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2. Project title
Study of the protein—protein interactions as component of plant responses to nitrogen availability.

3. Tutor

Bhakti Prinsi

Associated Professor in Agricultural Chemistry at the Department of Agricultural and Environmental
Sciences - Production, Landscape, Agroenergy - University of Milan. Her research activity is aimed at
studying topics of plant physiology and biochemistry relevant to crop quality and production:
physiological and molecular responses to mineral nutrition and abiotic stresses; fruit ripening in woody
plants; relations between primary and secondary metabolism in plants; characterization and biological
activities of seed storage proteins in legume and cereal crops. These research activities have enabled her
to gain a good expertise in the fields of plant proteomics and metabolomics based on mass spectrometry
approaches.

Author of 45 "peer-reviewed" articles. h-index (Scopus): 20; total citations (Scopus): 1405.

Prof. Luca Espen

Full Professor in Agricultural Chemistry at the University of Milan. His recent research activity can be
divided in the following topics: a) biochemical and physiological aspects of seed germination; b)
biochemical and physiological processes of the fruit ripening of orchard tree species; c) plant mineral
nutrition; d) biochemical and physiological aspects involved in the abiotic stress responses.

Author of 79 "peer-reviewed" articles. h-index (Scopus): 28; total citations (Scopus): 2142.

4. Relevance of the topic and state of the art:

Nitrogen (N) fertilization in agricultural systems is necessary to sustain crop yields, but it has huge
economic, social and environmental costs. Plant N use efficiency is very low, therefore the selection of
new strategies to manage N inputs is needed to improve the sustainability of agricultural production [1].
Maize (Zea mays L.), among more important cereals, is a model organism for the study of plant
physiology, biochemistry and genetics [2]. Nitrate is the main form of inorganic N used by crops. Its
availability affects growth, morphology, and metabolism of plants and, ultimately, grain production and
fruit quality [3].

In the past, proteomics was successfully applied to gain new knowledge on crop metabolic adaptations
to different N inputs, highlighting the involvement of different post-translational modifications and
enzyme isoforms [8,9,10,11]. The study of protein complexes is an expanding area of research in plant
biology. Indeed, there is increasing evidence that enzymes functionality and regulative proteins are
influenced by protein-protein interactions and formation of large macromolecule complexes, which
cluster cooperating enzymes. The formation of protein complexes can affect catalytic activities,
substrate specificity and subcellular localization, representing a further level of control in the plant
responses [12]. Interestingly, it is now well documented that proteins involved in root nitrate uptake and
plant water balance work as oligomeric complexes [13, 14].

The aim of the project is to unravel the changes in abundance and composition of protein complexes in
response to N availability. Based on the proteomics results produced by previous studies, the attention
will be paid to the analysis of protein-protein interactions that could play a central role in the N supply
responses.

5. Layout of the project (draft)

The aim of the project is to study the changes in the protein-protein interactions occurring in the
adaptation to different N availabilities in model crops, such as maize (Zea mays L.). The proteomic
evaluations will be combined with physiological and biochemical analyses and will be focalized on root
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organ.

Materials & Methods:

Plant materials and nutritional treatments: the project will make use of maize seedlings as the main
experimental model. Moreover, to broaden knowledge and find common or specific responses, the use
of othercrop species as well as different phenological stage could be evaluated. In details, commercial
lines of maize will be grown in hydroponic systems.During vegetative growth, the effects of different N
nutritional treatments on plant growth and plant metabolism will be tested. The nutritional treatments
will be based on the reintroduction of nitrogen (i.e. nitrate) after a starved period to analyze the typical
induction phase, characterized by the activation of root transport systems as well as nitrogen
assimilation pathway.

Evaluation of physiological effects: key physiological parameters related to sensing and utilization of N
availability, such as nitrate uptake capacity, in vivo biochemical test, such as the ability to acidify the
rhizosphere, and biomass accumulation will be evaluated by mean of phenotyping tools and biochemical
assays.

Evaluation of biochemical responses: western-blot and enzymatic analyses will be performed in order to
evaluate the abundance and activities of key enzymes involved in N acquisition (i.e. Nitrate Reductase,
Glutamine Synthetase) in roots. In order to describe metabolic adaptations, the levels of key metabolites,
such as sugars and amino acids, will be evaluated by colorimetric and/or mass spectrometry analysis.
Characterization of protein complexes in the roots: The first step of the research activity will be devoted
to optimizing the technical protocols to isolate protein complexes of interest. For this purpose, the native
electrophoresis analyses will be performed combining different approaches [Blue native (BN) PAGE,
2D-BN/SDS-PAGE] to achieve the best resolution and reliability. The detection of the protein
complexes of interest will be obtained using specific antibodies in Western blot analyses. Finally, LC-
ESI-MS/MS analyses will be used to complete protein identification and quantitation and investigate
changes in composition and stoichiometry of the protein complexes. Bioinformatic analyses will be used
to perform mass spectrum interpretation and quantitation, utilizing the large set of public genetic
information, such as the maize reference  proteome  available in  UniProt
(https://www.uniprot.org/taxonomy/4577 - 62236 entries). Proteomic data interpretation will be
implemented by using statistical and informatic  tools, such as KEGG
(https://www.genome.jp/kega/pathway.html) and STRING (https://string-
db.org/cgi/input?sessionld=bT98mcTOiy7a&input_page show_search=on), among others.

Finally,

Validation of the results: the most interesting changes will be validated by alternative approaches, such
as immunoblotting, using commercial and/or novel antibodies or size-exclusion chromatography (SEC)
coupled with LC-ESI-MS/MS [15].

5.1. Schedule and major steps (3 years):

First year:

The activities of the first year will be mainly devoted to study nitrogen nutrition and to optimize proteomic
protocols.

- Study of the scientific literature related to plant N nutrition and proteomics.

- Definition of the nutritional treatments (N inputs, timings) useful to define the nitrate uptake/induction
phase in maize and, eventually, in other model crops.

- Optimization of the protocols to analyze protein complexes in maize roots.

Second year:

The activities of the second year will be aimed at studyingchanges in protein-protein interaction
in maize roots.

Insights on plant physiological and metabolic responses to the experimental conditions defined in the
previous steps.

- Large-scale analysis of protein complexes in roots of plants exposed to the experimental conditions
defined in the previous steps.
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Third year:

Interpretation and validation of the results

- Interpretation and comparison of the proteomics results in relation to the plant physiological and
metabolic responses to different N inputs.

- Validation of the results by means of complementary techniques, bioinformatic tools, and targeted
analyses.

The training and dissemination activities (schools, congresses, scientific publications) and research
periods abroad will be planned during the three years of the PhD school.

6. Available funds (source and amount)
The project will be funded with a grant of 20.000,00 € (PNNR Projects).
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