BIO 425  MICROBIOLOGY

Microbiology


Bacteriology


Virology


Immunology


Mycology


Phycology

“Germs”

Living Cells

Procaryotes


Bacteria


Archaea

Eukaryotes


Nucleus

Viruses

Laboratory Culture

Pure culture

Contamination

Culture Media

Petri Dishes

Agar

Sterilize

Aseptic Technique

Diseases

Biogeochemistry

Biotechnology

Antoni van Leeuwenhoek, 1684

Spontaneous Generation

Louis Pasteur, 1864

John Tyndall

Germ Theory

Lady Montagu

Edward Jenner, 1798

Ignaz Semmelweis

Joseph Lister, 1867

Robert Koch

Anthrax, 1876

Koch’s Postulates

Tuberculosis

Chicken Cholera


Vaccine


Attenuation

Charles Chamberlain

Filterable Viruses

Alexander Fleming, 1929

Selman Waksman 

James Watson &

Francis Crick, 1953

George Kohler &

Cesar Milstein, 1975

Monoclonal Antibodies

Stanley Cohen &

Herbert Boyer

Recombinant DNA

Carl Woese &

George Fox, 1977

Archaea

Stanley Prusiner, 1981

Prions

Kary Mullis, 1988

PCR

Craig Ventor &

Hamilton Smith,

1995

Human Genome Project,

2000


Compound Light Microscope

Bright-Field Microscope

Magnification

Resolution

Numerical Aperture

Oil Immersion

Staining


Simple


Differential



Gram Stain

Phase Contrast Microscope

Dark-field Microscope

Fluorescent Microscope

Interference Contrast

Microscope

Atomic Force Microscopy

Confocal Scanning Laser

Microscope

Electron Microscopes


Transmission


Scanning

Prokaryotic Cells

Shape


Bacillus


Coccus


Spirillum


Spirochete


Appendaged

Cluster Type


Strepto…, Diplo…,


Staphylococcus

Size?


0.1 – 50 (m


600 (m Max?

Cytoplasmic Membrane

Phospholipid Bilayer

No Sterols?

Archaea

Ether-link lipids

Selective Permeabilty

Transport Proteins

Group Translocation

Cell Wall

Peptidoglycan

Murein Layer

n-acetyl-glucosamine

n-acetyl-muramic acid

Peptide Cross links

Diamino-pimelic Acid

D-alanine

( 1-4 Linkages

Gram Positive Wall

Teichoic Acid

Lysozyme

Protoplast

Archaea

Pseudopeptidoglycan

Gram Negative Envelope

Outer Membrane

Lipopolysaccaride

Endotoxins

Lipid A

Core Polysaccharide

O Polysaccharide

Porins

Periplasmic space

Autolysins

Procaryotic DNA

Closed circles

4.6 Millions Bases

Supercoiled

Haploid

Plasmids


Flagella

Polar Flagella

Lophotrichous

Peritrichous

Flagellin

Self-Assembly

Chemotaxis

Tumbles – Runs

Phototaxis

Magnetotaxis

Pili, Fimbriae

Capsule, Slime layer


Glycocalyx

Inclusion Bodies

Poly-(-hydroxybutyric acid

Glycogen

Polyphosphate -


Metachromatic Granules

Sulfur

Magetosomes

Gas Vesicles

Endospores

Dipicolinic Acid

Eukaryotic Organelles

Nucleus

Mitochondria

Chloroplast

Endosymbiotic Theory


Metabolism


Catabolism


Anabolism

Coupled Reactions

Nutrition


Phototroph


Chemotroph


Organotroph


Lithotroph



Chemolithotroph

Macronutrients


Carbon


Nitrogen

P, S, K, Mg, Ca, Na, &


Fe (siderophores)

Micronutrients

Trace Elements

Growth Factors?

Culture Media

Defined vs. Complex Media

Enzymes

Organic Catalysts

Activation Energy

Enzyme-substrate Complex

Active Site

Prosthetic groups

Coenzymes

Oxidation-Reduction 

Redox Reactions

Electron Donors

Electron Acceptors

Reduction Potential

Electron Tower

Electron Carriers

Primary Electron Donor

Final Electron Acceptor

“High” Energy Compounds

Adenosine Triphosphate - ATP

Coenzyme A

Fermentation

Substrate-level Phosphorylation

Respiration 

Oxidative Phosphorylation


Electron Transport

Glycolysis

Embden-Meyerhof Pathway

Stage I, II, III


Rearrangement


Oxidation


Reduction


Fermentation

Aerobic Respiration

Electron Cascade

NADH dehydrogenase

Flavoproteins

Quinones

Cytochromes


Catalase


Oxidase

Proton Motive Force

Oxidative Phosphorylation

Inhibitors

Uncouplers

Carbon Flow -  Citric Acid Cycle

aka TCA, Tricarboxylic, Krebs

Carbon Oxidation 


CO2  Production


Reduced Coenzymes


Biosynthesis ?

Anaerobic Respiration


nitrate, sulfate, carbonate


ferric iron

Chemolithotrophy

hydrogen sulfide, hydrogen gas, 

ferrous iron

ammonia

Phototrophy

Catabolism


Bacterial Growth

Binary fission

Growth rate

Generation Time

Exponential Growth

Batch Culture

Growth Curve

Lag Phase,

Exponential (log) Phase, Stationary Phase,

Death Phase,

Cryptic Growth

Measuring Growth

Total Cell Counts

Direct Microscopic Counts

Petroff-Hausser Counting

 Chambers

Viable Count

Plate Counts


Spread Plate


Pour Plate

Dilution

Extinction Dilution

MPN – Most Probable Number

Turbidity Measurements

Continuous Culture

Chemostat

Controlling Growth

Temperature

Minimum, Optimal, Maximum

Psychrophile (psychrotolerant)

Mesophile, Thermophile

Hyperthermophile

Freezing

pH

Acidophile

Alkaliphile

Buffers

Water Activity

Halophiles

Osmophiles

Xerophiles

Oxygen

Aerobes, Anaerobes

Facultative

Microaerophile 


Growth Inhibition

Sterilization

Bacteriostatic

Bactericidal

Disinfection

Heat Sterilization

Decimal Reduction Time

Spores

Autoclave

121 C, 15 lb, 15 Minutes

Pasteurization

63-66 C for 30 Minutes

71 C for 15 Seconds

Radiation

Filter Sterilization

Depth Filters

Membrane (Millipore) Filters

Nucleopore Filter

Antimicrobial Agent

Bactericidal, Fungicidal,

       Viricidal

Selective Toxicity

Minimum Inhibitory Conc.

Tube Dilution

Agar Diffusion Method

Antiseptic

Disinfectant

Chemotherapeutic Agents

Paul Ehrlich – Magic Bullet

Agent 606 - Salvarsan

Growth Factor Analogs

Sulfa Drugs

Sulfanilamide

      Folic Acid Synthesis

Quinolones

Antibiotics

Broad-Spectrum Antibiotic

β – Lactam Ring

Penicillins

Cephalosporins

Aminoglycosides

     Streptomycin, Neomycin,

     Kanamycin, Gentamicin

Macrolides

      Erythromycin

Tetracyclines

Antiviral Agents

Interferons

Nucleos(t)ide analogs

Protease Inhibitors

Fungal Control

Drug Resistance

Conjugative R Plasmids

Drug Misuse

Search for New Drugs

New Analogs

Designer Drugs


Eukaryote vs. Prokaryotes

Nucleus – No Nucleus

Linear – Circular Chromosomes

Introns - No Introns?

Single mRNA-Polycistronic

Histones – No Histones

Repeats – No Repeats

DNA Structure

Double Helix

Complimentary Bases 

Hydrogen Bonds

Double Stranded 

Antiparallel

Major/Minor Groove

Bent DNA

Inverted Repeats

Stem-Loops

Hairpins

Sticky Ends

Melting DNA

G≡C, A=T Pairs  

Hybridization

Supercoiled

Histones

Topoisomerase

DNA gyrase

Genetic Elements

Plasmids

Transposons

Insertion sequences

Viruses

Restriction/Modification

Restriction Endonucleases

Palindrome

Modification

Restriction Enzyme Maps

DNA Replication

Complementary Base Pairing

Semiconservative

Template

DNA Polymerases

Primer?

Initiation of DNA Synthesis

Origin

Replication Fork

Bi-directional

Theta Structure

Helicases

Single-strand Binding Proteins

Primase = RNA Polymerase

Leading Strand

Continuous 

Lagging Strand

Discontinuous

Okazaki Fragments

Ligase

Proofreading

Transcription

mRNA - message RNA

tRNA - transfer RNA

rRNA – ribosomal RNA

RNA polymerase

Promoters

Sigma Factors

Core Enzyme

Pribnow Box

Consensus Sequence

Termination

Rho Proteins

Archaea Transcription

Polycistronic mRNA

Operon

Operator

RNA Processing

Spliceosome

Ribozyme

Exons – Introns

Genetic Code

Codon

Anticodon

Degeneracy

Wobble

Stop Codon

Nonsense Codon

Start codon – AUG

Reading Frame

Shine-Dalgarno Region

Open Reading Frame

Transfer RNA, tRNA

Charging tRNA

Translation

Ribosomes – rRNA

Initiation

Shine-Dalgarno Region

Start codon

n-formylmethionine

Elongation

Acceptor Site

Peptide Site

Polysomes

Termination

Stop codon

Molecular Chaperones

Signal Sequence

Posttranslational Modification

Antibiotics

Overlapping Genes

Universal Code


Constitutive Enzymes

Regulation of Enzyme Activity

Feedback Inhibition

Allosteric Sites

Isozymes

Covalent Modification

Regulation of Transcription

Enzyme Induction

Inducer

Corepressor

Operator

Operon

Repression

Repressor protein

Negative Control

Positive Control

Activator Protein

Regulon

DNA Binding Proteins

Histones

Attenuation

Leader Sequence

Attenuator

Global Control

Catabolite Repression

Glucose Effect

Diauxic Growth

Catabolite Activator Protein 

camp

Quorum Sensing

Other Global Controls

Alternative Sigma Factors

Proteases

Chaperonin

Signal Transduction

Two-Component Regulation

Sensor Kinases

Response Regulator

Chemotaxis

Antisense RNA

Triple DNA 


Mutation

Genetic Recombination

Microbial Models

Molecular Cloning

Biotechnology

Mutants

Genotype – Phenotypes

Wild-Type

Isolation Mutants

Replica plating

Auxotroph – Prototroph

Penicillin-Selection Method

Spontaneous Mutations

Point Mutation

Base-Pair Substitution

Silent, Misssense, Nonsense 

     Mutations

Conditional Lethal Mutations

Temperature Sensitive 

     Mutation

Reading Frame

Frame Shift Mutation

Back Mutations

Suppressor Mutation

Deletions

Insertions

Translocation

Inversion

Mutation Rate

   DNA ~10-6

   RNA ~10-3 

Mutagens

Chemicals

Base Analogs

Intercalating Agents

Radiation

UV Light

Ionizing Radiation

DNA Repair

SOS Regulatory System

Biological Mutagens

Transposons

Site Directed Mutations

Carcinogensis

Ames Test

Genetic Recombination


Bacterial Gene Transfer

1. Transformation

Competent

Transfection

Electroporation

Particle gun

2. Transduction

Generalized Transduction

Specialized Transduction

Lysogeny

Phage conversion

3. Conjugation

Plasmids

Copy Number

Incompatibility

Curing

Conjugative Plasmids

Resistance Plasmids 

       R Plasmids

Virulence Plasmids

Bacteriocin

Engineered plasmids

Chromosomal Mobilization 

Sex Pili

Fertility (F) Plasmids

Hfr Strains

Interrupted Matings

Genetic Maps

Transposition

Transposase

Conservative – Replicative

       Transposition

Phase Variation

Inversion

Escherichia coli Chromosome

4,639,221 Base Pairs

4,288 Open Reading Frames

Horizontal Gene Transfer

Pathogenicity Islands

Genomics

Mycoplasma genitalium 

       Genome

470 Open Reading Frames

Genomic Mining

Virion

Bacteriophage

28 –200 nm (0.2 μm)

Genome

SS/DS  RNA/DNA

Capsid, Coat, Shell

Capsomer

Self-Assembly

Nucleocapsid

Viral Symmetry

Helical

Icosahedral

Enveloped Viruses

Complex Viruses

Enzymes in Virions

Reverse Transcriptase

Lysozymes

Viral Host

Living Organisms

Cell (Tissue) Culture

Monolayer

Primary Culture Line

Transformation

Permanent Cell Line

Quantification of Viruses

Plaque Assay

Efficiency of Plating

Animal Infectivity Methods

End Point Dilution

Viral Reproduction

Attachment

Penetration

Early Steps (Early Proteins)

Replication of Nucleic Acids

Synthesis of Proteins (Late)

Assembly

Release

One-step Growth Curve

Latent Period

Restriction/Modification

Restriction Enzymes

Modification

+/-  SS RNA Viruses

SS DNA Viruses

DS Intermediates

Reverse Transcriptase

BACTERIAL VIRUSES

Model Viruses

Genetic Engineering

RNA Bacteriophage 

+SS RNA Viruses

MS2

“Male” Specific Phage

4 Proteins

Maturation, Coat, Lysis 

& RNA Replicase

Overlapping Genes

SS DNA Icosahedral Phage

ФX 174

DS DNA Phage – Lytic

T7,  T4

Head, Tail, Base Plate, Spikes, Tail Fibers, Contractile Sheath

Hydoxymethylcytosine

Temperate Bacteriophage

Lambda

Virulent – Temperate

Lysogeny

Prophage – Provirus

Immunity

Lambda Repressor

Cro protein

Transposable Phage

Insertion Elements

Transposon

Mu Phage – Mutator

Animal Viruses

Eukaryotic Hosts

Lytic Infections

Persistent Infections

Latent Infections

Cancer

Transformation

Neoplasm

Benign

Malignant

Metastasis

Oncogene

+SS RNA Viruses

Rhinovirus

Foot-and-Mouth Virus

Poliovirus

Polyprotein

Viral Protease

-SS RNA Virus

Rhabdovirus

RNA Dep. RNA Polymerase

Influenza

Segmented Genome

DS RNA Virus

Reovirus

Rotavirus

DNA Virus

Papovavirus

SV 40

Herpesviruses

Herpes simplex, Chickenpox,

Shingles, Epstein-Barr,

Burkitt’s Lymphoma

Pox Virus

Smallpox

Adenovirus

Retrovirus

Reverse Transcriptase

Acquired Immunodeficiency

      Syndrome – AIDS

Viroids

SS RNA Circles

Prions

“Mad Cow Disease”

Kuru

Scrapies

Creutzfeldt-Jakob Disease


Normal Flora 

Pathogens

Infection

Skin Flora

Staphylococcus, Propionibacterium

Oral Cavity Flora 

Plaque

Streptococcus spp

Dental Caries

Streptococcus mutans

Intestinal Tract

Stomach – pH2

Helicobacter pylori 
Small Intestine

Enterococci, Lactobacilli

Large Intestine

1010- 1011 cells/gram

Bacteroides, Enterobacteria,

Escherichia coli, Enterococcus

Respiratory Tract

Staphylococcus aureus, Streptococcus pneumoniae, 

S. pyogenes,
Corynebacterium diphtheriae 

Carrier

Urogenital Tract

Opportunistic Pathogens

Virulence 

Invasiveness, Toxicity

Specific Adherence

Capsule, Glycocalyx, 

Slime  Layer 

Fimbriae, Pili

Colonization Factor Antigen

Invasion

Colonization

Iron – Siderophore

Bacteremia – Septicemia

Enzymes & Toxins

Coagulase, Collagenase

Exotoxins

Cytolytic Toxins

Hemolysins, Leukocidins

Diphtheria Toxin

Botulism Toxin

Tetanus Toxin

Enterotoxin

Cholera Toxin

Endotoxin

LD50

Attenuated

Nonspecific Host Defenses

Natural Resistance

Age, Stress, Diet

Anatomical Defenses

Skin, Stomach, Tears

Compromised Host

Inflammation

Fever


Immunity

Specificity

Memory

Tolerance

Antigen

Antibody

Immunoglobulins

Humoral Immunity

Immunization

Cell-mediated Immunity

T Cells

Cytokines

Blood

Erythrocytes, Lymph 

Leukocytes

      Macrophage

       Lymphocytes

Antigens

T Cell Receptors

Haptens

Antigenic Determinants

Epitopes

Nonspecific Immunity

Phagocytes

Specific Immunity

B Lymphocytes

Immunoglobulins

Antiserum

IgG, Gamma Globulin

Heavy, Light Chains

Constant, Variable Regions

Gene Rearrangement

2 Antigen Binding Sites

Smallest, Transplacental

IgA, Secretory

IgM, IgD,

IgE Allergies

T Lymphocytes

T Cell Receptors

Major Histocompatibility 

     Complex

Cytokines

Cytotoxic T Cells

Natural Killer Cells

Clonal Selection

Immune Tolerance

1st, 2nd Reponses

Complement System

Monoclonal Antibodies

Hybridoma

Myeloma

Antigen-Antibody Reactions

Neutralization

Precipitation

Agglutination

Immune Disease

Hypersensitivity

Autoimmune Diseases

Delayed-Type Hypersensitivity

Contact Dermatitis

Natural – Passive Immunity

Natural – Artificial Immunity

Immunization

Vaccine

Toxoid

Attenuated Strain

Passive Immunity

Genetically Engineered

       Vaccines

 DNA Vaccines


Prevalence

Incidence

Endemic

Epidemic

Pandemic

Carrier

Mortality

Morbidity

Disease Reservoirs

Acute Carrier

Incubation Period

Chronic Carrier

Typhoid Mary

Transmission

Host-to-Host

Vector

Fomites

Food and Water

Common-Source Epidemic

John Snow - Cholera

Herd immunity

Nosocomial Infections

Public Health

Control Reservoir

Prevent Transmission

Immunization

Quarantine

Surveillance

Pathogen Eradication

Global Health

Travel

Developing Countries

Reemerging Diseases

Emerging Disease


Airborne Transmission

Respiratory Infections

Streptococcus pyogenes

S. pneumoniae
Strept Throat

β Hemolysis

Otitis media

Impetigo

Scarlet Fever

Rheumatic Fever

Pneumonia

Staphylococcus aureus 
Coagulase positive

Boils

Impetigo

Toxic Shock Syndrome

Diphtheria

Corynebacterium diphtheriae

Metachromatic Granules

Pseudomembrane

Whooping Cough

Bordetella pertussis

DPT Vaccine

Tuberculosis

Mycobacterium tuberculosis

Primary

Tuberculin Test

Postprimary

Tubercles

M. bovis

Hansen’s Disease

M. leprae

Leprosy

Viral Respiratory Pathogens

Common Cold

Rhinovirus

Influenza

Hemagglutinin

Neuraminidase

Antigenic Shift 

Polyvalent Vaccine

Measles (Red)

Rubeola

Mumps

MMR Vaccine

German Measles

Rubella

Chickenpox

Varicella

Shingles


Sexually Transmitted Diseases

Gonorrhea

Neisseria gonorrheae

Syphilis

Treponema pallidum

Congenital Syphilis

Chancre

Secondary Syphilis

Tertiary Syphilis

Chlamydia trachomatis

Lymphogranuloma venereum

Herpes simplex I & II

Acquired Immunodeficiency

     Syndrome

Human Immunodeficiency Virus

CD4  

Reverse Transcriptase

Protease Inhibitors


Zoonoses

Rabies

Hantavirus

Four Corners Disease

Typhus

Rickettsia prowazekii

Rocky Mountain spotted Fever

Rickettsia rickettsii

Ehrlichiosis

Ehrlichia

Q Fever

Coxiella burnetii

Lyme Disease

Borrelia burgdorferi

Bubonic Plague

Yersinia pestis

Pneumonic Plague

Common Source Diseases

Water Quality

Coliform Counts

Extinction Dilution

Most Probable Number

Fecal Coliform

Membrane Filter

Waterborne Diseases

Legionnaires Disease

Legionella pneumophilia

Typhoid Fever

Salmonella typhi

Cholera

Vibrio cholerae

Protozoan Disease

Giardia lamblia

Cryptosporidium parvum

Entamoeba histolytica

Amoebic Dysentery

Food Microbiology

Spoilage

Preservation

Acidity

Canning

Chemical Preservatives

Food poisoning

Intoxications

Staphylococcus aureus 

Enterotoxin

Clostridium perfringens

Clostridium botulinum


Infections

Salmonella spp

Escherichia coli O157:H7

Listeria monocytogenes

Peptic Ulcers

Helicobacter pylori

Hepatitis A


Biotechnology

Molecular Cloning

Recombinant DNA

Isolate Gene

     mRNA, 

     Reverse Transcriptase

Splice into Cloning Vehicle -

     Plasmids, Viruses

     Restriction Endonucleases

     Sticky Ends

     Ligase

Insert into Host

Detect Successful Clone

DNA Library

Shotgun Cloning

Plasmid Cloning Vectors

Single Cleavage Sites

High Copy numbers

Insertion Inactivation

Lambda Phage Vector

Stable Packaging

Cosmids

Other Vectors

Expression Vectors

Secretion Vectors

Shuttle Vectors

Bacteriophage M 13

DNA Sequencing

Yeast Artificial Chromosomes

Human Genome Project

Cloning Vector Hosts

E. coli

Yeast

Detection of Clones

Antibody

Nucleic Acid Probes

Transcription of Cloned Gene

Promoter

Translation of Cloned Gene

Ribosome Binding Site

Synthetic DNA

Probes

Polymerase chain Reaction –

       PCR

DNA Amplification

TAQ Enzyme

Primers

Site Directed Mutagenesis

Knockout Mutations


Applications of Genetic

      Engineering

Human Insulin

Interferon

Hepatitis Vaccine

Recombinant Vaccine

Subunit Vaccines

Polyvalent Vaccines

DNA Vaccines

Tissue Plasminogen Activator

Rennin

Ti Plasmid

Bacillus thuringiensis

Roundup Resistance

Favosavr Tomato

Ice Minus Bacteria

PCB Degrading Bacteria

Luminescent Reporter Gene

Transgenic Animals

Edible Vaccines

Human Gene Therapy

DNA Chips – Microarrays


Cells

Bioconversion

Cell Products

Fungi (Yeast)

Streptomyces

Primary, Secondary

     Metabolites

Fermentors

Aerobic

Sparger

Cooling

Impeller

Scale-up

Antibiotic Production

Search for New Antibiotics

Screening

Protein Engineering

Natural, Biosynthetic, 

Semisynthetic Penicillin

Vitamins

Amino Acids

Biotranformation

Enzymes

Proteases, Amylase

Immobilized Enzymes

Vinegar Production

Citric Acid

Yeast Cells

Alcohol Fermentation

Wine

Must, SO2,

Pomace, Aging, Racking 

Beer

Malt, Mashing, Wort, Hops

Distilled Alcohol

Mushrooms

Sewage and Water Treatment

Primary Treatment

Septic Tank

Sludge

Secondary Treatment

Activated Sludge

Trickling Filters

Biodiscs

Sludge Digestors

Tertiary Treatment


Biochemical Oxygen Demand

BOD

Sedimentation Basins

Alum, Coagulation

Sand Filters

Chlorination

Ozonization


Bacterial Evolution

Endosymbiosis

Evolutionary Chronometers

Ribosomal RNA

RNA Sequence

Phylogenetic Trees

Signature Sequences

Phylogenetic Probes

Fluorescent In Situ

   Hybridization – FISH

Universal Tree of Life

Bacteria, Archaea, Eukarya

Domains

Cell Walls

Lipids

RNA Polymerase

Protein Synthesis

Conventional Taxonomy

G+C Ratio

DNA:DNA Hybridization

Ribotyping

Fatty Acid Methyl Ester –

      FAME

Bergey’s Manual of

    Systematic Bacteriology

The Prokaryotes

Bacterial “Species”


Kingdom I: Proteobacteria
Purple Phototrophic Bacteria

Nitrifying Bacteria

Sulfur/Iron Oxidizing Bacteria

Hydrogen Oxidizing bacteria

Methanotrophs

Pseudomonads

Acetic Acid bacteria

Free-Living N Fixing Bacteria

Neisseria & Relatives

Enteric bacteria

Vibrio

Rickettsia

Spirilla

Sheathed Bacteria

Budding & Prosthecate

     Bacteria

Gliding Myxobacteria

Sulfur Reducing Bacteria

Kingdom II: Gram- Positive

       Bacteria

Nonspore, Low GC G+ Bacteria

Spore Forming Bacteria

Mycoplasma

Coryneforms

Mycobacterium

Actinomycetes

Kingdom III: Cyanobacteria

Cyanobacteria

Prochlorophytes

Kingdom IV: Chlamydia

Chlamydia

Kingdom V: Planctomyces

Unique Stalked Bacteria

Kingdom VI: Bacteroides

Bacteroides, Cytophaga

Kingdom VII: Green Sulfur 
      Bacteria
Chlorobium

Kingdom VIII: Spirochetes

Spirochetes

Kingdom IX: Deinococci

Deinococcus/Thermus

Kingdom X: Green Nonsulfur

     Bacteria

Chloroflexus

Kingdoms XI, XII, XIII:

     Hyperthermophiles

Thermotoga, Aquifex

Thermodesulfobacterium


Kingdom Euryarchaeota

Extremely Halophilic

Methanogens

Thermoplasmatales

Hyperthermophilic Euryarchaea

      Thermococcales

       Archaeoglobales

Kingdom Crenarchaeota

Hyperthermopiles

      Sulfolobales

      Thermoproteales

      Desuldurococcales

Thermophilic adaptation

Korarchaeota


Photosynthesis

Mixotrophs

Bacteriochlorophyll

Anoxygenic Photosynthesis

Chemolithotrophy

Hydrogen Oxidation

Sulfur Oxidation

Iron Oxidation

Nitrification

Anammox

Methanotrophy

Methyltrophy

Anaerobic Respiration

Nitrate Reduction

Denitrication

Sulfate Reduction

Acetate Oxidation

Acetogensis

Methanogenesis

Organic Electron Acceptors

Redox Balance

Fermentative Diversity

Syntrphy

Polysaccharide Utilization

Organic Acid Metabolism

Hydrocarbon Transformation

Aromatic Hydrocarbons

Nitrogen fixation


 Microenvironment

Biofilms

Microbial Competition and

     Cooperation

Enrichment and Isolation 

     Methods

Winogradsky Column

Viable Stain

Acridine Orange – AODC

DAPI

Fluorescent Antibodies

FISH – Fluorescent In Situ
    Hybridization

Chromosomal Painting

In Situ Reverse Transcription

Optical Tweezers

Microelectrodes

Stable isotopes

Soil Microbiology

Aquatic Microbiology

Marine Microbiology

Oxygen Relationships

Deep-Sea Microbiology

Barotolerant

Barophiles

Hydrothermal Vents

Black Smokers

Tube Worms

Rumen Microbiology

Microbial Leaching of Ores

Heavy Metal Transformation

Mercury

Petroleum Biodegradation

Xenobiotic Degradation

Plant-Microorganism

     Interaction

Lichen

Mycorrhizae

Agrobacterium

Crown Gall Disease

Root Nodules

Symbiosis

Rhizobium







Cell Biology





History





Cell Biology 2





Nutrition and Metabolism





Metabolism 2





Microbial Growth





Molecular Biology





Regulation of Gene Expression





Viruses








Microbial Genetic 2








Host-Parasite Relationships





Immunology








Epidemiology





Person-to-Person Microbial Diseases





Person-to-Person Diseases 2





Animal-Transmitted, Vectorborne, and Common-Source Microbial Disease





Microbial Disease 2





Genetic Engineering
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Industrial Microbiology





Microbial Systematics
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Microbial Diversity: Bacteria





Microbial Diversity: Archaea





Metabolic Diversity





Microbial Ecology





Microbial Growth Control





Microscopes





Bacterial Genetics
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