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UV radiation results in two pyrimidine dimers in our genome, cyclobutane pyrimidine dimers (CPDs) 
and pyrimidine (6-4) pyrimidone photoproducts (6-4PPs), which are long known as the main cause for 
the occurrence of skin cancer. In UV radiated bacterial endospores, the third dimer, 5-thyminyl-5,6-
dihydrothymine, commonly referred to as the spore photoproduct (SP), is isolated as the dominant DNA 
photolesion. SP formation is facilitated by the A-DNA conformation found in endospores. A-DNA may 
exist in other cells, suggesting that SP may be found in non-spore forming organisms. However, due to 
the lack of effective SP analytical means, the formation of SP in other species such as humans has never 
been investigated.  

Taking advantage of our strong synthetic ability, our group has carried out a 14-step synthesis to 
prepare the dinucleotide SP. Moreover, using deuterium labeled d3-TpT, we prepared the d3-SP via a solid 
state photoreaction. These SPs provide us the required standards for the qualitative and quantitative SP 
analysis by HPLC/MS after DNA digestion using an enzyme cocktail. Using our assay, we discovered that 
in keratinocytes and skin tissues, up to 15% of pyrimidine dimers formed are SPs. This stunning result 
indicates that SP may be an important player in the induction of skin cancer, which however has been 
totally ignored in the past. Moreover, we conjugated an SP-containing oligonucleotide to a carrier protein 
again via chemical synthesis and used the oligonucleotide-protein conjugate as the antigen for mouse 
immunization to produce a monoclonal SP antibody. This antibody allows the isolation of SP-containing 
DNA fragments by immunoprecipitation and the subsequent elucidation of the genome-wide SP 
distribution via high throughput sequencing. All these tools enabled by our chemical biology studies open 
the door for detailed SP genomic studies in endospores and in other species including humans. 


