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Measurement of biological processes at the single cell or subcellular level is critical in order to better 

understand the heterogeneity of cell populations, particularly within the complex microenvironments of 

biological tissues.  Nanoscale secondary ion mass spectrometry (NanoSIMS) enables multiplexed, 

quantitative imaging of the elemental composition of a sample surface at high resolution (< 50 nm). 

Tuning a NanoSIMS instrument to capture two different isotopic variants of a given element provides 

nanoscale isotope ratio measurements. When coupled with stable isotope tracer methods, such isotope 

ratio measurements provide a quantitative window into biochemical pathways of relevance to tissue 

homeostasis and disease. This methodology has been applied to study fundamental metabolic processes, 

including glucose, amino acid, lipid, and nucleic acid metabolism and cell turnover. This presentation will 

demonstrate our recent published and unpublished experience applying these approaches to reveal new 

biological insights. Using administration of stable isotope tracers for DNA synthesis and de novo 

lipogenesis in mice and humans, we identified an age dependent decline in two aspects of adipose tissue 

plasticity, the birth of new adipocytes and adipocyte lipid turnover. Using a new method to track genetic 

labels intracellularly together with protein synthesis and turnover, we discovered unexpected 

heterogeneity of  lysosomal protein age within individual cells. Finally, through administration of glucose 

and glutamine tracers to tumor bearing mice, we discovered that it was not just the degree of substrate 

utilization but metabolic heterogeneity that predicted a key metric of tumor growth. Key points of 

emphasis will include: (1) application- and experiment-specific tradeoffs between measurement accuracy 

and analytical throughput, (2) unexpected findings that emerge from performing quantitative 

measurements of individual cells in heterogeneous populations, and (3) the potential window into human 

biology with translational studies. 
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