Introduction to Microbiology

Microorganisms are tiny unicellular organisms that can not be seen by the naked eye. They include: 

· Bacteria.

· Viruses.

· Fungi. 

Bacteria

Bacteria are small prokaryotic (pro- before, karyon- nucleus) unicellular organisms that multiply by binary fission.

 Properties of bacteria:

· Approximately 1 um in diameter.

· Seen by light microscopy.

· Have both of DNA and RNA.

· Grow on artificial media.

· Divide by binary fission.

· Sensitive to anti-bacterial chemotherapy.

Differences between prokaryotes/eukaryotes
The prokaryotic cell, in contrast to the eukaryotic cell, has no nuclear membranes, mitochondria, endoplasmic reticulum, Golgi body, phagosomes and lysosomes. Prokaryotes generally possess only a single circular chromosome. Since there is no nuclear membrane, the chromosome is bound to a specific site on the cell membrane - the mesosome.  Prokaryotic ribosomes are 70S (S stands for Svedberg unit, a measure of size), whereas eukaryotic ribosomes are larger (80S). Prokaryotic ribosomal subunits are 30S and 50S (eukaryotic are larger). Bacterial membranes generally do not contain sterols (e.g. cholesterol).

Bacterial shapes and arrangement: figure (1)

· Cocci (ball-shaped)

· Chains: Streptococci.

· Grape-like cluster: Staphylococci.

· Diplococci: Pneumococci.
· Bacilli (rod-shaped)

· E. coli, Proteus.

· Some bacilli are curved (Vibrios; Vibrio cholerae).

· Spirals (spiral-shaped)

· Treponema palladium which causes syphilis.
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Figure (1): Bacterial shapes

Bacterial structure: figure (2)

· The cell envelope

The cell wall is the outer most structure of the bacterium; outside the cell membrane. It is rigid and protects the cell from osmotic lysis. Bacteria can be divided into two groups on the basis of staining with the Gram stain; Gram positive bacteria remain stained by crystal violet on washing, Gram negative do not. In Gram positive bacteria, the cell wall peptidoglycan layer is a much thicker layer than in Gram negative bacteria. Gram negative bacteria have an additional outer membrane. The space between the inner and outer membranes is known as the periplasmic space. 
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Figure (3): bacterial cell  structure

Wall-less forms of Bacteria
When bacteria are treated with 1) enzymes that are lytic for the cell wall e.g. lysozyme or 2) antibiotics that interfere with biosynthesis of peptidoglycan, wall-less bacteria are often produced. Usually these treatments generate non-viable organisms. Wall-less bacteria that can not replicate are referred to as spheroplasts (when an outer membrane is present) or protoplasts (if an outer membrane is not present). Occasionally wall-less bacteria that can replicate are generated by these treatments (L forms).

2- Cytoplasmic membrane

The cytoplasmic membrane is an 8 nm, double layered phospholipids, enclosing the cytoplasm, separating the interior of the cell from the environment and preventing the diffusion of substances into and out of the cytoplasm. It acts as a highly selective barrier to concentrate metabolic compounds and nutrients within the cytoplasm and to secrete waste products.

3- Intracytoplasmic structures:
1- Bacterial nuclear apparatus (Genome)

It is a single chromosome made of circular, double stranded DNA with no nuclear membrane or nucleolus. It carries the genetic information to daughter cells and it is duplicated before cell division.

2- Plasmids
These are extra-chromosomal double stranded circular DNA, capable of replicating independent of the bacterial chromosome.  These are usually present in multiple copies, that often code for pathogenesis factors and antibiotic resistance factors. 

3- Ribosomes

They are composed of 40% proteins and 60% RNA. They are the sites for protein synthesis.

4- Intracytoplasmic inclusions

These granules represent accumulation of food reserve. They may be rich in lipids or carbohydrates.

Structures outside the cell wall:

1- Capsules and slime layers
These are structures surrounding the outside of the cell envelope. When more defined, they are referred to as a capsule when less defined as a slime layer or glycocalyx. They usually consist of polysaccharide; however, in certain bacilli they are composed of a polypeptide (polyglutamic acid). They are not essential to cell viability and some strains within a species will produce a capsule, whilst others do not. Capsules of pathogenic bacteria inhibit ingestion and killing by phagocytes. Capsules are often lost during in vitro culture.

2- Flagella
Some bacterial species are mobile and possess locomotory organelles – flagella. Flagella are embedded in the cell membrane, extend through the cell envelope and project as a long strand. Flagella consist of a number of proteins including flagellin. They move the cell by rotating with a propeller like action. 
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3- Pili or fimbriae


Pili are hair-like projections of the cell. Some are involved in sexual conjugation and others allow adhesion to host epithelial surfaces in infection.

Bacterial Endospores (spores) 

These are a dormant form of a bacterial cell produced by certain bacteria when starved; the actively growing form of the cell is referred to as vegetative. The spore is resistant to adverse conditions (including high temperatures and organic solvents). The spore cytoplasm is dehydrated and contains calcium dipicolinate which is involved in the heat resistance of the spore. Spores are commonly found in the genera Bacillus and Clostridium.

Viruses

Viruses are minute infectious agents measured in nm which is 1/1000 of um and seen by electron microscopy.

Virus structure

· Core composed of DNA or RNA 

· Capsid: outer coat or protein coat

· Envelope: another protective covering found on some viruses made of lipids taken from a host

Table (1): Differences between bacteria and viruses: 

	Bacteria
	Viruses

	Usually free-living, but can be parasites
	Obligate intracellular parasites



	Seen by LM
	seen by EM

	DNA and RNA
	DNA or RNA, not both

	100s-1000s of genes
	10-100s of genes

	Grow on artificial media
	Grow on cell culture

	Ribosomes
	No

	Sensitive to antibiotics
	No


