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ABSTRACT

A primary objective of this project is to use externally-applied mechanical forces to control the intrinsic activities displayed by enzymes and
other materials. It was demonstrated that the application of forces to enzymes properly outfitted with polymers resulted in distortions at the
active sites of the corresponding enzymes. For example, polymer-protein composites were found to display photophysical properties that
were dependent on the applied force. Recent efforts have focused on new classes of polymeric materials that effectively resist mechanical
degradation.
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Scientific Progress

A primary aim of this project is to use externally-applied mechanical forces to change the intrinsic activities displayed by various
proteins and other materials. After selectively attaching synthetic and other types of polymers to enzymes and other functional
species at predetermined locations, the forces created under ultrasound and other conditions was expected to result in changes
at the corresponding active sites. As a part of these efforts, a large range of of solution- and solid-state techniques used to
activate polymers using mechanical force was employed. In parallel, the characterization of the mechanically-activated systems
was performed using various spectroscopic techniques as well as chemical methodologies.

Efforts over the past year have been directed toward the synthesis of novel polymeric materials that are designed to resist
mechanical degradation. This ambition project sought to develop molecular scaffolds that reinforce the overall polymeric
architecture under the action of exogenous forces through “catch bond” effects. Although recent efforts have been primarily
focused on the acceleration of chemical processes, the mechanical suppression of chemical reactivity is an underexplored
phenomenon with significant implications for the design of new synthetic and biological materials that resist mechanical
degradation under stress. One mechanism by which exogenous forces could reduce bond scissile processes in a broad range
of molecular scaffolds is through catch bond effects, where certain covalent bonds dissociate only when force is applied to them
through a specific vector. For example, we recently showed that appending polymer chains to the 2-position of the anthracene
moiety inhibited the corresponding cycloreversion reaction. Building on these results, efforts were directed toward embedded
these and other functionalities within poly(urethane), and divided into two categories: (a) polymers designed to exhibit
enhanced mechanical properties in response to stress and (b) stress-sensing composites that are undergo mechanical
activation only when above a certain force threshold. To prepare materials that reinforce themselves under mechanical stress,
various functionalized were condensed with various difunctional isocyanates; for comparison, analogous control poly(urethanes)
derived from the known mechanically-labile diols were also prepared. To tune the threshold at which mechanical activation
occurs, which could have important implications for the design of force sensors or materials that degrade at predetermined
stresses, other designed diols were prepared and polymerized with various bis(isocyanate)s to afford the corresponding poly
(urethane)s and compared to analogous materials containing the known mechanically-labile systems. The direct measurement
of a catch bond has not yet been reported outside of the context of biomolecular adhesion complexes; thus, such experiments
would provide new insights into the fundamental interactions between chemical systems and macroscopic forces.

In parallel, we also demonstrated that mechanical forces may be used to vary the intrinsic photophysical properties displayed by
various fluorescent proteins that were embedded within synthetic polymeric matrices. Indeed, we successfully modulated the
emission wavelength of eYFP-containing polymer composites via the application of mechanical force, as well as showing that
the photophysical properties displayed by GFPuv may also be changed. Additionally, the mechanical perturbation of various
fluorescent proteins were shown to vary the intrinsic photophysical properties of the aforementioned materials in ratiometric or
intensiometric manner. An ability to influence the optical characteristics of composite materials containing active biological
agents is expected to result in new stress-responsive materials with specified sensitivities. In addition, it was shown that
mechanochemical phenomena involving chemical systems can be translated to force-sensitive systems. An ability to synthesize
the responsive biocomposites described is expected to lead to the development of new classes of materials and systems that
respond to mechanical force.
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