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The production of biofunctional oligochitosan has widely attracted many researchers because of its
various applications in food, pharmaceutical, cosmetics and so on. Chitosanase is known as a good enzyme that
effectively hydrolyzes chitosan to small functional oligochitosans. A lot of studies have focused on the enhanced
production of chitosanase from microbial cells and/or the effective ways to use chitosanase for such purposes.
Recently, however, the importance of membrane-membrane interaction has been shown to play the crucial
roles for the enhanced production and secretion of intracellular enzymes. In this study, the
membrane-membrane interaction induced by the heat stress is studied to prepare new-type catalyst
(chitosanase-LIPOzyme) that shows significantly higher in catalytic efficiency and stability than those of
conventional chitosanase. The chitosanase-LIPOzyme prepared in this study represents a novel example of
hydrolysis LIPOzyme that can be prepared from the enzyme harboring signal peptide associated-liposomes
interacting cell membrane under stress conditions.

In chapter I, the effective production and secretion of chitosanase from S. griseus cells were studied by
the treatment of these cells with the neutral 1-palmitoyl- 2-oleoyl-sn-glycero-3-phosphatidylcholine (POPC)
liposomes together with heat and/or oxidative stress. The effects of the liposomes and heat treatment on the
cell growth and chitosanase production were first analyzed. The possible effects of the heat stress on the
conformation and activity of chitosanase, as well as on the membrane fluidity of liposomes, were systematically
investigated to elucidate the driving force of the heat induced liposome-chitosanase interaction. The
interaction of liposomes with target chitosanase and cell lipid membrane play important roles for the enhanced
production and secretion of chitosanase from these cells under heat stress condition. The fundamental
investigations of the oxidative stress (hydrogen peroxide) affecting on the lipid and protein peroxidation of cell
membrane of S. griseus pretreated with and without liposomes were further carried out to optimize the
conditions for enhanced production and secretion of chitosanase. The interaction of liposomes with cell
membrane could significantly prevent the oxidative damage on cell membrane; as a consequence, the growth
and production of chitosanase from these cells pretreated with liposomes and heat stress at 41 °C were
enhanced even under oxidative stress condition.

In chapter II, the surface properties of S. griseus cell treated with the heat and/or oxidative stress in the
presence of liposomes were quantitatively evaluated in order to optimize conditions for the interaction of
liposomes with cell membrane and secreted chitosanase under such stress conditions. The characterization of
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surface net charge and hydrophobicity (HFS) of S. griseus cells was carried out by using aqueous two-phase
partition system (ATPS). The surface hydration of cell membrane and those of various kinds of liposomes
together with their hydrogen bond stability under different stress conditions were systematically evaluated by
using Fourier transform infrared spectrometer (FTIR). The results have shown that the heat treatment
enhanced HFSvalue relating to the increasing membrane fluidity, and reducing surface hydration (water loss)
of cell membrane under heat stress condition. Based on these fundamental investigations, the interactions of
liposomes with the cell membrane such as the adsorption, fusion, and internalization could be effectively
induced by the hydrophobic, electrostatic, and hydrogen bond interactions through the stresses mediated
variation of surface properties of cell membrane and liposomes.

In chapter III, on the basis of fundamental results obtained in the chapter I and II, the preparation
method, the heat stress induced chitosanase secretion which resulted in the chitosanase-LIPOzyme
(chitosanase bound-liposome membrane), was further investigated as a case study. The secreted chitosanase
containing signal peptide (SP) associated with the lipid membrane of liposomes interacting cell membrane of S.
griseus cell pretreated with inhibitor of signal peptidase under heat stress condition. Characterization was
made based on the protein molecular weight, the catalytic efficiency and stability of these LIPOzymes under
stress conditions. The stress resistant chitosanase-LIPOzyme prepared showed higher catalytic efficiency and
stability as compared to those of conventional chitosanase under various stress conditions. Finally, the
effective production of biofunctional oligochitosans by using chitosanase-LIPOzymes was also shown.
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