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acid groups present. Two structures convey acidity to this molecule. The pyrrole ring (designated 
A) contains two unsaturations that withdraw electrons from the nitrogen atom, thereby making it 
more positive and repelling the hydrogen atom (proton). Ring C carries two carbonyl groups 
(C=O) and one ethylenic group (C=C). These unsaturated groups are electron-withdrawing in 
relation to the sole hydroxy group (-OH), making the oxygen atom more positive and repelling 
the attached hydrogen atom (proton). The result of these proton repulsions is to make either the 
oxygen of the –OH group or the nitrogen of the =NH group (or possibly both) negatively 
charged. An acid is a substance capable of releasing protons into solution. 

 
The two methyl groups (-CH3) attached to ring B are electron-contributing, making the 

tertiary nitrogen (bound to three carbon atoms) shared by fused rings B and C more basic (more 
able to bind a proton). Thus, the protons liberated from either the –OH or the =NH groups are 
capable of binding to the basic nitrogen shared by rings B and C, thereby becoming a four-
bonded nitrogen carrying a positive charge. This, combined with the negative =N- or negative –
O- atoms, form what is known as an “internal salt” or zwitterions, in which both the positive and 
negative charges of the salt are present in the same molecule. See Chart 10B. 

 
The presence of these charged groups on the same molecule enable cyclopiazonic acid to 

have great affinity for the Ca+2-ATPase on the surface of the SR and block its pumping action for 
the Ca+2 ion.110  

 
The most significant chemical feature of gliotoxin is the transannular disulfide linkage (-

S-S-), also explaining its mode of action. The disulfide form shown in Chart 10A may be 
reduced, breaking the bond between the two sulfur atoms and replacing them by two –SH 
(sulfhydryl) groups. In this form, either of the –SH groups may form a disulfide linkage with a 
similar group in a protein, thereby inactivating the protein (including enzymes).116 See Chart 
10C. Gliotoxin is also known to cause breaks in either single- or double-stranded DNA.117  

 
Mycotoxins Found in Some Common Fungi

Cyclopiazonic Acid
[18172-33-3]

in Aspergillus,
Penicillium sp.

Gliotoxin
[67-99-2]

in Aspergillus sp.
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