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Radiation, free radicals and DNA

Michael Sevilla’s research interests are the 
chemistry of free radical species produced by 
the high energy irradiation of DNA by gamma 
irradiation and ion beams. Both radiations are 
employed in treatment of cancer. 

Ion beams are increasingly of interest to 
Sevilla as they can be directed to the cancer 

tumor and stop its growth. The principal biological effect of 
radiation on a cell is caused by the direct interaction of  
radiation with DNA, or molecules immediately surrounding the 
DNA, which damage the cell. Radiation induces ionizations, free 
electrons, or excitations in DNA that decay to a variety of free 
radical intermediates. These reactive species can damage DNA 
bases and the sugar phosphate backbone that may lead to 
cellular death or mutation.  

Recent efforts have looked into the production of sugar radicals 
in DNA by high energy irradiation. These species are of critical 
importance to the subsequent biological damage, and, as a 
consequence, quantitation of the numbers of sugar radicals and 
their identity gives important mechanistic information.  
Researchers in Sevilla’s lab have found that about 10 percent of 
all radicals produced are on the sugar phosphate backbone for 
gamma rays but as much as 30 percent of radicals are on the 
sugar phosphate backbone for ion beam irradiated DNA. This 
led to the hypothesis that excited states of the DNA base cation 
radicals may lead to damage to the sugar portion of DNA. 
Sevilla explains that a series of recent papers have shown this is 
indeed the case. “These efforts have identified the C1’, C3’ and 
C5’ sites on the sugar as those that are most prone to damage 
by this mechanism. Sugar radicals result in DNA strand breaks 
and loss of DNA biological function,” he says.  

Sevilla also found that electrons produced by radiation also can 
be damaging entities while they have kinetic energy. Such 
species are called low energy electrons and have been recently 
shown to fragment the DNA strand to produce single and even 
double strand breaks. In addition, the Sevilla group is currently 
using time dependent density functional theory in the  
investigation of the role of excited states in the mechanisms of 
radiation damage. The major finding is that electronic excited 
states, when combined with DNA ion radicals, lead to the 
formation of strand breaks and DNA damage. 
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