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Rational Engineering of Colloids, Interfaces, and
Assemblies for Stimulus-Responsive Biosensors
ABSTRACT: Early disease detection and diagnosis requires sensing of minute quantities of biomolecules in
drawn fluids or image localized abnormalities in the body. Improvement upon existing technologies will
require development of agents that can change their structure in response to the presence of an elevated
biomarker with sufficient sensitivity, ignore the many other biomolecules present, and signal the positive
result. This talk will address efforts in the Goodwin Lab to develop such technologies based on colloidal
interactions and assemblies.
In the first part of the talk, I will show how tuning interactions between colloids can be implemented for
sensitive detection of biomolecules both inside and outside the body. “Sandwich” structures, in which two
biomolecules bind to the same target analyte, are a core technology of gold standard biosensing assays such
as ELISA, but most assays require extensive washing to remove background and nonspecifically binding
proteins, which increases assay time, cost, and error. Here, we have utilized the nucleic acid-driven formation
of colloidal dimers for detection of biomolecules. In one case, we developed mutually-reactive reagents that
produce a fluorescent signal after aggregation and content mixing. In another case, the alignment of
fluorocarbon droplets in an acoustic field allowed vaporization and detection by clinically relevant ultrasound.
In the second part of the talk, I will discuss our recent work on engineering interfaces to facilitate transient
liquid vaporization by acoustic pulses. We have developed two strategies to formulate nanoscale structures
that can produce detectable gas bodies on demand upon exposure to High Intensity Focused Ultrasound
(HIFU). In one case, we studied the effect of lipid lateral phase separation on the surface of perfluorohexane
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nanodroplets, which created surface roughness that could stabilize nascent bubble nuclei and promote
vaporization. In a second approach, we e ngineered superhydrophobic surfaces using colloidal mesoporous
silica with hydrophobic, nanoscale pores. These particles are currently being explored not only for imaging
but also for breaking down tumor tissue for improved efficacy of chemotherapy towards solid tumors.
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