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Introduction 

 Present work summarizes findings on the in vivo function of 

the mouse rybp/Rybp (Ring1 and YY1-Binding Protein; also known 

as DEDAF, YEAF1; UniGene Mm.321633; MGI:1929059) 

gene/protein. Several in vitro functions (transcriptional regulator, 

mediator of apoptosis) have been implied from RYBP's protein 

interaction profile that includes DNA binding proteins (YY1), 

polycomb group proteins (Ring1A, Ring1B, M33 and mPC2), and 

members of the pro-apoptotic caspase pathways but the precise 

cellular and in vivo role of RYBP currently was not well understood. 

 Rybp is an evolutionarily conserved protein with a zinc-finger 

motive that was identified first as an interacting partner for the 

Polycomb group protein Ring1A (Ring1; ortholog of Drosophila 

dRing/Sce) and also was shown to associate with Ring1B 

(Ring2/Rnf2; ortholog of Drosophila dRing/Sce) and M33 (Pc1; 

ortholog of Drosophila Pc).  Polycomb group (PcG) proteins function 

as transcriptional repressors acting part through histone modification, 

and are believed to be important regulators of organogenesis and cell 

lineage specification. Rybp engages PcG proteins, transcriptional 

corepressors that participate in the establishment of a stably silenced 

state of key developmental (e.g. hox) and proliferation genes. These 

three PcG members function as components of the PRC1 

multiprotein complex that maintains the repressed state of loci that 

have previously been “marked” for repression via the histone 

methyltransferase activity of the PRC2 PcG initiation complex. 



 

Because Rybp can bind to PRC1 proteins as well as to several 

sequence-specific transcription factors, it has been classified as an 

adapter protein that can recruit the PcG proteins to these factors and 

the specific genetic loci they regulate. As an aside, it has also been 

proposed that Rybp can serve as a bridging factor between two DNA 

binding transcription factors, although it should be noted that one of 

the partners is often YY1, which itself has been classified as a PcG 

component. An Rybp-related protein, Yaf2 (55% identity on the 

amino acid level), also has been shown to engage PRC1 components 

and DNA binding transcription factors.   

 Although the precise molecular function of Rybp is not yet 

known, these interactions suggest that Rybp may be a 

multifunctional developmental regulator. To investigate the 

biological role of the multifunctional Rybp protein, we have 

analyzed Rybp expression patterns in developing mouse embryos 

and targeted Rybp for deletion in the mouse using homologous 

recombination in embryonic stem (ES) cells. Furthermore, this thesis 

describes complementary strategies of (1) targeted mutagenesis and 

(2) conditional ectopic transgenic alleles to achieve loss- and gain-of-

function, respectively in order to reveal in vivo functions of Rybp in 

the developing mouse. As a result of these studies, exciting 

phenotypes have emerged in these models, and present ongoing and 

future efforts to pursue them further.  



 

Aims 

A major focus of my work was to ask the following 

questions and to complete the next studies:  

 

• Is Rybp essential for mouse embryonic development? 

• If not, can homologue Yaf2 substitute its function? Are the 

biological functions of Rybp and Yaf2 redundant? 

• If yes, Rybs is essential for mouse embryonic development what is 

the exact function?  

• What is the phenotype of the RYBP loss-of-function mouse? 

•  What is the phenotype of the RYBP gain-of-function mouse? 

• Characterization of the RYBP loss-of-function mouse 

• Characterization of the RYBP gain-of-function mouse 

• Do the phenotypes correspond to the expression pattern of Rybp 

during mouse embryonic development? Where Rybps expressed ? 

• What is the way of Rybp’s action ? 

  

Methods 

 

Construction of the rybp targeting vectors 

Rybp conditional transgenics 

Generation and characterization of heterozygous null ES cell lines. 

Generation of rybp mutant mouse lines and genotyping 

Production of rybp-/-  ES cells. 

ES cell maintenance 



 

ES cell electroporation 

Histology and immunohistochemistry 

Electron microscopy 

Quantitative RT-PCR 

Southern blots 

Western blots 

Cell death assay 

Blastocyst outgrowth assay 

Chimera production 

Es cell injections, mouse breeding, husbandry and genotyping 

 

Results 

 

• The expression pattern of Rybp during mouse development was 

analysed and mice bearing a null mutation by gene targeting in 

embryonic stem cells was generated.  

• Rybp was broadly expressed during embryogenesis, being 

particularly abundant in extraembryonic tissues including trophoblast 

giant cells.   

• Consistent with this, rybp homozygous null animals exhibited 

embryonic lethality at peri-implantation stages suggesting that Rybp 

was essential for survival of the embryo, for the establishment of 

functional extraembryonic structures, and for the execution of full 

decidualization.   



 

• Analysis of intercross matings between heterozygous null mice 

revealed an under-representation of recovered heterozygous null 

offspring. This semi-penetrant phenotype in the Rybp heterozygous 

null mice was observed in four independently targeted lines. 

• Functions for Rybp in the brain were further supported by the 

finding of exencephaly in about 15% of rybp heterozygous mutant 

embryos, and by Rybp’s distinct neural expression pattern.  

• The presence of Rybp-deficient cells in the developing central 

nervous system resulted in forebrain overgrowth and in localized 

regions of disrupted neural tube closure. 

• With a second, complementary approach, a conditional ectopic 

allele for Cre-mediated misexpression of Rybp was generated. To do 

this the non-essential and ubiquitous ROSA26 locus was targeted 

with a floxed neo cassette followed by a functional RYBP-EGFP 

fusion cDNA. In this mice a silent mutation was introduced where 

the Rosa26 locus was targeted homologous manner in ES cells.  

• The mutation was introduced to the mouse germ line and the silent 

mutation could be induced by crossing these mice with cre reporter 

lines.  

• Applying this strategy two different mice were generated: one 

expressing Rybp ubiquitously and the other expressing it tissue 

specific manner (under the control of AlphaA-Crystallyn promoter) 

in the mouse lenses.  



 

• The strategy was also designed that after induction all mice 

expressed Rybp in a fusion with enhanced green fluorescent protein 

(EGFP) allowing easy monitoring of the expression pattern.  

• The results demonstrated that loss of a single rybp allele in 

conventional knockout mice often resulted in retinal coloboma, an 

incomplete closure of the optic fissure, characterized by perturbed 

localization of Pax6 but not of Pax2. 

• In addition, about one half of Rybp-/- <-> Rybp+/+ chimeric 

embryos also developed retinal colobomas and malformed lenses. 

• Tissue-specific transgenic overexpression of Rybp in the lens 

resulted in abnormal fiber cell differentiation and severe lens 

opacification with increased levels of Ap-2α and Sox2, and reduced 

levels of βA4-crystallin gene expression. 

• Ubiquitous transgenic overexpression of Rybp in the entire eye 

caused abnormal retinal folds, corneal neovascularization, and lens 

opacification. Additional changes included defects in anterior eye 

development. 

• These studies have shown that aberration in the normal protein 

levels of Rybp can result in retinal coloboma. Therefore, these 

studies established rybp as a novel gene that has been associated with 

coloboma, a developmental disease of the eye. 

• We propose that the multiple functions for Rybp in regulating 

mouse retinal and lens development are mediated by genetic, 

epigenetic and physical interactions between these genes and 

proteins. 



 

Conclusion 

 

Together these data supported critical roles for Rybp at 

multiple stages of mouse embryogenesis and differentiation. 

Furthermore, however there is a possible overlap between Rybp and 

Yaf2 expression, obviously was not sufficient to prevent aberrant 

neurulation/neurogenesis and eye development resulting from 

reduced Rybp levels in our affected heterozygous and chimeric 

animals. These findings are likely to place Rybp in processes of 

differentiation, especially CNS and eye development, apoptosis and 

have implications for the understanding of neural tube defects, and 

neurodegenerative diseases. The cells and mice we have generated 

may allow us to assess the potential relationships between Rybp and 

these proteins and to place Rybp within known genetic networks. 

These tools also will provide opportunities for the elucidation of the 

precise molecular roles of Rybp as they relate to transcriptional 

regulation, apoptosis, and/or yet-to-be-identified cellular processes. 

In the future, the generation of conditional or tissue-specific 

knockout mice, with the CNS being an attractive focus, will allow us 

to understand more about Rybp’s biological roles during 

development and in the context of aging and disease. 
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