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Bioelectronic Ion Pump

K+ Delivery using Ion Pump Closed-Loop Control

Bioelectronic devices that can interface electronics with biological system can be used as actuators to control biological processes. [1] In this work, we present a bioelectronic platform that can control pH and [K+] in
buffered media solutions and implement a fluorescence sensing based feedback control algorithm in order to close the loop between sensing and actuation. We also report systematic investigation of various aspects
of device performance using electrical characterization techniques and computational modeling.
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Nanoparticle modified- gold electrodes control ionic concentration in response to
voltage. A voltage applied between the reservoir and targets moves ions across an
ion conducting hydrogel from the reservoir to the target. Gold contacts modified
using Ag/AgCl nanoparticles

a. Ion conduction through hydrogel. The hydrogel has a large number of fixed
negatively charged ions (anion). The positively charged ion of interest (cation) hops
along the fixed anions. b. Ion exchange at gold contacts. By applying a voltage to
the nanoparticle modified contacts, ions are absorbed or released into the target
based on the voltage applied.
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a. Setup of closed-loop control. The sliding mode control algorithm is interfaced with a raspberry pi controller that controls the
ion pump. The ion pump is used to create a change in the local [K+] which is monitored using fluorescence dyes. These images
are captured using a fluorescence microscope and are fed back into the control algorithm in order to determine the next
sequence of control for the ion pump. b. An example of the fluorescence intensity of [K+] change following a set trajectory
(sine wave) for about 25 minutes.

The ion pumps will be integrated with macrophage cell cultures and closed loop control will be used to
induce macrophage polarization in-vitro. The performance of the pumps will also be further
characterized for various other ions and small biomolecules.

100um
a.

c.

b.

a. Response of the pump to a 100ms pulse. The ion pump’s response to a 1V pulse shows that
the devices can reach about 2uA of current for the applied voltage in a 100ms thereby showing
the temporal resolution of the pump. b. Physical modeling of the K+ pump using COMSOL. The
model shows diffusion of the delivered K+ through a 100um pore. These results establish the
spatial resolution of the ion pump. c. Fluorescence response of the pump. The change in
fluorescence intensity of the K+ sensing dye changes according to the applied voltage. A +ve
voltage increases the [K+] of the target as is reinforced by the increase in fluorescence intensity
during the cycle. Similarly, a –ve voltage removes K+ from the system as can be confirmed by the
corresponding decrease in fluorescence intensity

Ion Conducting Hydrogel AMPSA and PEGDA are mixed and the mixture is crosslinked using UV
light. The resulting hydrogel is ion conducting and has fixed negative charges. This hydrogel
conducts cations upon applying voltage across the polymer.
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