BIOL 2421

Microbiology
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· The Prokaryotic Cell

· Structure and Function

· How to differentiate

· Morphology, pigmentation, size

· Chemical characteristics (staining)

· Nutrition, motility, capsule

· Biochemical activity

· Energy source

· Size of Bacteria

· Bacteria generally range from 0.2 to 2 (m in diameter to 2 – 8 (m in length

· E.coli—a bacillus of average size  1.5 to 6.0 microns

· The small size is important—the ratio of s.a. to volume is very high so the rate of growth and metabolism is very high

· Shape and arrangement

· Shape and arrangement

· Coccus—spherical shaped: diplococcus, staphylococcus, streptococcus

· Bacillus—rod shaped:diplobacillus, streptobacillus

· Spirillum—spiral shaped


· Vibrios—comma-shaped

· Spirilla—rigid helical shape

· Spirochete—flexible helical shape

· Bacterial Structure—External to the Cell Wall

· Glycocalyx—viscous gelatinous polymer

· Slime Layer—unorganized and loosely attached to the cell wall

· Capsule—organized and firmly attached to the cell wall; serve a variety of functions:

· Protection against drying

· Block attachment of phages

· Antiphagocytic

· Promote attachment of bacteria to other surfaces

· Flagella—long filamentous appendages for motility that rotate 360 degrees

· Composed of three parts

· Basal body

· Hook

· Filament

· Bacteria propel themselves by rotating helical flagella; the bacteria rotates in the opposite direction than the flagellum

· Flagellar Function

· Guide bacteria in a direction in response to external stimulus: 

· chemical stimuli – chemotaxis; positive and negative

· light stimuli – phototaxis
· Signal sets flagella into rotary motion clockwise or counterclockwise:

· counterclockwise – results in smooth linear direction – run 

· clockwise - tumbles 

· Bacterial Structure—External to the Cell Wall

· Axial filaments—bundles of fibrils enclosed in the periplasmic space between the cell wall and cell membrane

· Pili—elongated tube involved in conjugation 

· Fimbria—small, bristles involved in cell adhesion and cohesion

· Fimbrae and Pili

· Bacterial Structure—The Cell Wall

· A rigid structure that gives shape to the cell.  It functions in preventing the cell from expanding and bursting when exposed to a hypotonic environment.

· Peptidoglycan (murein)—an insoluble, porous, cross-linked polymer of enormous strength and rigidity (building block is NAG-NAM, a disaccharide)

· Peptidoglycan Structure

· The Gram Positive Cell Wall

· Contain a very thick layer of peptidoglycan

· Possess teichoic acid (a polymer of glycerol and phosphate)

· Lipoteichoic acid is attached to cell membrane

· Wall teichoic acid is attached to peptidoglycan

· Teichoic acids function in cell wall maintenance and enlargement during cell division; move cations across the cell envelope; stimulate a specific immune response

· Some bacteria also contain mycolic acid (Mycobacterium and Corynebacterium)

· Gram + cell walls are sensitive to:

· Lysozyme, an enzyme which dissolves peptidoglycan

· Penicillin, a bacteriostatic antibiotic that prevents polymerization of peptidoglycan

· Dyes, Disinfectants, and other antimicrobial chemicals 
· S. aureus and E. faecalis contain teichoic acid which binds Mg++ and helps protect these from thermal injury

· The Gram Negative Cell Wall

· Possess an Outer Membrane (OM) composed of:

· LPS—a polysaccharide component called O polysaccharide which acts as an antigen

· Lipid A—a lipid component which acts as an endotoxin

· Core polysaccharides—located on the membrane surface

· This OM allows only small molecules to pass through (porin proteins can regulate)

· Outer membrane is similar to cell membrane bilayer structure 

· outermost layer contains lipopolysaccharides and lipoproteins (LPS)
· endotoxin that may become toxic when released during infections

· may function as receptors and blocking immune response

· contains porin proteins in upper layer – regulate molecules entering and leaving cell 

· Bottom layer composed of phospholipids and lipoproteins

· Thin layer of peptidoglycan produces greater flexibility and sensitivity to lysis

· Gram (–) wall is sensitive to:

· Alcohol-based solvents

· Gram-negative bacteria perform molecular acrobatics just to eat.

· Variations in Cell Walls

· L-forms, protoplasts, & spheroplasts

· Acid-fast bacteria—Mycobacterium and Nocardia contain a cell wall of mycolic acid

· Mycoplasma—wall-less bacteria

· Archaebacteria—ancient bacteria with a variety of cell wall types which do not contain peptidoglycan

· Bacterial Structure—Internal to the Cell Wall

· Cell membrane—a bilayer of phospholipids (30-40%) embedded with proteins (60-70%)

· Integral proteins

· Peripheral proteins

· Cytoplasm

· Nucleoid region

· Single circular chromosome of DNA

· Plasmids, extra-chromosomal loops of DNA

· Ribosomes—site of protein synthesis

· 70S ribosomes in prokaryotes

· Inclusions—concentrated deposits of certain substances (PO4-3, starch, sulfur, gas vacuoles) 
· Bacterial Ribosome

· The Endospore

· Thick-walled, highly refractile bodies produced by Bacillus, Clostridium, and others

· Usually produced by cells growing on rich medium but approaching the end of active growth

· Contain calcium and dipicolinic acid

· Factors such as aging or heat treatment are needed to activate dormant spores.

· Endospores are resistant to dessication, staining, disinfecting chemicals, radiation, and heat.

· The large amounts of calcium and dipicolinic acid may play a role in the heat resistance of endospores.

· Longevity verges on immortality - 25,250 million years.

· Pressurized steam at 120oC for 20-30 minutes will destroy

· Classification of Prokaryotes

· Initially, bacteria classified according to shape, arrangement, growth, habitat.

· Modern classification systems use genetic and molecular traits that cannot be viewed under the microscope or in culture.

· Classification Systems in the Procaryotae

· Microscopic morphology

· Macroscopic morphology – colony appearance

· Physiological / biochemical characteristics

· Chemical analysis

· Serological analysis

· Genetic and molecular analysis

· G + C base composition

· DNA analysis using genetic probes

· Nucleic acid sequencing and rRNA analysis

· Bacterial Taxonomy Based on Bergey’s Manual 

· Bergey’s Manual of Determinative Bacteriology – five volume resource covering all known procaryotes

· classification based on genetic information –phylogenetic
· two domains: Archaea and Bacteria

· five major subgroups with 25 different phyla

· Major Taxonomic Groups of Bacteria 
· Domain Archaea – primitive, adapted to extreme habitats and modes of nutrition

· Domain Bacteria - 

· Phylum Proteobacteria – Gram-negative cell walls

· Phylum Firmicutes – mainly Gram-positive with low G + C content 

· Phylum Actinobacteria – Gram-positive with high G + C content 
· Diagnostic Scheme for Medical Use

· Uses phenotypic qualities in identification

· restricted to bacterial disease agents

· divides based on cell wall structure, shape, arrangement, and physiological traits

· Species and Subspecies

· Species –a collection of bacterial cells which share an overall similar pattern of traits in contrast to other bacteria whose pattern differs significantly 

· Strain or variety – a culture derived from a single parent that differs in structure or metabolism from other cultures of that species (biovars, morphovars)

· Type – a subspecies that can show differences in antigenic makeup (serotype or serovar), susceptibility to bacterial viruses (phage type) and in pathogenicity (pathotype)

· Procaryotes with Unusual Characteristics

· Free-living nonpathogenic bacteria

· Photosynthetic bacteria - use photosynthesis, can synthesize required nutrients from inorganic compounds

· Cyanobacteria (blue-green algae)

· Gram-negative cell walls

· extensive thylakoids with photosynthetic chlorophyll pigments and gas inclusions

· Green and purple sulfur bacteria

· contain photosynthetic pigment bacteriochlorophyll 
· do not give off oxygen as a product of photosynthesis

· Gliding, fruiting bacteria

· Gram-negative

· Glide over moist surfaces 

· Procaryotes with Unusual Characteristics

· Unusual forms of medically significant obligate intracellular parasites
· Rickettsias

· Very tiny, Gram-negative bacteria

· Most are pathogens that alternate between mammals and fleas, lice or ticks. 

· Chlamydias

· Tiny

· Obligate intracellular parasites

· Not transmitted by arthropods

· Archaea: 
The Other Procaryotes 

· Constitute third Domain Archaea 

· Seem more closely related to Domain Eukarya than to bacteria

· Contain unique genetic sequences in their rRNA 

· Have unique membrane lipids and cell wall construction

· Live in the most extreme habitats in nature, extremophiles 

· Adapted to heat, salt, acid pH, pressure and atmosphere

· Includes: methane producers, hyperthermophiles, extreme halophiles, and sulfur reducers

