
Proceedings of the 4th International Peptide Symposium 
in conjunction with the 7th Australian Peptide Conference 
and the 2nd Asia-Pacific International Peptide Symposium, 2007 

1 

Jackie Wilce (Editor) on behalf of the 
Australian Peptide Association 

Histone Binding to the Dido Protein Family 
 
Karel H.M. van Wely1*, Malcolm Buckle2, Hervé Leh2, Fernando Roncal1, Juan-Pablo Albar1, and Carlos 
Martínez-A1 
1CNB-CSIC, Madrid, 28049, Spain; 2LBPA-CNRS, Cachan, 94235, France 
*E-mail: kvanwely@cnb.uam.es 

 
Introduction 
 

The Murine Death inducer obliterator (Dido) gene 
codes for three proteins, termed Dido1, Dido2, and Dido3. 
A Common Aminoterminal Domain (CAD) is present in 
all splice variants, but each protein contains a unique 
carboxyterminal extension. Bioinformatics analysis of the 
domain composition has identified various domains in the 
Dido proteins, including plant homeodomain, transcription 
factor IIS, and split ends ortholog (PHD, TFIIS and SPOC) 
domains [1]. The smallest of the three isoforms contains 
only the PHD domain, but the two larger isoforms 
comprise all the identified structures (Figure 1). 

 
 
 
 
 
 
 
 

 
Figure 1. Domain composition of the Dido proteins 

 
Comparison of Dido domain composition with that of 

other proteins has suggested a function in the maintenance 
of chromosomal stability. Targeted disruption of the Dido 
gene results in partial deletion of the CAD, including the 
PHD domain, but leaves the remainder of the gene intact 
[2]. Dido mutant embryonic fibroblasts show a marked 
increase in the number of aberrant mitosis in isolated, 
thereby corroborating the role in chromosomal stability. As 
the deletion of the CAD apparently has such an impact on 
protein function, we decided to focus our studies on this 
part of the protein and the contained PHD domain.  
Several functions have been adscribed to PHD domains, 
including ubiquitin ligation, phosphoinositide binding, and 
protein-protein interactions. A large group of PHD 
domain-containing proteins interact with chromatin, where 
they regulate various modifications of the aminoterminal 
histone tails.   

 
Results and Discussion 
 

As the Dido proteins have a role in the maintenance of 
chromosomal stability, chromatin interaction provides a 
plausible explanation for the presence of the PHD domain. 
We therefore determined whether the CAD in Dido 
functions as a histone-binding moiety, and studied the role 
of the PHD domain in this potential interaction.  

 
 

Interaction partners of the CAD were purified by a 
pull-down experiment, in which we directly expressed 
Glutathione-S-Transferase (GST) fused to the CAD in 
cultured human cells. After affinity chromatography, the 
purified fusions and copurified proteins were separated by 
SDS-PAGE and identified by MALDI-TOF mass 
spectrometry. Whereas GST alone did not bind any 
proteins –the unmarked bands in the control represent 
proteins that bind directly to the affinity column–, the 
GST-CAD fusion bound a number of celular proteins 
amongst which the histones (Figure 2).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Copurification of the Dido CAD and Histones.  

 
Apart from the histones, we identified small amounts of 

additional proteins, visible in the upper half of the 
SDS-PAGE. These proteins very likely represent 
contamination due to interaction with DNA fragments [3], 
as sonication was used to break the cells in the GST 
isolation procedure. Because virtually all histones in 
mammalian are bound to DNA, isolation under 
physiological conditions of the former invariably results in 
copurification of the latter, and vice versa. To eliminate the 
possibility that Dido recognizes histones via nucleic acids, 
isolated fusions and copurified complexes were treated 
with DNAse or Phleomycin (Figure 3).  
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Figure 3. DNA elimination from isolated complexes.  
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Both treatments degrade the DNA in the sample [4], 

leaving naked histone complexes available for binding. 
After additional washes, bound complexes were eluted and 
analysed as described before. Whereas GST alone did not 
bind cellular proteins (lane 1), isolation of GST-CAD 
(lanes 2 to 4) again resulted in copurification of histones. 
Elimination of nucleic acids by treatment with DNAse 
(lane 3) or Phleomycin (lane 4) did not change the binding 
of histone complexes. These results show that Dido binds 
to the histones in vitro without the need for other 
molecules. The interaction between the CAD and histones 
was subsequently verified in live cells by fluorescence 
energy transfer (data not shown). Taken together, our 
results show that the Dido aminoterminus forms a 
histone-interacting moiety in vitro and in vivo. 
 

Histones form an octameric complex in vivo, and 
undergo a multitude of posttranslational modifications [5]. 
These modifications predominantly localize to histone tails 
that protrude from the nucleosome, and mediate nuclear 
processes such as gene activation and repression, double 
strand break repair, and chromosome replication and 
segregation. PHD domains from a number of proteins are 
known to recognize trimethylated lysine residues on 
histone tails [6]. Thus, the PHD domain in Dido may 
recognize a similar modification. To determine whether 
Dido recognizes a modified residue on the histones, we 
have tested the affinity of the isolated PHD domain for 
histone-derived peptides in a surface plasmon resonance 
imaging (SPRi) experiment [7]. In this experiment, a 
library of  approximately 20 unmodified or trimethylated 
peptides was spotted onto a gold surface, and the 
recombinant PHD domain isolated from E. coli was used 
as target. As observed for other PHD domains, 
trimethylation of critical lysine residues in histone-derived 
peptides resulted in a dramatically increased affinity (data 
not shown). However, other residues contributed to the 
binding to the Dido PHD domain, especially postive 
charges carboxterminal to the trimethylated lysine. These 
data have enabled us to build a model for the observed 
interaction, based on known structures of peptides and 
Dido PHD domain (Figure 4). 

  
 
 

 

 

 

 

 
Figure 4. Interaction of the Dido PHD domain with histone.  

 
 
 

 
Although this interaction model is supported by the 

SPRi data, structural data for its validation are still lacking. 
Future experiments will therefore be directed at the 
elucidation of the structure of the Dido PHD domain in 
complex with histones by means of nuclear magnetic 
resonance. 
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