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    Abstract
The Nucleosome Remodeling and Deacytelase (NuRD) complex is a co-repressive complex involved in many pathological and physiological processes in the cell. Previous studies have identified one of its components, Mbd3, as a potent inhibitor for reprogramming of somatic cells to pluripotency. Following OSKM induction, early and partial depletion of Mbd3 protein followed by applying naïve ground-state pluripotency conditions, results in a highly efficient and near-deterministic generation of mouse iPS cells. Increasing evidence indicates that the NuRD complex assumes multiple mutually exclusive protein complexes, and it remains unclear whether the deterministic iPSC phenotype is the result of a specific NuRD sub complex. Since complete ablation of Mbd3 blocks somatic cell proliferation, here we aimed to identify alternative ways to block Mbd3-dependent NuRD activity by identifying additional functionally relevant components of the Mbd3/NuRD complex during early stages of reprogramming. We identified Gatad2a (also known as P66α), a relatively uncharacterized NuRD-specific subunit, whose complete deletion does not impact somatic cell proliferation, yet specifically disrupts Mbd3/NuRD repressive activity on the pluripotency circuit during both stem cell differentiation and reprogramming to pluripotency. Complete ablation of Gatad2a in somatic cells, but not Gatad2b, results in a deterministic naïve iPSC reprogramming where up to 100% of donor somatic cells successfully complete the process within 8 days. Genetic and biochemical analysis established a distinct sub-complex within the NuRD complex (Gatad2a-Chd4-Mbd3) as the functional and biochemical axis blocking reestablishment of murine naïve pluripotency. Disassembly of this axis by depletion of Gatad2a, results in resistance to conditions promoting exit of naïve pluripotency and delays differentiation. We further highlight context- and posttranslational dependent modifications of the NuRD complex affecting its interactions and assembly in different cell states. Collectively, our work unveils the distinct functionality, composition and interactions of Gatad2a-Chd4-Mbd3/NuRD subcomplex during the resolution and establishment of mouse naïve pluripotency.
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