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we now know that nearly every major
process in a cell is carried out by
assemblies of 10 or more protein
molecules. And, as it carries out its
biological functions, each of these
protein assemblies interacts with
several other large complexes of
proteins. Indeed, the entire cell can be
viewed as a factory that contains an
elaborate network of interlocking
assembly lines, each of which is
composed of a set of large protein
machines...Why do we call the large
protein assemblies that underlie cell
function protein machines? Precisely
because, like the machines invented by
humans to deal efficiently with the
macroscopic world, these protein
assemblies contain highly coordinated
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moving parts. Within each protein
assembly, intermolecular collisions are
not only restricted to a small set of
possibilities, but reaction C depends on
reaction B, which in turn depends on
reaction A—just as it would in a
machine of our common experience
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system where even small deviations
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,Nanoscale-length control of the flagellar driveshaft requires hitting the

moderner Naturwissenschaft?«p99
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tethered outer membrane.Science356,197-200(2017)
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from the highly regulated flagellar
assembly process can abolish motility
and cause negative physiological
outcomes. Consequently, bacteria
[possess] robust regulatory
mechanisms to ensure that flagellar
morphogenesis follows a defined path,
with each component self-assembling
to predetermined dimensions.”
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Part 2 — Analytic View
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