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Every process of the biological cell relies on molecular forces that are a complex interplay of chemical,
biological and physical interactions. Elucidating when and where certain interactions guide the nanoscopic
machinery of the cell and how these hundreds of thousands nanomachines contribute to cell biological
processes resembles deciphering a basic molecular language. Understanding this language includes describing
how a nanomachine finds its ligand, how and where the ligand binds and by which mechanism the ligand
switches the functional state of the nanomachine. It also includes taking parts of such nanomachines apart and
to assemble them into new nanomachines to program them with novel functions. It also includes understanding
how the biological cell establishes interactions that dynamically guide the assembly many different
nanomachines into functionally, timely, and spatially flexible molecular factories. Here | review how modern
biophysical approaches allow imaging the molecular machinery of the cell at molecular resolution, to watch
these machines at work, to sense the interactions of the cellular machinery, and to direct the cellular machinery.
These possibilities provide unique insight into how cells control and modulate their highly sophisticated
molecular machineries and challenges physicists to tackle complex dynamic systems.
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