The Main Themes of Microbiology

The Scope of Microbiology


A. Microbiology:  The study of microorganisms

B. Microorganisms or microbes – living things too small to be seen 

   without magnification


1. Commonly called “germs, viruses, agents…” but not all cause 


   disease and many more are useful or essential for human life


C. Major Groups of Microorganisms



1. Bacteria, algae, protozoa, helminthes, and fungi




A) Some of these can be seen with the naked eye but are 



   studied because of their link to human diseases



2. Viruses – noncellular, parasitic, protein-coated genetic elements 


   that can infect all living things, including other microorganisms


D. Branches of Microbiology



1. Agricultural microbiology


2. Biotechnology


3. Food and dairy microbiology


4. Genetic engineering and recombinant DNA technology


5. Public health microbiology and epidemiology


6. Immunology


7. Geomicrobiology



8. Marine microbiology



9. Astromicrobiology


E. Related areas of study



1. Etiology



2. Bacteriology



3. Phycology



4. Mycology



5. Protozoology


6. Virology

Human Uses of Microorganisms


A. Humans have been using microorganisms for thousands of years



1. Baker’s and brewer’s yeast



2. Cheeses



3. Moldy bread on wounds



4. Biotechnology and Bioremediation




A) Biotechnology – when humans manipulate microorganisms 



   to make products in an industrial setting



B) Genetic engineering – create new products and genetically 



   modified organisms (GMOs)



C) Recombinant DNA technology – allows microbes to be 



   engineered to synthesize desirable proteins (i.e. drugs,  



   hormones, and enzymes)



D) Bioremediation – introducing microbes in to the 



   environment to restore stability or clean up toxic pollutants




1) Oil spills




2) Chemical spills



E) Water and sewage treatment
The General Characteristics of Microorganisms


A. All living things are classified into 3 main groups known as 

   Domains



1. Bacteria



A) Most prokaryotes fall in this category




B) Most common shapes are rod-shaped (bacillus), round 




   (coccus), and spiral (spirillum)




C) Rigid cell wall composed mainly of peptidoglycan



D) Reproduce via binary fission




E) Many move via flagella


2. Archaea (“ancient”)



A) Similar in size, shape, and appearance to Bacteria



B) Also carry out binary fission and move via flagella




C) Main difference is their cell walls which lack peptidoglycan




D) Many live in extreme environmental conditions


3. Eukarya



A) Include every other living organism (single & multicellular)





1) We will look at algae, fungi, protozoa, helminthes, and 




   insects (carriers)




B) Algae





1) This group has both single-celled and multicellular 





   members





2) All contain chlorophyll





3) Usually found near the surface of salt or fresh water





4) Have a rigid cell wall and move via flagella




C) Fungi





1) Diverse group ranging from single-celled yeasts to 





   multicellular molds & mushrooms





2) Live mostly on land 





3) Also have rigid cell walls but are nonmotile





4) Get their nutrients from dead organic sources




D) Protozoa





1) Diverse group of single-celled eukaryotes





2) Found on land and in water





3) Lack rigid cell walls





4) Most require organic food sources





5) Most are motile

B. All living things are also grouped by their cell structure



1. Prokaryotic cells (Prokaryotes)




A) Structurally simple cells




B) Lack a true nucleus and membrane-bound organelles




C) Members usually have a rigid cell wall and all members are 



   single-celled




D) All members of both Domain Archaea & Domain Bacteria 



   are prokaryotes



2. Eukaryotic cells (Eukaryotes)




A) More complex structurally than prokaryotes




B) Posses a true nucleus and membrane-bound organelles




C) May be single-celled or multicellular




D) May or may not have cell walls




E) All members of Domain Eukarya are eukaryotes


C. Viruses, Viroids and Prions


1. Viruses




A) Not independently living cellular organisms




B) Much simpler than cells – basically a small amount of DNA 



   or RNA wrapped in protein and sometimes by a lipid 



   membrane (envelope)



C) Individuals are called a virus particle or virion



D) They depend on the infected cell’s machinery to multiply 



    and disperse



2. Viroids




A) Smaller than viruses




B) Consist of a single, short piece of RNA without a protective 



   coat




C) Only confirmed to cause diseases in plants but suspected of 



   causing some human diseases


3. Prions




A) Consist of a small protein without a protective coat




B) Responsible for neurodegenerative diseases in humans and 



   animals

The Historical Foundations of Microbiology


A. The development of the microscope


1. Robert Hooke – provided earliest record of microbes in the 


   1660s



A) Using a crude microscope, discovered and coined the term 



   “cells”; from the Latin cellula or “small room”



2. The most careful observations of microbes was possible after 


   Antonie van Leeuwenhoek created the single-lens microscope 



A) Used his homemade microscope to observe and draw the 



   first bacteria and protozoa in 1676




B) Known as the Father of Bacteriology and Protozoology

B. The Development of Medical Microbiology



1. The Development of Aseptic Techniques



A) Joseph Lister (1867) – introduced aseptic technique


2. The Discovery of Pathogens and the Germ Theory of Disease




A) Louis Pasteur (1822-1895)




1) One of the most influential microbiologists ever – Father 




   of Microbiology





2) Definitively disproved the idea of spontaneous 




   generation





3) Helped clarify the role of microbes in beer and wine 




   making





4) Invented pasteurization 





5) Invented the anthrax vaccine for animals





6) Proposed the idea of infectious particles smaller than 





   bacteria and called them viruses



B) Robert Koch (1843-1910)




1) Developed Koch’s postulates – a series of proofs that 




   could be used to establish whether an organism was 




   pathogenic and what disease it caused; they are still used 




   today





a) Was first used to confirm anthrax was caused by a 






   bacterium (Bacillus anthracis)

C. Other significant developments in Microbiology


1. Edward Jenner (1796)




A) Introduced the vaccine for smallpox – using the cowpox 



   virus




B) He coined the term vaccination to refer to his procedure 




   (Vacinia is the virus that causes cowpox) 





1) Pasteur subsequently referred to all weakened, 




   protective pathogens as vaccines in honor of Jenner




C) His work started the field of immunology



2. Florence Nightingale (1854)




A) Founded the world’s first nursing school



3. Alexander Fleming (1929)




A) Discovered penicillin



4. James Watson & Francis Crick (1953)




A) Discovered the structure of DNA



5. Jonas Salk (1954)




A) Developed first polio vaccine – injectable



6. Albert Sabin (1957)




A) Developed oral polio vaccine



7. Stanley Prusiner (1982)




A) Discovered prions



8. Luc Montagnier & Robert Gallo (1983)




A) Isolated & characterized HIV



9. Kary Mullis (1983)




A) Developed polymerase chain reaction (PCR)
