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Within the field of materials science, the adage that structure determines properties is foundational to the
field, while a similar adage underpins the field of structural biology where form follows function. This
concept is easily exemplified with proteins, where their functions (from providing structural support,
motility, transport, and enzymatic activity) is as varied as their unique amino acid sequence and complex
physical 3-D structure. Currently, the application of individual or combinations of established analytical
techniques such as cryo electron microscopy, nuclear magnetic resonance spectroscopy, mass
spectrometry, and X-ray crystallography are used determine protein structure from ensembles of isolated
proteins or protein crystals. However, the need to make measurements from ensembles of isolated proteins
or crystals means that information is lost (for example, ionic gradients) with respect to the native aqueous
environment. Here | will explore the question, can the analytical technique Atom Probe Tomography
(APT) be applied to map macromolecular structure and ionic gradients with near atomic resolution within
a hydrated environment? Recent work has established the ability of APT to map ionic gradients over
nanoscale distances within a protein specimen embedded within a resin matrix[1]. More recently,
established approaches for the preparation, handling, and transfer of cryogenically frozen hydrated
specimens[2-5] provides a route for the site-specific targeting of hydrated biological samples for cryo-
APT analysis, including regions containing proteins embedded in water ice. In this paper, we will discuss
recent progress toward this end, which importantly includes the development of machine learning models
aimed at mapping macromolecular structure from the 3-D point cloud composition maps. Additionally,
we will discuss outstanding challenges that need to be addressed to realize the application of APT to
directly map the structure of macromolecules such as proteins, and possible mitigation strategies.
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