Bacterial Toxins

I. Classification of Toxins

a. Relationship to bacterial cell
i. Endotoxins

ii. Exotoxins

b. Relationship to target
i. Enterotoxin

ii. Neurotoxin, etc

II. Comparison of Exotoxins & Endotoxins

	
	EXOTOXIN
	ENDOTOXIN

	1. Location
	Secreted
	Within Cell Structure

	2. Bacterial Source
	Gram (+) or (-)
	Only Gram (-)

	3. Genetic Source
	Plasmid, Phage
	Bacterial Genome

	4. Structure
	Protein
	LPS(Lipid A, Core Sugars, O-polysaccharide

	5. Heat Stability
	Low(Staph toxin is High)
	High

	6. Antigenicity
	High
	Low

	7. Toxoid Formation
	Easy
	Difficult

	8. Potency
	High
	Low

	9. Target Specificity
	High
	Low

	10. Symptoms
	Unique
	General


III. Endotoxin (LPS, O-Ag, Somatic Ag)

a. Structure

i. Lipid A

ii. Core polysaccharide – 7 sugars

iii. O-polysaccharide (O-Ag) – varies from 1 organism to another.

b. Septic Shock

i. Endotoxins binds CD14 on macrophage ( activation ( TNFα & IL-1 release ( fever, endothelial cell injury, NO release

ii. Complement activation(C3a & C5a) ( PMN activation, edema, toxic O2
iii. Blood clotting system activated by Factor XII(Hageman factor) ( DIC (Disseminated Intravascular Clotting)

iv. Other causes: Peptidoglycan, teichoic acid, TSST

IV. Exotoxins

a. A-B Toxins (50-75kd)

i. B is binding unit (4-5 similar peptides)

ii. A is active unit (ADP ribosyl transferase) 

iii. Enzyme removes nicotinamide from NAD and transfers the ADP-R to something else (eg. EF-2 in protein synthesis)

iv. Found in a wide group of bacteria

v. Many A-B toxins change the activity of c-AMP and c-GMP
vi. ↑cAMP ( cells become secretory ( diarrhea like symptoms

b. H-L toxins (also called A-B toxins)

i. Structure is very similar to A-B toxin
ii. H is binding unit

iii. L is active unit, activity varies
iv. Not all H-L toxins are ADP-R transferases, some are endopeptidases(Tetanus & Botulism Toxin)
v. Restricted to the genus Clostridium
c. Major A-B Toxins

	Bacterium
	Toxin
	Role

	E. coli (ETEC)
	Enterotoxin (LT)
	Increases cAMP 

	Vibrio cholerae
	Cholera Toxin
	Increases cAMP 

	Bordetella pertussis
	Pertussis Toxin
	Increases cAMP 

	Bacillus cereus
	LT type
	Increases cAMP 

	Campylobacter jejuni
	LT type
	Increases cAMP 

	Yersinia enterocolitica
	LT type
	Increases cAMP 

	Salmonella species
	
	Increases cAMP 

	Coryn. Diptheria
	Diptheria Toxin
	Blocks protein synthesis at EF-2 lvl

	Shigella Dysenteriae
	Shiga or Vero Toxin
	Blocks protein synthesis at RNA lvl

	Pseudomonas aeruginosa
	Exotoxin A
	Blocks protein synthesis at EF-2 lvl

	
	Exotoxin S
	Many substrates

	E. coli (EIEC)
	Shiga like toxin
	Blocks protein synthesis

	
	
	


d. Major H-L Toxins

	Bacterium
	Toxin
	Role

	Clostridium tetani
	Tetanus Toxin
	Endopeptidase

	Clostridium botulinum
	Botulinum Toxin
	Endopeptidase

	Clostridium perfringens
	Iota Toxin
	ADP-R transferase

	Clostridium difficile
	Cytotoxin (B toxin)
	ADP-R transferase


e. Superantigen toxins

i. Toxin C(enterotoxin F aka TSST-1) from Staph. Pyrogenes
1. Enterotoxin F is responsible for food poisoning
ii. Streptococcal pyrogenic toxins A, B, and C

1. Toxic shock with A & B, not C

iii. Mechanism of Action – septic shock

1. SuperAg binds MHC class II on APC

2. Simultaneous binding with Vβ of T cells. 

f. Miscellaneous toxins

i. Bacillus anthracis toxin (3 parts)

1. Edema Factor(EF) – like A, an adenylate cyclase. Acts inside cells, so won’t get Ab’s to it. 

2. Lethal Factor(LF) – like A, a protease

3. Protective Ag(PA) – like B, after binding accepts A units. Binds 1st. 

a. Immune system responds to this Ag & prevents attachment of B unit, so toxin won’t work. 

4. Skin: B binds ( EF Binds ( Edema @ site

         B binds ( LF Binds ( Necrosis of tissue

ii. RTX(repeat) Toxins

1. 7-9 aa that are seen in several places within toxin sequence. 

2. Hemolysins – destroy RBCs in vitro
3. Pore forming cytotoxins – destroy WBCs, in vivo, by making pores in membrane. RBCs not destroyed in vivo.

iii. SH(Sulfhydro) activated toxins

1. In vitro: Hemolysins

2. In vivo: Pore forming cytotoxins against WBC’s

iv. Toxic Enzymes

1. Lecithinase(phospholipase) – breaks down lecithin on RBCs

2. Hyaluronidase(spreading factor) – Hyaluronic acid is an intracellular cement, if removed toxin can pass between cells. Seen in cellulitis.

3. Proteases – Elastase, Collagenase, etc
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