
SS2020 

Introduction- general microbiology 



I am... 

 Asst.Prof.Dr. Altijana Hromic-Jahjefendic 

 Office: A F1.7 

 Office hours: Tue 8:00-11:00 and  

                      Thr 8:00-10:00 

 ahromic@ius.edu.ba 

 

Chapter 1 2 

mailto:ahromic@ius.edu.ba


Grading 

 Final exam 40 % 

 Interm 60 %: 

 Lab tutorials (working in the lab and lab reports) 20% 

Quizes (2 in total) 15% 

Midterm exam (everything from the beginning of semester) 25% 
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Tutorials 

 6 in total 

 Starting: 9.3.2020 

 Dashboard: lab material 

 Lab reports: hard copy week after the tutorial 

 

 



Teaching methods 

 Slides 

 Books: 

 Biology of Microorganisms, 13e, Brock, Pearson;   

Microbiology: a systems approach, 5th edition, Cowan & Smith, McGraw 

Hill education; Prescott's Microbiology, 9th edition 

Willey-Sherwood-Woolverton; Microbiology-an introduction, 13th 

edition, Tortora-Funke-Case                                                                                                                                            
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Schedule 

 Mon 16:00-17:00 

 Wed 14:00-16:00 
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General Microbiology 
BIO306  



The science of microbiology 

 microbial cells and how they work 

 diversity and evolution of microbial cells 

 how different kinds of microorganisms arise and why 

 what microorganisms do in the world (in soils and waters, in 

the human body and in animals and plants) 

 



I. Understanding the living world of microscopic organism 

 

II. Applying our understanding of microbial life processes for benefits of 

humankind and planet earth  

 

As a basic biological science, microbiology uses and develops tools for 

probing the fundamental processes of life. 

As an applied biological sciences, microbiology is at the center of many 

important aspect of human and veterinary medicine, agriculture, and 

industry. 

 



Pure microbiology 

                 Taxonomic arrangement 

 Bacteriology: The study of bacteria. 

 Mycology:  The study of fungi. 

 Protozoology: The study of protozoa. 

 Phycology (or algology): The study of algae. 

 Parasitology: The study of parasites. 

 Immunology: The study of the immune system. 

 Virology: The study of viruses. 

 Nematology: The study of the nematodes 

 



Integrative arrangement 

 Microbial cytology: The study of microscopic and submicroscopic details of microorganisms. 

 Microbial physiology: The study of how the microbial cell functions biochemically. Includes the study 

of microbial growth, microbial metabolism and microbial cell structure. 

 Microbial ecology: The relationship between microorganisms and their environment. 

 Microbial genetics: The study of how genes are organized and regulated in microbes in relation to their 

cellular functions. Closely related to the field of molecular biology. 

 Cellular microbiology: A discipline bridging microbiology and cell biology. 



 

 

 Evolutionary microbiology: The study of the evolution of microbes. This field can be subdivided into: 

 Generation microbiology: The study of those microorganisms that have the same characters as their parents. 

 Systems microbiology: A discipline bridging systems biology and microbiology. 

 Molecular microbiology: The study of the molecular principles of the physiological processes in microorganisms. 

 Nano microbiology: The study of those microorganisms on nano level. 

 Exo microbiology (or Astro microbiology): The study of microorganisms in outer space. 



Medicine 

Environment 

Pharmaceutical 

Agriculture Food 

Industry 

Water 

MICROBIOLOGY 



Applied microbiology 

 Medical microbiology: The study of the pathogenic microbes and the role of microbes in human illness.  

 Includes the study of microbial pathogenesis and epidemiology and is related to the study of disease pathology and 

immunology. 

 Pharmaceutical microbiology :The study of microorganisms that are related to the production of antibiotics, enzymes, 

vitamins, vaccines, and other pharmaceutical products and that cause pharmaceutical contamination and spoil. 

 Industrial microbiology: The exploitation of microbes for use in industrial processes. Examples include industrial 

fermentation and wastewater treatment. Closely linked to the biotechnology industry. This field also includes brewing, 

an important application of microbiology. 

 



 Microbial biotechnology: The manipulation of microorganisms at the 

genetic and molecular level to generate useful products. 

 Food microbiology and Dairy microbiology: The study of microorganisms 

causing food spoilage and foodborne illness. Using microorganisms to 

produce foods, for example by fermentation. 

 Agricultural microbiology: The study of agriculturally relevant 

microorganisms. This field can be further classified into the following: 

 Plant microbiology and Plant pathology: The study of the interactions between 

microorganisms and plants and plant pathogens. 

 Soil microbiology: The study of those microorganisms that are found in soil. 

 

 



 Veterinary microbiology: The study of the role in microbes in veterinary medicine or animal taxonomy. 

 Environmental microbiology: The study of the function and diversity of microbes in their natural environments. 

This involves the characterization of key bacterial habitats such as 

the rhizosphere and phyllosphere, soil and groundwaterecosystems, open oceans or extreme environments 

(extremophiles)  

 Water microbiology (or Aquatic microbiology): The study of those microorganisms that are found in water. 

 Aeromicrobiology (or Air microbiology): The study of airborne microorganisms. 

 Epidemiology: The study of the incidence, spread, and control of disease. 

 



Types of microorganisms 

 Prokaryotes  

 Eukaryotes 



Microbial Cells 
 Cell is the fundamental unit of life! 

 

 A single cell is an entity separated from other by a membrane. 

 

What essential properties characterize cells? 

  

 PROPERTIES OF CELLULAR LIFE 

 Metabolism (all cells) 

 Growth (all cells) 

 Evolution (all cells) 

 Motility (some cells) 

 Differentiation (some cells) 

 Communication (some cells) 



 



The impact of microorganism on 

Humans 

 Until about 1930, microbes were the major cause of death in humans, with infectious disease infant 

mortality rates above 50% 

 

 With the advent of antibiotics, vaccines and better water sanitation, humanity has reduced the impact of 

pathogenic microbes! 

 

 Disease due to food-borne pathogens also remain a problem, largely because of consumption of 

improperly processed or stored foods. Understanding the sources of contamination and developing ways 

to limit the growth of pathogens in food is the job of food microbiologists. 

• Disease  



Deaths per 100,000 population   



Death rates for the leading causes of death in United States: 1900 and Today  



Still be a major threat, particularly in 

developing countries! 

Millions still die yearly from other microbial diseases such as: 

 malaria,  

 tuberculosis, 

 cholera,  

 African sleeping sickness,  

 measles, pneumonia  

 and other respiratory diseases, and diarrheal syndromes 

 

Diseases that could emerge suddenly: 

 Bird or pig flu or Ebola hemorrhagic fever 

 

 

 

 



 

Most microorganisms cause no harm but instead are beneficial—and in 

many cases even essential—to human welfare and the functioning of the 

planet 



 Cycling of nutritions 

     Legumes \ nodules  

 Legumes live in close association with bacteria. These bacteria convert atmospheric 

nitrogen into ammonia.                                   

Source for growth (nitrogen) 

 

 Microorganisms digest and ferment cellulose.  

 Microorganisms inhabit ruminant animals. (such as cattle and sheep)  

 

 

 

 

• Agriculture, Food, Energy and Environment   

•  Microbial populations occur in human digestive tract.  

Large intestine, skin and oral cavity.  

  (Cells scraped from a human tongue) 



 Food spoilage, safety, and production  

 To prevent microbial spoilage  

 Canning, frozen food, dried-food industries.  

Not always bad! 

Dairy products!  

Fermentation (cheeses, yogurt and buttermilk)  

Baked goods and alcoholic beverages. (by yeast fermentative activity)  

 

•   Microbial bioremediation 

 

•  Genetically engineered microorganisms to synthesize products of high commercial value, 

such as human proteins.  

 



Biofuels  

 

(a) Natural gas (methane) is a product of the anaerobic degradation of organic matter by methanogenic 

microorganisms 

(b) An ethanol plant in the United States. Sugars obtained from corn or other crops are fermented to 

ethanol for use as a motor fuel extender. 



Giants of the early days of microbiology 



Contributions To: 
 Microscopy 

 1677 Antony Leeuwenhoek 

 1882 Paul Ehrlich 

 1884 Christian Gram 

 

 Culture Methods 

 1882 Robert Koch 

 1887 R. J. Petri 

 

 

 Germ Theory of Disease 

 1860 Louis Pasteur 

 1867 Joseph Lister 

 1876 Robert Koch 

 

 

 

 

 Microbes 

 1796 Edward Jenner 

 1850 Ignaz Semmelweis 

 1867 Joseph Lister 

 1885 Louis Pasteur 

 1900 Walter Reed 

 1910 Paul Ehrlich 

 1928 Alexander Fleming 

 

 Virology 

 1892 Dmitri Iosifovich Ivanovski 

 1899 Martinus Beijerinck 

 

 Molecular Methods 

 1977 W. Gilbert & F. Sanger 

 1983 Kary Mullis 

 1995 TIGR 

 



The first observation  
 In 1665, Robert Hooke reported that living things were 

composed of little boxes or cells. (Micrographia 1665) MOLDS 

 

•   1673-1723, Antoni van Leeuwenhoek described living microorganisms that he observed in teeth 

scrapings, rain water, and peppercorn infusions. 

Microscope manufactured by Christopher Cock of 

London for Robert Hooke. 

Robert Hooke 

Antoni van Leeuwenhoek 

. Van Leeuwenhoek`s drawing of bacteria 1684  



Two crucial questions! 
1. Does spontaneous generation occur? 

2. What is the nature of infectious disease? 

 

 

 

In 19th century the major advances in the science of microbiology  



The Debate Over Spontaneous Generation 

 The hypothesis that living organisms arise from nonliving matter 

is called spontaneous generation. According to spontaneous 

generation, a “vital force’ Forms life. 

 

 The Alternative hypothesis, that the living organisms arise from 

preexisting life, is called biogenesis. 

 

What happens with spoiled food? 



Pasteur (1822-1895) 
• Following his discoveries about optical isomers and fermentation,  

 

 

 

 

 

 

 

The fact that a living organism could 

discriminate between optical isomers was 

of profound significance to Pasteur, and he 

began to see living organisms as inherently 

asymmetric entities 

Figure: Louis Pasteur’s drawings of tartaric acid crystals from 

his famous paper on optical activity. (a) Left-handed crystal (bends 

light to the left). (b) Right-handed crystal (bends light to the right). 



Pasteur’s own words: “. . . fermentation is associated with the life 

and structural integrity of the cells and not with their death and 

decay.” 

After his studies related to alcoholic fermentation  

a series of classic experiments on spontaneous generation 



Pasteur (1822-1895) became a powerful opponent 

of spontaneous generation! 

Pasteur predicted that microorganisms observed in putrefying materials are also 

present in air and that putrefaction resulted from the activities of 

microorganisms that entered from the air or that had been present on the 

surfaces of the containers holding the decaying materials. 



Evidence Pro and Con 

• 1668:  Francisco Redi filled six jars with decaying meat. 

Conditions Results 

3 jars covered with fine net No maggots 

3 open jars Maggots appeared 

From where did the maggots come? 

What was the purpose of the sealed jars? 

Spontaneous generation or biogenesis? 



• 1745: John Needham put boiled nutrient broth into 
covered flasks. 

Evidence Pro and Con 

Conditions Results 

Nutrient broth heated, then placed in 
sealed flask 

Microbial growth 

From where did the microbes come? 

Spontaneous generation or biogenesis? 



• 1765: Lazzaro Spallanzani boiled nutrient solutions in 
flasks. 

Evidence Pro and Con 

Conditions Results 

Nutrient broth placed in flask, heated, 
then sealed 

No microbial growth 

Spontaneous generation or biogenesis? 



• 1861: Louis Pasteur demonstrated that microorganisms 
are present in the air. 

Evidence Pro and Con 

Conditions Results 

Nutrient broth placed in flask, heated, 
not sealed 

Microbial growth 

Nutrient broth placed in flask, heated, 
then sealed 

No microbial growth 

Spontaneous generation or biogenesis? 

 



The Theory of Biogenesis 

 First, Pasteur prepared a nutrient broth similar to the 

broth one would use in soup. 

 Next, he placed equal amounts of the broth into two 

long-necked flasks. He left one flask with a straight 

neck. The other he bent to form an "S" shape. 

 

•Then he boiled the broth in each flask to kill any living 

matter in the liquid.  

 

•The sterile broths were then left to sit, at room 

temperature and exposed to the air, in their open-

mouthed flasks. 



The germs could only come from other 

germs 

 After several weeks, Pasteur observed 

that the broth in the straight-neck flask 

was discolored and cloudy, while the 

broth in the curved-neck flask had not 

changed. 

 

•   He concluded that germs in the air were 

able to fall unobstructed down the straight-

necked flask and contaminate the broth.  

•The other flask, however, trapped germs in its 

curved neck, preventing them from reaching 

the broth, which never changed color or 

became cloudy. 



 

The germ theory of Disease  

and Koch`s Postulates 

 Something that induced disease could be transmitted from a 

diseased person to a healthy person. 

 

  BUT WHAT ?? 

 

 
MİCROORGANISMS!!! 



The germ theory of Disease  

and Koch`s Postulates 

Koch was a physician and Pasteur’s (chemist) young rival 

The Germ Theory of Disease 

 - Robert Koch provided proof that a bacterium causes anthrax and 

provided the experimental steps  

 

   - used to prove that a specific microbe causes a specific disease (example of 

tuberculosis) 

  

 



Robert Koch - 1st to prove that bacteria 

actually caused diseases 

 Microbial Etiology of Infectious Disease 

 etiology -  the cause of a disease\study of origination  

 Established “scientific rules” to show a cause and effect relationship between a microbe and 

a disease 

 Studied cause and effect experimentally using anthrax 

 Results formed the standard by which infectious diseases have been studied ever since 



Koch`s Postulates 
1. The microorganism must be found in abundance in all organisms suffering from the disease, 

but should not be found in healthy organisms. 

2. The microorganism must be isolated from a diseased organism and grown in pure culture. 

3. The cultured microorganism should cause disease when introduced into a healthy organism. 

4. The microorganism must be re-isolated from the inoculated, diseased experimental host and 

identified as being identical to the original specific causative agent. 

 

 

 





HIS STUDIES REVEALED 

 linking the cause and effect of an infectious disease, 

 stressed the importance of laboratory culture of the putative infectious agent 

 discovered the causative agents of most of the important infectious diseases 

 the development of successful treatments for the prevention and cure of many 

of these diseases 



Exceptions to Koch’s  Postulates 

 

 1. Some organisms have never 
been grown in pure culture 
on artificial media 

 
 Treponema pallidum  -  Syphilis 

 

• Mycobacterium leprae 

 

– Never been grown in pure culture 

on artificial media 

 

   



Koch and Pure Cultures 

 The suspected pathogen must be isolated and grown away 

from other microorganisms in laboratory culture; in 

microbiology we say that such a culture is pure. 

 

 How to get pure culture? 

 a solid surface (potato slice) 

 quickly developed more reliable methods, many of which 

are still in use today (agar) 

 

 



Pure culture 
 

 solid surface was incubated in air, bacterial colonies developed, 
each having a characteristic shape and color. 

 

 each colony had arisen from a single bacterial cell that had fallen 
on the surface 

 

 Koch quickly realized that solid media provided an easy way to 

obtain pure cultures.  



 

 Nutrition, Culture, and Metabolism of Microbes 

 Microbial growth Culture  

  

 



Nutritions 



Nutrition  
 

 Metabolism 

 The sum total of all chemical reactions that occur in a cell 

 

 Catabolic reactions (catabolism) 

 Energy-releasing metabolic reactions 

 

 Anabolic reactions (anabolism) 

 Energy-requiring metabolic reactions 

 Most knowledge of microbial metabolism is based on study of 

laboratory cultures 

 



 Nutrients 

 Supply of monomers (or precursors of) required by cells for 

growth 

 Macronutrients 

 Nutrients required in large amounts 

 Micronutrients 

 Nutrients required in trace amount 

 



 Carbon 

 Required by all cells 

 Typical bacterial cell ~50% carbon (by dry weight) 

 Major element in all classes of macromolecules (proteins, nucleic acids, lipids, and 

polysaccharides) 

 Heterotrophs use organic carbon. use them to make new cell material. 

 Autotrophs use C to build their cellular structures from carbon dioxide (CO2) 

Macronutrients 



• Nitrogen 

 Typical bacterial cell ~12% nitrogen  (by dry weight) 

 Key element in proteins, nucleic acids, and many more cell constituents 

 

 

Macronutrients 



 Other Macronutrients 

 Phosphorus (P) 

 Synthesis of nucleic acids and phospholipids 

 Sulfur (S) 

 Sulfur-containing amino acids (cysteine and methionine) 

 Vitamins (e.g., thiamine, biotin, lipoic acid) and coenzyme A 

 Potassium (K) 

 Required by enzymes for activity 



 Other Macronutrients 

 Magnesium (Mg) 

 Stabilizes ribosomes, membranes, and nucleic acids 

 Also required for many enzymes 

 Calcium (Ca) 

 Helps stabilize cell walls in microbes 

 Plays key role in heat stability of endospores 

 Sodium (Na) 

 Required by some microbes (e.g., marine microbes) 

 



 Iron 

 plays a major role in cellular respiration. 

 Key component of cytochromes and FeS proteins involved in 

electron transport 

 Under anoxic conditions, generally ferrous (Fe2+) form; soluble 

 Under oxic conditions: generally ferric (Fe3+) form; exists as 

insoluble minerals 

 

Micronutrients 



 



 Growth Factors 

 Organic compounds required in small amounts by certain 

organisms 

 Examples: vitamins, amino acids, purines, pyrimidines 

 Vitamins 

 Most commonly required growth factors 

 Most function as coenyzmes 

 

Micronutrients 



Summary 
 

 Properties of cellular life 

 Microbial life around us 

 Good and bad sides of Mos 

 Major advances in science of microbiology 

 Spontaneous generation vs.biogenesis and evidences? 

 Theory of biogenesis 

 Koch`s Postulates and results 

 What is pure culture? 

 Nutrients 


