Bacterial Architecture

I. Bacterial Morphology

1. Bacterial Size & Shapes
· Avg. size: 2-10um
· Shapes

i. Spherical – Coccoid, coccus

ii. Cylindrical – Rod, bacillus

iii. Spiral – Spirilla, vibria

2. Cell Arrangement

· Single

· Pairs: Diplococcus (Ex. Strep. Pneumoniae)
· Chain: Streptococcus – cellular division in 1 plane
· Clusters: Staphylococcus – cellular division in irregular plane
· Cop-out terms: coccobacillus or pleomorphic – describes uncharacteristic bacteria shape
· Never have –bacillus
II. Staining Techniques

1. Grams Stain

a. Works on differences in cell wall composition

b. Gram (+) stain purple/blue

c. Gram (-) stain pink/red

d. Technique:

i. Put cells on slide

ii. Use Primary stain: crystal violet

iii. Use Gram’s Iodine: increases affinity of primary stain

iv. Decolorize with solvents (ethanol, acetatone)

v. Counterstain w/ safranin

2. Acid Fast Stain

a. Used on resistant bacteria (Ex: Mycobacterium tuberculosis)
b. Acid-fast bacteria:  Stain Red/Pink

c. Non acid-fast bacteria: Stain Blue or Green

III. Bacterial Cell Components
1. Flagellum - Structure

a. Not essential 

b. Organ of Motility

c. Never on cocci

d. Known as H-Ag (Used for identification/classification)

e. 2 Arrangements: Polar & Lateral
i. Monotrichous: 1 flagellum @ 1 pole (ex. Vibrio)

ii. Amphitrichous: >1 flagellum @ both poles (ex. Spirillum)

iii. Lophotrichous: >1 flagellum @ 1 pole (ex. Pseudomonas)

iv. Peritrichous: lateral flagellum (ex. Proteus)

f. 3 components:

i. Helical Filament 

1. 20nm dia, 1-7mm length

2. Made of Flagellin(H-Ag)

ii. Hook

1. Anchored into basal body

iii. Basal Body

1. Contains reversible motor 

2. Stack of 2 rings – Gram + (4 rings in Gram - )

a. S&M rings – for rotation (Inner Membrane)

b. L&P rings – for stability (Outer Membrane)

2. Flagellum – Function

a. Taxis – involuntary movement of organism in response to a stimuli

i. Chemotaxis: towards a chemical

1. Receptors are proteins in membrane

2. 20 Attractants(+ve response)/ 10 repellents(-ve response)

3. +ve response: org. swims from low [] to high []

4. –ve response: org. swims from high [] to low []

5. Non response: random walk (uniform [])

ii. Aerotaxis: to air

iii. Phototaxis: to light

iv. Magnetotaxis: to magnetic field

b. Movement

i. CCW rotation(mostly): Smooth swimming motion (run)

ii. CW rotation: Tumbling (flagella disperse)

1. Random Movement

a. Absence of [] gradient leads to run and tumbles

b. With attractant gradient: more run, less tumbling
3. Axial Filaments (ENDOFLAGELLUM)

a. Flagella like filaments that create corkscrew motion

b. Structure: Long thin microfibrils, not exposed to external environment 

c. Found in Spirochetes: Leptospira, Borrelia
4. Pilus/Fimbria

a. 9-10nm dia.

b. Structure: Composed of Pilin (used for classification and identification)

c. 2 types:

i. F-pilus(Sex pilus)

1.  In Gram (-) bacteria only
2. Used during conjugation
ii. Fimbria (Attachment Pili, Common Pili, type I pili)

1. Used for adhesion to surfaces, therefore establish bacterial infections
2. Mostly in Gram (-) bacteria: Corynebacterium renale Actinomyces naeslundii

5. Glycocalyx

a. Structure

i. EPS (Polysaccharide) – Glucans + Fructans
1. exception: Bacillus anthracis has a polypeptide surface

ii. Exists as:

1. Slime Layer – poor organization, weak attachment to cell wall. Can stick to plastic implants. 

2. Capsule – organized, strong adherence to cell wall.         (K-Ag). If capsule is lost bacteria loses virulence. 

b. Function

i. Adherance: to surfaces & other bacteria

1. Streptococcus mutans – responsible for dental caries

ii. Inhibition of Phagocytosis: prevents action of opsonins

1. Streptococcus pneumoniae – resists phagocytosis

iii. Antigenic activity:  EPS = K-Ag

1. Used in production of vaccines and identification 

c. Quellung Reaction

i. Swelling reaction used to check for capsule presence

ii. Antiserum + Bacteria ( Swelling

iii. Typing: using specific capsular Ag’s in antisera

6. Cell Wall

a. Structure
i. Peptidoglycan (Murein layer) backbone

1. A polysaccharide chain of alternating NAM & NAG molecules that are linked by B1-4 glycosidic linkages (Lysozyme)

2. NAM molecules contain a tetrapeptide with a terminal D-ala

3. 3rd a.a of one NAM molecule forms an oligopeptide bridge with the terminal D-ala of another NAM molecule (Penicillin)

4. In Gram (+), 3rd a.a. is L-lysine, in Gram (-), 3rd a.a. is Diaminopimelic acid

5. Gram (+) bacteria have more cross-linking(rigid) than Gram (-) bacteria(mesh-like)

b. Function

i. Provides rigidity & strength (Cross-linking)

ii. Prevents osmotic cell lysis

c. Gram (+) Bacteria

i. Structure

1. Thick peptidoglycan layer 20-80nm (50-60% dry wgt) + Teichoic Acids(Lipotechoic acid)
a. Binds protons, cations, and acts as adhesions, virus receptor sites, and antigen.

2. No OM (1 layer)

3. Little periplasmic space

4. No porin proteins

5. More permeable than Gram (-)

d. Gram (-) Bacteria

i. Structure

1. Thin peptidoglycan layer 8-11nm (5-10% dry wgt)

2. Outer Membrane

a. Porins: protein channels for nutrient transport

b. LPS(Endotoxin): in external layer, involved in fever & RBC lysis

i. Inner Lipid A – anchors LPS to OM

ii. Core Polysaccharide 

iii. O-Polysaccharide – (O-Ag) for identity
c. Phospholipids: in internal layer

d. Outer membrane proteins (OMPs)

e. Acid-Fast & Coryneform Bacteria

i. Mycobacterium & Nocardia  - Acid Fast 

ii. Coryneform – Not acid-fast (different cell structure)

iii. Peptidoglycan + arabinose & galactose polymers

iv. Form mycolic acids that make cell waxy and stain can’t penetrate

f. Effects of Lysozyme on Cell Wall

i. Breaks B1-4 linkages
ii. Found in tears and saliva
iii. Forms Spheroplasts(part of wall remains) & Protoplasts(cell wall completely removed)
iv. Spheroplasts more common in Gram (-), Protoplasts: Gram (+)
v. Gram (+) are more sensitive to Lysozyme because they don’t have protective OM layer.
vi. With osmotic support (.5M sucrose) cells won’t lyse, w/o support both protoplasts and spheroplasts lyse. 
g. Effects of Penicillin

i. Prevents cell wall formation, only works in growing cells
ii. Inhibits transpeptidase(PBP – penicillin binding protein)( no oligopeptide bridges formed(defective cell wall(Cell Death
7. Periplasmic Space (Gram - )

a. Space btw inner and OM

b. Loose network of peptidoglycan

c. Contains:

i. Nutrient transport proteins

ii. Proteases (Nutrient Acquisition Enzymes)

iii. Detoxifying enzymes

iv. Membrane derived oligosaccharides

v. Osmoprotectants

8. Cytoplasmic Membrane

a. 4-5nm thick

b. 30-40%: Phospholipid, 60-70%: Protein(Integral & Peripheral)

c. Functions:

i. Active transport (permeases)

ii. Oxidative Phosphorylation (Respiration)

iii. Biosynthesis of cell wall components (PBP)

iv. Phospholipid synthesis

v. Secretion of lipids and enzymes

vi. Anchors DNA (mesosome?)

9. Cytosol/Protoplasm

a. Site of biochemical activity

b. 70-80% water – acts as solvent

10. Ribosomes

a. 70S(50S + 30S) 
b. 60% RNA 40% Protein
11. Mesosomes

a. Infoldings of cell membrane
b. Function NOT KNOWN

12. Chromatin Area

a. No membrane bound nucleus

b. No mitotic apparatus

c. Bacterial Chromosome:
i. Chromatin Body – single, circular DNA
1. exception: Streptomyces & Borrelia (linear DNA)
                        Rhodobacter sphaeroides (2 chromosomes)

d. Nucleoid – area where DNA is aggregated

13. Plasmid

a. Self-replicating, small circular, Extrachromosomal DNA
b. Provides additional genetic info:

i. Antiobiotic resistance

ii. Tolerance to toxic metals

iii. Mating capabilities (F-plasmid for F-pilus)

14. Inclusion Bodies

a. Storage granules seen in large quantities when bacteria has access to large amounts of energetic nutrients.

b. Poly-B-hydroxybutyrate (PHB) 

i. Stores Carbon and energy

c. Also have Polymetaphosphate and Glycogen granules
15. Endospores(Spores)

a. Structure:


i. Core: nucleus + protein synthesis apparatus + energy system

ii. Spore Wall: Peptidoglycan layer

iii. Cortex: peptidoglycan w/fewer cross-links

iv. Coat: keratin-like protein (antibiotic resistance)

b. Found in Bacillus(fried rice) & Clostridium spp.

c. Produced by pathogenic bacteria in times of environmental stress
d. Resistant to UV, irradiation, heat, chemicals

e. Under suitable conditions convert to vegetative cell (Germination)

f. Sporulation (Vegetative Cell ( Spore)

i. Occurs under unfavorable growth conditions
ii. Is an example of true differentiation
1. There is no multiplication (NO GROWTH)
iii. Takes 10hrs, and once its starts, irreversible. 
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