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Premise
Serine hydroxymethyltransferase (SHMT) is a central enzyme in the serine-glycine-one carbon metabolism (SGOC), it catalyzes the reversible conversion of serine and tetrahydrofolate into glycine and 5,10-methylenetetrahydrofolate. Since this reaction is essential for the growth and proliferation of cells, it’s not surprising that SHMT can be found overexpressed in several tumors. In human genome two SHMT genes are found: SHMT1, which encodes the cytoplasmic isozyme and SHMT2, encoding the mitochondrial one, the latter gene also encodes a second transcript, called SHMT2α, which lacks the mitochondrial import sequence and localizes into the cytosol. It has been demonstrated that several eukaryotic metabolic enzymes have other functions in addition to the catalysis of metabolic reactions, these proteins are commonly called ‘moonlighting enzymes’: SHMT is one of them. While the enzymatic activity of SHMT is well characterized, very few informations are available on the apparently ‘secondary’ feature of these isozymes: their acid nucleic binding properties. One of the main task of my project is to pursue a deep biochemical, molecular and cellular characterization of this unexplored function of SHMT, unraveling new biological roles of this complex protein. This study will help to better understand how this protein is regulated in cancer cells and how it regulates other proteins/RNAs as well. Previously published data from our group suggest a crossregulation between SHMT isozymes; starting from this observation, I have studied if the observed crosstalk could me mediated by the binding of SHMT1 to SHMT2 mRNA and I have characterized the RNA binding feature of the cytosolic isozyme.


Methodology and Results
The RNA binding function of human SHMT1 has been characterized in vitro to qualitatively and quantitatively assess: (i) the affinity for such macromolecules, (ii) the amino acid residues involved in the RNA binding and (iii) the effects of metabolites on RNA binding. For all these purposes, I have used Electrophoretic Mobility Shift Assay (EMSA) that allows to detect protein/RNA complexes on native polyacrylamide gels. To obtain the RNA sequences needed for EMSA assays, I have performed an in vitro transcription of recombinant DNA templates cloned downstream of the T7 promoter, a sequence that is specifically recognized by the T7 RNA polymerase to produce the corresponding transcripts. To asses which of the four tested RNA sequences had more affinity for SHMT1, it was necessary to label all the transcripts with pCp-Biotin using T4 RNA ligase, which conjugates a single biotin molecule to the 3’OH end-group of the RNAs, the detection of the biotin moiety was then performed with streptavidin conjugated with horseradish peroxidase. The use of unlabeled RNAs as competitors in EMSA assays allowed to determine which one has the strongest affinity for the protein. 
Characterization of the RNA binding feature 
I have characterized the RNA binding property of SHMT1. Using EMSA assays, I tested four different 5’UTR sequences to see if the binding of the cytosolic enzyme to mRNAs could be sequence dependent. Surprisingly, I have found that SHMT1 binds three different 5’UTR sequences (SHMT2, SHMT2α short, SHMT2α intermediate) but it does not bind to the 5’UTR sequence of its own transcript, the latter observation confutes what is already present in literature (Liu X et al. 2000). To assess which of the three newly identified sequences binds to SHMT1 with higher affinity, I have performed EMSA assays using the labeled sequence of interest in presence of the protein together with the other unlabeled 5'UTRs: the sequence with highest affinity was the 5'UTR of SHMT2 transcript. The next step was to identify the non-canonical RNA binding domain on SHMT1 using a site-directed mutagenesis approach; interestingly, I have identified two lysine residues (K157 and K158) that are crucial for the binding of the ribonucleic acid. Since these amino acids are located near the folate binding cleft, it was necessary to evaluate the effect of folate substrates on the RNA binding capability of the protein, the results clearly show that folates compete with the RNA sequences for the binding to SHMT1. All these data need to be validated in cell models, and thus during my last year of PhD I will be employed in characterizing this interaction in vivo.
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Participation to courses / meetings

18/09/2018 - 21/09/2018 Rome (Italy) - Participation to the XV FISV Congress (Sapienza University of Rome), abstract selected for oral presentation entitled “Beyond intermediary metabolism: characterization of the moonlighting function of human serine hydroxymethyltransferase”. 

1/07/2018 - 5/07/2018 Stockholm (Sweden) - Participation to EMBO workshop “RNA: structure meets function” with presentation of the poster entitled “Beyond intermediary metabolism: characterization of the moonlighting function of human serine hydroxymethyltransferase”.

[bookmark: _Hlk523869089]3/06/2018 - 9/06/2018 Barcelona (Spain) - Participation to EMBO practical workshop “iCLIP: genomic views of protein-RNA interactions” with presentation of the poster entitled “Beyond intermediary metabolism: characterization of the moonlighting function of human serine hydroxymethyltransferase”.




