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Understanding the processes involved in DNA-protein recognition is one of the
most ambitious goals in bioscience. In spite of the increasing structural
information on DNA-protein complexes available to date, the mechanism is not
understood at the molecular level yet. Clearly, the analysis of the “"recognition
problem” becomes difficult due to the complexity of biomolecules involved and,
consequently, its simplification through the developments of simple models woutd
represent a helpful starting point. Here we present a model which allows us to
explore the DNA-protein interaction potential energy surface by combining the
free energy calculations with an ab-initio derived force field (1]. The interaction
potential energy sucfaces are calculated by the following algorithm: (1)
coordination of amino acids around DNA base pair; (2) generation of rotamers of
the side-chain; (3) calculations of the Boltzmann average structure and free
energy; (4) construction of the potential energy map from the interaction energy
for each point of the grid. Wehave first considered the interaction between Asn and
A-T base pair, which is often observed in protein-DNA complexes, and calculated
the free energy surface of the interaction. Then, this calculation has been extended
to other combinations of amino acids and base pairs. The resulting potential
energy map will be compared with the corresponding maps obtained by carrying
out a statistical analysis of the available DNA-protein complexes. The goal of our
approach is the search for v possible rules for interpreting the DNA-protein
recognition process. The derived information willbe used to predict target sitesof
DNA-binding proteins.

[1] M. Aida, G. Corongiu and E. Clementi, Int. J. Quantum Chem.,42, 1353-1381
(1992).
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Amino acid alignment of a group of sequence-divergent polypeptides in
Arabidopsis, tobacco and other plants has revealed a highly conserved DNA
binding motif of about 60aa, referred as AP2 domain, which interacts specifically
with GCC-box sequence, functioning as nuclear transcriptional factors refated to
many aspects of plant development and response to environmental stresses. One of
the ethylene responsive element binding proteins (EREBPs) in tobacco, EREBP2,
has a 59aa AP2 domain that interacts with a synthesized 16bp sequence
(CATAAGAGCCGCCACT), from 3-prime upstream region of ethylene-inducible
PR protein gene in tobacco, with K, value less than 10pM. Deletion of 2bp from
5-prime end or mutation outside the GCC-box did not affect the binding affinity,
whilst the deletion of 3bp at 3-prime end aborted the binding with EREBP2,
suggesting that the GCC-box requires some franking region to maintain the
binding affinity. The sequence preference of EREBP2 within the GCC-box was
confirmed by binding affinity measurements with systematic single-base
mutagenesis. The results showed that the G1, G4 and C6 in GCC-box appeared to
make major contributions to the specificity of EREBP2 binding. A similar
sequence preference has also been observed for other two AP2-containing proteins
from Arabidopsis: AIERF-1 and CBF1. Binding assay of the GCC-box sequence
with different truncated EREBP2 around the AP2 domain showed that the
upstream franking region of the AP2 domain appears to be more important than
the downstream. The current findings would lead to a hypothesis that GCC-box is
responsible for sequence specific binding by AP2 or AP2-like proteins, of which
their AP2 motif sequences may be divergent. These AP2 proteins appear to interact
with GCC-box sequence as a monomer and are likely to introduce DNA bending
upon binding to engage 7bp of GCC-box.

D.Hao,M.Ohme-Takagi,A.Sarai: Specific Interaction of GCC-box with AP2-
Containing DNA Binding Proteins in Plant
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