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Fluidic Cell Access and Measuring Cell Activity

The cell’s lipid membrane is one of the most vital cell components as the gate-keeper in and out of the
cytoplasm and a critical barrier to integrating technology with biological cells. Newly discovered forms
cancer therapy and future biological technologies rely upon manipulating chemical or electronic flow
across this membrane. Unfortunately, artificially controlling access through the lipid layer is surprisingly
difficult; current techniques often involve harsh chemicals or creating holes that cause cell cytotoxicity.
Here we investigate how scaling fluidic technology to the nanoscale can provide non-perturbative access
through the cell wall and into biological cells, providing a long-term communication channel for
chemical or biological signals. We achieved high-efficiency chemical delivery and control by mimicking
natural gap junction proteins, creating arrays of ‘nanostraws’. These nanoscale (100-500 nm) diameter
straws are formed by templating high-aspect ratio pores, allowing precise control of height, diameter
and thickness. The nanostraws deliver a wide variety of materials that could normally not pass through
the cell wall, yet do not disturb natural cell function. Models of how these materials penetrate the lipid
bilayer show that a simple impaling mechanism is insufficient, but instead rely upon cellular traction
forces to drive membrane rupture.

Surprisingly, we discovered that these nanoscale conduits can not only deliver material into cells, but
also can extract minute quantities of cellular proteins and small molecules out. Our data shows that
intracellular contents from thousands of cells down to even a single cell can be non-destructively
sampled and quantitatively analyzed multiple times over the course of one week, a feat which has not
been previously possible. This advance enables new studies of how cells temporally evolve within fully
interconnected cell monolayers in response to different therapies and lineage drivers. These, and other
similar nanofluidic technologies, open a new area for engineered devices to play a leading role in future
biological technologies and healthcare.
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