Microbiology 1 Lab Final Exam Study Sheet

Fungi

**********Introduction: ********* 
Fungi are a complex group of eukaryotic microbes.  Fungi are important as contaminants in the laboratory, as a food, in creating new foods, in producing antibiotics and industrial chemicals, as pathogens, and in their own right.  Most fungi have sexual and asexual reproductive stages.  Many fungi are also dimorphic, exhibiting fundamentally different structural body types in different habitats.  Anatomically, fungi can be described as yeast or mold.  Mold is composed of a thallus (body) with a mycelium.  The mycelium is a mat of intertwined branches of fungal cells attached end-to-end.  The individual filaments are called hyphae, rhizoids or haustoria depending on their specific function.  Yeast are unicellular and reproduce primarily by budding.  A long string of connected buds is called pseudohyphae.  Fungi are characterized based upon the type of sexual reproduction.  They phyla of fungi include the following:

· Zygomycota/Bread Molds** – characterized by complex mycelia and conjunction.  Conjunction is sexual reproduction where specialized filaments called gametangia fuse to produce one diploid zygospore.  This spore undergoes meiosis to produce haploid spores for dispersal.  The hyphae of zygomycota are aseptate.  Rhizopus is a member if this phyla.

· Ascomycota/Sac Fungi **– characterized by an ascus of spore-containing sac formed by the hyphae of two compatible mating types.  In ascomycota’s sexual stage, the transient zygote undergoes meiosis in the sac to produce haploid spores for dispersal.  Asexually, ascomycota reproduce by budding off spores called blastospores or fruiting structures called conidia.  The septae of sac fungi have pores.  Baker’s yeast and brewer’s yeast are members of this phyla.

· Basidiomycota/Club Fungi** – characterized by basidia.  These structures are the tips of hyphae where nuclear fusion and meiosis occur during reproduction.  The hyphae of basidiomycota are completely septate.  Mushrooms, rusts, smuts, and puffballs are club fungi.

· Deuteromycota/Imperfect Fungi** – characterized by the lack of sexual reproduction.

In this experiment, Tenrici slides will be made to observe the asexual reproduction structures of commonly found fungi.

Bacterial Transformation

Introduction:  Be able to answer analysis questions on this lab!

The ability to rapidly acquire new traits has favored the survival and enhanced the diversity of microorganisms.  Mechanisms of gene transfer, such as transformation, are now routinely used by "genetic engineers" to introduce new genetic material into many different types of organisms.  In bacterial transformation, DNA (whether plasmid or chromosomal) is transferred from a donor to a recipient cell as an unprotected piece of naked DNA.  The donor cells must first be lysed to allow the release of the DNA.  Following release from the donor cell, large chromosomal DNA is easily broken up into relatively small fragments of naked DNA.  In contrast, the smaller plasmid DNA usually remains intact as small, circular pieces of DNA.  Cells capable of taking up high-molecular weight DNA are said to be competent.  To achieve competence experimentally, most bacteria must be grown under carefully controlled conditions.  In contrast, members of some bacterial genera, such as Acinetobacter are naturally quite competent at all times.


In this exercise, you will perform only one of two method types of bacterial transformation.  You will use an ionic detergent, sodium dodecyl sulfate (SDS) to prepare a crude bacterial extract of a streptomycin-resistant (Strr) culture of Acinetobacter calcoaceticus.  This extract, which contains DNA fragments bearing the Strr determinant, will be used to transform a naturally competent, streptomycin-sensitive (Strs) strain of A. calcoaceticus into one able to grow in media containing streptomycin.

The second method, is called "heat-shock" transformation.  Bacteria which are able to uptake DNA are called "competent" and are made so by treatment with calcium chloride in the early log phase of growth. The bacterial cell membrane is permeable to chloride ions, but is non-permeable to calcium ions. As the chloride ions enter the cell, water molecules accompany the charged particle. This influx of water causes the cells to swell and is necessary for the uptake of DNA. The exact mechanism of this uptake is unknown. It is known, however, that the calcium chloride treatment be followed by heat. When E. coli are subjected to 42(C heat, a set of genes are expressed which aid the bacteria in surviving at such temperatures. This set of genes is called the heat shock genes. The heat shock step is necessary for the uptake of DNA. 



To help the bacterial cells recover from the heat shock, the cells are briefly incubated with non-selective growth media. As the cells recover, plasmid genes are expressed, including those that enable the production of daughter plasmids, which will segregate with dividing bacterial cells. However, due to the low number of bacterial cells, which contain the plasmid and the potential for the plasmid not to propagate itself in all daughter cells, it is necessary to select for bacterial cells that contain the plasmid. This is commonly performed with antibiotic selection.  

Plasmids used for the cloning and manipulation of DNA have been engineered to harbor the genes for antibiotic resistance. Thus, if the bacterial transformation is plated onto media containing ampicillin, only bacteria which possess the plasmid DNA will have the ability to metabolize ampicillin and form colonies. In this way, bacterial cells containing plasmid DNA are selected.

DEFINITIONS

· Transformation – the uptake by a recipient bacterium of a naked DNA molecule or a fragment from a culture medium and the incorporation of this molecule into the recipient chromosome in a heritable form

· Competent cell – a bacterium able to take up DNA and be transformed

· Auxotroph – a mutated bacterium that lacks the ability to synthesize an essential nutrient and must obtain it from its surroundings

Quantifying Bacteriophage (Plaque Forming Units)

Introduction:


A bacteriophage is a virus that parasitizes bacteria and, like most viruses, usually lyses the cell that serves as its host.  If the cells that the viruses lyse are immobilized in soft agar, a clear area, or plaque is produced.  The plaque appears as a circular, clear zone in an otherwise homogeneously turbid or opaque field.  The cleared area results, of course, from the lysis of the bacterial cells in the agar.


Viruses that infect mammalian cells also destroy their host cells, producing plaques when cultured in tissue-culture systems that use tissue monolayer growth on plastic cell culture flasks.  A characteristic change in cell morphology and physiological activity precedes outright cell death.  These changes are often referred to as the cytopathic effect (CPE).


Plaques are analogous to colonies of bacteria growing on a nutrient agar medium.  The bacteria are the media on which bacteriophages grow.  Like a bacterial colony, a plaque can be assumed to represent the progeny of a single phage.  The number of plaques can be used to count the number of viruses in a suspension.  The titration of a phage suspension is simply the determination of the number of plaque forming units (pfu) present in 1 ml of your phage suspension.  The most frequently used method for counting phage is to prepare serial dilutions and then to plate the dilutions on lawns of bacterial cells.


The course of lytic viral replication has been described in some detail in the lecture portion of this course, and is also addressed in pp. 87, 115-116 of Leboffe and Pierce.  Today you will use the agar overlay technique to quantify the pfu in a suspension of bacteriophage T4.  In this procedure, the virus suspension is mixed with the bacteria in 3-5 ml of melted agar.  The agar is gently mixed and then poured over an agar layer that has already solidified on Petri plates.  The lower layer of agar provides a nutrient base for the bacterial and viral growth occurring in the upper layer.  Restricting plaque formation to a relatively thin surface layer ensures vigorous virus and bacterial growth and clear, easily seen plaques.

DEFINITIONS

· bacteriophage – virus that parasitizes bacteria

· plaque – clear area on a plate indicative of cell lysis

· cytopathic effect – characteristic changes in cell morphology and function preceding death of a virus-infected host cell

· plaque forming unit – similar to a bacterial colony forming unit, the number of virus particles in a starting suspension

Disinfectants and Antiseptics
Introduction:     Be able to interpret results from this lab

Note * A control plate is used in this lab as a basis of comparison for experimental plates
Note * Be able to answer analysis-type questions such as Bacterial endospores are a problem in a hospital environment b/c they are extremely resistant to disinfection, heat, and air-drying so they can float into wounds and cause severe infections

Disinfection is defined as the destruction of pathogenic microorganisms.  It is a process involving chemical interactions between a toxic antimicrobial substance and enzymes or other constituents of microbial cells.  A disinfectant must kill pathogens while it is in contact with them, so that they cannot grow again when it is removed.  In this case it is said to be cidal (lethal), and it is described, according to the type of organism it kills, as bactericidal, virucidal, sporicidal, or simply germicidal.  If the antimicrobial substance merely inhibits the organisms while it is in contact with them, they may be able to multiply again when it is removed.  In this case, the agent is said to have static activity (it arrests growth) and may be described as bacteriostatic, fungistatic, or virustatic, as the case may be.  According to its definition, a chemical disinfectant should produce irreversible changes that are lethal to cells.

Antiseptics, disinfectants, and sanitizers are chemical agents used to kill microbes under different conditions.  Antiseptics originally were agents that either killed pathogens or inhibited their growth, allowing the body’s defenses to finish the job.  These agents were used on skin or animate objects.  Disinfectants had much the same connotation, except they were used only on inanimate objects.  Today, disinfectants must kill vegetative cells but not endospores of bacteria and are commonly used on both animate and inanimate surfaces.  Antiseptics are defined essentially the same except for the inhibitory or bacteriostatic property.  Sanitizers are chemical agents widely used in the food and restaurant industries.  They are intended to kill a predetermined number of vegetative cells on an already well cleaned surface.  Public health standards dictate that less that 1 cell out of more that 1,000,000 can survive.  

Microorganisms of different groups are not uniformly susceptible to chemical disinfection.  Tubercle bacilli are more resistant that most other vegetative bacteria because of their waxy cell walls, but of all microbial forms, bacterial endospores display the greatest resistance to both chemical and physical disinfecting agents.  Fungal spores are also somewhat resistant, although yeast and hyphae, like bacteria, succumb quickly to active disinfectants.  Many bactericidal disinfectants also kill viruses, but the viral agents of hepatitis are very resistant.

A number of tests for antiseptics and disinfectants are approved by the U.S. Food and Drug Administration, including the Phenol Coefficient Test (the effect of the agent on several standard pathogenic bacteria compared to a phenol as a standard), the Use Dilution Test (the effectiveness of the agent under actual use conditions), and others.  These are generally very demanding and require special equipment.  In this exercise a method is used which allows the student to see the inhibitory effects of the chemical.  It is not a quantitative test, however, since each chemical agent behaves differently.

Antibiotics and Antimicrobial Susceptibility Testing

Introduction:
Note * Antibiotics work by making cells ineffective, interfering or interrupting in the bacterial cell’s structures and biochemical processes
Note * It is important to express antibiotic results in terms of susceptibility, not sensitivity, b/c sensitivity refers to an allergy or hypersensitivitiy to an antibiotic whereas susceptibility refers to actual effect of antibiotic on microorganisms
Antibiotics are chemical agents that are produced by living organisms that can kill or inhibit the growth of other organisms.  Antibiotics belong to a larger group of antimicrobial agents affecting growth and used in medicine called chemotherapeutic agents.  Antibiotics fall into this group because many antibiotics can now be made chemically or modified chemically so the distinction is blurred a bit.  Antibiotics are generally effective in very small quantities and are usually specific for one group of organisms.  Primarily Bacillus and Streptomyces bacteria or Penicillium fungi make antibiotics that are specific for prokaryotes.

The activity of antimicrobial agents is very particular, affecting primarily essential bacterial cell structures or biochemical processes.  For example, penicillin interferes with bacterial cell wall synthesis, gentamicin inhibits protein synthesis, and sulfonamides block folic acid synthesis.  

During the few decades of widespread antimicrobial agent usage, it has become evident that bacteria have the ability to inactivate or in some way circumvent the activity of almost every known agent.  In turn, an important function of the diagnostic microbiology laboratory is to help the physician select effective antimicrobials agents for specific therapy of infectious diseases.  When a clinically significant microorganism is isolated from a patient, the most effective agent or more important, the antibiotics, which would be ineffective, can be determined by a simple laboratory analysis, the Kirby-Bauer test.

The Kirby-Bauer method is a test in which a paper disk is saturated with an antimicrobial agent and placed upon a Petri dish that has been inoculated with a test organism.  The antimicrobial can diffuse from the disk into the surrounding medium.  A zone of growth inhibition can then be measured.  The wider the circle, the more sensitive the organism.  This test will demonstrate whether an organism is resistant, sensitive, or intermediate for each of the antimicrobials.  Routinely, clinical microbiology labs test for bacterial susceptibility or resistance by the method described above.

