Bacterial Toxins
Major two classes of bacterial toxins are endotoxins and exotoxins.

Endotoxins are intracellular and cell-associated, and are active only when cells lyse.  They are 
part of Gram- bacteria, and the classic endotoxins is a lipopolysaccharide.
Exotoxins are proteins released from bacteria which are toxic to target cells.

Pathogenicity Islands
DNA segments repeated in the chromosome of bacteria.  These segments have high G/C content, 
indicating the DNA originally came from bacteriophage.  These islands have phage DNA 
characteristics and carry virulence genes, most frequently involved in toxin production 
and Type III secretion systems.
Pathogenicity islands found in Y. pestis, Vibrio cholera, Salmonella, and enteropathic E. coli.
Bacterials Exotoxins
Secretion and Excretion of Exotoxins
Secretion and excretion depend on environmental conditions.  Toxins excreted into ECF or 
injected directly into cells.  Thre are four secretion systems, plus a general secretory 
pathway called Sec used by both Gram- and Gram+.
Sec pathway involves formation of a pore in bacterial membrane through which proteins escape.
Type I secretion uses ABC transporters.  It is Sec-independent and is only found in Gram- 
bacteria.  A pore is formed spanning both inner and outer membranes.  Protein secreted 
into external environment.

Type II secretion is Sec-dependent.  A pore is formed in the outer membrane, and toxins are 



escorted to the pore by chaperone proteins.
Type III secretion is Sec-independent.  It requires many proteins which form a pore through both 
membranes.  Some proteins fuse with host cell membrane, forming an injection pore.  
Toxins are injected into host cell cytoplasm.  Example is YOP proteins of Yersinia pestis.
Type IV secretion is a Sec-independent, conjugal transfer system.  Formation of a pilus across 
both membranes.  Can transfer directly into host cell.  Example is B. pertussis toxin.

Hemolysins and Membrane-Acting Toxins
These toxins disrupt integrity of plasma membranes, especially of erythrocytes but others as well.
1.  Pore-forming toxins aggregate on eukaryotic membranes, forming channels and causing 
osmotic lysis.  Aggregate on cholesterol, because it’s not found on prokaryotic cells.  
Examples are Streptolysin O toxin from S. pyogenes, listeriolysin O from L. monocytogenes.
2.  Enzymatic disrupting toxins are enzymes such as Phospholipase C which dissolve the 
membrane.  Example is Clostridium perfringes (gangrene) toxin.

A-B Subunit Toxins
These are some of the most potent toxins.  The B-subunit docks with host cell receptors (usually 
glycolipids) and delivers the A-subunit payload.  The two are linked by a disulfide 
bridge, which cleaves following internalization.  The A-subunit is enzymatically active, 
and can inhibit protein synthesis, deregulate adenylate cyclase, or interfere with nerve 
transmission.  There are four types of these toxins:
1.  ADP-ribosylating toxins halt protein synthesis.

2.  Adenylate cyclase toxins produce adenylate cyclase, hyperactivating synthesis of cAMP.

3.  RNA glycosidase toxins cleave rRNA, preventing tRNA binding and halting protein synthesis.

4.  Metalloprotease toxins cleave proteins in synaptic vesicles, preventing NT release.  These are 
very deadly.  Tetanus toxin blocks glysine, which normally inhibits motor neurons.  This 
disinhibition causes muscle flex.  Botulin toxin blocks ACh, causing flacid paralysis.
Super antigens (Gram+)
Protein toxins which activate multiple parts of host immune system.  Unlike other toxins, these 
don’t cause direct damage, but induce damaging host responses, often shock.  Examples 
include streptococcal A toxins (scarlet fever) and toxic shock syndrome toxin (TSST).

The mechanism includes toxin stimulating T-cell proliferation through interactions with the 
MHC II complex on macrophages/dendritic cells.  Results in excess production of IL1, 
TNFα, and other cytokines that lead to shock.
Gram- Endotoxin
Endotoxin (lipopolysaccharide or LPS) is only found on Gram- bacteria.  It is very important, 
especially for Enterobacteriaceae.  It is part of the cell wall that is released during lysis.
LPS is very long, and has three regions.  The “O antigen” region is the outermost.  The middle 
region is the “core polysaccharide” and is highly conserved across Gram- bacteria.  The 
third region is “Lipid A,” which is also highly conserved and is the toxic part of endotoxin.
Toxic effects of Lipid A include induction of pyrogens, cytokines, prostaglandins, complement, 
coagulation cascasde, and interferon.  Leads to serious shock.  This is a systemic, 
inappropriate immune response to an otherwise harmless molecule.  

The ensuing shock is simply quantitative – we’re exposed to Lipid A all the time, but a big load 
of it during infection will set off this reaction.

Patients exposed to Gram- endotoxin and Gram+ super antigens get a shock double whammy.

