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Report: This is the common report of two groups located at the CNRS/Ecole Normale Supérieure de Cachan 
(France) and the Max-Planck-Institute of Biochemistry (Germany). Both groups closely collaborate on the 
analysis of the transcription process using different physical chemical methods. 
Aims: Our first aim was to establish time-resolved OH-radical-mediated X-ray footprinting at beamline 
ID10C for the study of the kinetics of macromolecular interactions, this has been successfully accomplished, 
although we are continuing to improve our experimental setup in order to increase time resolution and 
reproducibility. The next aim was to use this method to study the mechanism of binding of RNA polymerase 
to promoter DNA, this has also been successfully accomplished and resulted in a publication in PNAS1. Our 
current aims include: 1.) the development of time-resolved hydroxyl radical (OH) footprinting on closed 
circular DNA; 2.) the use of time-resolved OH footprinting for the study of solvent accessible surfaces of 
multi-protein complexes; 3.) the study of the structural kinetics of RNA polymerase-DNA interactions as a 
function of temperature and of promoter mutants (a continuation of the work published in 2005). Summary 
of the experimental approach: RNA polymerase and DNA are mixed in a stopped flow device in the range 
of about 20 milliseconds. The reactants are allowed to interact for a defined time interval (20 msec to 200 
sec). Subsequently, the polymerase-DNA complex are exposed to the x-ray beam for a defined period by 
being flowed across the X-ray beam in a quartz capillary. During this period (about 1 msec) the DNA is 
cleaved by OH-radicals generated by x-ray-induced radiolysis of water. Since the OH-radicals cleave those 
backbone sugars of DNA which are solvent exposed, not protected by an interaction with the bound RNA 
polymerase, a “footprint” of the DNA-bound RNA polymerase is generated. The DNA fragments resulting 
from this cleavage reaction are separated by electrophoresis through a polyacrylamide gel and their relative 
amounts quantitated by detection of the fluorescence of a label present at their 5’end (alexa647).  
X-ray footprinting can be also be applied to the study of the solvent accessible surface of a protein 2. The 
oxidation of amino acid side chains by the oxygen radicals produced during exposure to the X-rays can be 
detected by mass spectrometry of the protein’s peptides following protease digestion. Differences in the rate 
of oxidation, as measured by the amount of product as a function of X-ray dose, can be correlated with 
changes in solvent accessibility resulting from specific conformational changes or the formation of multi-



protein complexes. This approach can be especially useful for the study of large protein complexes that are 
difficult to crystallize or to measure the dynamics of conformational changes. 
Achievements: By using time-resolved x-ray footprinting to probe changes in the solvent accessible sites on 
DNA we have been able to identify several intermediates in the pathway of promoter recognition by RNA 
polymerase. The kinetic analysis of these results showed that several intermediates can quickly equilibrate 
within the longer times required for the rate limiting step to take place1. We next set out to study the effect of 
temperature on this process. An important step during promoter recognition by RNA polymerase is the 
melting of the double helix at the -10 region, necessary for the subsequent synthesis of RNA onto the 
template strand. This process is highly temperature dependent, thus we expected that the pathway of 
promoter recognition could be changed by lowering the temperature. Parallel experiments were carried out 
on a mutant of the promoter where the -10 sequence has been mutated to facilitate its binding and opening by 
the protein. The combination of these experiments will allow us to distinguish the effect that temperature on 
the DNA opening step from the effect on previous DNA-binding steps and conformational changes.   
The figure below shows the result several combined experiments from the beamtimes in July 2006 and 
February 2007. We have obtained additional datasets during the latest beamtime in July 2007 that are 
currently being analyzed. In the plots in the first row each bar correponds to the rate at which each base is 
becoming protected from cleavage. The left side of the plot corresponds to the ‘upstream’ part of the 
promoter, while on the right side is the -10 and the ‘downstream’ region. At least two families of rates can be 
distinguished in the wild type promoter experiments, the upstream region becomes protected at faster rates, 
in addition the region from +8 to +20 only becomes protected during the last rate-limiting step at 20°C. On 
the other hand on the mutant promoter the decrease in the rates is more gradual. The second row of plots 
shows the amplitude of the fast phase whose rate is shown above. The second part of the signal appears at 
slower rate corresponding to the rate limiting step. Surprisingly, in the mutant promoter the fast phase has a 
smaller amplitude, even though this sequence is more easily recognized by the enzyme. It is possible that the 
the formation of these contacts earlier in the pathway might inhibit or slow down the formation of the final 
stable structure. We are cuurently writing an article based on these results, including the more recent ones 
obtained during the July beamtime.    
We have also obtained encouraging preliminary results for the protein footprinting experiments. We have 
identified several modification sites on the surface of the protein, this will be useful in order to study the 
oligomerization process of the protein, DnaA, that is dependent on the bidning of ATP and DNA. We are 
currently optimizing the mass spectrometry protocol to obtain an increased pepetide coverage of the protein. 
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