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[Abstract] Objective To specifically extract and analyze nascent proteins synthesized by bone marrow mesenchymal stem
cells (BMSCs) after transplantation into ischemic hearts using a technique employing mutant methionyl-tRNA synthetase
(MetRS"¥¢) for nascent protein labeling, in order to explore the potential mechanisms of action in BMSCs post-transplantation.
Methods Point mutation at position 274 of the MetRS gene in BMSCs was induced via lentiviral infection to enable azidonorleucine
(ANL)-mediated labeling of nascent proteins in BMSCs. The labeling efficiency was verified by means of fluorescent non-canonical
amino-acid tagging (FUNCAT). Thirty healthy female CS7BL/6] mice (8-10 weeks old) were divided into control and experimental
groups, with 15 mice in each group. The acute myocardial infarction model was constructed by ligating the left anterior descending
coronary artery in experimental group, while control mice underwent only thoracotomy without coronary ligation. After modeling,
both groups received intramyocardial injections of MetRS"**’%-modified BMSCs (MetRS"**“-BMSCs) at 3 different sites in the peri-
infarct ischemic region. Mice were intraperitoneally injected with ANL every 6 hours for 4 times on postoperative days 0, 2, and 6 (n=5
for each time point) respectively, euthanized 24 h after the last injection, and cardiac tissues were isolated. The newly synthesized and
labeled proteins produced by BMSCs after transplantation into the myocardium of experimental and control groups were collected,
using an enrichment technique for ANL-tagged proteins and liquid chromatography-tandem mass spectrometry (LC-MS) analysis.
Gene ontology (GO) analysis, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis, protein-protein interaction
(PPI) analysis, and heatmap visualization analysis were performed to identify differentially expressed proteins at the 3 time points and
screen key pathways and genes. Results  Under fluorescence microscopy, the MetRS"**’¢ lentivirus-infected BMSCs were observed
to be labelled with mCherry signals, confirming the successful construction of the MetRS"”*“-BMSCs cell line. Green fluorescent
signals were detected only in nascent proteins in culture medium containing both MetRS"*“-BMSCs and ANL, validating the
sensitivity and specificity of the labeling method. GO analysis revealed that differentially expressed proteins were primarily involved in
basic cellular biological processes such as extracellular exosome formation, extracellular matrix organization, and focal adhesion.
KEGG and PPI analyses indicated that the differential proteins were mainly involved in complement and coagulation cascade
pathway, actin cytoskeleton regulation pathway, and apoptosis pathway. Heatmap analysis showed significantly upregulated
expression of anti-apoptosis and cell adhesion-related factors in experimental group on day 1 (P<0.0S), upregulated anti-apoptotic
factors, pro-apoptotic factors, and cell adhesion-related factors on day 3 (P<0.05), and upregulated anti-apoptotic factors, cell
differentiation-related factors, and cell adhesion-related factors on day 7 (P<0.05) compared with control group. Expression of
apoptosis-inducing factor 1 was significantly downregulated on days 1 and 7 (P<0.0S). On day 3, most differentially expressed
proteins, including anti-apoptosis factors (Protein S100-All, Clusterin, Gelsolin), pro-apoptosis factor (Cathepsin B), cell
differentiation-related factor (Transgelin-2), and cell adhesion-related factors (Cofilin-1, Periostin, Fibronectin) were significantly
upregulated (P<0.05). Conclusions The MetRS"*’“ mutation enables BMSCs to incorporate ANL and synthesize labeled proteins,
confirming the feasibility of this nascent protein labeling technique. Nascent proteins of BMSCs in ischemic myocardium primarily
contribute to extracellular exosome secretion and extracellular matrix organization. BMSCs may adapt to and respond to ischemic and
hypoxic environments by influencing complement and coagulation cascades, activating inflammatory factors, regulating actin
cytoskeleton structure, and modulating apoptosis, thereby maintaining the survival of BMSCs.
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Fig.1 Identification of the novel protein labeling technique based on MetRS"**’“ mutation in BMSCs
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Fig.2 Heatmap analysis of differentially expressed proteins from mesenchymal stem cells transplanted to ischemic heart
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