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Suicidal Bacteria  

Freiburg Biologists Study Unicellular Organisms that 

Occasionally Poison Themselves with a Toxin  

The cyanobacterium Synechocystis produces toxins that often lead to its 

own demise. The biologists Stefan Kopfmann and Prof. Dr. Wolfgang 

Hess from the University of Freiburg have determined the logic governing 

this mechanism. Their findings have been published in the renowned 

periodicals Journal of Biological Chemistry (JBC) and Public Library of 

Science (PLoS ONE). 

 

The cyanobacterium Synechocystis produces several toxins. However, most 

of the time they cannot become active because the unicellular organism 

usually only produces them together with an antitoxin that neutralizes their 

poisonous effect. This is a trick of nature: The genes for the toxin and the 

antitoxin are located together on a plasmid, i.e. a fragment of DNA that 

exists independently of the actual bacterial chromosome. In contrast to the 

toxin, the antitoxin is not very stable. When a cell loses the plasmid during 

cell division, both of the genes are lost. Since the toxin is more stable than 

the antitoxin and is thus effective for a longer period of time, these cells 

eventually die off. Hence, the toxin-antitoxin pairs constitute a natural 

selection mechanism that sees to it that only cells which retain the plasmid 

survive. 

 

The plasmid pSYSA of the cyanobacterium Synechocystis has not one but 

seven different systems of this kind and is thus well protected. The reason 

for this is because in addition to the genes for the seven toxin-antitoxin pairs, 
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2 the plasmid pSYSA possesses the genetic information for a bacterial 

immune system. If the plasmid with this system gets lost in cell division, 

several toxins thus see to it that the bacterium is killed. The fact that the 

genes responsible for it are combined with a high amount of toxin-antitoxin 

pairs indicates that this system has special significance for the 

cyanobacterial cell.  
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Caption:  

A typical liquid culture of the cyanobacterium Synechocystis. 

 

Original Publications:  

http://www.jbc.org/content/early/2013/01/15/jbc.M112.434100.abstract 

http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.005

6470 
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