STRUCTURE OF BACTERIA

Envelope =  Cell wall plus membranes


Peptidoglycan = main component of cell wall


Phospholipids & Proteins = main components of membranes

Gram-negative envelope:  


Thick cell wall, single peptidoglycan layer (No teichoic acids)


Outer membrane with lipopolysaccharide


Periplasmic space between outer and inner membranes

Gram-positive envelope:  


Thick cell wall with multiple peptidoglycan layers


No outer membrane, periplasmic space or lipopolysaccharide
Possess teichoic acids intertwined with peptidoglycan

Peptidoglycan: 


One giant molecule around cell


Long chains of polysaccharide cross-linked by short chains of amino acids

Teichoic acids: 


Only in gram-positive bacteria


Polymer of glycerol or ribitol alternating with phosphate 

Outer Membrane (OM):


In gram-negatives only 


Outer barrier to molecules > 700 to 1500 molecular weight (exact value depends on species) 


Protects cells against antibiotics, toxic metals, etc


Protein, phospholipids plus lipopolysaccharide (LPS)

Lipopolysaccharide: 


Found only in outer half of Outer Membrane 


Hydrophobic region, Lipid A buried in the membrane


Polysaccharide region sticks out into medium

Periplasmic Space: 


In gram-negatives only 


20-40% of the cell volume


Between the OM and inner membrane (IM)


Contains:



Degradative enzymes



Binding proteins involved in nutrient uptake



Beta-lactamase



Membrane-derived oligosaccharides (MDO) 

Inner (Cytoplasmic) Membrane (IM): 


Typical biological membrane


Made of about one third lipid and two thirds protein 


Phospholipid bilayer


Intrinsic proteins are hydrophobic and stick into bilayer


Extrinsic proteins are on surface of membrane


Acts as an electrical insulator for electron transport chain


Contains synthetic enzymes for components of all layers of the cell envelope


Contains proteins involved in transport, energy generation, sensing and regulation

And on the very outside:

Capsule:  


Loosely attached to the outside of many bacteria


Not essential and highly variable


Usually made of carbohydrates, rarely protein


Protects against viruses and macrophages


Protects against desiccation

Pilus (plural pili):  


Made of protein monomers arranged helically


Sex pili are involved in conjugation


Common pili (also called fimbriae; singular = fimbria) are involved in adhesion or in floating


Bacteria without common pili clump and sediment

Flagellum (plural flagella):  


Bacterial flagella very different from those of eukaryotes. 
Single filament of helical protein subunits


Basal body in cell envelope acts as a rotor and the whole flagellar shaft rotates 


Powered directly by the proton motive force (Not ATP)

GROWTH REQUIREMENTS

Genetic information


E. coli  has about 4000 genes.  


Roughly half of these have been identified


About 1000 different proteins can be seen on 2D gels


About 2000 different metabolic reactions are known.

Raw materials

Macronutrients:  

C, H, O – often as organic matter

N, S, P – often taken up as ammonia, sulfate and phosphate

Micronutrients:  

Potassium and magnesium are found in all cells

Sodium and calcium are needed by eukaryotes but not by most bacteria

Trace elements are found in certain enzymes and cofactors

Needed by all organisms:

Iron (Fe)    Zinc (Zn)    Manganese (Mn)    Copper (Cu)

Needed by only some organisms under some conditions:

Cobalt (Co)    Nickel (Ni)    Selenium (Se)    Molybdenum (Mo)     Vanadium (V)    Tungsten (W)

Energy

Reducing power 

