Internship offer
M2 Musculo-Skeletal system, Locomotion, Exercise (MuSKLE)

Title of the Internship: Deciphering the role of tubulin isotypes in the formation &
maintenance of skeletal muscle

Laboratory: NeuroMyoGene institute (INMG) - Pathophysiology and genetics of neuron and
muscle (PGNM)
CNRS/UCBL1/UMR5261-INSERM U1315. 8 avenue Rockefeller 69008 LYON

Research team: Muscle Nuclear & Cytoskeleton Architecture (MNCA) Team leader: Vincent
Gache

Supervisor to contact: Dr. Muriel Sébastien (muriel.sebastien@inserm.fr) & Dr. Vincent
Gache (Vincent.gache@inserm.fr)
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are needed all along a cell’s life to support

its morphology, motility and intracellular transport*. In muscle Stem Cells (MuSCs) the microtubule network is
radiating from the centrosome, while in mature muscle cells (myofibers), microtubules form an orthogonal grid at
the cell cortex, and a longitudinal mesh at the core. How such versatile functions and organizations arise from the
same polymer is still poorly understood, but a growing body of evidence points at the “Tubulin code™. This code
is a perfectly balanced regulatory pathway involving a diversity of tubulin isotypes that compose the polymer, but
feature various conformations®, Post-Translational Modifications (PTMs), and capacities to associate with
Microtubule-Associated Proteins (MAPs). Interestingly, tubulin isotypes are differently expressed in tissues and
developmental stages’ suggesting specific functions that remain to be explored in cellular contexts. Taking
advantage of in vitro and in vivo models readily available at the lab, this project aims at a better
understanding of the specific roles of tubulin isotypes in organizing the microtubule network during striated
muscle development and maturation.

Proposal

Deciphering the role of a tubulin isotypes in striated muscle cells formation. The M2 candidate will develop new
human induced Pluripotent Stem Cell (hiPSCs) lines to analyze the spatial repartition of a specific tubulin isotype
and the consequences of its absence and/or mutation in striated muscle formation. Using CRISPR/Cas9 gene-
editing, the candidate will generate (1) an endogenous tagging of the tubulin isotype of interest with a fluorophore
(GFP), (2) a deletion of the isotype of interest, and (3) a patient mutation involved in a congenital myopathy. These
hiPSCs lines will then be differentiated into skeletal or cardiac cells, allowing live-cell imaging and tracking of
the target isotype during the differentiation process.

Implication of tubulin isotypes in MuSCs activation. MuSCs are required for skeletal muscle maintenance,
growth, and repair. The candidate will extract MuSCs from an already available tubulin isotype knock-out mouse
model, using FACs-sorted/MACs-purifications. /n vitro culture, qPCR and immunostainings will be performed
to monitor specific transcriptional factor expression during their differentiation and maturation. This analysis will
be completed by live-cell imaging to access to microtubule network organization and usage for intracellular
transport (i.e. Tracking of Nuclei, mitochondria, lysosomes...).
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Skills required:
Culture of cells (primary culture cells or hiPSC will be a plus)

Immunofiuorescence techniques (fixed cells)
Biomolecular methods (QPCR, CRISPR/Cas9)
Microscopy and image analysis

Environment

The Gache team (Gache team Website) is an international team, connected to numerous onsite facilities (molecular

biology, imaging, cell biology, physiology). It is part of the Institut NeuroMyoGene — Pathophysiology and
Genetics of Neuron and Muscle (INMG website), an institute that hosts 11 research teams, dedicated to basic and
translational research in the neuromuscular field. In addition, Lyon hosts many laboratories focused on Life and
Health Sciences, guaranteeing a high quality and dynamic scientific environment. As the second biggest city in
France, Lyon is also ideally located between the Alps and the Mediterranean Sea, allowing a great quality of life
in a large city close to the outdoors, with renowned gastronomy and wines.

Bibliography (In red are publications from team members)

Frontera, W. R. & Ochala, J. Skeletal Muscle: A Brief Review of Structure and Function. Calcif. Tissue Int. 96, 183—195 (2015).

Lucas, L. & Cooper, T. A. Insights into Cell-Specific Functions of Microtubules in Skeletal Muscle Development and Homeostasis. Int. J. Mol. Sci. 24, 2903 (2023).

Oddouy, S. et al. Microtubules that form the stationary lattice of muscle fibers are dynamic and nucleated at Golgi elements. J. Cell Biol. 203, 205-213 (2013).
Akhmanova, A. & Kapitein, L. C. Mechanisms of microtubule organization in differentiated animal cells. Nat. Rev. Mol. Cell Biol. 23, 541-558 (2022).

Magiera, M. M. The tubulin code: Empowering microtubules. Semin. Cell Dev. Biol. 137, 1-2 (2023).

Paquette, A. L. et al. Competition for microtubule lattice spacing between a microtubule expander and compactor. Curr. Biol. 35, 4442-4452.e4 (2025).

Gasic, |. Regulation of Tubulin Gene Expression: From Isotype Identity to Functional Specialization. Front. Cell Dev. Biol. 10, 898076 (2022).

. Ghasemizadeh, A. et al. MACF1 controls skeletal muscle function through the microtubule-dependent localization of extra-synaptic myonuclei and mitochondria biogenesis.
elLife 10, €70490 (2021).

9. Guiraud, A. et al. SH3KBP1 promotes skeletal myofiber formation and functionality through ER/SR architecture integrity. EMBO Rep. 1-26 (2025) doi:10.1038/s44319-025-
00413-9.

10. Gache, V. et al. NuMA1 controls myonuclear motility in striated skeletal muscle through AMPK activity and is impaired in Duchenne Muscular Dystrophy. (2025)
doi:10.21203/rs.3.rs-7713210/v1.

11. Brun, C. E., Wang, Y. X. & Rudnicki, M. A. Cellular Quiescence, Methods and Protocols. Methods Mol. Biol. 1686, 149-159 (2017).

12. Feige, P., Brun, C. E., Ritso, M. & Rudnicki, M. A. Orienting Muscle Stem Cells for Regeneration in Homeostasis, Aging, and Disease. Cell Stem Cell 23, 653-664 (2018).

NouswNeE

00


https://pgnm.inmg.fr/en/gache/
https://inmg.fr/

