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Summary. DNA photolyase represents a phenomenal 
class of DNA repair enzymes in that it harvests the light 
energy to repair DNA lesions caused by ultraviolet light. 
Mother Nature evolves two types of photolyases, one 
specific for repairing cyclobutane pyrimidine dimers and 
the other for pyrimidine-(6-4)-pyrimidone photo- 
products. Together, these two kinds of DNA photo- 
lesions account for the majority of ultraviolet light- 
induced DNA lesions. So far, the basic chemical steps of 
the enzyme mechanism of the two classes of photolyases 
appear to be very similar. Therefore, it will be very 
intersting to uncover the determinants of the different 
substrate specificity between the two photolyases. In this 
review, we focus on the discussion of the photolyase 
specific for repairing pyrimidine-(6-4)-pyrimidone 
photoproducts mainly because the research of the 
cyclobutane pyrimidine dimer photolyase has recently 
been reviewed quite extensively. 
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Introduction 

Ultraviolet (UV) light from solar irradiation is an 
exogenous carcinogen because it damages cellular DNA. 
Of all the UV photolesions, the most common are cis- 
syn cyclobutane pyrimidine dimers (CPD) and 
pyrimidine-(6-4)-pyrimidone photoproducts (Fig. 1) (see 
Friedberg et al. (1995) for a review). These DNA lesions 
are road blocks of DNAIRNA polymerases, causing 
nucleotide misincorporation or completely blocking the 
polymerase progression during replication or trans- 
cription. Therefore, mishaps such as gene mutation or 
cellular lethality would occur following DNA-damaging 
events. The relationship of UV light caused DNA lesions 
to human skin cancers is evident from the studies of 
one of the most mutated tumor suppressor gene 
accompanying human cancers, i.e. p53. It has been 
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reported that more than 50% of squamous cell carcinoma 
from skin cancer patients carry C-T substitution andlor 
CC-T double base mutations in the p53 gene (Brash et 
al., 1991). The fact that these mutation hot spots are 
mostly two adjacent pyrimidines, which are also the 
prime target of UV light, demonstrates the significant 
role played by UV photoproducts in skin cell carcino- 
genesis. To prevent DNA damage and keep the genetic 
integrity, both prokaryotes and eukaryotes have DNA 
repair mechanisms for self defense. Of all the DNA 
repair systems known, the phenomenon of photo- 
reactivation is unique in that it harvests energy from 
light to conduct DNA repair. The protein mediating this 
light dependent DNA repair reaction is called DNA 
photolyase. 

Up to date, two types of DNA photolyases have been 
discovered in a wide range of species (Sancar, 1996). 
They are distinguished by the different substrate 
specificity. The  activity for repairing CPD was 
discovered in 1950s (Rupert et al., 1958) and the 
responsible gene was not cloned until 30 years later 
(Sancar and Rupert, 1978). Since then, extensive studies 
have been carried out to elucidate the mechanism of 
action of CPD photolyase. All known CPD photolyases 
contain two organic cofactors. The first cofactor is a 
reduced flavin adenosine dinucleotide (FADH-); the 
second is either a tetrahydrofolate or a dezaflavin. The 
current consensus is that the second cofactor functions as 
an antenna which is elevated into an energetically 
excited state after absorbing long wavelength UV light 
(i.e., blue light). This excited antenna molecule then 
transfers energy to FADH-,which in turn donates an 
electron to the CPD substrate held in the enzyme active 
site. This negative charge induces splitting of the 
cyclobutane ring of CPD. Subsequently, the electron is 
transferred back to flavin, restoring a CPD into its 
original state of two neighboring pyrimidines. The 
climax of CPD photolyase research came in 1995 when 
the crystal structure of Escheri~hia~coli CPD photolyase 
was solved at a resolution of 2.3 A (Park et al., 1995). 
The three-dimensional structure of CPD photolyase 
shows that the protein folds into two domains, N- 
terminal all3 domain and C-terminal helical domain. The 
flavin cofactor resides in the C-terminal domain and the 
folate chromophore is in the N-terminal domain. Since 








