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Introduction: We investigated the effect of anti-Porphyromonas gingivalis egg yolk
antibody against gingipains [immunoglobulin Y (IgY)-GP] on gingipain activity in vitro.
Methods: IgY-GP was isolated from the yolks of White Leghorn hens immunized
with puriﬁed gingipains. Control antibody (IgY) was isolated from the yolks of nonimmunized hens. Gingipain activity was assessed according to the rate of enzymatic
substrate hydrolysis. Human epithelial cells were cultured with or without gingipains and
with gingipains pretreated with either IgY-GP or IgY.
Results: Hydrolytic activity decreased in the presence of IgY-GP. Cells incubated with
gingipains showed a dose-dependent loss of adhesion activity. Pretreatment of gingipains
with IgY-GP was associated with strong inhibition of cell detachment, whereas
pretreatment with IgY was not.
Conclusion: Our ﬁndings suggest that IgY-GP may be an effective immunotherapeutic
agent in the treatment of periodontitis.

Porphyromonas gingivalis, a gram-negative anaerobe, has been identiﬁed as an
important periodontal pathogen because of
its virulence (9, 22, 23, 37). Several
virulence factors have been associated
with the pathogenicity of P. gingivalis,
including lipopolysaccharide (16), ﬁmbriae, hemagglutinin, hemolysin (12, 14, 18,
21), and the Arg-X-speciﬁc (Rgp) and LysX-speciﬁc (Kgp) cysteine proteinases (the
gingipains) (30). Gingipains play a major
role in the progression of human periodontal disease, especially in host colonization, inactivation of host defenses, tissue
destruction and host immune system
modulation (3, 10, 26, 29, 37, 38, 42).
Surface proteinases, which include gingipains, have also been reported to be major
virulence factors of P. gingivalis (31).
Gingipains play a role in bacterial housekeeping (6), including amino acid uptake

from host proteins, in heme acquisition
from erythrocytes (34) and in maturation
of ﬁmbriae (28). We postulated that the
inhibition of gingipains mighty reduce the
pathogenesis of P. gingivalis so we investigated the effect of anti-P. gingivalis egg
yolk antibody against gingipains [immunoglobulin Y (IgY) -GP] on enzymatic
activity in vitro.
Material and methods
Preparation of IgY-GP

P. gingivalis (ATCC 33277) was maintained on Brucella HK agar (Kyokuto
Pharmaceutical, Tokyo, Japan) supplemented with 10% horse blood under anaerobic
conditions (7). Log-phase P. gingivalis was
harvested by centrifugation at 10,000 g for
30 min at 4°C. After carefully removing
the supernatant, the cell pellets were
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resuspended in previously cooled sterile
Tris buffer (0.05 m Tris–HCl, 1 m CaCl2,
pH 7.5) and then extracted by sonication
(150 watts) for six cycles (1 min/cycle) in
ice water, allowing 2 min between cycles.
Insoluble material from the sonicated cell
suspension was separated by centrifugation at 10,000 g for 15 min at 4°C, and the
supernatant containing the crude gingipain
antigen was collected. To purify the sonicates, the supernatant was passed through
a Mono-Q fast-protein liquid chromatography column (Pharmacia, Uppsala, Sweden) pre-equilibrated with Tris buffer at a
ﬂow rate of 60 ml/h. The gingipains were
loaded onto the Mono-Q column and
eluted with the same buffer containing
1 m NaCl. The major peak was observed
during the early phase of NaCl elution and
a minor peak was detected during a later
phase. The major peak, which accounted

Anti-P. gingivalis antibody against gingipains
for 80% of the total activity, was collected
and used as partially puriﬁed gingipains
for further study after adequate dialysis
against Tris buffer (47).
Five 5-month-old White Leghorn hens
(strain HyLine W36; GHEN Corporation,
Gifu, Japan) kept in conventional isolated
poultry housing were immunized for egg
antibody production. The hens were inoculated intramuscularly in the breast muscles
with 1.0 ml (1 mg/ml; 0.5 ml in each
breast muscle) of a vaccine consisting of
gingipain antigen with oil as adjuvant (43).
Eight weeks after the initial immunization,
a booster immunization was administered
in the same manner. Sixty eggs were
harvested and pooled. These eggs laid
from two weeks after the booster onwards
when an antibody titer in the yolk is peak.
Egg antibody powder was produced using
a method similar to that described by
Yokoyama et al. (43). Brieﬂy, the yolks of
the pooled eggs were separated from the
albumin and yolk membrane. The egg yolk
was homogenized with a mixer (HVM106; Nihonseiki Kaisha, Tokyo, Japan)
and ﬁltered through a Teﬂon ﬁlter cloth
(Asamasu Co., Ltd., Nagoya, Japan). The
ﬁltrate was applied to a spray-dry machine
(Model L-12; Ohkawara Kakohki, Kanagawa, Japan), which was operated at an
air-inlet temperature of 140°C. The dried
material was transported to the collection
vat by a ﬂow of air at 72°C. The dried
antibody powder was stored in a desiccator
at room temperature until use. Control IgY
powder was prepared from the eggs of
non-immunized hens in the same manner.
Partially puriﬁed IgY-GP powder and IgY
powder were prepared from egg yolk
powder by chloroform extraction (39)
and ammonium sulfate precipitation (20).
Activity of IgY-GP was evaluated using an
enzyme-linked immunosorbent assay (44).
Microdilution plates (Immulon 2; Dynatech Laboratories, Alexandria, VA) were
coated with a 5-lg/ml solution of gingipains in 0.05 m carbonate buffer (pH 9.6;
100 ll/well) at 4°C for 18 h. The plates
were emptied and blocked with phosphatebuffered saline (PBS) containing 3%
bovine serum albumin (150 ll/well) at
37°C for 1 h and then washed with
0.02% Tween-20–PBS three times. IgYGP and Ig-Y were reconstituted or suspended in PBS (8.4 mg/ml). Antibody
solution in 0.05% Tween-20–PBS
(100 ll/well) was incubated at 37°C for
1 h and the plates were washed as described above. Rabbit anti-chicken IgG
conjugated with horseradish peroxidase
(dilution of 1 : 8000; Cappel; Organon
Teknika Co., Westchester, PA) in 0.05%

Tween-20–PBS was applied and incubated
at 25°C for 30 min; o-phenylenediamine
and dihydrochloride were then added. The
color reaction was stopped after 20 min
with 1.5 m sulfuric acid, and the color
intensity was measured at 490 nm.
Inhibition of enzymatic activity by IgY-GP

N-a-Benzoyl-l-arginine-p-nitroanilide
(BApNA) was obtained from Sigma
Chemical Co. (St Louis, MO). Gingipains
(62.5, 125 and 250 lg/ml) were activated
in a buffer consisting of 200 mm HEPES,
5 mm CaCl2 (pH 7.6), and 10 mm cysteine
for 5 min at 37°C, mixed with IgY-GP or
IgY (50 mg/ml) in the same buffer, and
then incubated at 4°C for 1 h.
A 50-ll aliquot of the pretreated sample
was added to 150 ll of the reaction
mixture, which consisted of 100 mm
Tris–HCl buffer (pH 7.5) containing
5 mm dithiothreitol, 5 mm l-cysteine,
and 2.5 mm BApNA. The mixture was
incubated at 37°C for 25 min, and the
reaction was stopped by adding 50 ll 20%
acetic acid. The release of p-nitroaniline
was determined by measuring its absorbance at 405 nm (45). The substrate without
enzyme served as the negative control and
was used to monitor background readings.
One unit of gingipain activity was deﬁned
as the amount of enzyme releasing 1 lmol
p-nitroanilide per minute in the reaction
mixture under assay conditions, and was
expressed as U/ml.
Human oral epithelial cells (Ca9-22)
were cultured overnight in Eagle’s minimum essential medium containing 10%
fetal bovine serum and antibiotics in sixwell microtiter plates. The plates were
charged with serum-free medium in the
absence and presence of gingipains (62.5,
125, and 250 lg/ml) and with gingipains
pretreated with either IgY-GP or IgY
(50 mg/ml each) and incubated at 37°C
for 1 h. The attached cells were counted
after Trypan blue staining.
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Table 1. Characterization of IgY-GP and IgY
OD value
Types of IgY

Coated well

Non-coated well

PBS–Tween
IgY
IgY-GP

0.025
0.026
1.264

0.044
0.030
0.042

Data shown are the means of three independent
experiments.

antigen-coated wells but was not active in
the non-coated wells. IgY from nonimmunized hens did not show activity in
the antigen-coated wells.
IgY-GP exhibited signiﬁcant inhibitory
activity against gingipains compared to
the non-immunized egg yolk controls
(Fig. 1). In the presence of IgY-GP, the
activity of solutions containing 62.5, 125
and 250 lg/ml gingipains decreased by
60.5 ± 0.3, 59.6 ± 0.31 and 47.1 ± 1.8%,
respectively.
Gingipains have been shown to disrupt
human cell adhesion and to contribute to
the tissue damage in periodontal disease
caused by P. gingivalis. Puriﬁed gingipains, with or without pretreatment with
IgY-GP, were added to cultures of Ca9-22
cells to investigate the effect of IgY-GP
treatment on the gingipain-induced detachment of epithelial cells. The cells incubated
with gingipains showed a dose-dependent
loss of adhesion activity. Pretreatment of
gingipains with IgY-GP strongly inhibited
the gingipain-induced detachment of cells

Statistical analysis

The data were analyzed with SPSS software (SPSS, Chicago, IL). Enzymatic
activity was analyzed using Student’s
t-test. Signiﬁcance was established at
P < 0.01.
Results and discussion

The immune response of IgY-GP was
assessed using an enzyme-linked immunosorbent assay. Table 1 shows that IgYGP was active in immunization in the

Fig. 1. Effects of IgY-GP on the protease
activity of gingipains. The inhibitory effects of
IgY-GP and IgY (50 mg/ml each) on gingipain
activity were evaluated using the synthetic
substrate N-a-benzoyl-l-arginine-p-nitroanilide.
The release of p-nitroaniline was determined by
measuring its absorbance at 405 nm. One unit of
gingipain activity was deﬁned as the amount of
enzyme releasing 1 lmol of p-nitroanilide per
minute in the reaction mixture under assay
conditions, and was expressed as U/ml. Data are
shown as the means ± SD of three independent
experiments. *P < 0.01 indicates a signiﬁcant
difference between study groups according to
Student’s t-test.
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Fig. 2. Effects of IgY-GP on the detachment of
human epithelial cells induced by gingipains.
Human epithelial cells were incubated in serumfree Eagle’s minimal essential medium with or
without gingipains and with gingipains pretreated with either IgY-GP or IgY (50 mg/ml each)
for 1 h. The attached cells were counted after
Trypan blue staining. Data are shown as the
means ± SD of three independent experiments.
*P < 0.01 indicates a signiﬁcant difference
between the study groups according to Student’s
t-test.

givalis can pass through the epithelial
barrier (33, 34). Previous reports have
suggested that the proteolytic activities of
gingipains affect epithelial cells by loosening the epithelial tissue from the basement
membrane (2). These observations suggest
that gingipains are the most promising
target for vaccination against periodontitis
and related systemic diseases. Immunization studies with gingipains have demonstrated
protective
effects
against
P. gingivalis infections in animal models
(13, 31).
In the present study, IgY-GP strongly
inhibited gingipain activity and the gingipain-induced detachment of cells in vitro.
Within the limitations of the present study,
IgY-GP was shown to be an effective
immunotherapeutic agent in the treatment
of periodontitis.
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(Fig. 2), whereas pretreatment with IgY
did not.
The present study demonstrated that
anti-P. gingivalis egg yolk antibody
against gingipains can inhibit gingipain
activity in vitro. Passive immunization
with antibodies from several different
species has been used as immunotherapy
against dental caries (24, 40) and periodontitis (4, 5, 8, 27, 41, 46), and previous
studies have shown that antibodies are
actively transported to the egg yolk of
immunized hens (25). The use of IgY for
passive immunization circumvents the
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or to bleed animals to prepare antibodies.
The production of polyclonal antibodies
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immunization with IgY against dental
caries has been reported in a rat model
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Gingipains degrade cytokines (3, 26),
components of the complement system (10,
42), and several receptors, including macrophage CD14 (11, 37, 38) and T-cell CD4
and CD8 (19), thereby perturbing the host
defense system and facilitating sustained
colonization of P. gingivalis. Although it
has been suggested that gingival epithelial
cells act as a physical barrier against the
entry of periodontopathic bacteria, P. gin-

This study was supported by a Grantin-Aid for Technology to Promote Multidisciplinary Research Projects from the
Ministry of Education, Culture, Sports,
Science and Technology of Japan and the
Uemura Fund of Nihon University School
of Dentistry.
References
1. Abiko Y. Passive immunization against
dental caries and periodontal disease: development of recombinant and human monoclonal antibodies. Crit Rev Oral Biol Med
2000: 11: 140–158.
2. Andrian E, Grenier D, Rouabhia M. In vitro
models of tissue penetration and destruction
by Porphyromonas gingivalis. Infect Immun 2004: 72: 4689–4698.
3. Banbula A, Bugno M, Kuster A, Heinrich
PC, Travis J, Potempa J. Rapid and efﬁcient
inactivation of IL-6 gingipains, lysine- and
arginine-speciﬁc proteinases from Porphyromonas gingivalis. Biochem Biophys Res
Commun 1999: 261: 598–602.
4. Booth V, Ashley FP, Lehner T. Passive
immunization with monoclonal antibodies
against Porphyromonas gingivalis in
patients with periodontitis. Infect Immun
1996: 64: 422–427.
5. Booth V, Lehner T. Characterization of the
Porphyromonas gingivalis antigen recognized by a monoclonal antibody which
prevents colonization by the organism.
J Periodontal Res 1997: 32: 54–60.
6. Brochu V, Grenier D, Nakayama K, Mayrand D. Acquisition of iron from human
transferrin by Porphyromonas gingivalis: a
role for Arg- and Lys-gingipain activities.
Oral Microbiol Immunol 2001: 16: 79–87.
7. Chen Z, Potempa J, Polanowski A, Wikstrom M, Travis J. Puriﬁcation and characterization of a 50-kDa cysteine proteinase
(gingipain) from Porphyromonas gingivalis. J Biol Chem 1992: 267: 18896–18901.

8. Choi J, Borrello MA, Smith E, Cutler
CW, Sojar H, Zauderer M. Prior exposure
of mice to Fusobacterium nucleatum
modulates host response to Porphyromonas gingivalis. Oral Microbiol Immunol
2001: 16: 338–344.
9. Christersson LA, Fransson CL, Dunford
RG, Zambon JJ. Subgingival distribution of
periodontal pathogenic microorganisms in
adult periodontitis. J Periodontol 1992: 63:
418–425.
10. Discipio RG, Daffern PJ, Kawahara M et al.
Cleavage of human complement component
C5 by cysteine proteinases from Porphyromonas (Bacteroides) gingivalis. Prior oxidation of C5 augments proteinase digestion
of C5. Immunology 1996: 87: 660–667.
11. Duncan L, Yoshioka M, Chandad F, Grenier
D. Loss of lipopolysaccharide receptor
CD14 from the surface of human macrophage-like cells mediated by Porphyromonas
gingivalis outer membrane vesicles. Microb
Pathog 2004: 36: 319–325.
12. Genco CA, Odusanya BM, Potempa J,
Mikolajczyk-Pawlinska J, Travis J. A peptide domain on gingipain R which confers
immunity against Porphyromonas gingivalis infection in mice. Infect Immun 1998:
66: 4108–4114.
13. Genco CA, Potempa J, Mikolajczyk-Pawlinska J, Travis J. Role of gingipains R in the
pathogenesis of Porphyromonas gingivalismediated periodontal disease. Clin Infect
Dis 1999: 28: 456–465.
14. Hamada S, Amano A, Kimura S, Nakagawa
I, Kawabata S, Morisaki I. The importance
of ﬁmbriae in the virulence and ecology of
some oral bacteria. Oral Microbiol Immunol
1998: 13: 129–138.
15. Hamada S, Horikoshi T, Minami T et al.
Oral passive immunization against dental
caries in rats by use of hen egg yolk
antibodies speciﬁc for cell-associated glucosyltransferase of Streptococcus mutans.
Infect Immun 1991: 59: 4161–4167.
16. Hamada S, Takada H, Ogawa T, Fujiwara T,
Mihara J. Lipopolysaccharides of oral
anaerobes associated with chronic inﬂammation: chemical and immunomodulating
properties. Int Rev Immunol 1990: 6: 247–
261.
17. Hatta H, Tsuda K, Ozeki M et al. Passive
immunization against dental plaque formation in humans: effect of a mouth rinse
containing egg yolk antibodies (IgY) speciﬁc to Streptococcus mutans. Caries Res
1997: 31: 268–274.
18. Holt SC, Kesavalu L, Walker S, Genco
CA. Virulence factors of Porphyromonas
gingivalis. Periodontol 2000 1999: 20:
168–238.
19. Kitamura Y, Matono S, Aida Y, Hirofuji T,
Maeda K. Gingipains in the culture supernatant of Porphyromonas gingivalis cleave
CD4 and CD8 on human T cells. J Periodontal Res 2002: 37: 464–468.
20. Kuroki M, Ikemori Y, Yokoyama H, Peralta
RC, Icatlo FC Jr, Kodama Y. Passive
protection against bovine rotavirus-induced
diarrhea in murine model by speciﬁc
immunoglobulins from chicken egg yolk.
Vet Microbiol 1993: 37: 135–146.
21. Lamont RJ, Bevan CA, Gil S, Persson RE,
Rosan B. Involvement of Porphyromonas

Anti-P. gingivalis antibody against gingipains

22.

23.

24.

25.

26.

27.

28.

29.

30.

gingivalis ﬁmbriae in adherence to Streptococcus gordonii. Oral Microbiol Immunol
1993: 8: 272–276.
Lamont RJ, Jenkinson HF. Life below the
gum line: pathogenic mechanisms of Porphyromonas gingivalis. Microbiol Mol Biol
Rev 1998: 62: 1244–1263.
Loesche WJ, Grossman NS. Periodontal
disease as a speciﬁc, albeit chronic, infection: diagnosis and treatment. Clin Microbiol Rev 2001: 14: 727–752.
Ma JK, Hikmat BY, Wycoff K et al.
Characterization of a recombinant plant
monoclonal secretory antibody and preventive immunotherapy in humans. Nat Med
1998: 4: 601–606.
Malkinson M. The transmission of passive
immunity to Escherichia coli from mother
to young in the domestic fowl (Gallus
domesticus). Immunology 1965: 9: 311–
317.
Mikolajczyk-Pawlinska J, Travis J, Potempa J. Modulation of interleukin-8 activity by
gingipains from Porphyromonas gingivalis:
implications for pathogenicity of periodontal disease. FEBS Lett 1998: 440: 282–286.
Nakagawa T, Sims T, Fan Q et al. Functional characteristics of antibodies induced
by Arg-gingipain (HRgpA) and Lys-gingipain (Kgp) from Porphyromonas gingivalis.
Oral Microbiol Immunol 2001: 16: 202–
211.
Nakayama K, Yoshimura F, Kadowaki T,
Yamamoto K. Involvement of argininespeciﬁc cysteine proteinase (Arg-gingipain)
in ﬁmbriation of Porphyromonas gingivalis.
J Bacteriol 1996: 178: 2818–2824.
Potempa J, Banbula A, Travis J. Role of
bacterial proteinases in matrix destruction
and modulation of host responses. Periodontol 2000 2000: 24: 153–192.
Potempa J, Pike R, Travis J. The multiple
forms of trypsin-like activity present in
various strains of Porphyromonas gingivalis
are due to the presence of either Arggingipain or Lys-gingipain. Infect Immun
1995: 63: 1176–1182.

31. Rajapakse PS, O’Brien-Simpson NM,
Slakeski N, Hoffmann B, Reynolds EC.
Immunization with the RgpA-Kgp proteinase-adhesin complexes of Porphyromonas gingivalis protects against periodontal
bone loss in the rat periodontitis model.
Infect Immun 2002: 70: 2480–2486.
32. Rose ME, Orlans E, Buttress N. Immunoglobulin classes in the hen’s egg: their
segregation in yolk and white. Eur J
Immunol 1974: 4: 521–523.
33. Saglie R, Newman MG, Carranza FA Jr,
Pattison GL. Bacterial invasion of gingiva
in advanced periodontitis in humans. J Periodontol 1982: 53: 217–222.
34. Sandros J, Papapanou P, Dahlen G. Porphyromonas gingivalis invades oral epithelial cells in vitro. J Periodontal Res 1993:
28: 219–226.
35. Shi Y, Ratnayake DB, Okamoto K, Abe N,
Yamamoto K, Nakayama K. Genetic analyses of proteolysis, hemoglobin binding,
and hemagglutination of Porphyromonas
gingivalis. Construction of mutants with a
combination of rgpA, rgpB, kgp, and hagA.
J Biol Chem 1999: 274: 17955–17960.
36. Smith DJ, King WF, Godiska R. Passive
transfer of immunoglobulin Y antibody to
Streptococcus mutans glucan binding protein B can confer protection against experimental dental caries. Infect Immun 2001:
69: 3135–3142.
37. Sugawara S, Nemoto E, Tada H, Miyake K,
Imamura T, Takada H. Proteolysis of human
monocyte CD14 by cysteine proteinases
(gingipains) from Porphyromonas gingivalis
leading to lipopolysaccharide hyporesponsiveness. J Immunol 2000: 165: 411–418.
38. Tada H, Sugawara S, Nemoto E et al.
Proteolysis of CD14 on human gingival
ﬁbroblasts by arginine-speciﬁc cysteine
proteinases from Porphyromonas gingivalis
leading to down-regulation of lipopolysaccharide-induced interleukin-8 production.
Infect Immun 2002: 70: 3304–3307.
39. Van Nguyen S, Umeda K, Yokoyama H,
Tohya Y, Kodama Y. Passive protection of
dogs against clinical disease due to canine

40.

41.

42.

43.

44.

45.

46.

47.

355

parvovirus-2 by speciﬁc antibody from
chicken egg yolk. Can J Vet Res 2006:
70: 62–64.
van Raamsdonk M, de Soet JJ, de Graaff J.
Effect of monoclonal antibodies on the
colonization of rats by Streptococcus sobrinus. Caries Res 1993: 27: 31–37.
Van Tilburg ML, Kozarov EV, ProgulskeFox A, Brady LJ. The effect of monoclonal
antibody and route of immunization on the
humoral immune response against Porphyromonas gingivalis. Oral Microbiol Immunol 2001: 16: 153–162.
Wingrove JA, DiScipio RG, Chen Z, Potempa J, Travis J, Hugli TE. Activation of
complement components C3 and C5 by a
cysteine proteinase (gingipain-1) from Porphyromonas (Bacteroides) gingivalis. J Biol
Chem 1992: 267: 18902–18907.
Yokoyama H, Hashi T, Umeda K et al.
Effect of oral egg antibody in experimental
F18+ Escherichia coli infection in weaned
pigs. J Vet Med Sci 1997: 59: 917–921.
Yokoyama H, Peralta RC, Diaz R, Sendo S,
Ikemori Y, Kodama Y. Passive protective
effect of chicken egg yolk immunoglobulins
against
experimental
enterotoxigenic
Escherichia coli infection in neonatal
piglets. Infect Immun 1992: 60: 998–1007.
Yonezawa H, Ishihara K, Okuda K. Arggingipain a DNA vaccine induces protective
immunity against infection by Porphyromonas gingivalis in a murine model. Infect
Immun 2001: 69: 2858–2864.
Yonezawa H, Kato T, Kuramitsu HK,
Okuda K, Ishihara K. Immunization by
Arg-gingipain A DNA vaccine protects
mice against an invasive Porphyromonas
gingivalis infection through regulation of
interferon-gamma production. Oral Microbiol Immunol 2005: 20: 259–266.
Yun PL, DeCarlo AA, Hunter N. Modulation of major histocompatibility complex
protein expression by human gamma interferon mediated by cysteine proteinaseadhesin polyproteins of Porphyromonas
gingivalis. Infect Immun 1999: 67: 2986–
2995.

