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Nigel F. Reuel is an Assistant Professor of Chemical and Biological Engineering. His group focuses on
biosensors and biomaterials, specializing in problems that require non-contact monitoring. Prior to Iowa
State, he was the corporate technology scout for DuPont’s Science and Innovation group, and Research
Investigator in Material Research at DuPont Central Research and Development. He earned his PhD at
MIT in Chemical Engineering, with Michael Strano as advisor and had a short stint trying to launch his
own startup after graduation (Volvox Biologic). Prior to MIT, he conducted research as an undergraduate
at Brigham Young University and as a student intern at Sandia National Laboratory. He has 30+ papers,
7 patents, and numerous invited lectures in the space of sensors and biomimetic materials. His
academic research has recently been recognized by a Black & Veatch Building a World of Difference
Faculty Fellowship awarded in 2017.

Abstract
The Reuel group focuses on developing low-cost, un-tethered, passive (no on-board power) sensors for closed systems.
Examples of closed systems include bioreactors, soil environments, bandages, and plastic parts where making internal
measurements is inconvenient or impossible with traditional, wired sensors (e.g. electrochemical, potentiometric,
amperometric). This talk will primarily focus on two platforms: near infrared optical probes and short-wave radio
frequency resonant sensors.
First a recently developed single-walled carbon nanotube (SWNT)-based biosensor1 for hydrolytic enzyme activity will
be described. The sensor is constructed by rendering the substrate of the target hydrolytic enzyme into an amphiphilic
polymer and then using this to solubilize the hydrophobic nanotubes. When the target enzyme degrades the substrate
wrapping, SWNT fluorescent signal is quenched due to increased solvent accessibility and aggregation, allowing
quantitative measurement of hydrolytic enzyme activity. Using (6,5) chiral SWNT suspended with polypeptides and
polysaccharides, turnover frequencies can be estimated for cellulase, pectinase, and bacterial protease. Responses are
recorded for concentrations as low as 5 fM using a well-characterized protease, Proteinase K. An established trypsin-
based plate reader assay was used to correlate these rates with standard techniques. Furthermore, the effect of freeze-
thaw cycles and elevated temperature on enzyme activity is measured, suggesting freezing to have minimal impact even
after 10 cycles and heating to be detrimental above 60°C. Finally, rapid optimization of enzyme operating conditions is
demonstrated by generating a response surface of cellulase activity with respect to temperature and pH to determine
optimal conditions within 2 hours of serial scans.
Expanding on work started while at DuPont2,3, the Reuel group at Iowa State University is also developing many new
resonant sensors to address problems requiring low-cost (disposable) monitoring in closed systems. A resonant sensor
is a simple circuit composed of an inductor, capacitor, and resistor (LCR circuit) that tune the resonator to a specific
resonant frequency. This resonant frequency can be observed at a distance (currently up to 10cm) using a vector
network analyzer (VNA) coupled to interrogation antenna(s). By using a two-port VNA all transmission scattering
parameters’ (S11, S22, S21, and S12) magnitude and phase can be recorded, resulting in 8 data traces that can be used to
report the resonator response. The resonant sensor is designed to modulate inductance, capacitance, and/or resistance
when exposed to the desired analyte, which in turn affects the scattering parameters. The resonant sensors presented in
this work were prototyped with Pyralux® using an XY plotter to draw a mask followed by etching. This talk will present
the latest developments in resonant sensors for hydrolytic enzyme activity, ion detection, tissue dielectric spectroscopy,
protein binding, and reporting flexible extension in soft robotics or fabrics.
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