Glycosaminoglycan patterning in early embryonic development using ToF-SIMS
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Glycosaminoglycans (GAGs) are long, linear polysaccharides composed of repeating disaccharide units, found throughout the extracellular matrix and on the surface of virtually all cells in the body. Heterogeneity in their sulfation patterns, lengths and conformations results in extraordinary structural complexity, underpinning their wide-ranging biological functions whilst posing a significant analytical challenge. Unlike other biopolymers, GAG biosynthesis is non-template driven yet, GAGs are associated with cell-specific patterns established during early development as well as in diseases such as infection, neurodegeneration and cancer. Traditional methods of analysing GAGs are limited in their ability to only collect either spatial or compositional information. Time-of-flight secondary ion mass spectrometry (ToF-SIMS) is a powerful technique offering label-free, in situ GAG analysis capable of providing simultaneous spatial and compositional information. GAG discriminatory ions have been validated based on their presence in the spectra of purified GAG reference samples combined with their presence or absence in wild-type and GAG biosynthetic enzyme knockout cell lines, respectively.
GAGs are implicated in a multitude of processes during early embryonic development including tissue patterning, axis formation and cell differentiation. Gastruloids are 3-dimensional embryonic stem cell-derived self-assembling aggregates that recapitulate key features of early embryonic development including symmetry breaking, axis patterning and germ layer formation. This model provides a reproducible system for studying how GAGs are organised within the developing embryo and how their spatial organisation and composition are dynamically regulated during the developmental process. Sectioned mouse and human gastruloids from multiple timepoints and developmental stages were analysed using ToF-SIMS. Correlative immunofluorescent staining for lineage marker expression was used to validate sample selection and enabled the detailed spatial mapping of GAGs in the context of additional extracellular matrix components. ToF-SIMS was able to assess spatial and compositional changes in multiple GAG types throughout gastrulation and detect differences between mouse and human lineages, demonstrating the utility of ToF-SIMS for unlabelled analysis of biomolecules within biological samples.   
