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Description of the Project (max 3,000 characters including spaces)

Buckgroundlgqp of knowledge

Primary cilia are tiny solitary organelles present on the surface of most cells in our body. These
are microtubule-based structures, non-motile and acting as cellular antennae on the surface
of cells to capture various type of extracellular signals. These antennae are distributed in various
different tissues, and accordingly their dysfunction can cause a variety of different
manifestations. Inherited disorders caused by ciliary dysfunction are collectively called
“ciliopathies”. The most common of these disorders are renal inherited disorders called
polycystic kidney disease. More rare forms of cystic disorders are also observed and the most
frequent pediatric ciliopathy is called nephronophthisis. We have recently discovered a novel
function for primary cilia. We have described that these organelles act as extracellular sensor of
nutrient availability and convey this information to mitochondria to optimize their bioenergetic
activity. In particular, cilia respond to glutamine, a non-essential-amino acid which becomes
conditionally essential during metabolic stress conditions as a primary source of carbon to be
used in the TCA cycle in mitochondria. We have described that the enzyme responsible for this
response is called Asparagine Synthetase (ASNS).

Rationale and hypothesis

Our data suggests that: i) cilia are essential for cells to sense and properly utilize glutamine for
energy production; ii) cells lacking cilia have an impaired capability to respond to nutrient stress
by utilizing glutamine; iii) the process is not dependent on the nutrient sensor mTORC], but it
depends on one enzyme called asparagine synthetase (ASNS) which enables glutamine
utilization under stress conditions and which we have found located at the base of cilia. Here we
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hypothesize that the enzyme ASNS, being at cilig, is sensing and responding to the levels of
extracellular glutamine. We will test the hypothesis in cellular systems, in murine kidneys and in

a recently generated zebrafish model.

Objectives and specific aims

The PhD student enrolled in this project will contribute to reach a better molecular definition of
the process. In particular: i) (s)he will generate cells lacking the ASNS enzyme or expressing
mutant forms of the enzyme to study its role in the ciliary response to glutamine; i) characterize
the trafficking of the ASNS enzyme tagged with GFP, RFP or mNeonGreen; iii) complete the
characterization of a zebrafish model recently generated by the lab and reconstitute it with
human ASNS; iv) help validating the results of a cilia-specific proximity labelling proteomic study
already conducted by the lab. Validations will be performed using cell lines, murine models and

the novel zebrafish model.

Expected outcomes

We expect to unravel the molecular mechanism of the ciliary response to glutamine, in particular

to define and refine the role of the metabolic enzyme ASNS, along with other possible players.

Skills that the student should acquire (max. 600 characters including spaces):

Upon completion of the project the fellow will be able to design and execute experiments
independently. During the course of the project (s)he will learn how to perform
Immunofluorescence and live imaging, western blots and gPCR analysis, cell cultures and

tissues analysis (Immunohistochemistry), including analysis of tissues from mice and fish.
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