


“You do not really understand 
something unless you can explain it 

to your grandmother.”  

 

--Albert Einstein  



Microbes help us by 

 decomposing organic waste 

 performing photosynthesis 

 producing ethanol, acetone, vinegar, 
cheese, bread, . . .  

 producing insulin and many other drugs 

 . . .  

                Microbes harm us by 
•  
•  
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Naming and Classifying 
Microorganisms 

 Carolus Linnaeus established  
the system of scientific  
nomenclature in 1739. 

 Each organism has two names  Binomial 
nomenclature:  Genus + specific epithet 
(species) 

 Italicized (or underlined), genus capitalized,  
“latinized”, used worldwide. 

 May be descriptive or honor a scientist. 

 

 

 



Examples 

 Staphylococcus aureus (S. aureus) 

 Escherichia coli (E. coli) 

 Streptococcus pneumoniae 
(S. pneumoniae) 

 

 

1857 –1911  



Types of Microorganisms 

 Bacteria 

 Archaea 

 Fungi 

 Protozoa 

 Algae 

 Viruses 

 Multicellular  animal  parasites 

 Prions 



Bacterium / Bacteria 

 Prokaryotic 

 Peptidoglycan cell wall 

 Reproduction by binary fission 

 
Gain energy from      
use of   

• organic chemicals 

• inorganic chemicals or 

• photosynthesis 



Figure 4.5b 

Archaea 

 Prokaryotic 

 No peptidoglycan 

 Live in extreme 
environments 

 Include 

 Methanogens 

 Extreme halophiles 

 Extreme thermophiles 



Fungus/Fungi 

 Eukaryotic 

 Chitin cell walls 

 Use organic chemicals for energy. 

 Molds and mushrooms are multicellular 
consisting of masses of mycelia, which 
are composed of filaments called hyphae. 

 Yeasts are unicellular. 

 



Protozoan
/   
Protozoa 

 Eukaryotes 

 Absorb or ingest organic chemicals 

 May be motile via pseudopods, cilia,  
or flagella 

 



Viruses 
 Are acellular 

 Have either DNA or  
RNA in core 

 Core is surrounded  
by a protein coat. 

 Coat may be enclosed in a lipid envelope. 

 Viruses only replicate within a living host 
cell. 

 



Multicellular  
Animal Parasites 

 Eukaryotes 

 Multicellular animals 

 Helminths are  
parasitic flatworms  
and round worms 

 Microscopic  
stages in life cycles 

 



Three Domain Classification   

 Bacteria 

 Archaea 

 Eukarya 

 Protista 

 Fungi 

 Plants 

 Animals 



Microbiology History 

 Ancestors of bacteria 
were the first life on 
Earth 

 1665: Cell theory – 
Robert Hooke 

 

 

The Beginnings 

 1673: First  
microbes observed – 
Anton van Leeuwenhoek 

Compare 
to Fig 1.2 



The Transition Period: Debate 
over Spontaneous Generation 

 Aristotles’s doctrine of 
spontaneous generation. Hypothesis 
that living organisms arise from nonliving 
matter; a “vital force” forms life  

 Biogenesis:  Hypothesis that the living 
organisms arise from preexisting life 

 



Conditions Results 

Three jars covered with fine 

net 

No maggots 

Three open jars Maggots appeared 

From where did the maggots come? 

What was the purpose of the sealed jars? 

Spontaneous generation or biogenesis? 

1668:Francesco Redi 

 the beginnings of experimental  
science 

 filled 6 jars with decaying meat 



Conditions Results 

Nutrient broth heated, then 

placed in sealed flask 

Microbial growth 

From where did the microbes come? 

Spontaneous generation or biogenesis? 

1745: John Needham 

 Objections 

 Put boiled nutrient broth into covered flasks 



Conditions Results 

Nutrient broth placed in 

flask, heated, then sealed 

No microbial growth 

Spontaneous generation or biogenesis? 

1765: Lazzaro Spallanzani 

 boiled nutrient solutions in flasks 



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? 

1861: Louis Pasteur 

 demonstrated that microorganisms are 
present in the air 



Figure 1.3 

Confirmation of Biogenesis 

Pasteur’s S-shaped (swan-neck ) flask kept 
microbes out but let air in 

 



The Golden Age of 
Microbiology(1857-1914) 

Microbiology established                   
as a science 

Louis Pasteur  
 Spontaneous generation disproved  

 Wine fermentation (yeasts and bacteria) 

 Pasteurization 



 Ignaz Semmelweis (1840s) – 

hand disinfection and 
puerperal  fever 

Based on Pateur’s 
and Semmelweis’ 

findings: Joseph 
Lister (1860s) –
antiseptic 
surgery (phenol) 

Pre-Pasteur: 



http://www.youtube.com/watch?v=T73PYNyyeiI


Robert Koch 
 Work on anthrax proves the 

germ theory of disease 

 Procedures become Koch's 
postulates (see Ch 14)  

 Development of pure culture 
technique  

Nobel Prize in 1905 

 
 

Nobelprize.org 

http://nobelprize.org/nobel_prizes/medicine/laureates/1905/


Before the Golden Age Period: The 

Birth of Vaccination 

 Jenner and smallpox 
vaccination (1796) 

 ~ 100 years later: Pasteur shows how 
vaccinations work. (Creation of 
avirulent strains of bacteria during 
extended laboratory cultivation) 



 The Birth of Modern Chemotherapy 

 1910: Paul Ehrlich developed a synthetic 
arsenic drug, salvarsan, to treat syphilis 

 1930s: Synthesis of  
sulfonamides   

 1928: Alexander Fleming  
and the discovery of the  
first antibiotic 

 
Fig 1.5 



enicillin purification and clinical trials not until 1940s 

Fig 1.5 



Modern Developments in 
Microbiology 

 Bacteriology – Mycology – Parasitology 
– Virology – Immunology 

 Microbial genetics and molecular 
biology lead to Recombinant DNA 
Technology (genetic engineering).  
Prokaryotic model system: E. coli  



Selected Nobel Prizes for 
Microbiology Research 

 1901 von Behring                          Diphtheria antitoxin 
 1902  Ross                                         Malaria transmission 
 1905  Koch                                               TB bacterium 
 1908  Metchnikoff                                Phagocytes 
 1945  Fleming, Chain, Florey  Penicillin 
 1952  Waksman  Streptomycin 
 1969  Delbrück, Hershey, Luria Viral replication 
 1987  Tonegawa  Antibody genetics 
 1997  Prusiner  Prions 
 2005  Marshall & Warren  H. pylori & ulcers 



Microbes and Human Disease – 
Again many Challenges –  

 Normal microbiota (flora) in and on the human 
body  

 Pathogens overcome the host’s resistance  
infectious disease   

 Antimicrobial resistance 

 Bioterrorism 

 (Re-)emerging infectious diseases (EID):  WNE, 
avian influenza, SARS, BSE, HIV/AIDS . . . 

 

 



Avian influenza A 

 Influenza A virus (H5N1) 

 Primarily in waterfowl and poultry 

 Sustained human-to-human transmission has 
not occurred yet 

West Nile Encephalitis 

 Caused by West Nile virus 

 First diagnosed in the West Nile region of Uganda  
in 1937 

 Appeared in New York City in 1999 



MRSA 
 Methicillin-resistant Staphylococcus aureus 

 1950s: Penicillin resistance developed 

 1980s: Methicillin resistance 

 1990s: MRSA resistance to vancomycin 
reported 

 VISA: Vancomycin-intermediate-resistant S. aureus  

 VRSA: Vancomycin-resistant S. aureus  

Bovine Spongiform Encephalopathy 
 Caused by a prion 

 Also causes Creutzfeldt-Jakob disease (CJD). New 
variant CJD in humans is related to beef 
consumption 



Figure 25.12 

Escherichia coli O157:H7 

 Toxin-producing 
strain of E. coli 

 First seen in 1982 

 Leading cause of 
diarrhea worldwide 



Acquired immunodeficiency 
syndrome (AIDS) 

 Caused by human immunodeficiency virus (HIV) 

 First identified in 1981 

 Worldwide epidemic infecting 30 million people; 
14,000 new infections every day 

 Sexually transmitted infection affecting males and 
females 

 HIV/AIDS in the U.S.: 30% are female, and 75% are 
African American 



Lecture Two; Bacterial Morphology, Bacterial structure

Bacterial morphology

What bacteria look like?

Bacterial exhibit several distinct shape, or morphologies. The most

common shapes, and the terms are given by microbiologist are

Spherical = coccus (plural: cocci)

Rod = bacillus (plural: bacili)

Curved rod = vibrio (plural: vibrios)

Spiral = spirillum (plural: spirilla)

The shape of bacterial cells is determined by the organization of the cell

wall, the semi-rigid structure surrounding the cell. Morphology is a fairly

reliable features of most bacterial a species. For instance, Escherichia coli

cells generally are straight rods, Vibrio cholerae cells are curved,

staphylococcus aureus cells are spherical, and Bacillus subtilus cells are

long Treponema pallidum cells are (spirochete) long thin spirals.

However, because many bacterial species have similar morphologies and

because environmental conditions and stress can sometimes cause

changes in bacterial morphology, physical appearance is seldom

conclusive for identifying bacterial species.



For many bacterial species, like E. coli, individual cells typically remain

separate from each other. The cells of other bacteria stay physically

connected after they divided. For example, the rod-shape cells of Bacillus

anthracis, the cause of anthrax, and the spherical cells of Streptococcus

pyogens, the cause of strep throat, often are seen in long chains. In

contrast, Staphylococcus cells tend to form irregular clusters rather than

chains.

Some bacteria do not exhibit regular shapes, but may exhibit highly

variable shapes. These bacteria are preferred to as pleiomorphic.

Examples of these pleiomorphic bacteria include member of the genus

Mycobacterium, which do not make a cell wall, as a result, do not have a

regular shape. Some bacteria grow in most complex multicellular

arrangement. Soil bacteria for the actinomycete group grow as irregularly

branching filamentous called hyphae that are composite of chains of cells.

Hyphae can form three dimensional network called mycelia that can rise

above the substrate, penetrate down to the soil, or both. Many fungi

eukaryotical organisms, form hyphae and mycelia superficially similar to

the hyphae and mycelia formed by the bacterial species.

Just as bacteria come with range of shapes, bacteria also come in range of

sizes, with cells of most bacterial species being somewhere between 0.5

µm and 5µm in length. Bacteria are usually smaller than eukaryal cells;

even small eukaryal microbes such as yeast are typically at least 5µm in

diameter.

Most bacteria cannot be seen by the unaided human eye. Microscopy,

therefore, is an integral tool of microbiologist. Different types of

microscopes, like electron microscopes and light microscop.es, aloe as to

see objects of different sizes.



Bacterial cell structure

Capsule - Some species of bacteria have a third protective covering, a

capsule made up of polysaccharides (complex carbohydrates). Capsules

play a number of roles, but the most important are to keep the bacterium

from drying out and to protect it from phagocytosis (engulfing) by larger

microorganisms. The capsule is a major virulence factor in the major

disease-causing bacteria, such as Streptococcus pneumonia

Cell wall: Each bacterium is enclosed by a semi-rigid cell wall. The

bacterial cell wall consist of a highly crosslinked polysaccharide-peptide

(protein-sugar) matrix called peptedoclycan. The cell wall necessary for

bacterial shape and protection. The wall gives the cell its shape and

surrounds the cytoplasmic membrane, protecting it from the environment,

resist damage from osmotic pressure, mechanical force and shearing. The

organization of peptedoglycan also give the bacterial cells their

characteristic shapes.

The cell envelope: All cells are spatially defined at least one membrane,

the plasma membrane. Most bacterial cells also contain the cell wall, and

some bacterial cell contains a second membrane, the outer membrane.

These layers in total are referred tp as the cell envelope. Plasma

membrane: Also refer to as cytoplasm Membrane: A layer of

phospholipids and proteins, the structure of these phospholipids is

amphipathic, meaning have a polar portion and a nonpolar potion.

Encloses the interior of the bacterium, regulating the flow of materials in

and out of the cell. This is a structural characteristic bacteria share with all

other living cells; a barrier that allows them to selectively interact with

their environment. Membranes are highly organized and asymmetric

having two sides, each side with a different surface and different

functions. Membranes are also dynamic, constantly adapting to different



conditions.

Cytoplasm: The cytoplasm or protoplasm; is the aqueous environment

within the plasma membrane. Contain a diverse array of component.The

cytoplasm of bacterial cells is where the functions for cell growth,

metabolism, and replication are carried out. It is a gel-like matrix

composed of water, enzymes, nutrients, wastes, and gases and contains

cell structures such as ribosomes, a chromosome, and plasmids. Unlike

the eukaryotic (true) cells, bacteria do not have a membrane enclosed

nucleus. The chromosome, a single, continuous strand of DNA, is

localized, but not contained, in a region of the cell called the nucleoid. All

the other cellular components are scattered throughout the cytoplasm.

Nucleoid: The nucleoid is a region of cytoplasm where the chromosomal

DNA is located. It is not a membrane bound nucleus, but simply an area

of the cytoplasm where the strands of DNA are found. Most bacteria have

a single, circular chromosome that is responsible for replication, although

a few species do have two or more. Smaller circular auxiliary DNA

strands, called plasmids, are also found in the cytoplasm.

Ribosomes: Ribosomes are microscopic "factories" found in all cells,

including bacteria. They translate the genetic code from the molecular

language of nucleic acid to that of amino acids—the building blocks of



proteins. Proteins are the molecules that perform all the functions of cells

and living organisms. Bacterial ribosomes are similar to those of

eukaryotes, but are smaller and have a slightly different composition and

molecular structure. Bacterial ribosomes are never bound to other

organelles as they sometimes are (bound to the endoplasmic reticulum) in

eukaryotes, but are free-standing structures distributed throughout the

cytoplasm. There are sufficient differences between bacterial ribosomes

and eukaryotic ribosomes that some antibiotics will inhibit the functioning

of bacterial ribosomes, but not a eukaryote's, thus killing bacteria but not

the eukaryotic organisms they are infecting

Flagella: Flagella (singular, flagellum) are hairlike structures that provide

a means of locomotion for those bacteria that have them. They can be

found at either or both ends of a bacterium or all over its surface. The

flagella beat in a propeller-like motion to help the bacterium move toward

nutrients; away from toxic chemicals; or, in the case of the photosynthetic

cyanobacteria; toward the light.

Pili: Many species of bacteria have pili (singular, pilus), small hairlike

projections emerging from the outside cell surface. These outgrowths

assist the bacteria in attaching to other cells and surfaces, such as teeth,

intestines, and rocks. Without pili, many disease-causing bacteria lose

their ability to infect because they're unable to attach to host tissue.

Specialized pili are used for conjugation, during which two bacteria

exchange fragments of plasmid DNA.





















































Dr. Haider Alshawi Bacterial Classification, Structure and Function

Outcome of lecture
The purpose of this lecture is to introduce you to terminology used in microbiology.
The lecture will:

1. Cover different classification schemes for grouping bacteria, especially the
use of the Gram stain
2. Describe the different types of bacteria
3. Discuss bacterial structure and the function of the different bacterial
components
4. Discuss the distinguishing characteristics of Gram positive and Gram
negative bacteria.

Classification Systems

The classification of bacteria serves a variety of different functions. Because of this
variety, bacteria may be grouped using many different typing schemes.

These schemes utilize the bacterial morphology and staining properties of the

organism, as well as O2 growth requirements of the species combined with a
variety of biochemical tests.

Gram stain and bacterial morphology

Gram stain has resist the test of time Discovered by H.C. Gram in 1884 it remains

an important and useful technique to this day. It allows a large proportion of
clinically important bacteria to be classified as either Gram positive or negative based
on their morphology and differential staining properties.

Slides are sequentially stained with
1) crystal violet
2) iodine
3) then destained with alcohol
4) counter-stained with safranin.

Gram positive bacteria stain blue-purple and Gram negative bacteria stain red. The

difference between the two groups is believed to be due to a much larger
peptidoglycan (cell wall) in Gram positives. As a result the iodine and crystal violet
precipitate in the thickened cell wall and are not eluted by alcohol in contrast with the
Gram negatives
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where the crystal violet is readily eluted from the bacteria. As a result bacteria can be

distinguished based on their morphology and staining properties.

Some bacteria such as mycobacteria (the cause of tuberculosis) are not reliably
stained due to the large lipid content of the peptidoglycan. Alternative staining
techniques (acid-fast stain) are therefore used that take advantage of the resistance to

destaining after lengthier initial staining.

Growth Requirements: Microorganisms can be grouped on the basis of their need
for oxygen to grow.

a. Facultatively anaerobic bacteria can grow in high oxygen or low oxygen

b. strictly anaerobic bacteria grow only in conditions where there is minimal or no
oxygen present in the environment such as Bacteroides spp found in the large bowel
are examples of anaerobes.

C. Strict aerobes only grow in the presence of significant quantities of oxygen.
Pseudomonas aeruginosa, an opportunistic pathogen, is an example of a strict aerobe.

d. Microaerophilic bacteria grow under conditions of reduced oxygen and
sometimes also require increased levels of carbon dioxide. Neisseria species (e.g., the
cause of gonorrhea) are examples of micraerophilic bacteria.

.
Bacteria have common structures that are described
below.
1) Slime (extracellular polysaccharide): This is extracellular material, loosely
associated with the bacteria, that is elaborated by some bacterial species that
facilitates colonization of smooth, prosthetic surfaces such as intravascular
catheters.

2) Capsule: This polysaccharide outer coating of the bacterial surface often plays a
role in preventing phagocytosis of bacteria.
3) Peptidoglycan (cell wall) Provides bacterial shape and rigidity. The cell wall
consists of alternating units of N-acetylglucosamine and N-acetylmuramic acid. The
polysaccharide chains are cross-linked by a peptide bridge. It is a primary target of
antimicrobial therapy – because it is specific to prokaryotes.
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4) Cytoplasmic membrane: This is a phospholipid bilayer that assumes many of the
functions of eukaryotic organelles such as the biosynthetic processes.
5) Flagella: These provide bacteria with the capacity for locomotion. They vary in
number and location.
6) Pili: These structures project from the cell surface enabling bacteria to adhere to
host tissue surfaces. Based on their amino acid structure their affinity for particular
host tissue surfaces can be remarkably specific.
6) Secreted products: There are a variety of these products including exotoxins that
are proteins grouped into A-B toxins (such as those elaborated by vibrio, the cause
of cholera), membrane damaging toxins (e.g., hemolysins) and hydrolytic enzymes
capable of destroying host tissues and extracellular matrices.

Distinguishing Features between Gram Positive and Negative Bacteria

Gram positive bacteria have a large peptidoglycan structure. this accounts for the
differential staining with Gram stain. Some Gram positive bacteria are also capable of
forming spores under stressful environmental conditions such as when there is
limited availability of carbon and nitrogen. Spores therefore allow bacteria to survive
exposure to extreme conditions and can lead to re-infection (e.g., pseudomembranous
colitis from Clostridium difficle)
Gram negative bacteria have a small peptidoglycan layer but have an additional
membrane, the outer cytoplasmic membrane. This creates an additional permeability
barrier and results in the need for transport mechanisms across this membrane.
A major component of the cytoplasmic membrane that is unique to Gram negatives is
endotoxin. This component is essential for bacterial survival. Endotoxin has three
components:

1- the lipid A moiety
2- the highly conserved core polysaccharide
3- the species specific O antigen (also polysaccharide).

In contrast with the secreted exotoxins, endotoxin is cell-associated but can be
released during cell division or cell death. The Lipid A moiety of endotoxin is
responsible for sepsis which may be fatal. *Sepsis is characterized clinically by
confusion, fever, drop in blood pressure and ultimately multi-organ failure.
*Endotoxin (also known as lipopolysaccharide-LPS):



4



5

























Alpha Gamma



Beta

















































Alpha Gamma



Beta




















































































































































	lcture 1 introduction to microbiology
	Lec =2 Two; Bacterial Morphology, Bacterial structure
	lec=3
	lec=4
	lec=5
	lec=6
	lec=7
	lec=8
	lec=9
	lec=11
	lec=12
	lec=13
	lec=14
	lec=15

