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Learning Objectives 

• Define bacterial toxigenesis. 

• Explore bacterial toxins, their background and nomenclature. 

• Differentiate exotoxins and endotoxins. 

• Explore the toxicity, properties, and mode of action of exotoxins. 

 

Required reading: 

 

Alouf , J. Ladant,D. Popoff,M. The Comprehensive Sourcebook of 

Bacterial Protein Toxins. 4th edn . Amsterdam, The Netherlands Elsevier 

Ltd. 2015 

 Color Atlas of Medical Microbiology.11th ed. Kayser, F.H; Bienz,K.A.; 

Eckert, J. and Zinkernagel, R.M.(2005). Thieme Verlag, NewYork, USA.  

 

 

 

Bacterial Toxins   lec.1 

 

Introduction 

- A toxin is a poisonous substance produced within living cells or 

organisms. toxins can be small molecules, peptides, or proteins that are 

capable of causing disease on contact with or absorption by body tissues 

interacting with biological macromolecules such as enzymes or cellular 

receptors. [Toxins are] a common and series cause of tissue damage, 

especially in bacterial infection’. ‘Bacterial [toxins] are thus important 

determinants of bacterial virulence’. 

 

http://en.wikipedia.org/wiki/Poison
http://en.wikipedia.org/wiki/Small_molecule
http://en.wikipedia.org/wiki/Peptide
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Biological_tissue
http://en.wikipedia.org/wiki/Macromolecule
http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Receptor_%28biochemistry%29
http://en.wikipedia.org/wiki/Receptor_%28biochemistry%29
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- ‘Microbial toxins are components or products of microorganisms which, 

when extracted and introduced into host animals, can reproduce disease 

symptoms normally associated with infection . 

 

Bacterial Toxigenesis  

Toxigenesis, or the ability to produce toxins, is an underlying mechanism 

by which many bacterial pathogens produce disease. At a chemical level, 

there are two main types of bacterial toxins, lipopolysaccharides, which 

are associated with the cell wall of Gram-negative bacteria, and proteins, 

which are released from bacterial cells and may act at tissue sites 

removed from the site of bacterial growth. The cell-associated toxins are 

referred to as endotoxins and the extracellular diffusible toxins are 

referred to as exotoxins. 

• Endotoxins are structural components of the bacteria. In the context of 

this article, endotoxin refers specifically to the lipopolysaccharide 

(LPS) or lipooligosaccharide (LOS) located in the outer membrane of 

Gram-negative bacteria. 

– Released from growing bacterial cells 

– Released from cells which are lysed from effective host defense (e.g. 

lysozyme) 

– Released from activities  of certain antibiotics (e.g. penicillins) 

Exotoxins usually secreted by bacteria but in some cases they are released 

by lysis of the bacterial cell. Exotoxins are usually proteins, minimally 

polypeptides, that act enzymatically or through direct action with host 

cells and stimulate a variety of host responses. Most exotoxins act at 

tissue sites remote from the original point of bacterial invasion or growth. 

However, some bacterial exotoxins act at the site of pathogen 

colonization and may play a role in invasion.  

BACTERIAL PROTEIN TOXINS  

Exotoxins are usually secreted by living bacteria during exponential 

growth. The production of the toxin is generally specific to a particular 

bacterial species that produces the disease associated with the toxin (e.g. 

only Clostridium tetani produces tetanus toxin; only Corynebacterium 

diphtheriae produces the diphtheria toxin). Usually, virulent strains of the 
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bacterium produce the toxin while nonvirulent strains do not, and the 

toxin is the major determinant of virulence (e.g. tetanus and diphtheria). 

At one time, it was thought that exotoxin production was limited mainly 

to Gram-positive bacteria, but clearly both Gram-positive and Gram-

negative bacteria produce soluble protein toxins.  

-  Bacterial protein toxins are the most powerful human poisons known 

and retain high activity at very high dilutions. The lethality of the most 

potent bacterial exotoxins is compared to the lethality of strychnine, 

snake venom, and endotoxin in Table 1 below. 

TABLE 1. LETHALITY OF BACTERIAL PROTEIN TOXINS  

Toxin  Toxic Dose 

(mg)  

Host Lethal toxicity compared 

with: 

Strychnine  Endotoxin 

(LPS)  

Snake 

Venom 

Botulinum 

toxin 

     0.8x10
-8

 Mouse     3x10
6
    3x10

7
    3x10

5
 

Tetanus 

toxin 

   4x10
-8

 Mouse     1x10
6
    1x10

7
    1x10

5
 

Shiga toxin       2.3x10
-6

 Rabbit     1x10
6
    1x10

7
    1x10

5
 

Diphtheria 

toxin 

   6x10
-5

 Guinea 

pig  

   2x10
3
    2x10

4
    2x10

2
 

 

ADP-ribosylation toxins                    Lec2                           

ADP-ribosylation is a posttranslational modification of proteins that 

involves the addition of one or more ADP-ribose moieties. These 

reactions are involved in cell signaling and the control of many cell 

processes, including DNA repair and apoptosis.
 
 

ADP ribose 

http://en.wikipedia.org/wiki/Posttranslational_modification
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/ADP-ribose
http://en.wikipedia.org/wiki/Cell_signaling
http://en.wikipedia.org/wiki/DNA_repair
http://en.wikipedia.org/wiki/Apoptosis
http://en.wikipedia.org/wiki/Adenosine_diphosphate_ribose
http://en.wikipedia.org/wiki/File:Adenosine_diphosphate_ribose.svg
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Some bacterial toxins have ADP-ribosylation activity, such as cholera 

toxin, diphtheria toxin, and pertussis toxin. These toxin proteins are ADP-

ribosyltransferases that modify target proteins in human cells.  

Diphtheria  toxin 

- In 1884, Loeffler concluded that C. diphtheriae produced a soluble 

toxin, and in 1888, Roux and Yersin demonstrated the presence of the 

toxin in the cell-free culture fluid of C. diphtheriae which, when injected 

into suitable lab animals, caused the systemic manifestation of diphtheria.  

- Two years later, von Behring and Kitasato succeeded in immunizing 

guinea pigs with a heat-attenuated form of the toxin and demonstrated 

that the sera of immunized animals contained an antitoxin capable of 

protecting other susceptible animals against the disease. This modified 

toxin was suitable for immunizing animals to obtain antitoxin, but it was 

found to cause severe local reactions in humans and could not be used as 

a vaccine. In 1909, Theobald Smith, in the U.S., demonstrated that 

diphtheria toxin that had been neutralized by antitoxin forming a Toxin-

Anti-Toxin complex ( TAT) remained immunogenic and eliminated 

local reactions seen in the modified toxin.  

For some years, beginning about 1910, TAT was used for active 

immunization against diphtheria. TAT had two undesirable characteristics 

as a vaccine:  

**First, the toxin used was highly toxic, and the quantity injected could 

result in a fatal toxemia unless the toxin was fully neutralized by 

antitoxin.  

**Second, the antitoxin mixture was horse serum, so tended to be 

allergenic and to sensitize individuals to the serum                                                                              

.                                                       

 

-  In 1913, Schick designed a skin test as a means of determining 

susceptibility or immunity to diphtheria in humans depending on the  

ability of  diphtheria toxin to cause an inflammatory reaction when very 

small amounts are injected intracutaneously . The Schick Test involves 

injecting a very small dose of the toxin under the skin of the forearm and 

http://en.wikipedia.org/wiki/Toxin
http://en.wikipedia.org/wiki/Cholera_toxin
http://en.wikipedia.org/wiki/Cholera_toxin
http://en.wikipedia.org/wiki/Diphtheria_toxin
http://en.wikipedia.org/wiki/Pertussis_toxin
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evaluating the injection site after 48 hours. A positive test (inflammatory 

reaction) indicates susceptibility (non immunity). A negative test (no 

reaction) indicates immunity (antibody neutralizes toxin) .  

                                      

- In 1924, Ramon demonstrated the conversion of diphtheria toxin to its 

nontoxic, but antigenic, equivalent (toxoid) by treating with 

formaldehyde. He provided humanity with one of the safest and surest 

vaccines of all time, the diphtheria toxoid                                                                                  

. 

- In 1951, Freeman made the remarkable discovery that pathogenic 

(toxigenic) strains of C. diphtheriae are lysogenic, (i.e., are infected by a 

temperate Beta phage), while non lysogenized strains are avirulent. 

Subsequently, it was shown that the gene for toxin production is located 

on the DNA of the Beta phage . 

- In the early 1960s, Pappenheimer and his group at Harvard conducted 

experiments on the mechanism of a action of the diphtheria toxin. They 

studied the effects of the toxin in HeLa cell cultures and in cell-free 

systems, and concluded that the toxin inhibited protein synthesis by 

blocking the transfer of amino acids from tRNA to the growing 

polypeptide chain on the ribosome. They found that this action of the 

toxin could be neutralized by prior treatment with diphtheria antitoxin . 

Subsequently, the exact mechanism of action of the toxin was shown, and 

the toxin has become a classic model of an ADP-ribosylating bacterial 

exotoxin. 

Cholera                                                                                 Lec 3 

Cholera (frequently called Asiatic cholera or epidemic cholera) is a 

 life-threatening secretory diarrhea induced by enterotoxin secreted 

by Vibrio cholera . It is Water-borne illness caused by ingesting water / 

food contaminated by V.cholera . The natural reservoir of the organism is 

not known , some evidence suggests that it is the aquatic environment. 

 Serogrouping of V. cholerae is based on the polysaccharides of the 

somatic (O) antigen. There are more than 200 serogroups of V. cholerae 

but only 2 serogroups – O1 and O139 cause epidemic disease. There is no 

proven cross-protection between these 2 serogroups. Serogroup O1 has 2 

biotypes: El Tor and classical. Both of these biotypes can be further 
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classified into 3 serotypes: Ogawa , Inaba and Hikojima . Compared with 

the classical strains, El Tor persists for longer in the environment, causes 

more asymptomatic cases . 

 V. cholerae produces cholera toxin, the model for enterotoxins, whose 

action on the mucosal epithelium is responsible for the characteristic 

diarrhea of the disease cholera. In its extreme manifestation, cholera is 

one of the most rapidly fatal illnesses known. A healthy person may 

become hypotensive within an hour of the onset of symptoms and may 

die within 2-3 hours if no treatment is provided. More commonly, the 

disease progresses from the first liquid stool to shock in 4-12 hours, with 

death following in 18 hours to several days. The watery diarrhea is 

speckled with flakes of mucus and epithelial cells ("rice-water stool") and 

contains enormous numbers of vibrios. Untreated cholera frequently 

results in high (50-60%) mortality rates.  

 

Recent Cholera Pandemics 

 

 1-6th pandemic:  

V. cholerae O1 biotype classical , 1817-1923 , Asia, Africa, Europe, 

America and Australia 

 7th pandemic: 

 V. cholerae O1 biotype El Tor . Began in Asia in 1961 Spread  to Peru in 

1991 and then to most of South & Central America and to U.S. & 

Canada. 

 

 1993: O139 serogroup (“Bengal”) – may be start of 8th 

pandemic 

 

In 1992, a new variant strain caused extensive epidemics in Bangladesh 

and India, and subsequently in other parts of south Asia. This strain (V. 

cholerae O139 Bengal) is a genetic derivative of the El Tor biotype in 

which the O1 biosynthetic genes are replaced by the O139 biosynthetic 

genes. The spread of the O139 serogroup is restricted to Asia. Serogroup 

O139 is currently responsible for 2–9% of cases in Bangladesh.  

In 1992 another variant of El Tor emerged; this has the genetic backbone 

of the El Tor biotype but produces cholera toxin formerly produced only 

by classical strains. This newly described El Tor variant has replaced the 
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original El Tor strain in several parts of Asia and Africa. These new 

variant strains appear to be associated with more severe disease. 

 

 

 

 

 

 

 

 

 

(ii) Other V. cholerae O1/O139 toxins.            Lec 4                    

Ӏ - The second toxin identified in V. cholerae O1 strains is Zot (for 

zonula occludens 

toxin). Zonula occludens toxin (Zot) was discovered in V. cholerae when 

live oral vaccines, constructed by deletion of V. cholerae sequences 

encoding the A subunit of the CT, were applied to volunteers. These 

strains still provoked diarrhea (mild to moderate) in some volunteers due 

to the presence of another toxin that interacts with tight junctions (TJs) 

affecting the paracellular pathway. Zot possesses multiple domains that 

allow a dual function of the protein as a morphogenetic phage peptide for 

the Vibrio cholerae phage CTXφ and as an enterotoxin that modulates 

intestinal TJs , and  its action is mediated by intracellular signaling that 

leads to a reduces the actin filaments (changing the F- and G-actin pools). 

The change of actin microfilaments increases intestinal epithelial 

permeability by affecting the TJs.  

Several signal transduction mechanisms (e.g., calcium, PKC, tyrosine 

kinase, cyclic AMP) have been shown to regulate tight junctions in 

intestinal epithelial cells , and current data revealed that  PKC involve in 

the response of intestinal cells to Zot .  

Zot action is mediated by a cascade of intracellular events that lead to a 

protein kinase C (PKC)α dependent polymerisation of actin 

microfilaments strategically localized to regulate the paracellular pathway 

(fig ).  

The zot gene encodes a predicted 44.8-kDa peptide , whose native form 

has not yet been purified. The zot gene is present in most O1 and O139 

strains, and if a strain is CT positive, it is almost always zot positive. The 
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onset of action of crude Zot is immediate, and the activity is reversible. 

Freeze-fracture analysis of the zonula occludens reveals a marked 

decrease in the number of junctional strands. Furthermore, Zot has been 

reported to cause F-actin rearrangement in rat intestinal epithelial cells 

(IEC-6 cells) in vitro and rabbit ileum in vivo . In an endothelial cell line, 

Zot treatment increased the proportion of F to G actin (F-actin 

rearrangement)  and suggest that Zot may contribute to diarrhea in 

cholera by altering the permeability of intestinal tissue. 

Based on this observation, it was supposed that Zot may mimic the effect 

of a functionally and immunologically related endogenous modulator of 

epithelial TJs. The combination of affinity purified anti-Zot antibodies 

and the Ussing chamber assay allowed the identification of zonulin, an 

intestinal Zot analogue. Zonulin has a molecular weight of 47 kDa, an N 

terminal receptor binding motif that is structurally and functionally 

similar to the Zot binding motif, and a C terminal domain probably 

involved in the rearrangement of cytoskeletal elements functionally 

connected to intercellular TJs. 
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Figure 1. Proposed zonulin intracellular signaling leading to the 

opening of intestinal TJ. Zonulin interacts with a specific surface 

receptor (1) whose distribution within the intestine varies. The 

protein then activates phospholipase C (2) that hydrolyzes 

phosphatidyl inositol (3) to release inositol 1,4,5-Tris phosphate (PPI-

3) and diacylglycerol (DAG) (4). PKC-_ is then activated (5), either 

directly (via DAG) (4) or through the release of intracellular Ca2_ 

(via PPI-3) (4a). Membrane-associated, activated PKC-_ (6) catalyzes 

the phosphorylation of target protein(s), with subsequent 

polymerization of soluble G-actin in F-actin (7). This polymerization 

causes the rearrangement of the filaments of actin and the 

subsequent displacement of proteins (including ZO-1) from the 

junctional complex (8). As a result, intestinal TJs become looser (see 

freeze fracture electron microscopy). Once zonulin signaling is over, 

the TJs resume their baseline steady state.  
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Intestinal Diseases Caused by E. coli                   lec5         

As a pathogen, E. coli is best known for its ability to cause intestinal 

diseases. 

Five classes (virotypes) of E. coli that cause diarrheal diseases are now 

recognized: enterotoxigenic E. coli (ETEC), enteroinvasive E. coli 

(EIEC), enterohemorrhagic E. coli (EHEC), enteropathogenic E. coli 

(EPEC), and enteroaggregative E. coli (EAEC). 

 Each class falls within a serological subgroup and manifests distinct 

features in pathogenesis. A summary of the characteristics of 

diarrheagenic strains of E. coli is given in Table 1. 

 

A summary of the characteristics of diarrheagenic strains of E. coli 

 

ETEC virulence 

determinants 

fimbrial adhesins e.g. the K-88 fimbrial Ag 

is found on strains from piglets; K-99 Ag is 

found on strains from calves and lambs;  

CFA I, and CFA II, are found on strains 

from humans non invasive. 

The infectious dose 10
8
 cells 

 

toxin produce LT and/or ST toxin  (plasmid-

encoded toxins) 

 

characteristics 

of 

 disease 

watery diarrhea in infants and travelers; no 

inflammation, no fever 

The 

interaction 

with 

eukaryotic 

cells 

ETEC adhere to small bowel enterocytes 

and induce watery diarrhoea by the 

secretion of heat-labile (LT) and/or heat-

stable (ST) enterotoxins.  
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EIEC virulence 

determinants 

nonfimbrial adhesins, possibly outer 

membrane protein , invasive (penetrate and 

multiply within epithelial cells). 

The infectious dose 10
6
 organisms . Unlike 

typical E. coli, EIEC are non-motile, do not 

decarboxylate lysine and do not ferment 

lactose. 

 Both plasmid and chromosomal genes are 

involved in conferring pathogenicity. 

The invasion phenotype, encoded by a high 

molecular weight plasmid 

 

toxin does not produce shiga toxin 

 

characteristics 

of 

 disease 

dysentery-like diarrhea (mucous, blood), 

severe inflammation, fever 

The 

interaction 

with 

eukaryotic 

cells 

EIEC invades the colonic epithelial cell, lyses 

the phagosome and moves through the cell 

by nucleating actin microfilaments. The 

bacteria might move laterally through the 

epithelium by direct cell-to-cell spread or 

might exit and re-enter the baso-lateral 

plasma membrane.  
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EPEC virulence 

determinants 

non fimbrial adhesin (intimin) a plasmid-

encoded protein referred to as 

EPECadherence factor (EAF) enables 

localized adherence of bacteria to intestinal 

cells. 

Moderately invasive (not as invasive as 

Shigella or EIEC). 

The infectious dose 10
6
 organisms 

Some types of EPEC are referred to as 

diffusely adherent E. coli (DAEC). 

 

toxin does not produce LT or ST; some reports of 

shiga-like toxin 

 

characteristics 

of 

 disease 

usually infantile diarrhea; watery diarrhea 

with blood, some inflammation, no fever; 

symptoms probably result mainly from 

invasion rather than toxigenesis 

 

The 

interaction 

with 

eukaryotic 

cells 

- EPEC adhere to small bowel enterocytes, 

but destroy the normal microvillar 

architecture, inducing the characteristic 

attaching and effacing lesion. Cytoskeletal 

derangements are accompanied by an 

inflammatory response and diarrhoea by 

activation of at least two kinases, PKC and 

myosin light
 
chain kinase,  

1. Initial adhesion, 2. Protein translocation 
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by type III secretion,  

3. Pedestal formation. 

- DAEC elicits a characteristic signal 

transduction effect in small bowel 

enterocytes that manifests as the growth of 

long finger-like cellular projections, which 

wrap around the bacteria.  

     

 

 

 

Bordetella pertussis                                                     Lec6 

 

Whooping cough (pertussis) is caused by the bacterium Bordetella 

pertussis. It colonizes the cilia of the mammalian respiratory 

epithelium(Figure 1). The bacterium is a pathogen for humans and possibly 

for higher primates, and no other reservoir is known. Whooping cough is a 

relatively  mild disease in adults but has a significant mortality rate in 

infants. Until immunization  was  introduced in the 1930s. 
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Figure 1. Colonization of tracheal epithelial cells by Bordetella 

pertussis 

 

Studies of B. pertussis and its adhesins have focused on cultured 

mammalian cells that lack most of the features of ciliated epithelial cells. 

However, some generalities have been drawn. The two most important 

colonization factors are the filamentous hemagglutinin (FHA) and the 

pertussis toxin (PTx). 

 

 Filamentous hemagglutinin is a large (220 kDa) protein that forms 

filamentous structures on the cell surface. FHA binds to galactose 

residues on a sulfated glycolipid called sulfatide which is very common 

on the surface of ciliated cells. Mutations in the FHA structural gene 

reduce the ability of the organism to colonize, and antibodies against 

FHA provide protection against infection. The structural gene for FHA 

has been cloned and expressed in E. coli, raising the possibility of its 

production for use in a component vaccine.  

One of the toxins of B. pertussis, the pertussis toxin (PTx), is also 

involved in adherence to the tracheal epithelium. Pertussis toxin is 

composed of six subunits: S1, S2, S3, (2)S4, and S5. The toxin is both 

secreted into the extracellular fluid and cell bound. Some components of 

the cell-bound toxin (S2 and S3) function as adhesins, and appear to bind 

the bacteria to host cells. S2 and S3 utilize different receptors on host 

cells.  
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S2 binds specifically to a glycolipid called lactosylceramide, which is 

found primarily on the ciliated epithelial cells. S3 binds to a glycoprotein 

found mainly on phagocytic cells.  

The S3 subunit of pertussis toxin is able to bind to the surface of 

phagocytes  in order to facilitate its own engulfment. Bacteria taken up by 

abnormal route may avoid stimulating the oxidative burst that normally 

accompanies phagocytic uptake of bacterial cells which are opsonized by 

antibodies or complement C3b. Once inside of cells the bacteria might 

utilize other toxins (i.e. adenylate cyclase toxin) to compromise the 

bactericidal activities of phagocytes.   

B. pertussis produces at least two other types of adhesins, two types of 

fimbriae and a nonfimbrial surface protein called pertactin, but their role 

in adherence and pathogenesis is not well established. 

 

 

 

 

ii) Toxins that act on 28S rRNA                            Lec7 

Shiga toxins are a family of related toxins Stx, Stx1 and Stx2. Shiga toxin 

(chromosomally encoded) is a potent cytotoxin produced by the enteric 

pathogens Shigella dysenteriae serotype I and involved in the 

pathogenesis of shigellosis, whilst shiga-like toxins (phage encoded) are 

http://en.wikipedia.org/wiki/Exotoxin
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primarily produced by a collective group of E. coli strains called Stx-

producing E. coli (STEC) which includes serotype O157:H7 and other 

enterohemorrhagic E. coli (EHEC).They share a common mode of action.  

The toxin requires highly specific receptors on the cells' surface in order 

to attach and enter the cell; species such as cattle, swine, and deer which 

do not carry these receptors may harbor toxigenic bacteria without any ill 

effect, shedding them in their feces, from where they may be spread to 

humans. The syndromes associated with shiga toxin include dysentery, 

hemorrhagic colitis, and hemolytic uremic syndrome. The onset of 

symptoms is generally within a few hours, with higher doses leading to 

more rapid onset. There is no antidote for the toxin. Supportive care 

requires maintenance of fluid and electrolyte levels, and monitoring and 

support of kidney function. Immunoassays are available for rapid 

diagnosis of the toxin. 

Initially, shiga-like toxin was called Verotoxin due to its cytotoxicity 

against Vero cells in culture. Upon the discovery that Verotoxin could be 

neutralized by an antitoxin against purified Stx from Shigella, the name 

Stx came into use and is the more common name to date . 

Table. The toxin has been given several trivial names depending on 

the bacterium that produces it and the gene that encodes it.  

Source  

Organism 

Gene   

Designation 

Toxin  

Name 

Older   

Names 

Shigella   

dysenteriae, type I  
stx 

Shiga toxin  

(Stx) 
Shiga toxin 

Escherichia  

coli  
stx1 

Shiga toxin 1  

(Stx1) 

Shiga-like toxin I,   

Verotoxin 1 

  stx2 
Shiga toxin 2  

(Stx2) 

Shiga-like toxin II,  

Verotoxin 2 
 

Characteristics of Shiga Toxin  Enterotoxic, neurotoxic and cytotoxic. 

Encoded by chromosomal genes. Two subunits (A-5B) structure 

*Enterotoxic effect:  

http://en.wikipedia.org/wiki/Serotype
http://en.wikipedia.org/wiki/Escherichia_coli_O157:H7
http://en.wikipedia.org/wiki/Receptor_(biochemistry)
http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Species
http://en.wikipedia.org/wiki/Cattle
http://en.wikipedia.org/wiki/Swine
http://en.wikipedia.org/wiki/Deer
http://en.wikipedia.org/wiki/Feces
http://en.wikipedia.org/wiki/Dysentery
http://en.wikipedia.org/wiki/Hemolytic_uremic_syndrome
http://en.wikipedia.org/wiki/Electrolyte
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Shiga toxin adheres to small intestine receptors .Blocks absorption 

(uptake) of electrolytes, glucose, and amino acids from the intestinal 

lumen . 

*Cytotoxic Effect:   

-B subunit of Shiga toxin binds host cell glycolipid 

-A subunit is internalized via receptor-mediated endocytosis .Causes 

irreversible inactivation of the 60S ribosomal subunit, thereby causing: 

Inhibition of protein synthesis , cell death and microvasculature damage 

to the intestine . Hemorrhage (blood & fecal leukocytes in stool) 

*Neurotoxic Effect: Fever, abdominal cramping are  considered signs of 

neurotoxicity. 

Structure 

The toxin has two subunits molecular weight of 68,000 da /designated 

A(32,000 molecular weight)  and B(7,700 molecular weight)  is one of 

the AB5 toxins.  

Five copies of the B-subunit protein associate to form a pentamer with 

five-fold symmetry. In spite of this structure is resemble that of the B-

subunit of cholera toxin, the amino acid sequences are very different.  

 

The B subunit is binds to specific glycolipids on the host cell, specifically 

globotriaosylceramide (Gb3). Gb3 is expressed by Paneth cells in the 

intestinal mucosa and by kidney epithelial cells.  Following the binding , 

A subunit is proteolytically
 
nicked to yield a ca. 28-kDa peptide (A1) and 

a 4-kDa peptide
 
(A2); these peptides remain linked by a disulfide bond. 

The A1
 
peptide contains the enzymatic activity, and the A2 peptide serves

 

to bind the A subunit to a pentamer of five identical subunits.The A1 

component then binds to the ribosome, disrupting protein synthesis.  

 

Gb3 is, for unknown reasons, present in greater amounts in renal 

epithelial tissues, to which the renal toxicity of Shiga toxin may be 

attributed. Gb3 is also found in CNS neurons and endothelium, which 

may lead to neurotoxicity.  

Mechanism of Action of Shiga Toxin 

http://en.wikipedia.org/wiki/Atomic_mass_unit
http://en.wikipedia.org/wiki/AB5_toxin
http://en.wikipedia.org/wiki/Glycolipid
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The toxin is effective against small blood vessels, such as found in the 

digestive tract, the kidney, and lungs. The toxin acts on the lining of the 

blood vessels (the vascular endothelium ) . The vascular endothelium of 

the glomerulus is a specific target for the toxin,  glomerulus is the 

filtering structure that is a key to the function of the kidney. Destroying 

these structures leads to kidney failure and the development of the often 

deadly and frequently hemolytic uremic syndrome.  

The B subunits of the toxin bind to a component of the cell membrane of 

eukaryotic cells ( Gb3) and the complex enters the cell. Upon receptor 

binding, Stx is endocytosed by the  eukaryotic cell, bypasses the late 

endocytic pathway and undergo retrograde transport from the trans-Golgi 

network to the endoplasmic reticulum (ER) where it encounters its target. 

 

Tetanus toxin                                                                                        

Lec8 

Tetanus toxin is the neurotoxin produced by the vegetative cell of 

Clostridium tetani in anaerobic conditions, causing tetanus. It is 

sometimes called spasmogenic toxin, tetanospasmin or abbreviated to 

TeTx or TeNT. C. tetani also produces the exotoxin tetanolysin, the 

effects of which are as yet unclear.The genes encoding these toxin are 

located on separate plasmids within the bacterium. 

Ttanus toxin spreads through tissue spaces into the lymphatic and 

vascular systems. It enters the nervous system at the neuromuscular 

junctions and migrates through nerve trunks and into the central nervous 

system (CNS) by retrograde axonal transport by using dyneins.  

 Structure 

The protein tetanus toxin has a molecular weight of 150kDa. It is made 

up of two parts: a 100kDa heavy or B-chain and a 50kDa light or A-

chain. The chains are connected by a disulfide bond. 

http://en.wikipedia.org/wiki/Neurotoxin
http://en.wikipedia.org/wiki/Clostridium_tetani
http://en.wikipedia.org/wiki/Hypoxia_(environmental)
http://en.wikipedia.org/wiki/Tetanus
http://en.wikipedia.org/wiki/Exotoxin
http://en.wikipedia.org/wiki/Tetanolysin
http://en.wikipedia.org/wiki/Lymphatic_system
http://en.wikipedia.org/wiki/Vascular_system
http://en.wikipedia.org/wiki/Neuromuscular_junction
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 The B-chain binds to disialogangliosides (GD2 and GD1b) on the 

neuronal membrane.  

 The A-chain, a zinc endopeptidase, attacks the vesicle-associated 

membrane protein (VAMP).  

ToxinAction 

 

Tetanospasmin initially binds to peripheral nerve terminals. It is 

transported within the axon and across synaptic junctions until it reaches 

the central nervous system. There it rapidly bind to gangliosides at the 

presynaptic inhibitory motor nerve endings, and is taken up into the axon 

by endocytosis.  

The effect of the toxin is to block the release of inhibitory 

neurotransmitters (glycine and gamma-amino butyric acid) across the 

synaptic cleft, which is required to inhibit nervous impulse. This produces 

the generalized muscular spasms characteristic of tetanus. Tetanospasmin 

appears to act by selective cleavage of a protein component of synaptic 

vesicles, synaptobrevin II, and this prevents the release of 

neurotransmitters by the cells. 

The receptor to which tetanospasmin binds has been reported as 

ganglioside GT and/or GD1b. Binding appears to depend on the number 

and position of sialic acid residues on the ganglioside. Isolated B 

fragments, but not A fragments, will bind to the ganglioside. The A 

fragment has toxic (enzymatic) activity after the B fragment secures its 

entry. Binding appears to be an irreversible event so that recovery 

depends on sprouting a new axon terminal.  

 

http://en.wikipedia.org/wiki/Vesicle-associated_membrane_protein
http://en.wikipedia.org/wiki/Vesicle-associated_membrane_protein
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The action of the A-chain stops the affected neurons from releasing the 

inhibitory neurotransmitters GABA (gamma-aminobutyric acid) and 

glycine by degrading the protein synaptobrevin. The consequence of this 

is dangerous overactivity in the muscles from the smallest stimulus,the 

failure of inhibition of motor reflexes by sensory stimulation. This causes 

generalized contractions of the agonist and antagonist musculature, 

termed a tetanic spasm. 

 
 

 

 

 

 

 

 

Pore-forming toxins                                 Lec. 9 

Staphylococcal alpha toxin (alpha-hemolysin) 

 The best characterized and most potent membrane-damaging toxin of S. 

aureus is alpha toxin. It is expressed as a monomer that binds to the 

membrane of susceptible cells. Subunits then oligomerize to form 

heptameric rings with a central pore through which cellular contents leak.  

http://en.wikipedia.org/wiki/Neurotransmitter
http://en.wikipedia.org/wiki/GABA
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In humans, platelets and monocytes are particularly sensitive to alpha 

toxin. Susceptible cells have a specific receptor for alpha toxin which 

allows the toxin to bind causing small pores through which monovalent 

cations can pass. The mode of action of alpha hemolysin is likely by 

osmotic lysis. 

 

                                                              

Staphylococcal alph-toxin (haemolysin) is known to be produced in vivo. 

It is important in killing neutrophils . It probably has the narrowest 

substrate specificity among the phospholipases, and is a hot-cold 

haemolysin , lysis of erythrocytes occurs only on cooling after incubation 

at 37.The most likely explanation of this phenomenon is that, when 

cooled below their phase-transition temperature, the remaining 

phospholipids undergo quasi-crystalline formation, thereby generating 

intramembranous stresses incompatible with structural integrity. 

Epsilon Toxin (ETX) 

ETX is an example of an aerolysin like, pore-forming toxin. C. 

perfringens ETX and C. septicum alpha-toxin are structurally related to 

aerolysin although ETX shows no significant sequence homology with 

aerolysin at the amino acid level. ETX and C. septicum alpha-toxin form 
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heptameric pores, like aerolysin, and are very potent cytolysins. ETX is 

considered the major virulence factor of C. perfringens types B and D . 

This toxin causes blood pressure elevation, increased contractility of 

smooth muscle, vascular permeability increase, as well as brain and lung 

edema in multiple animal species, while in goats ETX also causes colitis .  

ETX is the third most potent clostridial toxin after botulinum toxin and 

tetanus toxin, with a mouse lethal dose of 100 ng/kg . ETX is secreted as 

a prototoxin  , which is converted into a fully active toxin (~1000 times 

more toxic than the prototoxin) when activated by proteases such as 

trypsin, chymotrypsin, and a metalloproteinase named lambda toxin that 

is produced by C. perfringens . 

ETX is also active on a few cell lines .The cytotoxicity is associated with 

pore formation that causes a rapid loss of intracellular K+, an increase of 

Cl- and Na+, with an increase of Ca++ occurring later.  

ETX induces a rapid and dramatic increase in permeability and it is 

thought that pore formation in the cell membrane is likely responsible for 

the permeability change of cell monolayers. Actin cytoskeleton and 

organization of tight and adherents junctions are not altered upon ETX 

treatment. 

 

Bacillus cereus TOXINS                              Lec 10 

Bacillus cereus has been recognized as an agent of food poisoning since 

1955. There are only a few outbreaks a year reported by CDC. It is not a 

reportable disease, and usually goes undiagnosed. Key virulent factors of 

B. cereus include the ability to form endospores and produce enterotoxins 

and emetic toxins. There are two types of clinical syndromes associated 

with each toxin, namely, rapid-onset emetic syndrome"short-

incubation" and slow-onset diarrheal syndrome"long-incubation", it 

resembles food poisoning caused by Clostridium perfringens. 

  

The diarrheal type is caused by three enterotoxins, namely, haemolysin 

BL (HBL), a non-hemolytic enterotoxin (NHE), and cytotoxin K (CytK). 

All three enterotoxins are cytotoxic and cell membrane active toxins that 

will make holes or channels in membranes. HBL and NHE  proteins 

exhibit a conformation known as 'beta-barrel' that can insert into cellular 

membranes, thus creating pores or channels on the cell membranes of 

target cells. The effect is loss of cellular membrane potential and 
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eventually cell death. These enterotoxins can also activate the adenylyl 

cyclase pathway, leading to intestinal fluid secretion.  

 

  -CytK is a single component protein that has not been shown to be 

involved in food poisoning. It  is also a pore-forming protein, but is more 

related to other hemolysins.  

 

- Nhe is composed of NheA, NheB and NheC. The three genes encoding 

the Nhe components constitute an operon. The nhe genes have been 

cloned separately, and expressed in either Bacillus subtilis or Escherichia 

coli. Separate expression showed that all three components are required 

for biological activity.  

 

- The hemolytic enterotoxin, HBL, is encoded by the hblCDA operon. 

The three protein components, L1, L2 and B, constitute a hemolysin. B is 

for binding; L1 and L2 are lytic components. This toxin also has 

dermonecrotic and vascular permeability activities, and it causes fluid 

accumulation in rabbit ileal loops. 

   

The other clinical illness B. cereus triggers is the emetic type. It is 

characterized by nausea and vomiting and abdominal cramps and has an 

incubation period of 1 to 6 hours. It resembles Staphylococcus aureus 

food poisoning in its symptoms and incubation period. The emetic 

syndrome is caused by a heat-stabile toxin called cereulide that is found 

only in emetic strains and is not part of the standard pathogenesis of B. 

cereus. Cereulide is a ring-shaped structure contains three repeats of four 

amino acids. Cereulide is believed to either function as a potassium ion 

channel that alters the cell membrane permeability of nerve cells or 

activate 5-HT3 (serotonin) receptors, leading to increased afferent vagus 

nerve stimulation.  

 

C. perfringens enterotoxin (CPE) 

The major virulence factor of C. perfringens is the CPE enterotoxin, 

which is secreted upon invasion of the host gut, and contributes to food 

poisoning and other gastrointestinal illnesses. It has a molecular weight of 

35.3kDa, and is responsible for the disintegration of tight junctions 

file:///C:/Users/user/Desktop/Bacillus%20cereus%20»%20Gram-Positive%20Bacteria%20»%20Pathogen%20Profile%20Dictionary.htm%23d4
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between endothelial cells in the gut. This mechanism is mediated by host 

claudin-3 and claudin-4 receptors, situated at the tight junctions. 

 

CPE is a 319 amino acid protein consisting of an N-terminal domain, 

which is important for pore formation and cytotoxicity, and a C-terminal 

domain that mediates receptor binding . CPE action starts when the toxin 

binds to claudin receptors , forming a small complex . Several small 

complexes then oligomerize on the membrane surface to form a prepore 

named CH-1 ; CH-1 minimally contains six copies of CPE, claudin 

receptor . After its formation, the CH-1 prepore inserts into the membrane 

bilayer to generate a cation-selective pore . The resultant calcium influx 

activates apoptotic death pathways that cause morphologic damage to the 

CPE treated cells, allowing CPE to interact with occludin and additional 

claudins to form a second CPE complex named CH-2 . Formation of CH-

2 induce  permeability changes and diarrhea. 

 

                                                                                                                 

Toxins acting on the cell surface: Immune system (Superantigens):  

 

S. aureus secretes two types of toxins with superantigen activity, enterotoxins (heat-

stable proteins), and toxic shock syndrome toxin (TSST). 

More than 20 staphylococcal enterotoxins (SEs) have been discovered that 

demonstrate superantigenic (SAg) properties against T cells. Several classical types 

(SEA, SEB, SEC, SED, and SEE) have been characterized . Recently, SEG, SEH, SEI, 

SER, SES, and SET were identified as potential agents of food poisoning . In addition, 

new proteins (SE-like toxin J [SElJ], SElK, SElL, SElM, SElN, SElO, SElP, SElQ, 

SElU, SElV, and SElX) with amino acid sequences that are similar to those of the 

above-mentioned SEs have been identified. 

• Some S. aureus strains are able to produce staphylococcal enterotoxins (SEs) in 

food matrices and are responsible for food poisoning, characterized by such 

symptoms as nausea, vomiting, abdominal cramps, and diarrhea2-6 hrs after 

consuming food contaminated by toxin. In France S. aureus is reported as the most 

frequent pathogen involved in food-borne diseases associated with dairy products 

and especially with raw milk cheeses. The toxin is relatively heat stable, resisting 

100°c for 10-40 mins depending on the concentration of the toxin and the nature of 

the medium.  

• The toxin acts directly on autonomic nervous system to cause illness. 

http://en.wikipedia.org/wiki/CLDN3
http://en.wikipedia.org/wiki/CLDN4
http://en.wikipedia.org/wiki/Tight_junction
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• The toxin is very potent . It also exhibit pyrogenic, mitogenic, hypotensive, 

thrombocytopenic and cytotoxic effect. Sensitive serological tests such as latex 

agglutination and ELISA are available for detection of toxin. 

 

Toxic shock syndrome 

It is potentially fatal multisystem disease presenting with fever, hypotension,  

vomiting, diarrhea, and an erythromatous rash. TSST type 1 is often more responsible, 

enterotoxins can also cause toxic shock syndrome. In fact, enterotoxins B and C cause 

50% of non-menstrual cases of TSS.  

 

TSST-1 is weakly related to enterotoxins, but it does not have emetic activity. TSST-1 

is responsible for 75% of TSS, including all menstrual cases. TSS can occur as a 

sequel to any staphylococcal infection if an enterotoxin or TSST-1 is released 

systemically, and the host lacks appropriate neutralizing antibodies. 

 

 Superantigens stimulate T cells non-specifically without normal antigenic recognition 

Up to one in five T cells may be activated, whereas only 1 in 10,000 are stimulated 

during a usual antigen presentation. Cytokines from lymphocytes (e.g. interleukin-2, 

tumor necrosis factor ß, interferon gamma) and monocytes (e.g. IL-1, IL-6, tumor 

necrosis factor a). These cytokines serve as mediators of the hypotension, high fever, 

and diffuse erythematous rash that are characteristic of toxic-shock syndrome.  

 

Staphylococcal exfoliatins (ETs) 

 Staphylococcal exfoliatin (epidermolysin) is important in staphylococcal'scalded skin 

syndrome' (SSSS), a disease of newborn babies. The disease is characterised by a 

region of erythema which usually begins around the mouth and, in 1-2 days, extends 

over the whole body. The most striking feature of the disease, however, is that the 

epidermis, although apparently healthy, can be displaced and wrinkled like the skin of 

a ripe peach by the slightest pressure. Soon large areas of epidermis become lifted by a 

layer of serous fluid and peel at the slightest touch. Large areas of the body rapidly 

become denuded in this way and the symptoms resemble those of massive scalding. 

The toxin causes cleavage of desmosomes (specialised cell membrane thickenings 

through which cells are attached to each other) in the stratum granulosum. 

 

 ETs are serine proteases with high substrate specificity, which selectively recognize 

and hydrolyze desmosomal proteins in the skin. There are two antigenically distinct 

forms of the toxin, ETA and ETB. The toxins have esterase and protease activity and 
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apparently target a protein which is involved in maintaining the integrity of the 

epidermis. . Staphylococcal exfoliative toxin B has been shown to specifically cleave 

desmoglein 1, a cadherin that is found in desmosomes in the epidermis. 

In SSSS, blistering affects only the superficial skin and not the mucosa or deeper skin 

layers. This phenomenon is elegantly explained by the selectivity of desmoglein 

cleavage and the differential expression of particular desmogleins in different layers of 

the skin and mucosa. The ETs selectively hydrolyze Dsg-1, whereas Dsg-3 remains 

unaffected.  

 

Fig: Differential distribution of desmoglein isoforms in the epidermis explains the 

exfoliative-toxin-induced splitting at the stratum granulosum. Schematic 

representation of the desmoglein distribution in (A) healthy skin and (B) skin 

exposed to exfoliative toxin. In all strata, except the stratum granulosum, the 

exfoliative-toxin-mediated hydrolysis of desmoglein 1 (Dsg-1) is compensated by 

desmoglein 3 (Dsg-3). Dsg-3 is absent in the stratum granulosum, which explains 

the cell detachment and the splitting of the epidermal layers upon the hydrolysis 

of Dsg-1. 

 (V ) Cell-associated toxins                      

There are two chemically distinct types of toxin considered: lipopolysaccharide 

(endotoxin; LPS) and protein. The Gram-negative bacteria produce endotoxin.  

However, the examination of cell-bound proteins of Yersinia pestis from organisms 

grown in vivo led to the discovery of a toxin lethal for mice and guinea-pigs.                                                                                      

Protein toxins of Yersinia pestis 

Plague is one of the most deadly diseases of man'the black death' and has, over 

several thousands of years, claimed millions of lives. The causative organism of 

plague, Yersinia pestis, is primarily a parasite of rodents in which it is endemic in 
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many areas of the world. Only when man comes into close proximity with infected 

rodents do outbreaks of human plague occur. The disease is spread from rat to rat and 

from rat to man by fleas                                                          .                                                        

The principal features of human plague can be reproduced in guinea pigs and mice. 

The symptoms of plague - high fever and vascular damage – are characteristic of 

intoxication with endotoxin. However, it is extremely unlikely that endotoxin alone is 

the main toxin involved in plague. It is much more likely to act in conjunction with 

one or more other potentially toxic fractions from Y. pestis.  

*Plague murine toxin is a protein which, although highly lethal for mice and rats, is 

relatively nontoxic for guinea-pigs, rabbits, dogs and monkeys.  

*A completely separate guinea-pig toxin complex exists comprising at least two cell 

wall/ membrane protein components, one of which will kill mice, although both are 

needed to kill guinea-pigs. However, the nature of the toxin or toxins of Y. pestis and 

their role in the human disease syndrome are still far from clear.            

 

Endotoxins 

Endotoxins are part of the outer membrane of the cell wall of Gram-negative bacteria 

.Endotoxin is invariably associated with Gram-negative bacteria whether the 

organisms are pathogenic or not. Although the term "endotoxin" is occasionally used 

to refer to any cell-associated bacterial toxin, in bacteriology it is properly reserved to 

refer to the lipopolysaccharide complex associated with the outer membrane of 

Gram-negative  pathogens such as Escherichia coli, Salmonella, Shigella, 

Pseudomonas, Neisseria, Haemophilus influenzae, Bordetella pertussis and Vibrio 

cholerae. The biological activity of endotoxin is associated with the 

lipopolysaccharide (LPS). Toxicity is associated with the lipid component (Lipid A) 

and immunogenicity is associated with the polysaccharide components. 

 

Compared to the classic exotoxins of bacteria, endotoxins are less potent and less 

specific in their action, since they do not act enzymatically. Endotoxins are heat 

stable (boiling for 30 minutes does not destabilize endotoxin), but certain powerful 

oxidizing agents such as superoxide, peroxide and hypochlorite, have been reported 

to neutralize them. Endotoxins, although antigenic, cannot be converted to toxoids.  

LPS can be extracted from whole cells by treatment with 45% phenol at 90
o
. Mild 

hydrolysis of LPS yields Lipid A plus polysaccharide.  
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LPS and virulence of Gram-negative Bacteria  

- The O polysaccharide and virulence  

Virulence, and the property of "smoothness",  is associated with an intact O 

polysaccharide,  The involvement of the  polysaccharide chain in virulence is shown 

by the fact that small changes in the sugar sequences in the side chains of LPS result 

in major changes in virulence. How are the polysaccharide side chains involved in the 

expression of virulence? There are a number of possibilities:  

1. O-specific antigens could allow organisms to adhere specifically to certain 

tissues, especially epithelial tissues.   

2. Smooth antigens probably allow resistance to phagocytes, since rough mutants are 

more readily engulfed and destroyed by phagocytes.  

3. The hydrophilic O polysaccharides could act as water-solubilizing carriers for 

toxic Lipid A. It is known that the exact structure of the polysaccharide can greatly 

influence water binding capacity at the cell surface.  

4. The O antigens could provide protection from damaging reactions with 

antibody and complement.  

5. The O-polysaccharide or O antigen is the basis of antigenic variation among 

many important Gram-negative pathogens including E. coli, Salmonella and Vibrio 

cholerae.  

- Lipid A and virulence  

The physiological activities of LPS are mediated mainly by the Lipid A component of 

LPS. Lipid A is a powerful biological response modifier that can stimulate the 

mammalian immune system.                             .  
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- The injection of living or killed Gram-negative cells or purified LPS into 

experimental animals causes a wide spectrum of nonspecific pathophysiological 

reactions, such as fever, changes in white blood cell counts, disseminated 

intravascular coagulation, hypotension, shock and death. Injection of fairly small 

doses of endotoxin results in death in most mammals.  

 

In monocytes and macrophages, three types of events are triggered during their 

interaction with LPS:  

 

1. Production of cytokines, including IL-1("endogenous pyrogen"), IL-6, IL-8, 

tumor necrosis factor (TNF) and platelet-activating factor. These, in turn, stimulate 

production of prostaglandins and leukotrienes. These are powerful mediators of 

inflammation and septic shock that accompanies endotoxin toxemia  

 

2. Activation of the complement cascade. C3a and C5a cause histamine release and 

affect neutrophil chemotaxis and accumulation. The result is inflammation.  

 

3. Activation of the coagulation cascade.  Initial activation of Hageman factor 

(blood-clotting Factor XII) can activate several humoral systems resulting in                                       

: 

 a. coagulation, thrombosis   

 b. activation of the complement alternative pathway (which leads to inflammation)    

c. plasmin activation which leads to fibrinolysis and hemorrhaging    

 d. kinin activation releases bradykinins and other vasoactive peptides which causes 

hypotension . 

The net effect is to induce inflammation, intravascular coagulation, hemorrhage and 

shock. LPS also acts as a B cell mitogen, stimulating the polyclonal differentiation 

and multiplication of B-cells and the secretion of immunoglobulins, especially IgG 

and IgM. 

 

Delta endotoxins (δ-endotoxins) 

    

 also called Cry and (Cyt toxins) are pore-forming toxins produced by Bacillus 

thuringiensis species of bacteria. They are useful for their insecticidal action. During 

spore formation the bacteria produce crystals of this protein. When an insect ingests 

these proteins, they are activated by proteolytic cleavage. The N-terminus is cleaved 

in all of the proteins and a C-terminal extension is cleaved in some members.  

http://en.wikipedia.org/wiki/Pore-forming_toxin
http://en.wikipedia.org/wiki/Bacillus_thuringiensis
http://en.wikipedia.org/wiki/Bacillus_thuringiensis
http://en.wikipedia.org/wiki/Insecticidal
http://en.wikipedia.org/wiki/Spore


Bacterial Toxins                                                Prof. Dr. May Talib Flayyih  

 

 

Once activated, the endotoxin binds to the gut epithelium and causes cell lysis by the 

formation of cation-selective channels, which leads to death. The activated region of 

the delta toxin is composed of three distinct structural domains: an N-terminal helical 

bundle domain involved in membrane insertion and pore formation; a beta-sheet 

central domain involved in receptor binding; and a C-terminal beta-sandwich domain 

that interacts with the N-terminal domain to form a channel. 

 

 

                        

    

 
    

 

 

 


