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Experimental Report – MX-1029 
 

"Monitoring an X-ray beam induced conversion of the Dewar valence 
isomer of the (6-4) photoproduct during data collection using the online 

microscope" 
 
UV radiation causes the formation of highly mutagenic DNA lesions such as cis-syn cyclobutane 
pyrimidine dimers (CPD photoproducts), pyrimidine(6-4)pyrimidone photoproducts ((6-4) 
photoproducts) and their Dewar valence isomers.1,2 DNA photolyases use blue and UV-A light as 
the energy source to drive the genome repair, utilizing a light-activated flavin adenine diphosphate 
(FAD) - cofactor to inject a single electron into the 6-4 lesion to trigger its cleavage.2 Recently, we 
solved the structure of the 6-4 photolyase of D. melanogaster. Together with biochemical data we 
could show that after electron donation from the light-excited FAD a radical intermediate is formed 
which rapidly fragments to give the repaired TpT.3,4 Further irradiation of the (6-4) photoproducts 
with UV-A/B light results in the generation of the Dewar valence isomers. 2 However the (6-4) 
photolyase is able to repair the T(Dew)C, but not the T(Dew)T valence isomer, possibly by first 
rearranging the Dewar valence isomer back to the (6-4) lesion. 5 
In order to shed light onto the mechanism of Dewar repair we wanted to take advantage of the 
photochemical properties of the lesions: the (6-4) photoproducts have distinct absorbance bands at 
325 nm (T(6-4)T)6,7 and 314 nm (T(6-4)C)8 and therefore can be distinguished from their respect 
dewar valence isomers Thus the goal of the experiment was to discriminate the (6-4) photoproducts 
from their Dewar valence isomers as well as to follow possible X-ray induced changes in the 
absorbance spectra during irradiation in the photolyase complex crystals. 
 
Quality of measurement/data and status / progress of evaluation  
 
The experiment was well setup by the beamline scientist and data collection was carried out using 
the online microscope. Unfortunately only the absorption for the FAD, but not for the (6-4) 
photoproducts could be determined during the experiment due to the weakness of the absorbance 
signal of the lesion caused by the limited size of the complex crystals.  
 
Results 
 
Albeit the signal of the 6-4 photoproducts was indistinguishable from the background, the 
absorbance peak of the FAD cofactor could be clearly detected. Figure 1a shows the spectra of the 
crystal before (black) and after (red) exposure to the X-ray beam. The fully reduced FAD possesses 
a fluorescence absorption maximum of about 475nm. Upon irradiation of the photolyase crystals the 
intensity of the observed signal decreases over time (Fig. 1b, green line), indicating reduction of the 
FAD. Reduction of the FAD by X-rays was reported previously by Kort et. al., which results in a 
‘rippling’ or ‘butter bend’ of the isoalloxazine ring.9 The previously collected data to 2.0 Å, which 
allowed us to solve the structure of the photolyase complex, did neither support nor exclude a 
rippling of the isoalloxazine ring. Thus no prediction on the redox state of the FAD cofactor could 
be made, which is important for structure-based quantum chemical calculations of the repair 
mechanism.  
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Figure 1 UV/Vis absorption spectra of the (6-4) photolyase in complex with the T(Dew)C. a) Whole spectra before 
(black line) and after irradiation (red line). (b) Spectral changes over exposure time. 
 
 
Despite the fact that we were not able to answer the question regarding the fate of the DNA lesions 
during exposure to the X-ray beam, we can conclude that the previously reported crystal structure, 
most likely, shows the active site with a reduced FAD. In addition it can be assumed that larger 
photolyase complex crystals as well further development of the experimental setup, allowing 
measurements with greater sensitivity could provide a sufficient strong absorbance signal of the 6-4 
photoproducts and therefore allow the determination of their photochemical properties and fate 
during irradiation.  
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