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ABSTRACT

The study on protein conformation in different microenvironments and drug delivery
systems would be beneficial in the development of novel protein drug delivery systems and also in
the improvement of permeation across biological membranes. In our study the secondary structure
of lysozyme (LZ) and the mechanism of binding interaction between LZ and liposomes were
investigated under the influence of microenvironments, i.e., pH and electrolyte, and liposomal
formulations, i.e., lipid composition and surface charge. The particle size, zeta potential, and
entrapment efficiency of lysozyme liposomes (LZ-Lip) were characterized. Besides, mannosylated
lysozyme liposomes (MAN-LZ-Lip), which could possibly target directly to the intestinal
enterocytes, were also developed. Both LZ-Lip and MAN-LZ-Lip were investigated in their
stability in GI fluids and permeability across Caco-2 cells monolayer. The results revealed that
LZ’s secondary structure remained intact in various pH’s and sodium chloride concentrations. LZ-
Lip size increased with the increasing Cholesterol (Chol) content. Elucidation with respect to zeta
potential, entrapment efficiency, and *'P NMR data indicated that LZ mainly interacted with lipid
bilayers by electrostatic interaction with negatively charged liposomes with an entrapment
efficiency of 23-37 % regardless of Chol content and pH of hydration medium. However, lower LZ
entrapment was observed at higher sodium chloride content which might be due to the chloride ion
binding with LZ. Only secondary structure of LZ from non-charged LZ-Lip in pH 10.6 with
sodium chloride 5.0 mg/ml was altered with significant reduction of a-helix content from the
solution at 29.19 % to 17.65 %. Moreover, mannosylamine (SAMAN) was synthesized in-house
and confirmed by characterization. The physicochemical properties of MAN-LZ-Lip prepared by
using mannosamine HCI (MANN) or SAMAN were described on the basis of competitive binding
with LZ at liposomes surface or competitive insertion with dicetylphosphate (DCP) into lipid
bilayers, respectively. Additionally, LZ-Lip and MAN-LZ-Lip were fairly stable in simulated GI
fluids either pH 2.0 or pH 6.8, whose % LZ remaining were more than 86.0 %. Finally, the
permeability of LZ-Lip across Caco-2 cells monolayer was significantly enhanced with a size
dependent manner compared to LZ in the solution. In the case of MAN-LZ-Lip, permeability was
even higher than that of LZ-Lip, which might be due to the role of mannose receptor or mannose
binding protein on the intestinal enterocytes.
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