Shape and Dynamics of

Transcription Factor Binding Sites

Julian E. Fuchs, Gudrun M. Spitzer, Ameera Javed, Hannes G. Wallnoefer,
Roland G. Huber, Klaus R. Liedl

Faculty of Chemistry and Pharmacy, University of Innsbruck, Innrain 52a, A-6020
Innsbruck, Austria

Sequence-specific transcription factor binding relies on two distinct mechanisms of sequence
readout: base-wise readout based on sequence-specific hydrogen bonding patterns and a by now
poorly understood process called indirect readout relying on shape and deformability of DNA. In
case of Hox family transcription factors it was shown that subtle changes in DNA sequence
distort local DNA shape and therefore disrupt transcription factor binding [1]. Three-dimensional
shape of DNA was found to be even more conserved evolutionary than pure one-dimensional
sequence information implying a fundamental function in DNA recognition [2].

B-DNA dodecamers containing sequence permutations of four central AT and flanking GC base
pairs were simulated as model systems for transcription factor binding sites using AMBER 10 to
investigate the impact of small changes in DNA sequence on shape and dynamics. Molecular
dynamics simulations of 10 ns show large differences in minor groove width between the
individual sequences, an important factor for amino acid side chain insertion possibility. Pure A-
tracts show a narrower minor groove than sequences containing TpA-steps, reproducing effects
observed in NMR experiments [3]. Moreover, the latter sequences show additional
conformational flexibility, which presumably causes the reduced affinity for groove binding [4]
and side chain insertion of arginine and lysine residues [5].
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