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Enzymes have a great potential as an environmentally-friendly tool in solving various environmental issues, such as reduction of CO2 in atmosphere and membrane antifouling. Although high specificity, expedited reaction rate and environmentally-friendly nature of enzymes can provide a great potential, their practical uses are being hampered due to poor stability of enzyme themselves. Nanobiocatalysis, using nanostructured materials for the stabilization as well as immobilization of enzymes, has gathered a growing attention due to its unprecedented successes in stabilizing the enzyme activity while immobilizing them. This presentation will introduce recent developments of nanobiocatalytic approaches using carbonic anhydrase and acylase, which demonstrated the feasibility of practical successes in CO2 conversion/utilization and membrane antifouling, respectively. Both enzymes were immobilized on various nanostructured materials such as polymer nanofibers and carbon nanotubes via nanobiocatalytic approaches. Enzyme stabilization of nano-biocatalysts and their successful uses in CO2 conversion and antifouling will be presented in details. It is anticipated that nanobiocatalytic approaches can be also employed for various other enzyme applications by greatly extending the lifetime of enzymes.
The second part of this presentation will introduce fiber-based nanomaterials that can be employed for therapeutic and biocidal applications: i) To develop an anti-cancer platform based on electro-spun polymer fibers, short and cytokine-conjugated polylactic acid fibers (Cyto-sPLA) were prepared as an injectable therapeutic agent. Cyto-sPLA efficiently stimulate and promote the proliferation of CD8+ T cells, which thereby suppressed tumor growth. The injectable sPLA platform can be employed as a carrier for the efficient delivery of various agents in vivo. ii) As a bactericidal platform based on fiber-based nanomaterials, zinc oxide nano-spicules (ZnO NSPs) grown from electro-spun polylactic acid (PLA) fibers were synthesized by using hydrothermal reaction. Hydrothermal reaction above the glass transition temperature allows for an interfacial assembly of pre-entrapped and well-dispersed ZnO nanoparticles (ZnO NPs) right at the PLA-water interface, followed by the growth of ZnO NSPs from the PLA fibers (PLA-ZnO NSPs). The topography of PLA-ZnO NSPs induces super-hydrophilicity while generating reactive oxygen species as well as allowing for the stabbing action of nano-spicules themselves, resulting in the enhancement of bactericidal activities against both gram-positive and gram-negative bacteria.
