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The recurrent emergence of multiple drug resistance necessitates exploring novel agents
or developing strategies to alleviate the problem. Phenolic compounds are attractive sources
of antibiotic agents for their multi-functions such as antimicrobial and antioxidant effects.
But they have limited spectrum of activity by virtue of membrane exclusion, insolubility in
aqueous solvents and inherent chemical instability. This study explores, for the first time, a
novel anti-infection drug-delivery strategy to allow specific targeting of phenolic compounds
to the intracellular bacterial killing site by utilizing lysozyme (LZ), which serves as a éarrier
molecule. Triclosan (TCS), a water insoluble phenolic antibiotic, was selected to examine
this novel drug-delivery strategy. TCS is a powerful antibiotic that inhibits bacterial fatty
acid synthesis by blocking the active site of the essential enzyme enoyl-ACP reductase (or
Fabl). In this strategy, TCS was conjugated with the aromatic residues located in LZ interior
via electrostatic and hydrophobic interactions. The conjugation turned TCS completely
soluble in aqueous solvent and greatly promoted the enzymatic activity of LZ. The complex
of TCS and LZ (T-LZ) exhibited significantly enhanced antimicrobial activity against both
Gram-positive and Gram-negative bacteria and a unique specificity to scavenge superoxide
anions compared to the activity of LZ or TCS alone. Strikingly, the conformation of LZ in
the complex, enzyme and antimicrobial activity of T-LZ complex were markedly protected
against rigorous oxidative stress induced by riboflavin-light photooxidation system. This
oxidative condition caused aggregation and cleavage of native LZ and dramatic reduction of
its enzymatic activity and considerable loss of antimicrobial activity of TCS or LZ alone.
The results suggest that TCS resides in the hydrophobic pocket of LZ, through binding to the
tryptophan residues, protects structure and function of each other from photooxidative
damage until the delivery of TCS to the bacterial cell. To validate the T-LZ complex as
anti-infection agent, the potential of the complex was assessed against human skin
pathogenic bacteria and yeasts. Notably, the complex exhibited superior activity against skin
pathogenic bacteria, resulting in more than ten logye reductions of Propionibacterium acnes
cells and five logyoreductions of Corvnebacterium minutissimum at concentration as low as
0.5 ~ 2 pg/ml. The pathogenic yeasts, Candida albicans and Malassezia Sfurfur, were
insensitive to the complex up to 200 pg/ml. The complex exhibited higher activity against
bacterial pathogens at neutral to alkaline pH conditions and significant protection of activity
at high salt (NaCl) concentrations was observed. Since most bacteria possess Fabl while
yeasts and eukaryotes do not have the enzyme, the validity of lysozyme as a novel
drug-targeting molecule could be evident. Intracellular Fabl activity analysis‘revealed that P.
acnes producing greater amourit of Fabl was more susceptible to the T-LZ complex than C.
minutissimum that produces minute amount of the enzyme. Fabl inhibition experiments
indicated that T-LZ exerts its action by localization of TCS into bacterial cytoplasm where
TCS interferes with the metabolic functions of FabL. This study thus heralds a fascinating
opportunity to the development of a unique drug-delivery strategy by using lysozyme and
introduces a novel antimicrobial macromolecule for the treatment of humarn infectious
diseases.
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