M2 INTERNSHIP PROPOSAL (2023-2024)

Internship title:

Long non-coding RNAs in the mitosis to meiosis switch in fission yeast

Internship description:

The transition from mitosis to meiosis is a key differentiation process essential for the transmission of the genetic information to the next generation. The profound modifications in gene expression profiles imply the existence of molecular mechanisms to establish and maintain cell type-specific programs. In the fission yeast Schizosaccharomyces pombe, the YTH family RNA-binding protein Mmi1 selectively targets meiotic transcripts for degradation by the nuclear exosome during mitosis, thereby preventing their untimely expression (Fig. 1a). Upon entry into meiosis, Mmi1 is sequestered within a complex comprising the RNA-binding protein Mei2 and the long non-coding RNA meiRNA, allowing expression of the meiotic program (Fig. 1b).

[image: ] Recent work in the lab showed that during mitotic growth, Mmi1 associates with another lncRNA, called mamRNA (for Mmi1 and Mei2-associated RNA), to target its own inhibitor Mei2 for ubiquitinylation and downregulation by the Ccr4-Not complex (Fig. 1a). This regulatory circuit is essential to maintain low levels of Mei2 in mitosis and hence to preserve Mmi1 function in meiotic mRNA degradation. Remarkably, mamRNA, which localizes to a nuclear body enriched in Mmi1 in mitotic cells, is also necessary for Mmi1 inhibition by increased Mei2 levels. These results support the existence of a lncRNA-dependent and spatially-confined mutual control of Mmi1 and Mei2. 

The existence of two ribonucleoprotein complexes, Mmi1-Mei2-mamRNA et Mmi1-Mei2-meiRNA, raises novel questions about the regulation of sexual differentiation in S. pombe. Notably, what is the functional interplay between these complexes during the mitosis to meiosis switch? How are they remodeled along the developmental transition? The objectives of the internship will consist in:
· Studying the dynamics of Mmi1, Mei2, mamRNA et meiRNA expression during the mitosis-meiosis transition in wild type cells and mutants of these factors. The obtained profiles will provide clues about the order of the regulatory events involved.
· Studying the binding profiles of Mmi1 and Mei2 to their RNA targets during sexual differentiation. This will allow determining not only the dynamics of Mmi1-Mei2-mamRNA and Mmi1-Mei2-meiRNA assembly/disassembly but also the timing of Mmi1 sequestration by Mei2-meiRNA, which prevents recognition and degradation of meiotic mRNAs.
The candidate will use classical techniques in yeast genetics, molecular biology and biochemistry (Western Blot, Northern Blot, coIP, RT-qPCR, RIP-qPCR,…). High-throughput sequencing (RNA-seq, RIP-seq) and proteomic (mass spectrometry) approaches will also be envisioned.
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Model organism used:

fission yeast Schizosaccharomyces pombe
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Perspectives

The internship can be pursued by a PhD thesis, should funding be obtained by the candidate. 
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Figure 1. The IncRNAs meiRNA and mamRNA modulate the activities of the RNA-binding proteins Mmi1 and
Mei2 to tune meiotic gene expression.

(a) During vegetative growth, Mmi1 targets meiotic RNAs, including meiRNA, for degradation by the nuclear exosome.
Mmi1 also associates with mamRNA to target Mei2 for ubiquitinylation and downregulation by the Ccr4-Not complex.
Two of the scattered Mmi1 nuclear foci overlap with meiRNA and mamRNA transcription sites. (b) During meiotic
prophase |, Mmi1 is sequestered by Mei2 and meiRNA at the meiRNA transcription site. This allows meiotic mRNAs
to escape degradation and to enter translation, thereby ensuring meiosis progression.




