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Abstract: Human-derived lysozyme is a general term for a group of naturally occurring alkaline
proteins in the human body that are capable of lysing bacterial cell walls. Its action is
characterized by its ability to cleave the B-(1,4)-glycosidic bond between N-acetylglucosamine
and N-acetylmuramic acid in peptidoglycan. Human-derived lysozyme has a variety of
properties such as antibacterial, anti-inflammatory, antiviral and immune enhancing, and is
therefore widely used in the domestic and international pharmaceutical markets. This review
summarizes the structural features, expression sites, biological functions of human-derived
lysozymes and its market applications.
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Figure 1 Comparison of human lysozyme and hen egg lysozyme gene sequences'’). Identical amino acids

are marked with an asterisk; Cylinders 1, 2, 3, and 4 indicate a-helix; h1l indicates 3,¢-helix; Arrows a, b, and
¢ indicate B-fold.
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Figure 2 Structure of human conventional type
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lysozyme!''). Black spheres represent natural
mutations D67H, T70N, W64R, F571 and I56T;
Black dashes represent disulfide bonds C6—C128,
C30—C116; Helices represent o structural domains,
bands represent B structural domains.
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Figure 3 Lysozyme can kill bacteria through two mechanisms"*. A: A newly synthesized PG monomer
consists of a disaccharide, NAG linked to NAM with an attached peptide stem, and the NAM is anchored to
the membrane via a lipid carrier (grey). Monomers are added to a growing chain through the action of
glycosyltransferases (green). B: Lysozyme hydrolyzes the B-1,4 glycosidic bond between the NAM of
monomer and the NAG of the adjacent monomer. Lysozyme hydrolysis of PG leads to cell wall instability
and bacterial cell death. C: Lysozyme can also kill bacteria independently of PG hydrolysis through a

mechanism involving its cationic nature. Cationic killing of bacteria may involve the formation of pores by
lysozyme (red cylinders) on the bacterial cell membrane.
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Figure 4 Lysozyme modulates the inflammatory response”™. At the site of infection, extracellular
lysozyme (red sector), which is secreted locally by the epithelium, can kill bacteria, leading to the release of
PAMPs. Resident or recruited macrophages also secrete lysozyme extracellularly and can internalize bacteria,
delivering lysozyme to the bacterium-containing phagosome. In macrophages, bacterial degradation by
phagosomal lysozyme releases PAMPs that stimulate a robust proinflammatory cytokine response and
activate the inflammasome. Neutrophil activities may be similarly enhanced by lysozyme-mediated
degradation of phagosomal bacteria, akin to macrophages. Deposition of complement (blue circles) on
particles, including bacteria and/or insoluble polymeric PG, enhances bacterial phagocytosis and also
produces complement-derived anaphylatoxins (yellow stars) that are chemotactic for phagocytes. Because
phagocytes poorly respond to extracellular, monomeric PG and monomeric PG cannot activate complement,
the degradation of bacterial PG by extracellular lysozyme serves to restrict phagocyte activation and
recruitment. Thus, lysozyme activity can function to enhance or dampen the immune response.
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Table 1  List of recombinant human lysozyme production level

Source Vector Production References
Cattle pBC2-hLF-Neo 3.2 mg/mL [49]
Mice Chimeric mouse whey acidic protein (mWAP) 18.4-35 mg/mL [50]
Goat pBC-hLZ and pBLG-hLZ 3.6 mg/mL [51]
Pig pBAC-hLF-hLZ-Neo 2.7 mg/mL [52]
Rice pAPI156 [53]
Carrot pNGL2 0.5% human lysozyme per total [54]

soluble protein

Escherichia coli pUCI18- hLZ, pRS416-hLZ 300 pg/mL [55]
Pichia pastoris pPIC9K 2.4 mg/mL [56]
Saccharomyces cerevisiae  pHKS501 74.5 U/mL [57]
Kluyveromyces lactis Biofilm reactor with plastic composite 187 U/mL human lysozyme [58]
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Table 2 Application of human lysozyme in medicine

Materials Applications Improvement indicators References
AgNPs @CS/lysozyme@TSIIA  Otitis media Number of bacteria in the middle ear cavity [66]
TNF-o and 1L-8; Middle ear mucosal
epithelium
Lysozyme nasal spray Sinusitis Candida albicans; Aspergillus fumigatus;  [67]
(5 mg) Penicilliumitalicum
Polyurethane/dopamine- Wound dressing Saphylococcus aureus; Escherichia coli [68]
lysozyme (5 mg/mL)
Lysozyme hydrogel Wound infection Staphylococcus aureus; Escherichia coli [69]
PEG lysozyme hydrogel Ocular surgical wound Percentage of wound closure; Mean corneal [70]
(1 mg/mL) thickness; Posterior elastic membrane
separation
Levofloxacin-lysozyme spray Pulmonary infection Microorganisms in lung lavage fluid and [71]
nasal fluid; Pro-inflammatory factors;
Pulmonary myeloperoxidase activity;
Lung tissue
DEODAN from lysozyme Acute pneumonia Concentration of endogenous lysozyme; [46]
(3g Number of bacteria
Lysozyme solution (45 mg) Chronic airway infection [72]
Oral lysozyme (90 mg) Chronic pulmonary Vital capacity measurement; COPD [73]
obstruction assessment test
Specific purified lysozyme Regulation of intestinal Staphylococcus aureus; Bacillus subtilis [74]
microorganisms
Oral lysozyme (1 mg) Proctitis Fasting insulin level; TLR2 receptor; [30]
Mucin gene; The closest distance between
bacteria and intestinal epithelial cells
Lysozyme microcapsules Proctitis Body weight; Pro-inflammatory factor; [29]
Pathological score
Lysozyme and carbazole Chronic periodontitis Gastrointestinal index; Periodontal [75]
chromium (1 mg) Parameters (PI, PD, CAL)
Carboxymethyl chitosan- Enamel caries Mineral state and mechanical properties of [76]
lysozyme nanogel (0.2%) remineralized enamel
Lysozyme mouthwash Oral health The number of bacteria such as [77]
Streptococcus mutans; Plaque index
Lysozyme toothpaste (5 mg) Recurrent aphthous ulcer  Frequency of recurrent aphthae; Pain score [78]
N-acetylated lysozyme chitosan ~ Detect wound infection [79]
spray (0.5%)
Human lysozyme Restrain HIV infection [80]

107—-115 peptide (2 mg/mL)

I AT IRAR R : (1) hLYZ XA
[Fi) 240 BT LA B — SR BT Ja8 147 AT 118 AR v I SC
BRI AH ; (2) hLYZ AL I B 388 S5 I AR 4 A0 S5
N EAWEAE, 2 ARAS [ 4120 HORS o e
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