PROKARYOTIC CELLS

Chapter 4

EUKARYOTES vs PROKARYOTES: 
What’s the difference?

· What’s in a name?

· Pro = before

· Eu = true

· Karyon = nucleus

· Chemically similar

· Both have the same macromolecules

· Some type of cell (plasma) membrane

· Prokaryotes have peptidoglycan in cell walls

· Genetic material is made up of nucleic acids

· Both use DNA as the genetic material

· Prokaryotes: No membrane-bound organelles or histones 

· All cells replicate

· Prokaryotes replicate by binary fission

PROKARYOTES

· All are unicellular organisms

· Divided into 2 large groups called domains

· Domain is higher than Kingdom

· There are 3 domains: 2 prokaryotic + 1 eukaryotic

· Archaea (archaeobacteria)

· Bacteria (eubacteria)

· Eukarya

· All bacteria are prokaryotes & differentiated by:

· SIZE

· SHAPE

· ARRANGEMENT

· STAINING CHARACTERISTICS

SHAPE

· Three basic shapes

· Spherical = coccus (cocci)

· Rodlike = bacillus (bacilli)

· Spiral = from comma-shaped (vibrio) to rigid, wavy-shaped (spirillum) and corkscrew shaped (spirochete)

· Variations are found

· Short rods = Coccobacillus

· Some may not fit any particular category

· Irregular, lobed or spindle-shaped 

· Square

· Size and shape may vary with availability of nutrients

ARRANGEMENT

· Coccus (cocci) 

· Single

· Diplococci

· Tetrad

· Sarcinae

· Streptococci

· Staphylococci

· Bacillus (bacilli)

· Single

· Diplobaccilli

· Coccobacilli

GENERIC PROKARYOTIC CELL

OUTSIDE

· Glycocalyx, flagella, axial filaments, fimbriae & pili

· CELL WALL

· Eubacteria: Peptidoglycan

· Archae:  Pseudomurein

· CYTOPLASMIC (PLASMA) MEMBRANE

INSIDE

· Cytoplasm, nuclear body, inclusions & granules, ribosomes, plasmids & endospores

GLYCOCALYX

· General term:  CHO containing, surrounds cell

· Polysaccharide, polypeptide or both ( sticky

· External to cell wall of some bacteria

· Found in both Gram +ve and Gram -ve bacteria

· Two types:

· Capsule if it is organized and firmly attached

· Slime layer if it is unorganized and loosely attached

· Functions: virulence factor

· Attachment to surfaces

· Protection from phagocytosis by WBCs

· Detected with NEGATIVE STAINS

FLAGELLUM/FLAGELLA

· FUNCTION = MOTILITY

· TAXIS = movement toward or away from environment

· Chemotaxis, phototaxis

· Only on rods, vibrios and spirilla

· Arrangement can be: Monotrichous, Amphitrichous, Lopotrichous, or Peritrichous

· Semi-rigid, helical motor

· Three parts: Filament, hook, basal body

FLAGELLUM STRUCTURE (3 Parts)

· Filament:
· FLAGELLIN = protein subunit

· Thin, long and forms helix with hollow core

· Uniform length and diameter

· “H antigen”  

· Hook:

· Serves as point of attachment for filament

· Slightly wider and shorter than the filament

· Basal body:  

· Anchors filament and hook to the plasma membrane

· Small central rod inserted into a series of rings

AXIAL FILAMENTS

· Spirochetes 

· Ex: Treponema pallidum
· Bundles of fibrils between cell wall and outer sheath

· “Internal flagella”

· Permits movement like a corkscrew or spiral motion

FIMBRIAE 

· Hair-like microfibrils 

· Primarily found on Gram -ve bacteria

· Shorter and finer than flagella

· Hundreds per bacterium

· FUNCTION = attachment/adhesion to cell surfaces

· Protein = PILIN

· Virulence factors

PILI

· AKA Sex pili

· Involved in transfer of genetic material

· Join two bacterial cells together

· Slightly longer than fimbriae

· Usually only 1 or 2 per bacterium

· FUNCTION = transfer of DNA from one cell to another cell

· Protein = PILIN

CELL WALL

· Complex, semi-rigid, gives shape, protects internal structures

· Prevents rupturing of cell

· Site of anchorage for flagella

· Mycoplasmas do not have a cell wall

· Major differences between Gram +ve and Gram -ve bacteria is the composition and thickness of the cell wall

· Both Gram +ve and Gram –ve cells have peptidoglycan

GRAM + BACTERIAL CELL WALLS

· Cell wall is relatively thick & undifferentiated layer that covers the cell membrane

· Contains peptidoglycan + teichoic acids

· Peptidoglycan is a complex macromolecule consisting of 3 parts 

· Teichoic acids – only found in Gram +ve bacteria

· Linear polymers covalently attached to the peptidoglycan

· Lipoteichoic acids - covalently linked to plasma membrane glyolipids

PEPTIDOGLYCAN (Murein)

· Three components forming a lattice:

· Backbone (glycan portion) 

· Alternating 2 amino sugars

· Repeating subunits of NAG (G) and NAM (M)

· NAG = N-acetylglucosamine 

· NAM = N-acetylmuramic acid

· Short tetrapeptide subunits linked to NAM

· Tetrapeptide (alternating D- and L-forms)

· Interpeptide cross bridges link adjacent peptide subunits

· Provide strength and rigidity to peptidoglycan

· Alone or combined with other components

· Proteins, polysaccharides, glycolipids

GRAM -ve BACTERIAL CELL WALLS 

· Much thinner than Gram +ve bacteria

· Multilayered

· Consists of lipopolysaccharide, outer membrane and peptidoglycan

· Peptidoglycan: within PERIPLASMIC SPACE

· Between the outer membrane and plasma membrane

· Outer membrane contains:

· Phospholipids

· Proteins

· Lipoproteins

· Lipopolysaccharide (LPS)

LIPOPOLYSACCHARIDE (LPS)

· Three regions: Lipid A - Core - “O” polysaccharide

· Lipid A (endotoxin): disaccharides of NAG linked to long chain fatty acids

· Heat stable and induces fever and shock

· Core: contains unusual sugars of 7-8 C atoms

· Involved in permeability of the outer membrane

· “O” polysaccharide = “O” antigens

· Immunodominant portion of the outer membrane

OUTER MEMBRANE FUNCTIONS

· Remember – found in Gram -ve bacteria only

· Barrier to environmental compounds

· Evade phagocytosis

· Molecular sieve

· Sites for attachment of bacteriophages

· Also is antigenic and Lipid A of LPS = endotoxin

CELL WALL ALTERNATIVES

· Mycoplasma = little or no cell wall

· Archaea = pseudomurein

· Lysozyme 

· Enzyme that hydrolyzes NAM-NAG bond
· Lysosomes of eucaryotic cells

· Tears, saliva, nasal secretions, tissue fluids

· Damaged/removed cell wall in ISOTONIC solutions

· Can be generated by the action of lysozyme

· Gram +ve bacteria = Protoplasts
· Gram -ve bacteria = Spheroplasts

CYTOPLASMIC (PLASMA) MEMBRANE

· Encloses the cytoplasm with a fluid mosaic structure

· Phospholipid bilayer + proteins

· Phospholipids - hydrophilic “head” + hydrophobic “tails”

· Proteins - integral (embedded) and peripheral (loosely associated)

· Many involved in transport of materials into the cells

· No sterols except for Mycoplasmas

PLASMA MEMBRANE FUNCTIONS

· Selective barrier, semi-permeable

· Carries the enzymes for electron transport(ATP

· Transport of molecules

· Often by specific proteins that facilitate passive diffusion

· Hydrolytic enzymes excreted through proteins in plasma membrane 

· Biosynthetic functions

· Enzymes & proteins involved in breakdown of nutrients, cell wall biosynthesis & DNA replication

· Protects cytoplasm

INSIDE THE PLASMA MEMBRANE

· A.  Cytoplasm

· B.  Nuclear area (nucleoid) and plasmids

· C.  Ribosomes

· D.  Inclusions

· E.  Endospores

A.  PROKARYOTIC CYTOPLASM

· Everything inside the plasma membrane

· 80% water

· Proteins (enzymes etc), CHO, lipids, DNA, ribosomes

· No cytoskeletal elements 

B.  NUCLEOID (Nuclear body)

· Area of genetic material (DNA)

· Chromosome - one per cell

· Not bound by membrane

· DS, circular, helical DNA molecule

· No histone proteins associated

· Attached to plasma membrane

· Plasmids (maybe)

· Extrachromosomal, DS, circular DNA

· Replicate independently

· Can be transferred from 1 cell to another

· Often carry genes for antibiotic resistance

C.  RIBOSOMES

· Sites of PROTEIN SYNTHESIS

· Two subunits - each subunit = rRNA + protein

· Complete 70S ribosome = small (30S) + large (50S)

· S = Svedberg units, sedimentation value

D.  INCLUSIONS

· Variable depending on metabolic processes

· Serve as reserves for metabolic products

· Metachromic granules (volutin) = polyphosphate

· Polysaccharide granules = starch or glycogen

· Lipid inclusions = polybeta hydroxybutyric acid

· Sulfur granules - “sulfur bacteria” energy reserve

· Carboxysomes - enzyme for photosynthesis

· Gas vacuoles - flotation for aquatic bacteria

E.  ENDOSPORES 

· Resistant bodies produced by some bacteria

· Clostridium and Bacillus
· Special dormant structures - survival mechanism

· Resist adverse environmental conditions

· Heat, dryness, freezing, bactericidal agents

· Produced by SPORULATION

· Not a mechanism of reproduction

· Favorable conditions - GERMINATE

