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Abstract Lysozyme was treated with digestive enzymes and the production of interleukin 8 (IL-8) was measured in Caco-2
cell with the peptides from lysozyme upon stimulating with lipopolysaccharide (LPS) to investigate the overall anti-
inflammatory activity of lysozyme when it is in digestive tracts. Lysozyme reduced IL-8 production, and the peptides from
pepsin hydrolysis of lysozyme had the similar effect. The products of trypsin digestion of lysozyme had no effect on the
reduction of IL-8 production while those of pepsin-trypsin hydrolysis did. The effectiveness of lowering IL-8 production was
not different by time of the peptide addition. When Caco-2 cells were pre-incubated with peptides for 24 hr, the reduction
effects were observed from the peptides from pepsin hydrolysis, indicating that some of the peptides are still remaining in the
cells. Therefore, it can be concluded that the IL-8 reduction effect of lysozyme against LPS still remained even after the
pepsin and trypsin hydrolysis.
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Introduction

There are many examples of biologically active food
proteins with physiological significance beyond the pure
nutritional requirements that concern available nitrogen for
normal growth and maintenance (1). In recent years,
biologically active food proteins of animal origin have
been recognized for medical, nutraceutical, and food
fortification applications (2,3). Such proteins as milk
proteins (4) and egg proteins (2,5) consist of many
component proteins exerting different physiological activities.
Among them, egg protein may be one of the most studied
animal proteins because the egg white protein has many
components known its functions.

Many biological activities have been discovered with
intact egg proteins including immune-stimulating, anti-
hypertensive, ACE inhibitory, antibacterial, antifungal,
antiviral, antioxidant, anti-inflammatory, anti-mutagenic,
and anti-tumor activities (6,7). In addition, dietary proteins
also can be a source of biologically active peptides upon
enzymatic hydrolysis in vitro or in vivo. These peptides are
inactive within the sequence of parent protein and can be
produced by proteolytic enzymes during gastrointestinal
digestion or food processing (8). Once they are liberated,
these bioactive peptides can affect physiological functions.
Because of their therapeutic potential for treatment or
prevention of diseases, bioactive peptides may be used as
components in functional foods or nutraceuticals (9).
Recently, many researchers have reported the biological

activities of the enzyme hydrolyzed peptides derived from
egg proteins including phosvitin (10), ovomucin (11),
ovalbumin (12-14), ovotransferrin (15), and lysozyme (16).
Oral proteolytic enzymes are widely used for so-called
‘systemic enzyme therapy’ both in humans and animals
(17). However, dietary proteins and peptides are subjected
to drastic change in their structures during the process of
ingestion, digestion, and absorption. Ingested proteins are
first hydrolyzed by various proteases in the gastrointestinal
tract to produce oligopeptides, some of which may have
activity, while other proteins resistant to proteases remain
intact in the tract (18).

Lysozyme is a widespread enzyme occurring in many
human tissues and secretions, other vertebrates, invertebrates
as well as bacteria, phages, and plants (19). Since its
discovery, many properties, one of which is a prominent
anti-inflammatory activity, have been discovered (20-24).
Recently, Mine et al. (16) showed that natural lysozyme
could be hydrolyzed by pepsin while heat-denatured
lysozyme could be hydrolyzed by trypsin. However, there
is limited information available for bioactive peptides from
lysozyme.

Therefore, the present study was designed to investigate
the anti-inflammatory activity of lysozyme hydrolysate
measured by the reduction of production and degradation
of interleukin (IL)-8 stimulated by lipopolysaccharide
(LPS) even after the treatment of digestive enzymes.

Materials and Methods

Materials Egg white lysozyme was provided by Canadian
Inovatech Inc. (Abbotsford, BC, Canada). Pepsin from
porcine stomach mucosa (activity 3,280 units/mg) and
trypsin from bovine pancrease (TPCK treated, EC 3.4.21.4,
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activity 13,600 units/mg) were obtained from Sigma-Aldrich
(St. Louis, MO, USA). Chemicals including trichloroacetic
acid (TCA) were from Fisher Scientific (Fair Lawn, NJ,
USA). Lipopolysaccharide (LPS, Escherichia coli) was
purchased from Sigma-Aldrich. Dulbecco’s modified
Eagle’s medium (DMEM) and fetal bovine serum (FBS)
were purchased from Hyclone (Logan, UT, USA). The
flasks for growing cells were obtained from Corning
Costar (Cambridge, MA, USA).

Enzymatic hydrolysis of lysozyme Enzymatic hydrolysis
of lysozyme was carried out by the method of Mine et al.
(16). Lysozyme (2.5 g) was initially dissolved in 98 mL of
solution A (0.03 M HCl solution, pH 1.0) and mixed with
2.0 mL of pepsin solution (50 mg/mL in solution A) for an
enzyme-to-substrate ratio of 1:25. This mixture was
incubated at 37oC for 1 hr. Then the enzymatic reaction
was stopped by adjusting the pH to 8.0 with 0.5 M sodium
carbonate solution. For the second stage, a 1.0 mL trypsin
solution (5.0 mg/mL in 0.1 M Tris-HCl containing 0.03 M
NaCl, pH 8.0) was added to the peptic digests at a ratio of
enzyme to substrate of 1:500. It was incubated at 37oC
overnight and then heated at 90oC for 10 min. Heat treatment
of intact lysozyme was carried out by first heating
lysozyme solution (2.5 g/100 mL) at 95oC for 20 min and
then subjecting it to the proteolytic digestion described
above. To remove the undigested proteins, 100% TCA
solution was added to the hydrolysates after the digestion
to make the final concentration 20% and the mixture was
held in ice for 15 min, and then centrifuged at 2,090×g for
15 min. The supernatant was dialyzed against Milli-Q
water in a dialysis tube of 500 Da Mw cut-off for 2 days
and then freeze-dried.

Cell culture Caco-2 cell lines were used as a model of
the intestinal epithelium and this cell line was purchased
from the American Type Culture Collection (Rockville,
MD, USA). The cells were cultured in DMEM medium
with 20% FBS in the presence of penicillin and streptomycin
(Gibco Invitrogen, Gaithersburg, MD, USA), and incubated
at 37oC in 5% CO2. The medium was changed twice a
week. The cells were grown in a flask for 8 days after
seeding, and then transferred at 2×105 cells/mL to 48-well
culture plates (Corning, Lowell, MA, USA). The cells were
cultivated for a week until confluent monolayers formed.

Induction of inflammation The inflammation was induced
in confluent cell cultures by the addition of LPS. After
washing twice with Hank’s balanced salt solution (HBSS)
without calcium and magnesium, Caco-2 monolayers were
replaced in DMEM medium containing 5% FBS and
incubated for 2 hr. The cells were then incubated for 24 hr
after the addition of 10 µg/mL LPS and for another 24 hr
with the addition of various concentrations of lysozymes or
peptides. Control was cells without LPS and lysozyme or
peptide. Huang et al. (25) reported that IL-8 production
was highest at 10 µg/mL and 24 hr stimulation with LPS.
The culture supernatants were collected to measure IL-8
production and stored at −30oC until use.

IL-8 degradation during incubation Media containing
DMEM with 5% FBS and 200 pg/mL of IL-8 with or

without lysozyme, pepsin digested peptide (P), trypsin
digested peptide (T), or pepsin-trypsin digested peptide
(PT) were prepared and incubated for 24 hr at 37oC.
Absorbance of media after incubation was read at 450 nm
by using an enzyme-linked immunosorbent assay (ELISA)
kit for IL-8 immunoassay.

IL-8 immunoassay Sandwich ELISA was performed to
determine the levels of IL-8 produced in the culture
supernatants. Ninety-six well ELISA microtiter plates
(Corning, Lowell, MA, USA) were coated at 100 µL/well
with mouse antihuman IL-8 antibody (BD Bioscience, San
Diego, CA, USA) (1:1,000 dilution) in 100 mM sodium
phosphate (pH 9.0) overnight at 4oC, and then washed 4
times with phosphate buffered saline (PBS) containing
0.05% Tween-20 (PBST). Nonspecific binding sites were
blocked by incubation with 1% BSA in PBS for 1 hr at
37oC. After washing with PBST 4 times, culture supernatant
samples were added to the wells (at 50 µL/well) and
incubated for 2 hr at 37oC. After washing 4 times, biotinylated
mouse antihuman IL-8 antibody (BD Bioscience) (1:2,000
dilution) was added to each well and incubated for 1 hr at
37oC. The plates were further washed 4 times with PBST
and incubated with avidin-horseradish-peroxidase conjugate
(BD Bioscience) (1:3,000 dilution) for 1 hr at 37oC. The
plates were washed 4 times and developed with 100 µL/
well 3,3',5,5'-tetramethyl-benzidine (TMB) for around
7 min at 37oC. The reaction was terminated with the
addition of 0.5 N H2SO4 (50 µL/well), and the absorbance
at 450 nm was read by a microplate reader (Model 550;
Bio-Rad Laboratories, Hercules, CA, USA).

Statistical analysis One-way analysis of variance (ANOVA)
was performed by using SAS software (26) and when the
significance was found Duncan’s multiple-range test was
carried out to analyze the significant differences among
mean values at p<0.05.

Results and Discussion

IL-8 reduction by peptides from lysozyme The anti-
inflammatory activity of lysozyme and the peptides
derived from lyozyme hydrolysis was measured by IL-8
production in Caco-2 cells upon the stimulation by LPS.
Figure 1A shows that lysozyme reduced the production of
IL-8 in Caco-2 cells regardless of its concentrations. It was
expected because lysozyme binds to LPS, leading to a
decrease in its biological activities (27-31). In addition,
considering their molecular weights, there were enough
lysozymes to bind LPS. Brandenburg et al. (31) reported
that the binding sites in LPS were saturated by lysozyme at
a molar ratio of 3:1. The effects were not different with the
concentration of lysozyme, which illustrated that the IL-8
produced after 24 hr stimulation might be hydrolyzed
during the 24 hr incubation after the lysozyme was added.

In the case of P, the results were similar to those with
lysozyme even though the concentrations of the peptides
added were higher than those of lysozyme (Fig. 1B). The
anti-inflammatory effect of lysozyme was due to its
binding to LPS, and the structural changes (31), and the
sizes of peptides would be smaller than those of lysozyme.
The results on the effects of P on IL-8 production
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suggested that pepsin did not expose the hydrophilic group
of lysozyme, therefore, the peptides were still bound to
LPS by hydrophobic interaction (32).

On the other hand, the results of T and PT were different
from those of lysozyme and P. With T, the peptide did not
show any anti-inflammatory effect (Fig. 1C). Trypsin digestion
left some intact lysozyme (16) and TCA removed the intact
enzyme (33). Brandenbug et al. (31) proposed that the
binding of lysozyme to LPS is made by a direct interaction
of the cationic lysozyme with the negatively charged
groups of lipid A and a concomitant hydrophobic interaction
in the presence of hydroxyl groups or 3-O-acyl groups of
LPS. Augusto et al. (34) showed that the enzyme treatment
could destroy LPS-binding capacity of a synthetic protein
by releasing the hydrophobic or hydrophilic region, which
is required for the binding. Mine et al. (16) reported that
lysozyme was difficult to hydrolyze with trypsin but
produced smaller peptides than those with pepsin-digestion
(P). The hyrolysate obtained by peptic digestion and
subsequent tryptic digestion was composed of over 20
small peptides with less than 1,000 Da (16).

The peptides from PT produced a positive anti-
inflammatory effect on LPS with the concentration at 150
µg/mL (Fig. 1D), however, PT with the other concentrations
did not show the anti-inflammatory effect, probably
because the peptides produced by pepsin, which have full
bioactivity, were hydrolyzed again by trypsin to the ones
with less activity. Further study is needed to clarify the
activity in higher concentration (300 µg/mL).

Degradation of IL-8 by peptides from lysozyme Because
the cells were stimulated with LPS for 24 hr, there must

have been IL-8 already produced in the medium after
lysozyme was added. Therefore, some degradation of IL-8
in the cell cultures can be expected during the incubation
with lysozyme. Lysozyme degraded IL-8 during incubation
at 100 and 200 µg/mL, but did not at 50 and 10 µg/mL
(L20, L10, L5, and L1 of Fig. 2). It can be concluded from
the results of Fig. 2 that IL-8s were degraded by not only
lysozyme but also other enzymes since there were no
differences in IL-8 concentration among Caco-2 cells after
24 hr incubation with different lysozyme concentrations.
Kanayama et al. (35) reported that aminopeptidase was
found to degrade IL-8 while Leavell et al. (36) showed that
human neutrophil elastase degraded IL-8. PD also degraded
IL-8 during incubation at the concentration of 300, 150,
and 75 µg/mL but did not at 50 µg/mL (P30, P15, P7.5,
and P5 of Fig. 2). Despite the ineffectiveness of producing
anti-inflammatroy peptides, the peptides from trypsin
digestion lowered the concentration of IL-8 during the
incubation (T30, T15, T7.5, and T5 of Fig. 2). The peptides
from pepsin-trypsin hydrolysis also caused IL-8 degradation
during incubation (PT30, PT15, PT7.5, and PT5 of Fig. 2).
Many kinds of bioactive peptides are released from food
proteins after enzymatic digestion. However, some are
ineffective after oral administration while some are active
because of their sensitivity to digestive enzymes and
difficulty in intestinal absorption (37). The present results
might suggest that digestive enzyme hydrolysis of lysozyme
still produced some peptides with anti-inflammatory
activity against LPS. Biziulevicius (17) hypothesized that
the immuno-stimulatory effects resulting from the oral
application of lysozyme are thought to be based on the
action of microbial lysis products. However, the present

Fig. 1. Interleukin (IL)-8 levels (pg/mL) of CaCo-2 cells when enzyme or peptide was added after 24 hr stimulation with 10 µg/
mL of lipopolysaccharide (LPS). Bars with different letter (s) are significantly different (p<0.05). A, egg white lysozyme; B, pepsin-
digested peptide; C, trypsin-digested peptide; D, pepsin-trypsin-digested peptide.
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study showed that lysozyme could be digested by pepsin,
and peptides produced by the enzyme may have an effect

of reducing IL-8 production and lowering the IL-8
produced by LPS stimulation.

Fig. 2. Interleukin (IL)-8 degradation after incubation with lysozyme or digestive enzyme hydrolyzed peptides. Absorbances at
450 nm of media with lysozyme or peptides were compared with that of medium containing IL-8 alone. A blank was medium without
IL-8, lysozyme, or peptides. Bars with different letter (s) are significantly different (p<0.05).

Fig. 3. Interleukin (IL)-8 level (pg/mL) changes with the time of stimulation with 10 µg/mL of lipopolysaccharide (LPS). A,
lysozyme (50 µg/mL); B, pepsin-digested peptide (75 µg/mL); C, trypsin-digested peptide (150 µg/mL); D, pepsin-trypsin-digested
peptide (150 µg/mL). Six hr with lysozyme or peptide: Caco-2 cells were incubated with enzyme or peptide for 6 hr and then LPS was
added and stimulated for 24 hr.
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There was some degradation of IL-8 during the incubation
with lysozyme or peptides. Thus, the anti-inflammatory
effect of lysozyme or peptides could be influenced by the
time that LPS and lysozyme or peptides were added into
Caco-2 cells. However, the results showed that the time of
addition of lysozyme or peptides did not make any
differences in the concentrations of IL-8 (Fig. 3) when
incubated for 24 hr. The result suggested that once the
enzyme or peptides were added to the media with LPS and
incubated for 24 hr, they were effective on lowering IL-8
concentration regardless of times for the addition to Caco-
2 cell media.

To investigate whether the peptides from hydrolysis of
lysozyme are bound to Caco-2 cells before they are bound
to LPS, the Caco-2 cells were incubated with enzyme or
peptides for 24 hr and all the media including the enzyme
or peptide were removed. Then, LPS was added to stimulate
the cells. It was reported that lysozyme (or peptides) binds
LPS and caused the structural change leading to suppress
endotoxin activity (32). The results were different from
those of Fig. 1. Less than 50 µg/mL of concentration
showed an anti-inflammatory effect with lysozyme (Fig.
4A) while less than 75 µg/mL did with P (Fig. 4B). On the
other hand, only 150 µg/mL of T was effective (Fig. 4C)
and no anti-inflammatory effect were found with PT (Fig.
4D). Ohno and Morrison (27) reported that even though
there were no definite effects with concentration gradient,
some peptides from lysozyme hydrolysis remained bound
to Caco-2 cells interfering with LPS binding to a specific
receptor of Caco-2 cells. Shimizu (18) designated the
functions of proteins and peptides at the intestinal epithelium
as the Category 3 functions. It was illustrated the suppressive
effect of a dipeptide, carnosine, as a Category 3 functions
when IL-8 production was examined in Caco-2 cells. With

lysozyme, it might be a different case because lysozyme is
considered to be secretory product of various epithelial
cells and leucocytes. More than 90% of lysozyme was
secreted in most cells in vitro (38).

From the results, it can be concluded that the effect of
IL-8 reduction of lysozyme stimulated by LPS still remains
even after the pepsin or pepsin-trypsin hydrolysis.

References

1. Kitts D, Weiler K. Bioactive proteins and peptides from food
sources. Applications of bioprocesses used in isolation and recovery.
Curr. Pharm. Design 9: 1309-1323 (2003)

2. Kovacs-Nolan J, Phillips M, Mine Y. Advances in the value of eggs
and egg components for human health. J. Agr. Food Chem. 53:
8421-8431 (2005)

3. Pihlanto A, Korhonen H. Bioactive peptides and proteins. Adv.
Food Nutr. Res. 47: 175-276 (2003)

4. Guimont C, Marchall E, Girardet JM, Linden G. Biologically active
factors in bovine milk and dairy byproducts: Influence on cell
culture. Crit. Rev. Food Sci. 37: 393-410 (1997)

5. Ahn DU, Lee SH, Singam H, Lee EJ, Kim JC. Sequential
separation of main components from chicken egg yolk. Food Sci.
Biotechnol. 15: 189-195 (2006)

6. Lee EY, Woo GJ, Par J. Separation of antimicrobial hen egg white
lysozyme using ultrafilatration. Food Sci. Biotechnol. 12: 371-375
(2003)

7. Anton M, Nau F, Nys Y. Bioactive egg components and their
potential uses. Worlds Poultry Sci. J. 62: 429-438 (2006)

8. Korhonen H, Pihlanto A. Food-derived bioactive peptides-
opportunities for designing future foods. Curr. Pharm. Design 9:
1297-1308 (2003)

9. Vercruysse L, Van Camp J, Smagghe G. ACE inhibitory peptides
derived from enzymatic hydrolysates of animal muscle protein: A
review. J. Agr. Food Chem. 53: 8106-8115 (2005)

10. Jiang B, Mine Y. Preparation of novel functional oligophospho-
peptides from hen yolk phosvitin. J. Agr. Food Chem. 48: 990-994
(2000)

Fig. 4. Interleukin (IL)-8 level (pg/mL) of Caco-2 cells when 10 µg/mL of lipopolysaccharide (LPS) was added upon the removal
of media after 24 hr of the incubation with enzyme or peptide. Bars with different letter (s) are significantly different (p<0.05). A,
lysozyme; B, pepsin-digested peptide; C, trypsin-digested peptide; D, pepsin-trypsin-digested peptide.



Anti-inflammatory Activity of Peptides from Lysozyme 711

11. Watanabe K, Tsuge Y, Shimoyamada M, Ogama N, Ebina T.
Antitumor effects of pronase-treated fragments, glycopeptides, from
ovomucin in hen egg white in a double grafted tumor system. J.
Agr. Food Chem. 46: 3033-3038 (1998)

12. Miguel M, Aleixandre MA, Ramos M, Lopez-Fandino R. Effect of
simulated gastrointestinal digestion on the antihypertensive
properties of ACE-inhibitory peptides derived from ovalbumin. J.
Agr. Food Chem. 54: 726-731 (2006)

13. Miguel M, Aleixandre A. Antihypertensive peptides derived from
egg proteins. J. Nutr. 136: 1457-1460 (2006)

14. Xu M, Shangguan X, Wang W, Chen J. Antioxidative activity of
hen egg ovalbumin hydrolysates. Asia Pac. J. Clin. Nutr. 16: 178-
182 (2007)

15. Ibrahim HR, Sugimoto Y, Aoki T. Ovotransferrin antimicrobial
peptide (OTAP-92) kills bacteria through a membrane damage
mechanism. Biochim. Biophy. Acta 1523: 196-205 (2000)

16. Mine Y, Ma F, Lauriau S. Antimicrobial peptides released by
enzymatic hydrolysis of hen egg white lysozyme. J. Agr. Food
Chem. 52: 1088-1094 (2004)

17. Biziulevicius GA. Where do the immunostimulatory effects of oral
proteolytic enzymes (‘systemic enzyme therapy’) come from?
Microbial proteolysis as a possible starting point. Med. Hypotheses
67: 1386-1388 (2006)

18. Shimizu M. Food-derived peptides and intestinal functions.
Biofactors 21: 43-47 (2004)

19. Jolles P, Jolles J. What’s new in lysozyme research? Mol. Cell.
Biochem. 63: 165-189 (1984)

20. Ogundele MO. A novel anti-inflammatory activity of
lysozyme:modulation of serum complement activation. Mediat.
Inflamm. 7: 363-365 (1998)

21. Gordon LI, Douglas SD, Kay NE, Yamada O, Osserman EF, Jacob
HS. Modulation of neutrophil function by lysozyme. Potential
negative feedback system of inflammation. J. Clin. Invest. 64: 226-
232 (1979)

22. Haas M, Moalenaar F, Meijer DKF, De Jong PE, De Zeeuw D.
Renal targeting of a non-steroidal anti-inflammatory drug: Effects
on renal prostaglandin synthesis in the rats. Clin. Sci. 95: 603-609
(1998)

23. Hung CR. Effect of lysozyme chloride on betel quid chewing
aggravated gastric oxidative stress and hemorrhagic ulcer in diabetic
rats. World J. Gastroenterol. 11: 5853-5858 (2005)

24. Sato M, Oe H, Nakano M, Kawasaki H, Hirayama C. A random
contolled study of the prophylactic effect of lysozyme chloride on
post-transfusion hepatitis. Hepato-Gastroenterol. 28: 135-138 (1981)

25. Huang Y, Li N, Liboni K, Neu J. Glutamin decreases lipopoly-
saccharide-induced IL-8 production in Caco-2 cells through a non-
NF-kB p50 mechanism. Cytokine 22: 77-83 (2003)

26. SAS. The SAS System for Windows (Release 9.1). SAS Institute,
Inc., Cary, NC, USA (2002-2003)

27. Ohno N, Morrison DC. Lipopolysaccharide interactions with
lysozyme differentially affect lipopolysaccharide immunostimulatory.
Eur. J. Biochem. 186: 629-636 (1989)

28. Takada K, Ohno N, Yadomae T. Lysozyme regulates LPS-induced
interleukin-6 release in mice. Circ. Shock 44: 169-174 (1994)

29. Takada K, Ohno N, Yadomae T. Detoxification of lipopolysaccharide
(LPS) by egg white lysozyme. FEMS Immunol. Med. Mic. 9: 255-
264 (1994)

30. Takada K, Ohno N, Yadomae T. Binding of lysozyme to
lipopolysaccharide suppresses tumor necrosis factor production in
vivo. Infect. Immun. 62: 1171-1175 (1994)

31. Brandenburg K, Koch MHJ, Seydel U. Biophysical characterization
of lysozyme binding to LPS Re and lipid A. Eur. J. Biochem. 258:
686-695 (1998)

32. Ohno N, Morrison DC. Lipopolysaccharide interactions with
lysozyme. Binding of lipopolysaccharide to lysozyme and inhibition
of lysozyme enzymatic activity. J. Biol. Chem. 264: 4434-4441
(1989)

33. Takenaka A, Takenaka O, Mizota T, Shibata K, Inada Y. Sodium
trichloro- acetate as a denaturation reagent for proteins. J. Biochem.
70: 63-73 (1971)

34. Augusto LA, Li J, Synguelakis M, Johansson J, Chaby R. Structural
basis for interactions between lung surfactant protein C and bacterial
lipopolysaccharide. J. Biol. Chem. 28: 23484-23492 (2002)

35. Kanayama N, Kajiwara Y, Goto J, Maradny EL, Maehara K, Andou
K, Terao T. Inactivation of interleukin-8 by aminopeptidase
N(CD13). J. Leukocyte Biol. 57: 129-134 (1995)

36. Leavell KJ, Peterson MW, Gross TJ. Human neutrophil elastase
abolishes interleukin-8 chemotactic activity. J. Leukocyte Biol. 61:
361-366 (1997)

37. Yoshikawa M, Fujita H, Matoba N, Takenaka Y, Yamamoto T,
Yamauchi R, Tsuruki H, Takahata K. Bioactive peptides derived
from food proteins preventing lifestyle-related diseases. Biofactors
12: 143-146 (2000)

38. Radons J, Biewusch U, Grassel S, Geuze HJ, Hasilik A. Distinctive
inhibition of the lysosomal targeting of lysozyme and cathepsin D
by drugs affecting pH gradients and protein kinase C. Biochem. J.
302: 581-586 (1994)


