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Abstract: Imagine that 100.000 doctors were going to find and heal 10.000 injured people 
within a densely packed world population (7 billion people) by random search in one day. This 
is an approximation of the situation DNA repair enzymes face every day in each of our cell, i.e. 
locate and remove damaged DNA bases in a vast excess of undamaged DNA. Even though we 
have come far in understanding DNA repair mechanisms in general, the fundamental question 
about how the repair process is initiated is still largely unknown. 
If DNA damages in our genome are left unrepaired they can generate mutations, replication 
errors and persistent DNA damage which ultimately can lead to cancer and premature aging, 
thus the importance of medical and basic research in the field is evident. The Base Excision 
Repair (BER) pathway is highly conserved from bacteria to man and its primary role is to repair 
endogenous DNA damages like deamination, alkylation, oxidation and single-strand breaks. BER 
is initiated by DNA glycosylases which recognises the damaged bases, flips them out of the DNA 
and into the catalytic pocket and removes them by hydrolysing the N-glycosidic bond between 
the base and the sugar phosphate backbone, thereby generating an abasic site. The following 
repair process is performed by apurinic (AP) endonucleases, DNA polymerases and DNA ligases, 
which process and clean the ends of the DNA, introduce the correct base and seal the gap. 
The BER pathway has been subject of extensive studies over the last forty years, but as stated 
above, the understanding of how DNA glycosylases are able to detect the damaged bases in the 
immense surplus of undamaged bases in genomes is still limited. The currently accepted model 
for damage search seems to be that the glycosylases are using a combination of facilitated 
diffusion and distributive search (hopping). However, it is still not known how the glycosylases 
are recruited to the damaged sites. Do they perform random scanning or is there a signalling 
system which tells them where to go? Lately it was suggested that E.coli endonuclease III 
(EndoIII), A/G specific adenine DNA glycosylase (MutY) and A. fulgidus uracil-DNA glycosylase 
(UNG) uses a DNA mediated redox activation of their iron-sulphur clusters and Charge Transfer 
(CT) for DNA damage signalling. We recently addressed this model by studying Endonuclease III 
(EndoIII) from the extremely radiation resistant bacterium Deinococcus radiodurans by Surface 
Enhanced Resonance Raman (SERR) spectroscopy, Surface Enhanced Infra-Red Absorption 
(SEIRA) and electrochemistry. Our results provides the first direct evidence that the [4Fe-4S] 
cluster of EndoIII is the source of the redox activation of the enzyme and also that the cluster 
can be redox activated by substances other than DNA, questioning the above mentioned model 
for damage signalling by Endonuclease III enzymes. 
Here we would like to pursue these results and shed more light on the BER initiation process by 
using DNA glycosylases from D. radiodurans as a model system. We will study both damage 
search and signalling by employing an unusual interdisciplinary approach which includes the 
use of 1) X-ray crystallography and novel cross-linking methods to study the interaction 
between DNA glycosylases and undamaged DNA at atomic levels, 2) innovative single molecule 
imaging techniques like Atomic Force Microscopy (AFM) coupled to fluorescence microscopy to 
study the movement of DNA glycosylases on damaged and undamaged DNA and 3) newly 
developed spectroelectrochemical methods to study the redox state of the metal cluster of the 
enzymes upon interaction with damaged DNA and other potential redox activating substances, 
and finally 4) ground-breaking super resolution photo-activated localisation microscopy (PALM) 
to study the recruitment of DNA glycosylases to damaged sites in vivo. 
The project will be hosted by the Instituto de Technologia Quimica e Biológica (ITQB) at the 
Universidade Nova de Lisboa, Portugal, and will benefit immensely from the excellent 



infrastructure and multidisciplinary expertise offered by this institute. I am an expert in the field 
of BER and have been working with molecular and structural studies of BER proteins from D. 
radiodurans for more than a decade. My collaborators, AFM expert Professor Jorge Caldeira at 
Egas Moniz - Cooperativa de Ensino Superior (CESEM) and UCIBIO@FCT UNL, and 
spectroelectrochemistry expert Dr. Smilja Todorovic at the ITQB, are highly skilled and 
experiences researchers in their fields who bring exciting aspects to the field of DNA repair. We 
expect that we with this unique combination of expertise and novel methods for analysis of 
dynamic cellular processes will unveil new information about DNA repair initiation which in a 
long term perspective may provide new solutions for treatment of cancer and neurological 
diseases. 
 


