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Cells are the fundamental unit of structure and function of all
organisms. Proteins are the molecular machines that define the
cell architecture, organization, and function. Microscopy is the
only technology that allows us to see live cell behavior and to
correlate cell function to protein quantity and location. Recent
studies have demonstrated that label-free (without fluorescent
stains for specific molecules) images contain information on the
molecular organization within the cell by using machine
learning-based generative approaches. The potential generation
of such “virtual integrated cells” may overcome inherent
limitations in optics and molecular biology that limits the
number of proteins that can be concurrently images in a live
cell. We propose to make the next big step by using matched
fluorescent and label free images to predict (asymmetric)
protein-protein interactions that will be used to identify novel
molecular pathways that can be then verified experimentally.
Interactions among different proteins is poorly characterized
due to the difficulty in live imaging multiple different proteins
in a cell. We propose here a proof-of-concept of a methodology
that will enable predictive modeling of cell states and behavior,
based on virtual predicted molecular organization and
interactions from label free images. Such system-level understanding of molecular interactions will
be a huge advance towards the “holy grail” of cell biology - an understanding of the cell as an
integrated complex system.
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