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Unit 1:  Introduction to the Microscopic World

Unit Overview:
      This unit will serve as an overview of the molecular, microscopic, and technical aspects of microbiology.  Included in the overview will be an orientation to the field of microbiology, the chemistry of life, and the tools of the microbiologist.

Students will:

· List several ways in which microbes affect our lives (CDL.7.B.7, 10, 12, 14)
· Recognize the system of scientific nomenclature that uses two names (CDL.7.B.4)
· Differentiate among the major characteristics of each group of microorganisms (CDL.7.B.2)
· List the three domains of living things (CDL.7.B.1)
· Compare spontaneous generation and biogenesis (HE.6.B.1)
· Identify the contributions to microbiology made by Pasteur (NS.12.B.4)
· Identify the importance of Koch’s postulates (NS.11.B.1)
· Define:  bacteriology, mycology, parasitology, immunology, and virology (NS.15.B.1)
· Explain the importance of recombinant DNA technology (HE.5.B.6)
· List at least four beneficial activities of microorganisms (CDL.7.B.2)
· Describe the structure of an atom and its relation to the chemical properties of elements (CC.2.AP.2)
· Define:  ionic bond, covalent bond, hydrogen bond, molecular weight, and mole (CC.2.AP.4)
· Diagram three basic types of chemical reactions (CC.2.AP.5)
· List three properties of water that are important to living systems (MC.1.B.3)
· Define:  acid, base, salt, and pH (CC.2.AP.7-8)
· Distinguish between organic and inorganic compounds (EBR.8.B.1)
· Define:  functional group (MC.1.B.1)
· Identify the building blocks of carbohydrates (MC.1.B.1)
· Differentiate among simple lipids, complex lipids, and steroids (CC.2.AP.9)
· Identify the building blocks and structure of proteins (MC.1.B.1)
· Identify the building blocks of nucleic acids (MC.1.B.1)
· Describe the role of ATP in cellular activities (MC.3.B.2)
· List the metric units of measurement (NS.11.B.4&6)
· Diagram the path of light through a compound microscope (NS.13.B.2)
· Define:  total magnification and resolution (NS.13.B.2)
· Explain how electron microscopy differs from light microscopy (NS.13.B.2)
· Identify one use for the TEM, SEM, and scanned-probe microscopes (NS.13.B.2)
· Differentiate between an acidic dye and a basic dye (NS.13.B.2)
· Explain the purpose of simple staining (NS.13.B.2)
· List the steps in preparing a Gram stain, and differentiate between gram-positive & negative (MC.2.B.4)
Chapters in Microbiology: An Introduction, 9th edition:   1, 2, and 3
Approximate Duration:  3 Weeks
Performance/Assessment:

Lab Safety and Procedures Quiz


Use and Care of the Microscope Lab


Human Epidermal Cells Lab


Examination of Living Microorganisms Lab


Preparation of Smears and Simple Staining Lab


Negative Staining Lab


Gram Staining Lab


pH Lab


Effectiveness of Hand Scrubbing Lab
Unit 2:  Microbial Anatomy and Physiology

Unit Overview:
      This unit will focus on structure and function within cellular microorganisms.  Students will reinforce their knowledge of prokaryotic and eukaryotic cells and build upon that an understanding of microbial metabolism and growth.

Students will:

· Compare and contrast the overall cell structure of prokaryotes and eukaryotes (MC.2.B.2)
· Identify the three basic shapes of bacteria (CDL.7.B.9)
· Describe the structure and function of flagella, fimbriae, and pili (MC.2.B.3)
· Compare and contrast the cell walls of gram-positive, gram-negative, and acid-fast microbes (CDL.7.B.9)
· Define simple diffusion, facilitated diffusion, osmosis, active transport, and group translocation (MC.2.B.7)
· Identify the functions of the nuclear area, ribosomes, and inclusions (MC.2.B.3)
· Describe the functions of endospores (CDL.7.B.9)
· Discuss evidence that supports the endosymbiotic theory of eukaryotic evolution (HE.6.B.3)
· Define metabolism, and describe the differences between anabolism and catabolism (OHB.1.AP.8)
· Identify the components of an enzyme (CC.2.AP.10)
· List the factors that influence enzymatic activity (MC.1.B.2)
· Explain what is meant by oxidation-reduction (CC.2.AP.5)
· Describe and explain the three stages of carbohydrate catabolism (CC.2.AP.9)
· Compare and contrast aerobic and anaerobic respiration (MC.3.B.3)
· Describe two examples of the use of biochemical tests to identify bacteria in the laboratory (NS.11.B.1)
· Classify microbes into five groups on the basis of preferred temperature range (CDL.7.B.9)
· Identify how and why the pH of culture media is controlled (MC.1.B.3)
· Explain how microbes are classified on the basis of oxygen requirements (CDL.7.B.9)
· Define colony (CDL.7.B.9)
· Define bacterial growth, including binary fission (MC.2.B.8)
· Compare the phases of microbial growth, and describe the relation to generation time (MC.2.B.9)
· Define sterilization, disinfection, antisepsis, sanitization, biocide, germicide, and asepsis (NS.11.B.2)
· Describe the effects of microbial control agents on cellular structures (MC.2.B.3)
· Explain how radiation kills cells (MC.2.B.3)
· List the factors related to effective disinfection (NS.11.B.2)
Chapters in Microbiology: An Introduction, 9th edition:   4, 5, 6, and 7
Approximate Duration:  4 Weeks
Performance/Assessment:

Unknown Specimen Lab


Microbes in the Environment Lab

Transfer of Bacteria:  Aseptic Technique Lab


Isolation of Bacteria by Dilution Techniques Lab


Isolation of Soil Bacteria by Dilution Lab


Special Media for Isolating Bacteria Lab


Carbohydrate Catabolism Lab


Enzyme Catalysis Lab


Fermentation Lab


The Role of Temperature on Bacterial Growth Lab

Biofilms Lab

Methods of Control:  Disinfectants and Antiseptics Lab
Unit 3:  Microbial Genetics
Unit Overview:
      This unit will focus on the molecular mechanics responsible for the physiological and anatomical aspects observed in microorganisms.  Students will study and practice several of the techniques use to study and manipulate the genomes of microbial organisms.

Students will:

· Define genetics, genome, chromosome, gene, genetic code, genotype, and genomics (HE.5.B.1-3)
· Describe how DNA serves as genetic information (HE.5.B.2-3)
· Describe the process of DNA replication (HE.5.B.4)
· Describe protein synthesis, including transcription, RNA processing, and translation (HE.5.B.4)
· Explain the regulation of gene expression in bacteria by induction and catabolite repression (HE.5.B.4)
· Classify mutations by type, and describe how mutations are prevented and repaired (HE.5.B.5)
· Define mutagen (HE.5.B.5-6)
· Describe the effect of mutagens on the mutation rate (HE.5.B.6)
· Identify the purpose of and outline the procedure for the Ames test (NS.13.B.1) 
· Compare the mechanisms of genetic recombination in bacteria (CDL.7.B.9)
· Describe the functions of plasmids and transposons (HE.5.B.3)
· Discuss how genetic mutation and recombination provide material for natural selection to act upon (HE.5.B.6)
· Identify the roles of a clone and a vector in making recombinant DNA (HE.5.B.6)
· Compare selection and mutation (HE.6.B.3)
· Define restriction enzymes, and outline how they are used to make recombinant DNA (HE.5.B.2-3)
· List the four properties of vectors (HE.5.B.3)
· Describe the use of plasmid and viral vectors (HE.5.B.3, CDL.7.B.7)
· Outline the steps of PCR, and provide an example of its use (NS.13.B.1, HE.5.B.2)
· Describe five ways of getting DNA into a cell (MC.2.B.4)
· List at least five application of rDNA Technology (HE.5.B.2)
· Define RNAi (HE.5.B.3)
· Discuss the value of the Human Genome Project (HE.6.B.5)
· Diagram the Southern blotting procedure, and provide an example of its use (NS.13.B.1)
· Diagram DNA fingerprinting, and provide an example of its use (HE.6.B.5)
· List the advantages of, and problems associated with, the use of genetic modification techniques (HE.5.B.6)
Chapters in Microbiology: An Introduction, 9th edition:   8 and 9
Approximate Duration:  3 Weeks
Performance/Assessment:

Isolation of Bacterial Mutants Lab

Antibacterial Resistance in Microbes Lab


pGLO Bacterial Transformation Lab


DNA Fingerprinting Lab

Investigating Gel Electrophoresis Lab
Unit 4:  Taxonomy of Microorganisms

Unit Overview:
      This unit will focus on the factors involved in the taxonomy of microorganisms.  Students will become familiar with the major groups of microbial life through a combination of teacher-centered lectures and student-oriented investigative experiments.  Microorganisms of all three domains will be studied in addition to viruses, viroids, and prions.

Students will:

· Define taxonomy, taxon, and phylogeny (CDL.7.B.1-3)
· Discuss the limitations of a two-kingdom classification system (CDL.7.B.2)
· Discuss the advantages of a three-domain system (CDL.7.B.1)
· List the characteristics of the Bacteria, Archaea, and Eukarya domains (CDL.7.B.1)
· Differentiate among eukaryotic, prokaryotic, and viral species (CDL.7.B.2)
· Explain why scientific names are used (CDL.7.B.4)
· List the major taxa (CDL.7.B.3)
· Differentiate between culture, clone, and strain (CDL.7.B.9)
· Define protist (CDL.7.B.11)
· Describe how staining and biochemical tests are used to identify bacteria (CDL.7.B.10)
· Differentiate a dichotomous key from a cladogram (CDL.7.B.4, HE.6.B.7)
· Differentiate among the my major phyla of bacteria based on similarities and differences (CDL.7.B.9)
· List the defining characteristics of fungi (CDL.7.B.13)
· Differentiate asexual and sexual reproduction in fungi (CDL.7.B.13)
· Identify two beneficial and two harmful effects of fungi (CDL.7.B.14)
· List the distinguishing characteristics of lichens, and describe their nutritional needs (CDL.7.B.13)
· List the defining characteristics of algae (CDL.7.B.11)
· List the defining characteristics of protozoa (CDL.7.B.11)
· Differentiate an intermediate host from a definitive host (CDL.7.B.8)
· List the distinguishing characteristics of parasitic helminthes and nematodes (CDL.7.B.21)
· Define arthropod vector (CDL.7.B.21)
· Differentiate a virus from a bacterium (CDL.7.B.6, CDL.7.B.9)
· Describe the chemical and physical structure of both an enveloped and a nonenveloped virus (CDL.7.B.6)
· Define viral species (CDL.7.B.6)
· Describe how bacteriophages and animal viruses are cultured (CDL.7.B.7)
· List three techniques used to identify viruses (CDL.7.B.6)
· Describe the lytic and lysogenic cycles (CDL.7.B.6)
· Define oncogene and transformed cell (CDL.7.B.6)
· Provide an example of a latent viral infection (CDL.7.B.7)
· Discuss how a protein can be infectious (MC.1.B.1)
· Differentiate virus, viroid, and prion (CDL.7.B.6, MC.1.B.1)
Chapters in Microbiology: An Introduction, 9th edition:   10, 11, 12, and 13
Approximate Duration:  4 Weeks
Performance/Assessment:

Unknown Bacterial Identification Lab

Fungi:  Yeasts Lab


Controlling the Rate of Fermentation by Yeast Lab


Yeast Cell Permeability Lab


Fungi:  Mold Observations Lab

Phototrophs:  Algae and Cyanobacteria Lab


Protozoa Lab


Dissolved Oxygen and Primary Productivity Lab


Unit 5:  Introduction to Microbe and Host Interactions
Unit Overview:
      This unit will focus on the aspects of disease including but not limited to the causes, symptoms, vectors, and patterns of specific diseases caused by microorganisms.  The science of epidemiology will also be introduced as the field most responsible for the study of microbial pathogenicity.

Students will:

· Define pathology, etiology, infection, and disease (CDL.7.B.7, 10, 12, 14)
· Define normal and transient microbiota (CDL.7.B.6)
· Compare commensalism, mutualism, and parasitism, and give an example of each (EBR.8.B.6)
· Contrast normal and transient microbiota with opportunistic microorganisms (EBR.8.B.5)
· List Koch’s postulates (CDL.7.B.9)
· Differentiate a communicable from a noncommunicable disease (BS.5-15.AP.4)
· Categorize diseases according to frequency and severity (BS.5-15.AP.4)
· Define herd immunity (EBR.8.B.5)
· Identify four predisposing factors for disease (BS.5-15.AP.2)
· Define reservoir of infection (BS.5-15.AP.4)
· Explain three methods of disease transmission (BS.5-15.AP.4)
· Define compromised host ​(BS.5-15.AP.4)
· List several methods of disease transmission in hospitals (BS.5-15.AP.4)
· Explain how nosocomial infections can be prevented (BS.5-15.AP.4)
· List several probable reasons for emerging infectious diseases (BS.5-15.AP.4, HE.6.B.2-5)
· Define epidemiology, and describe three types of epidemiologic investigations (NS.15.B.1)
· Identify the principle portals of entry (BS.5-15.AP.4)
· Define ID50 and LD50 (BS.5-15.AP.4)
· Using examples, explain how microbes adhere to host cells (MC.2.B.4)
· Describe how bacteria use the host cell’s cytoskeleton to enter the cell (MC.2.B.3)
· Contrast the nature and effects of exotoxins and endotoxins (MC.2.B.3)
· Using examples, describe the roles of plasmids and lysogeny in pathogenicity (HE.5.B.3)
· Discuss the causes of symptoms in fungal, protozoan, helminthic, and algal diseases (BS.5-15.AP.4)
Chapters in Microbiology: An Introduction, 9th edition:   14 and 15
Approximate Duration:  3 Weeks
Performance/Assessment:

Epidemiology Lab

Koch’s Postulates Lab

Unit 6:  Immunity:  Defenses of the Host

Unit Overview:
      This unit will focus on immune system responses observed in host organisms.  The science of immunology will be explored as a way of studying the immune reactions observed in the presence of specific microorganisms.  Disorders associated with the immune system will also be closely examined.

Students will:

· Differentiate between innate and adaptive immunity (BS.11.AP.1-3)
· Describe the role of the skin and mucous membranes in innate immunity (BS.11.AP.1)
· Describe the role of normal microbiota in innate immunity (BS.11.AP.2)
· Define phagocyte and phagocytosis (MC.2.B.7)
· List the stages of inflammation (BS.11.AP.2)
· Describe the roles of vasodilation, kinins, prostaglandins, and leukotrienes in inflammation (BS.11.AP.2)
· Describe the cause and effects of fever (BS.11.AP.2)
· Define interferons (BS.11.AP.3)
· Differentiate between humoral and cellular immunity (BS.11.AP.1)
· Define antigen, epitope, and hapten (BS.11.AP.3)
· Explain the function of antibodies, and describe their structural and chemical characteristics (BS.11.AP.3)
· Differentiate between plasma cell and memory cell, and describe clonal selection (BS.11.AP.3)
· Differentiate between helper T, cytotoxic T, and regulatory T cells (BS.11.AP.3)
· Define apoptosis (BS.11.AP.3)
· Define antigen-presenting cell (BS.11.AP.3)
· Distinguish a primary from a secondary immune response (BS.11.AP.2)
· Contrast the four types of adaptive immunity (BS.11.AP.2)
· Define vaccine (BS.11.AP.2)
· Explain why vaccination works (BS.11.AP.2)
· Explain the value of vaccines, and discuss acceptable risks for vaccines (BS.11.AP.2)
· Define hypersensitivity (BS.11.AP.2)
· Describe the mechanism of anaphylaxis (BS.11.AP.2)
· Explain how allergy skin tests work (BS.11.AP.2)
· Describe the basis of the ABO and Rh blood group systems (BS.10.AP.1-3)
· Describe the mechanism of self-tolerance (BS.11.AP.2)
· Give an example of immune complex, cytotoxic, and cell-mediated autoimmune diseases (BS.11.AP.2-4)
· Explain how the rejection of a transplant occurs and is prevented (BS.11.AP.2-4)
· Describe the immune responses to cancer and how cells evade immune responses (BS.11.AP.2-4)
· Compare and contrast congenital and acquired immunodeficiencies (BS.11.AP.4)
· Describe the stages of HIV infection (BS.11.AP.4)
· Describe the effects of HIV infection on the immune system (BS.11.AP.4)
· Identify geographic patterns of HIV transmission (BS.11.AP.4)
Chapters in Microbiology: An Introduction, 9th edition:   16, 17, 18, and 19
Approximate Duration:  4 Weeks
Performance/Assessment:

Innate Immunity Lab

Blood Group Determination:  Slide Agglutination Lab


Agglutination Reactions:  Microtiter Agglutination Lab

Constructing Antibody Models Lab
Unit 7:  Antimicrobial Drugs

Unit Overview:
      This unit will focus on the use of antimicrobial drugs when the body’s immune system is compromised or otherwise in need of assistance.  In addition to studying the mechanisms of antibiotics, students will explore experiments with antibiotics that are currently used to fight common pathogens. 

Students will: 
· Identify the contributions of Paul Ehrlich and Alexander Fleming to chemotherapy (NS.18.AP.5)
· Name the microbes that produce most antibiotics (CDL.7.B.10, 14)
· Describe the problems of chemotherapy for viral, fungal, protozoan, and helminthic infections (BS.5-15.AP.4)
· Define spectrum of activity, broad-spectrum antibiotic, superinfection (BS.5-15.AP.4)
· Identify five modes of action of antimicrobial drugs (MC.1.B.2)
· Explain the advantages of semisynthetic penicillins (MC.1.B.2, MC.2.B.3)
· Describe how some antimicrobial drugs inhibit protein synthesis (HE.5.B.4)
· Describe how sulfa drugs inhibit microbial growth (MC.1.B.2)
· Explain the modes of action of currently used antifungal drugs (CDL.7.B.13)
· Explain the modes of action of currently used antiviral drugs (CDL.7.B.6)
· Describe two tests for microbial susceptibility to chemotherapeutic agents (CDL.7.B.10)
· Describe mechanisms of drug resistance (HE.6.B.5)
· Compare and contrast synergism and antagonism (EBR.8.B.6)
· Identify three areas of research on new chemotherapeutic agents (NS.12.B.7)
Chapters in Microbiology: An Introduction, 9th edition:   20
Approximate Duration:  2 Weeks
Performance/Assessment:

Methods of Control:  Antimicrobial Drugs Lab

Antibiotic Resistance in Microbes Lab


Natural Occurrence of Antibiotics in Soil Microbes Lab


Testing the Effectiveness of Mouth Rinses Lab

Unit 8:  Microbial Diseases

Unit Overview:
      This unit will focus on the effects of microbial diseases on the different systems of the human body.  Each section begins with a brief review of the systems structure and function.  With an understanding of the system’s function, students will better understand the disease’s severity and the mechanisms behind the associated symptoms. 

Students will: 
· Describe the structure of the skin and mucous membranes and the ways pathogens can invade (BS.5.AP.3)
· Provide examples of normal skin microbiota (BS.5.AP.1)
· Differentiate staphylococci from streptococci, and name several skin infections caused by each (BS.5.AP.4)
· List the causative agent, mode of transmission, and clinical symptoms of common skin infections (BS.5.AP.4)
· Define conjunctivitis (BS.8.AP.4)
· Define central nervous system and blood-brain barrier (BS.8.AP.1)
· Differentiate meningitis from encephalitis (BS.8.AP.4)
· Discuss the epidemiology of tetanus, leprosy, poliomyelitis (BS.8.AP.4)
· State the causative agent, symptoms, suspect foods, and treatment for botulism (BS.13.AP.4)
· List the characteristics of diseases caused by prions (BS.8.AP.4)
· Identify how the cardiovascular and lymphatic systems spread and eliminate infections (BS.10-11.AP.4)
· List the signs and symptoms of sepsis (BS.10.AP.4)
· Discuss the epidemiology of rheumatic fever, tularemia, brucellosis, anthrax, gas gangrene (BS.5-15.AP.4)
· List three pathogens that are transmitted by animal bites and scratches (BS.5.AP.4)
· Compare and contrast Lyme disease and Rocky Mountain spotted fever (BS.10.AP.4)
· Discuss the causative agent, mode of transmission, symptoms, and treatments for malaria (BS.10.AP.4)
· Describe how microorganisms are prevented from entering the respiratory system (BS.12.AP.4)
· Differentiate among pharyngitis, laryngitis, tonsillitis, sinusitis, and epiglottitis (BS.12.AP.4)
· List the causative agents and treatments for the common cold, influenza, and tuberculosis (BS.12.AP.4)
· Name the structures of the digestive system that contact food (BS.13.AP.1)
· List examples of the microbiota for each part of the gastrointestinal tract (BS.13.AP.3)
· Describe events that lead to dental caries and periodontal disease (BS.13.AP.4)
· List the causative agents and symptoms of food poisoning, typhoid fever, and peptic ulcers (BS.13.AP.4)
· Differentiate among hepatitis A, B, C, D, and E (BS.13.AP.4)
· List the modes of transmission and symptoms of tapeworms, pinworms, and ascariasis (BS.13.AP.4)
· List the antimicrobial features of the urinary system (BS.14.AP.2)
· Identify the portals of entry for microbes into the female and male reproductive systems (BS.15.AP.1)
· Describe the modes of transmission for urinary and reproductive system infections (BS.15.AP.4)
· List the causative agents and symptoms for gonorrhea, syphilis, and bacterial vaginosis (BS.15.AP.4)
· Discuss the epidemiology of genital herpes and genital warts (BS.15.AP.4)
Chapters in Microbiology: An Introduction, 9th edition:   21, 22, 23, 24, 25, and 26
Approximate Duration:  5 Weeks
Performance/Assessment:

Bacteria of the Skin Lab

Bacteria of the Respiratory Tract Lab


Bacteria of the Mouth Lab


Bacteria of the Gastrointestinal Tract Lab


Bacteria of the Urogenital Tract Lab
Unit 9:  Environmental and Applied Microbiology

Unit Overview:
      This unit will focus on the positive functions of microorganisms.  Students will study and explore the essential roles microbes fill within ecosystems.  In addition to environmental aspects of microbiota, this unit will also explore the diverse applications of microbiology to the benefit of humans. 

Students will: 
· Define extremophile, and identify two ”extreme” habitats (CDL.7.B.9)
· Define symbiosis (EBR.8.B.6)
· Define biogeochemical cycle (EBR.8.B.3)
· Outline the carbon and nitrogen cycles, and explain the roles of microorganisms in these cycles (EBR.8.B.3)
· Define ammonification, nitrification, and nitrogen fixation (EBR.8.B.3)
· Describe how an ecological community can exist without light energy (EBR.8.B.5)
· Give two examples of the use of bacteria to remove pollutants (CDL.7.B.10)
· Define bioremediation (CDL.7.B.10)
· Describe the importance of biofilms (CDL.7.B.10)
· Explain how wastewater pollution is a public health problem and an ecological problem (EBR.9.B.2)
· Explain how water is tested for bacteriological quality (CDL.7.B.10)
· Describe how pathogens are removed from drinking water (EBR.9.B.1)
· Describe thermophilic anaerobic spoilage and flat sour spoilage (EBR.9.B.3)
· Compare and contrast industrial methods of food preservation (EBR.9.B.3)
· Name four beneficial activities of microorganisms in food production (CDL.7.B.10, 14)
· Define industrial fermentation (CDL.7.B.10, 14)
· Describe the role of microorganisms in the production of chemicals and pharmaceuticals (CDL.7.B.10, 14)
· Define bioconversion, and list its advantages (EBR.9.B.2)
Chapters in Microbiology: An Introduction, 9th edition:   27 and 28
Approximate Duration:  3 Weeks
Performance/Assessment:

Microbe Scavenger Hunt Lab
Microbes in Water:  Multiple-Tube Technique Lab

Microbes in Water:  Membrane Filter Technique Lab

Microbes in Food:  Contamination Lab


Microbes Used in the Production of Foods Lab


Microbes in Soil:  The Nitrogen and Sulfur Cycles Lab


Microbes in Soil:  Bioremediation Lab

