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Structural basis for specific DNA sequence motif
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ABSTRACT

The TFAP2 family regulates gene expression dur-
ing differentiation, development, and organogene-
sis, and includes five homologs in humans. They
all possess a highly conserved DNA binding do-
main (DBD) followed by a helix-span-helix (HSH)
domain. The DBD-HSH tandem domain specifically
binds to a GCC(N3)GGC consensus sequence, but
the precise recognition mechanisms remain un-
clear. Here, we found that TFAP2 preferred bind-
ing to the GCC(N3)GGC sequence, and the pseudo-
palindromic GCC and GGC motifs and the length
of the central spacer between the two motifs de-
termined their binding specificity. Structural stud-
ies revealed that the two flat amphipathic «-helical
HSH domains of TFAP2A stacked with each other
to form a dimer via hydrophobic interactions, while
the stabilized loops from both DBD domains inserted
into two neighboring major grooves of the DNA du-
plex to form base-specific interactions. This specific
DNA binding mechanism controlled the length of the
central spacer and determined the DNA sequence
specificity of TFAP2. Mutations of the TFAP2 pro-
teins are implicated in various diseases. We illus-
trated that reduction or disruption of the DNA bind-
ing ability of the TFAP2 proteins is the primary cause
of TFAP2 mutation-associated diseases. Thus, our
findings also offer valuable insights into the patho-
genesis of disease-associated mutations in TFAP2
proteins.
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INTRODUCTION

The TFAP2 transcription factor, initially identified as an en-
hancer binder of SV40, plays a crucial role in regulating
gene expression and is conserved from prokaryote to eu-
karyotes (1). In humans, five TFAP2 homologs have been
identified, known as TFAP2A-E or AP-2«, AP-23, AP-2v,
AP-25 and AP-2¢ (2-4). These homologs are believed to
have evolved from a single chordate ancestral gene, suggest-
ing that they may share conserved functions (2). The TFAP2
proteins act as either transcriptional repressors or activa-
tors during differentiation, development, and organogene-
sis (5-12). In addition to their critical roles in normal bi-
ological functions, mutations and abnormal expression of
the TFAP2 proteins have been linked to various diseases
(13,14). Thus, the diverse functions of the TFAP2 transcrip-
tion factors make them a promising area of research for
both developmental biology and disease pathology.

The TFAP2 proteins contain a less conserved transac-
tivation domain (TAD) at the N-terminus, and a highly
conserved basic DNA binding domain (DBD) followed by
a helix-span-helix (HSH) domain at the C-terminus (Sup-
plementary Figure S1A). The HSH domain contributes
to the dimerization of the TFAP2 proteins to form either
homodimers or heterodimers, which is necessary for the
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