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Abstract of Thesis

Horseradish peroxidase (HRP)-catalyzed cross-linking has attracted much attention for a wide range of
applications due to its mild reaction conditions for mammalian cells. HRP catalyzes the cross-linking of phenol
and aniline derivatives by consuming hydrogen peroxide (H202). A major consideration in this reaction is a
supplying method of H20z in terms of its effect on living cells, the enzyme activity and the hydrogel properties.
Considering these effects, H202 can be supplied indirectly during the cross-linking. Moreover, discovering the
potential sources and specific supplying pathways of H202 plays an important role for individual applications.
The objective of this thesis is to provide a wide selection of applicable supplying sources and supplying pathway
of H202 to induce HRP-catalyzed cross-linking for biofabrication applications.

Chapter I describes co-enzymatic systems that use three kinds of oxidases: L-amino acid oxidase, choline
oxidase, and galactose oxidase, in combination with the corresponding substrates for supplying H20: to
enzymatic cross-linking. Stable hydrogels can be prepared independently with the type of oxidase. The gelation
time and mechanical properties of the resultant hydrogels can be well controlled by varying the concentrations
of HRP, oxidases and their substrates. The cytocompatibility of each hydrogel was evaluated by culturing the
cells on it. The results indicated that the versatility of co-enzymatic system enables to prepare hydrogels with
the desired properties by carefully selecting the type of oxidase.

Chapter II presents reducing sugar (glucose, galactose, and mannose)-mediated enzymatic cross-linking
system. In this system, HRP consumes H20:2 that generated from the oxidation of thiol groups in HRP in the
presence of reducing sugars. The mechanical properties and microstructures of the resultant hydrogels can be
well controlled by varying the concentration and the reducing power of sugars. Reducing sugar-independent
cytocompatibility of the hydrogels was confirmed by the growth of cells on them. The wide selection of sugar
types enables to prepare hydrogels and characterize their properties.

Chapter III describes the use of H20z diffused from gel-phase to induce HRP-catalyzed cross-linking for cell
patterning technology. A simple fabrication method for cell micropatterns on hydrogel substrates containing
H202 was developed using an inkjet printing system. The hydrogel micropatterns were created from inks
resulting in cell-adhesive and non-cell-adhesive printed regions by HRP reaction consuming H20:2 in the
hydrogel to obtain the cell micropatterns. The present system permits the tailor-made cell patterning, the
patterning of multiple cell types and the fabrication of microtissues with the shape defined by the micropatterns.

Chapter IV describes the use of H20:2 diffused in sol-gel phase to induce HRP-catalyzed hydrogelation for
fabrication of 3D constructs. Extrusion-based bioprinting in which stabilization of extruded bioink was achieved
through HRP-catalyzed cross-linking consuming H20:2 generated from HRP and glucose was performed. The
bioinks containing living cells, HRP, glucose, Polymer-Ph and cellulose nanofibers were extruded to fabricate
cell-enclosing 3D constructs. The printed constructs showed good stability in cell culture medium for over a
week. It is also possible to modify the surface of the printed construct with the desired materials by the further
cross-linking. These results demonstrate the possibility of utilizing the present method for 3D bioprinting.

This thesis described the potential supplying methods of H202 for HRP-catalyzed cross-linking. The findings
obtained in the study are expected to contribute to expanding the applications of this cross-linking in

biofabrication fields.
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