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The family of Grainyhead/CP2 (Grh/CP2) transcription factors was originally discovered in Drosophila and subsequently found 
in a wide variety of multicellular organisms extending from insects to humans. In humans, one branch of the family is constituted 
by the Grainyhead-like proteins Grhl1, Grhl2 and Grhl3, and the CP2 branch comprises transcription factors Tfcp2, Tfcp2l1 and 
Ubp1. The CP2 sub-family members tend to be expressed ubiquitously, whereas expression of Grhl1-3 has been characterized 
as tissue- and developmental stage-specific. Collectively, the Grh/CP2 proteins act as transcriptional regulators of epithelial 
differentiation, organ development and skin barrier formation. In addition, they were assigned roles as tumor suppressors. 

Since little was known about DNA target-site recognition by Grh/CP2 proteins, we started by crystallizing the DNA-binding 
domains of human Grhl1 and Grhl2 and by analysing their three-dimensional structures [1]. Both proteins share a common fold 
with the tumor suppressor p53. We also elucidated a crystal structure of target DNA-bound Grhl2, revealing the determinants of 
its site recognition. This structure allowed us to elucidate the molecular basis of a cancer-related single-site mutation in Grhl1. 

We then extended the structural studies by genome-level studies of DNA target-site recognition by Grhl transcription factors [2, 
3]. Using deep convolutional and recurrent neural networks trained with high-throughput SELEX data for Grhl1 binding, a set 
of non- canonical Grhl1 binding sites was identified in a data set from ChIP-Seq experiments in human cells. Surprisingly, some 
of binding sites thus revealed lacked the CNNG core motif found in the Grhl1-DNA co-crystal structure. These findings lead to 
the conclusion that a necessarily limited number of crystal structures may not suffice to cover the entire landscape of potential 
transcription-factor- DNA interactions. 

Recently, our structural studies of gene regulation by Grh/CP2 proteins were extended by analysing structures of Tfcp2, Tfcp2l1 
and a specific Tfcp2l1-DNA complex (Wang et al., unpublished). Although a slightly different binding mode of CP2 factors as 
compared to their Grh homologs had been expected, we find that the core protein-DNA interactions are closely similar in both 
transcription-factor sub-families. 
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