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Multifunctional wireless gut—brain neurotechnology
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Abstract

We propose to develop multifunctional probes capable of wireless optogenetics, fluid delivery, photometric
recording of cell signaling, and monitoring of motility and manometric signatures in the gut. Simultaneously, these
tools will enable electrophysiological, photometric, and optogenetic interrogation of brain neurons to causally link gut
physiology to brain function and behavior.

I . Introduction

Gut-brain communication is essential in regulating
physiological  functions ranging from  energy
homeostasis to motility and barrier immunity.
Dysregulation of gut—brain signaling is increasingly
recognized as a key player in endocrine, immune,
psychiatric, and metabolic disorders. Whereas studies
of brain circuits have benefitted from decades of
genetic tools and implantable probes for causal
investigations, mechanistic understanding of
gastrointestinal (GI) physiology is limited by a lack of
tools that safely interface with the mobile and delicate
gut. To overcome this barrier, we created
neurotechnology that enables optogenetic and
microfluidic interfaces with the intestinal lumen.! This
technology permitted optogenetic control of feeding
and reward Dbehaviors by directly modulating
enteroendocrine cells and vagal afferents in the gut in
mice.

II. Method

The multifunctional brain fibers were produced by
thermal drawing from a macroscopic preform which
was produced through computer numerical control
machining of polycarbonate slabs. The preform
assembly for soft, multifunctional gut fibers began
with  molding Styrene-Ethylene/Butylene-Styrene
pellets into desired geometrical patterns in a computer
numerical control-machined inverse aluminum mold
under vacuum. A flexible printed circuit board served
as a substrate, with electrically defined -circuit
interconnects and the fiber pads for microscale light-
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emitting devices (U LEDs), photometers, microfluidics,
flow and pressure sensors.

II. Conclusion

Our probes will be produced through a combination of
scalable  methods, fiber drawing and laser
micropatterning, and will be equipped with an array of
embedded micro—devices. To achieve wireless control
of device functions during behavior, we will
collaboratively develop a flexible, implantable circuit
and software for bidirectional communication with
implanted probes via standard Bluetooth protocol.
Designed with dissemination in mind, our tools will be
evaluated across two institutions. Although initially
designed to probe gut and brain physiology, our
platform will also lay the foundation for applications in
other peripheral organs, such as the kidney, liver, or
pancreas. Given its potential broad impact, our
neurotechnology will be disseminated through the
proposed “Body-Brain Neurotechnology Core.”
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