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Cutting edge and hypotheses on L-Proline mitochondrial metabolism and autophagy: novel prospective and possible therapeutics in COVID-19 Pandemic era (i.e. 33 years at lab)
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Research over the last decade has extended the prevailing view of cell mitochondrial function well beyondits bioenergetic role in supplying ATP, recognizing that the mitochondria play a critical role in the responsesof cells to metabolic transition and physiological stresses. Previous studies on wild-type Saccharomycescerevisiae ATCC 18790 and two strains found in grape showed the capability of yeast mitochondria to takeup and oxidise L-Proline externally added them. L-Proline caused mitochondrial membrane potential (ΔΨ)generation with a rate proved to depend on the transport across the mitochondrial membrane as wasshown by means of inhibitors N-ethylmaleimide and bathophenanthroline and others.The dependence ofthe rate of generation of ΔΨ on the increasing L-Proline concentrations exhibits hyperbolic kinetics.Differently from mammalians and plants, as a results of L-Proline addition, in physiological conditions, theappearance of Glutamate was not found outside yeast mitochondria as measured by HPLC experiments andby GDH detecting system. Proline mitochondrial metabolism in the response to metabolic transition respectto environmental “ feast” and “famine” conditions was, also, debated in Pallotta 2005.The stressful ecosystems exert strong adaptive pressure and proteins that facilitate these adaptationprocesses are candidate drug targets. Nucleotides are the core of biochemical pathway required for cancercell growth and replication and genetic changes will lead in oscillation in their pools. Although it isquestionable whether the Warburg effect actually causes cancer, impairing D-glucose uptake andmetabolism induces oxidative metabolism.L-proline homeostasis is critical in a constellation of human diseases, in parametabolic linkage betweencancer, epigenetics and bioenergetics (Pallotta 2013,2014,2016) where degradation and biosynthesis arerobustly affected by oncogenes or suppressor genes that can modulate intermediates involved inepigenetic regulation. L-Proline-fueled mitochondrial metabolism involves the oxidative conversion to LGlutamate by a flavin dependent-L-Proline Dehydrogenase/Oxidase and a NAD+ -dependent L-Δ1 -Pyrroline-5-carboxylate Dehydrogenase. In Saccharomyces cerevisiae, an important test tube, Put1p andPut2p respectively help cells to respond to changes in the nutritional microenvironment by initiating LProline breakdown after mitochondrial uptake (Pallotta 20013,2014). In this preclinical research,lowmolecular weight compounds were tested for inhibiting L-Proline mitochondrial transport and Put1p/Put2pcatalytic activities. Thus, in seeking for natural bioactive compounds targeting L-Proline pathway and itssubstrate channeling (Becker’s group 2018), e reported data using in silico screening and in vitro studies inSaccharomyces cerevisiae with genetic background ATCC18790 but different phenotypic landscape inducedby nutritional stress/pH changes (Pallotta 2016). Cells vitality, ΔΨ measurements, NAD(P)+ /NAD(P)H pooland flavine turnover were determined in spectrofluorimeter microplater reader and via HPLC (Pallotta et al 1998, 1999,2004; Pallotta2011; Di Martino Pallotta2011) thus in supporting of future disease therapies with  decreasing side effects. Multiple studies have also shown a crosstalk between ER stress and autophagy. When ER stress occurs, autophagy can be triggered by unfolded protein reactions (UPR) to remove excessive unfolded proteins and damaged organelles, and maintain cell homeostasis. The Proline cycle and the parametabolic functions of the proline metabolic axis have solidified the importance of the mitochondrial enzymes in autophagy (Pallotta 2005, 20013, 2014; Phang, 2019) Autophagy is known to exert cytoprotection in different cellular contexts, and autophagy induction generally prolongs life. Autophagy has recently benefited from rapid studies progress in this issue, and it was called “master regulator of cell homeostasis” and it is currently viewed as a valuable biomedical marker for a number of physiological processes and pathological mechanisms underlying major diseases. Recent understanding of how autophagy is regulated has promoted therapeutic strategies that ultimately treat a number of pathologies, including both neurodegenerative diseases which involve impaired autophagic elimination of misfolded proteins (Alzheimer’s, Parkinson’s, Huntington’s and prion diseases) and diabetes, liver diseases, myopathies, lysosomal storage diseases, cancers, infectious diseases (i.e. different viruses). Whereas autophagy can selectively degrade survival factors and thereby initiate cell death, autophagy can also activate apoptosis by selectively degrading apoptotic inhibitors. Hypotheses that autophagy comes into play in the balance between survival and death has major implications in the design of strategies for counteracting the pathophysiological processes. The doubleedged nature of autophagy is critical for the development of autophagy-targeted therapeutics, not only for neurodegenerative diseases which involve impaired autophagic elimination of misfolded proteins (Bailly 2013) but also for infectious diseases (i.e. Covid-19 pandemic due to SARS-CoV2) and cancer, where pathogens and cancer cells hijack the autophagic machinery for their sur vival and proliferation. The identification of inadequate L-Proline for protein synthesis based on diricore analysis that was performed on data sets where the reads were displaced −5/+5 nucleotides randomly,suggests that in cancer tissue these regulatory mechanisms may take precedence over supplying L-Proline for protein synthesis. The protocol for differential ribosome codon reading (Diricore analysis, see above) by harness ribosome profiling for sensing restrictive amino acids, and develop diricore, a procedure for differential ribosome measurements of codon reading. These authors () demonstrate the functionality and constraints of diricore using metabolic inhibitors and nutrient deprivation assays. In this context, PYCR1 is induced by shortage of L-Proline precursors, and its suppression attenuated kidney cancer cell proliferation when LProline was limiting. High PYCR1 is frequently observed in invasive breast carcinoma. In an in vivo model system of this tumour, we also uncover signals indicating restrictive L-Proline. Authors further showed that CRISPR-mediated knockout of PYCR1 impedes tumorigenic growth in this system. Thus, diricore has the potential to reveal unknown amino acid deficiencies, vulnerabilities that can be used to target key metabolic pathways for diseases treatment. Thus, all we scientists have gained insight into the regulatory effects of mitochondrial enzymes linked to L-Proline metabolism which could lead to novel strategies for metabolic therapeutics also in Covid-19-Pandemic era L-Proline metabolism is critically important for tumor metastasis since PYCR is highly overexpressed in various metastasized tumors. The L-Proline metabolism pathway is involved in supporting ATP production, protein, and nucleotide synthesis, anaplerosis, and redox homeostasis in cancer cells. Especially, L-Proline functions as a stress scavenger under conditions of metabolic, oxidative, and nutrient stresses that are similar to intrinsic properties of the tumor environment. Indeed, the disruption of the proline synthesis pathway in cancer cells prevents 3D spheroid formation and tumorigenesis in nude mice, while PYCRdeficient cells proliferate normally in 2D monolayer culture. It was also observed that K1-PYCR interaction enhanced in vitro 3D spheroidal growth and in vivo tumorigenesis, while it had no effect on cell growth in in vitro 2D culture. Tumour growth and metabolic adaptation may restrict the availability of certain amino acids for protein synthesis. It has recently been shown that certain types of cancer cells depend on Glycine, Glutamine, Leucine and Serine metabolism to proliferate and survive. In addition, successful therapies using LAsparaginase-induced Asparagine deprivation have been developed for acute lymphoblastic leukaemia. However, a tailored detection system for measuring restrictive amino acids in each tumour is currently not available. The cellular mechanisms and danger of this “second wave” effect of COVID-19pandemic to the human body, along with the effects of aging, proper nutrition, and regular physical activity are welcome. PYCR1 mRNA levels were measured by qRT–PCR in a panel of breast cancer cell lines. Values were normalized to GAPDH mRNA and Immunoblot analysis from sucrose gradients showed the incorporation of the eGFP–RPL10a fusion protein in polysomes. Immunoprecipitation experiments with beads coated with antibodies against GFP followed by western blot analysis in SUM159PT cells expressing eGFP– RPL10a. Correlations between independent Ribo-seq experiments where ribosomes where purified by sucrose gradients or by GFP immunoprecipitation. MCF7 eGFP–RPL10a cells were used from authors in these recent experiments (). Autoimmune patients under immunosuppressive drugs could be prone to SARS-CoV-2 infection; however, suspension of the ongoing conventional and biological therapy is contraindicated to avoid disease flares and the consequent increase in the infection risk. Through reducing oxidative stress and enhancing immunity, nutritional support helps people to lower the risk of virus infection or to alleviate the symptom of COVID-19. An emerging concept in immunology is that rewiring of macrophage metabolism is crucial for controlling their activities. Remodelling of the TCA cycle in macrophages leads to the accumulation of metabolites that can promote proinflammatory ἀ-TNF or antiinflammatory functions, but the underlying mechanisms are not fully understood. Recently, a study in Nature (Otto 2016) reported that the metabolite itaconate regulates the key anti-inflammatory transcription factor nuclear factor erythroid 2-related factor 2 (NRF2) in macrophages. However, cells of macrophage lineage have to "pay the price" for making itaconate, and they lose the ability to perform mitochondrial substrate-level phosphorylation. Amino acids are fundamental building blocks supporting life. Their role in protein synthesis is well defined, but they contribute to a host of other intracellular metabolic pathways, including ATP generation, nucleotide synthesis, and redox balance, to support cellular and organismal function (as already writter before). Immune cells critically depend on such pathways to acquire energy and biomass and to reprogram their metabolism upon activation to support growth, proliferation, and effector functions. Amino acid metabolism plays a key role in this metabolic rewiring, and it supports various immune cell functions beyond increased protein synthesis. Thus, L-Proline metabolism (see Glutamate, Alfa KetoGlutarate production) promotes immune cell function, and improve immunity in pathological conditions. The COVID-19 pandemic crisis has created a future era in which novel therapeutics will be experimented for personalized medicine.
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