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            Abstract
Transactivatorâ€“promoter complexes are essential intermediates in the activation of eukaryotic gene expression. Recent studies of these complexes have shown that some are quite dynamic in living cells1 owing to rapid and reversible disruption of activatorâ€“promoter complexes by molecular chaperones2,3,4,5,6, or a slower, ubiquitinâ€“proteasome-pathway-mediated turnover of DNA-bound activator7,8,9. These mechanisms may act to ensure continued responsiveness of activators to signalling cascades by limiting the lifetime of the active proteinâ€“DNA complex. Furthermore, the potency of some activators is compromised by proteasome inhibition, leading to the suggestion that periodic clearance of activators from a promoter is essential for high-level expression8,10,11,12. Here we describe a variant of the chromatin immunoprecipitation assay that has allowed direct observation of the kinetic stability of native Gal4â€“promoter complexes in yeast. Under non-inducing conditions, the complex is dynamic, but on induction the Gal4â€“promoter complexes â€˜lock inâ€™ and exhibit long half-lives. Inhibition of proteasome-mediated proteolysis had little or no effect on Gal4-mediated gene expression. These studies, combined with earlier data, show that the lifetimes of different transactivatorâ€“promoter complexes in vivo can vary widely and that proteasome-mediated turnover is not a general requirement for transactivator function.
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                    Figure 1: 
                        The competition ChIP assay as applied to the yeast transcription factor Gal4.
                      


Figure 2: 
                        Kinetic stability of Gal4â€“promoter complexes under inducing and non-inducing conditions.
                      


Figure 3: 
                        Effect of MG132, an inhibitor of 26S proteasome-mediated proteolysis, on Gal4-mediated gene expression.
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Salivary glands of Drosophila larvae contain giant polytene chromosomes whose characteristic banded structure is readily visible by light microscopy. These chromosomes are usually visualized by breaking the nuclei, then 'spreading' the chromosomes in two dimensions. But using two-photon laser-scanning microscopy, they can now be examined in living salivary gland tissue in three dimensions and in real time. The above image is a 3D-reconstructed view of polytene nuclei where DNA is stained red and transcription factor HSF is shown green, before (top) and after heat shock. This technique reveals the dynamics of the interaction between DNA and a model transcription factor, as illustrated in a movie in Supplementary Information. Nalley et al., using different methods, draw similar conclusions about the dynamics of transcription factor Gal4.
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