)	This results in fragments with frayed ends that will join (anneal) if placed in the right conditions.





(3)	DNA ligase:  enzyme that covalently links the annealed DNA molecules.





(4)	Inserting a DNA fragment into a vector:  


(a)	Start by cutting the DNA fragment and plasmid with the same restriction enzyme.


(b)	Placing the resulting fragments together, under the right conditions, will result in the annealing of some of the plasmids with the foreign DNA.


(c)	DNA ligase is used to covalently link the loosely joined molecules.


(d)	The result is a hybrid containing the DNA fragment of interest joined to the plasmid.





3.	Genomic DNA libraries:


a)	Cleavage of the entire genome of a cell with a specific restriction nuclease produces a very large number of fragments, which are used to produce millions of different colonies of transfected bacterial cells.





b)	The cells of each colony will harbor a recombinant plasmid with the same inserted DNA sequence.





c)	The entire collection of plasmids is said to constitute a genomic DNA library. 





V.	Submodule E:  Antimicrobial Actions   





A.	Terminology relating to disinfection and sterilization:





1.	Sterilization:  complete killing, or removal, of all living organisms from a particular location or material.


a)	It can be accomplished by incineration, nondestructive heat treatment, certain gases, exposure to ionizing radiation, some liquid chemicals, and filtration.





b)	Sterility is not an absolute term, but must be expressed as a probability.





2.	Pasteurization:  the use of heat at a temperature sufficient to inactivate important pathogenic organisms in liquids, but at a temperature below that needed to ensure sterilization.





3.	Disinfection:  the destruction of pathogenic microorganisms by processes that fail to meet the criteria for sterilization.





a)	Antiseptics:  disinfectant agents that can be used on body surfaces, such as the skin or vaginal tract, to reduce the numbers of normal flora and pathogenic contaminants.


(1)	They have lower toxicity than disinfectants.    (171)





4.	Sanitization:  it is a less precise term with a meaning somewhere between disinfection and cleanliness.





5.	Asepsis:  describes processes designed to prevent microorganisms from reaching a protected environment  (e.g. Operating room)


a)	An essential component of aseptic techniques is the sterilization of all materials and equipment used.  (172)





6.	Bactericidal/ fungicidal/ virucidal:  the ability to directly kill susceptible microorganisms without being mediated by humoral or cellular immune responses.





7.	Bacteriostatic/ fungistatic:  reversible inhibition of essential metabolic processes, metabolism can recommence when their level becomes subinhibitory.   (190)


a)	The ultimate destruction of an infecting organism depends on host defenses.





8.	Bacterial Death Curve:  killing of bacteria by heat or, radiation or chemicals is usually exponential with time;  that is, a fixed proportion of survivors are killed during each time increment.


a)	Plots of the logarithm of the number of survivors against time will be linear.





b)	The slope of the curve will vary with the effectiveness of the killing process. (172)





B.	Physical and chemical disinfecting or sterilizing agents:





1.	Physical Agents for Disinfection and Sterilization:





a)	Heat:





(1)	Dry heat:   carbonization of organic material and destruction of microorganisms, including spores, occurs after exposure to dry heat of 160�symbol 176 \f "Symbol" \s 10�°�C for 2 hours in a sterilizing oven.





(a)	This method is applicable to metals, glassware, and some heat-resistant oils and waxes that are immiscible in water, and therefore cannot be sterilized in the autoclave.





(2)	Moist heat:  in the form of water or steam, it is far more rapid and effective in sterilization than dry heat, because reactive water molecules denature protein irreversibly by disrupting H bonds between peptide groups at relatively low temperatures.





(a)	Most vegetative bacteria of importance in human disease are killed within a few minutes at 70�symbol 176 \f "Symbol" \s 10�°�C or less, although many bacterial spores can resist boiling for prolonged periods.


(i)	For applications requiring sterility the use of boiling water has been replaced by the autoclave, which when properly used ensures sterility by killing all forms of microorganisms.





(b)	Autoclave:  comprises a chamber in which the air can be replaced with pure saturated steam under pressure.


(i)	When the air has been removed, the temperature in the chamber is proportional to the pressure of the steam.





(ii)	Autoclaves are usually operated at 121�symbol 176 \f "Symbol" \s 10�°�C, which is achieved with a pressure of 15 pounds per square inch.


a.	Under these conditions, spores directly exposed are killed in less than 5 minutes, although normal sterilization time is 10-15 minutes.





(iii)	Velocity of killing increase logarithmically with arithmetic increases in temperature.  (173)





(iv)	Autoclaves can be used for sterilizing any materials that are not damaged by heat and moisture.





(v)	The effectiveness of autoclaves depends on the absence of air, the presence of pure saturated steam, and access of steam to the material to be sterilized.





(vi)	Pressure per se plays no role in sterilization other than to ensure the raised temperature of the steam.





(vii)	Failure can result from attempting to sterilize the interior of materials, that are impermeable to steam, or the contents of sealed containers





(viii)	Large volumes of liquids require longer sterilization times than normal loads.  (172)





(c)	Pasteurization:  it involves exposure of liquids to temperatures in the range 55 to 75�symbol 176 \f "Symbol" \s 10�°�C to remove all vegetative bacteria of significance in human disease.


(i)	Spores are unaffected by the pasteurization process.  (173)





b)	Ionizing Radiation:  causes direct damage to DNA and produces toxic free radicals and hydrogen peroxide from water within the microbial cells.


(1)	It carries far greater energy than UV light.





(2)	It is widely used in industrial processes, including the sterilization of many disposable surgical supplies such as gloves, plastic syringes, specimen containers, some foodstuffs, etc. because they can be packaged before exposure to the penetrating radiation.





(3)	It does not always result in the physical disintegration of killed microbes.


(a)	As a result, plasticware  sterilized in this way may carry significant numbers of dead but stainable bacteria.





(i)	This can lead to false positive tests when the containers used to collect normally sterile body fluids were sterilized in this way.





c)	UV light:  in the wavelength range of 240-280 nm it is absorbed by nucleic acids and causes direct damage to DNA  (e.g.  formation of thymine dimers)


(1)	The practical value of UV light is limited by its poor ability to penetrate.





(2)	Its main application has been in irradiation of air in the vicinity of critical hospital sites and as an aid in the decontamination of laboratory facilities used for handling particularly hazardous organisms.








2.	Mechanical Means for Disinfection and Sterilization of Heat-sensitive Materials:





a)	Filtration:  both live and dead microorganisms can be removed from liquids by positive- or negative- pressure filtration.


(1)	Membrane filters, usually composed of cellulose esters, remove bacteria by mechanical and electrostatic mechanisms.





(2)	Filtration is used for sterilization of large volumes of fluid, especially those containing heat-labile components such as serum.  (175)





b)	Scrubbing:  the procedure calls for the use of an antiseptic scrub of the skin over the operative site and the hands and forearms of all who will have contact with the patient.


(1)	It decreases the flora both by chemical disinfection and by physical removal of the organisms.  (mod. pg. 14)





3.	Chemical Agents for Disinfection and Sterilization:





a)	Gas Sterilization (ethylene oxide):  ethylene oxide is an inflammable and potentially explosive gas.


(1)	It is an alkylating agent that inactivates microorganisms by replacing labile H atoms on hydroxyl, carboxy, or sulfhydryl groups, particularly of guanine and adenine in DNA.





(2)	Ethylene oxide sterilizers resemble autoclaves.





(3)	Exposure times are usually about 4-6 hours and must be followed by a prolonged period of aeration to allow the gas to diffuse out of substances that have absorbed it.


(a)	Absorbed gas can cause damage to tissues or skin.  (174)





(b)	Ethylene oxide is a mutagen, and special precautions are now taken to ensure that it is properly vented.  (175)





(4)	Ethylene oxide is an effective sterilizing agent for heat-labile devices, such as artificial heart valves,  that cannot be treated at the temperature of the autoclave.





b)	Phenolics:  include phenols, cresols, resorcinols, etc.


(1)	They are more stable to protein than are most other disinfectants.





(2)	They have a detergent-like effect on the cell membrane and are often formulated with soaps to increase their cleansing power.





(3)	They are too toxic to skin and tissues to be used as antiseptics although brief exposures can be tolerated.





(4)	They are an active ingredient in many mouthwash and sore throat preparations.





(5)	Example:


(a)	Phenols:  one of the 1st effective disinfectants.


(i)	It is a potent protein denaturant and bactericidal agent.





(ii)	Phenols and cresols are the most effective environmental decontaminants available for use in hospital hygiene.   





(iii)	There is concern about their release into the environment in hospital waste and sewage. (177)





c)	Alcohols:  they are protein denaturants that rapidly kill vegetative bacteria when applied as aqueous solutions in the range of 70-95% alcohol.


(1)	They are inactive against bacterial spores and many viruses.





(2)	Solutions of 100% alcohol dehydrate organisms but fail to kill, because the lethal process requires water molecules.





(3)	They are widely used as skin decontaminants before simple invasive procedures such as venipuncture.


(a)	The traditional alcohol wipe is more symbolic than effective, because alcohol requires significantly more time, than is usually given, for significant killing.





(4)	Isopropyl alcohol has largely replaced ethanol in hospital use because it is somewhat more active.





d)	Halogens:  iodine, chlorine





(1)	Iodine:  an effective disinfectant that acts by iodinating or oxidizing essential components of the microbial cell.


(a)	It is commonly used as a tincture of 2% iodine in 50% alcohol.


(i)	This kills more rapidly and effectively than alcohol alone





(ii)	It has the disadvantage of sometimes causing hypersensitivity reactions and of staining materials with which it comes into contact.





(iii)	It is an excellent preparation for use on skin before drawing a blood culture, a procedure in which contamination must be excluded as much as possible.





(iv)	Tincture of iodine is applied and allowed to dry, and the iodine then removed with alcohol swabs.





(b)	Iodophors:  preparation in which iodine is combined with  organic compounds such as detergents in dissociable complexes.


(i)	They cause less skin staining and dehydration than tinctures and are widely used in preparation of skin before surgery.





(ii)	They should not be used on patients with a history of iodine sensitivity.





(2)	Chlorine:  it is a highly effective oxidizing agent.


(a)	In concentrations of less than one part per million, chlorine is lethal within seconds to most vegetative bacteria, and it inactivates most viruses.





(b)	It is used to render supplies of drinking water safe and in chlorination of water in swimming pools.





(c)	Chlorine reacts rapidly with protein and many other organic compounds, and its activity is lost quickly in the presence of organic material.


(i)	This property, combined with its toxicity, renders it ineffective on body surfaces.





(d)	It is the agent of choice for decontaminating surfaces and glassware that have been contaminated with viruses or spores.  (176)





(e)	It is usually applied as a 5% solution of sodium hypochlorite.





e)	Surface Active Compounds:





(1)	Surfactants are compounds with hydrophobic and hydrophilic groups that attach to and solubilize various compounds or alter their properties.





(2)	Anion detergents such as soaps are highly effective cleansers, but have little antibacterial effect.





(3)	Cationic detergents, particularly the quaternary ammonium compounds (“quats”) such as benzalkonium chloride, are highly bactericidal in the absence of contaminating organic matter.





(4)	Quaternary ammonium compounds:  they act on the lipid of bacterial cell membranes.


(a)	They have little toxicity to skin and mucous membranes and have been used widely for their antibacterial effects in a concentration of 0.1%.





(b)	They are inactive against spores and most viruses.





(c)	Quats at higher concentrations (5-10%) can be used for sanitizing surfaces.





(d)	The greatest care is needed in the use of quats because they adsorb to most surfaces.


(i)	Their concentration on surfaces may reach a low enough level to allow the growth of certain bacteria, e.g. Pseudomonas aeruginosa, which can cause serious infection.





(e)	Cationic detergents are totally neutralized by anionic compounds.


(i)	So, the antibacterial effect of quaternary ammonium compounds is inactivated by soap.





(f)	Quats have been replaced by other antiseptics and disinfectants for most purposes.  (177)





C.	Antimicrobics and Chemotherapy:  





1.	Antibiotic selectivity:


a)	Any step in metabolism, unique to microorganisms or not, is a potential target for antimicrobial actions.


(1)	All that is needed is selective toxicity.





b)	Antibiotics include drugs that affect the synthesis or functions of every class of microbial macromolecule.





c)	One method of selectivity is when the intended biochemical target is absent in the host cells.


(1)	This is the only way extreme selectivity can be achieved.


(2)	e.g.  penicillins affect the biosynthesis of the murein layer of the cell wall.





d)	Another method is based on the relative insensitivity of the host compared with bacterial targets.


(1)	For example, trimethoprim blocks the enzyme dihydrofolate reductase that catalyzes formation of tetrahydrofolate.


(a)	This enzyme is absolutely necessary for both human and bacterial cells.





(2)	But the amount of trimethoprim needed to cause enzyme inhibition in humans is a million times greater.





e)	In another method, both the target and bacterial cells are sensitive, but bacteria, unlike mammalian cells, concentrate the antibiotic.


(1)	e.g. tetracycline  (Sc. 81)





2.	Strategies Used to Circumvent the Action of Antibiotics:





a)	The activity of antimicrobics can be broken into a sequence of 3 steps:  resistance to drugs may occur at each of these steps.


(1)	The drugs must associate with the bacteria and penetrate their envelope.





(2)	They must be transported to an intracellular site of action.





(3)	They must bind to their specific biochemical target.





b)	Clinically Relevant Mechanisms of Resistance:


(1)	Preventing access to the target site by inhibiting uptake or increasing excretion of the drug





(2)	Modifying the target site





(3)	Reducing the physiological importance of the target site





(4)	Competitively binding the drug





(5)	Synthesizing an enzyme that inactivates the drug.


(a)	This is the most common method.  (Sc. 82)





c)	�symbol 98 \f "Symbol" \s 10�b�-Lactams and Resistance to them:


(1)	antibiotics such as penicillins and cephalosporins contain a �symbol 98 \f "Symbol" \s 10�b�-Lactam ring.





(2)	Methods of resistance to �symbol 98 \f "Symbol" \s 10�b�-Lactams:  (Sc. 83)


(a)	The principal mechanism of resistance to the �symbol 98 \f "Symbol" \s 10�b�-Lactams is the elaboration of inactivating enzymes, the �symbol 98 \f "Symbol" \s 10�b�-Lactamases.  (Sc. 84)





(b)	In a few instances, bacterial resistance has been attributed to poor penetration of the drugs or mutations in the penicillin-binding protein.


(i)	In order to be effective, �symbol 98 \f "Symbol" \s 10�b�-Lactams must interact with the penicillin binding proteins on the cytoplasmic membrane.





(c)	Certain bacteria are inhibited rather than killed by certain levels of �symbol 98 \f "Symbol" \s 10�b�-Lactams


(i)	This results in a form of partial resistance called tolerance.





(ii)	The drugs are bacteriostatic and not bactericidal because these strains lack high enough levels of the suicidal autolysin.





(3)	Transferable genetic elements, such as plasmids and transposons, result in an increase in the spread of resistance.





d)	Antiribosomal Antibiotics:  they are a very large class of antibiotics based on structural differences between the ribosomes of bacterial and eukaryotic cells. (Sc. 85)





(a)	Examples: Tetracycline, Chloramphenicol , Macrolides, Aminoglycosides
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