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Abstract 

We studied the effect of antibodies against Porphyromonas gingivalis 

gingipain domains, preparing them against three recombinant fragments of RgpA 

(catalytic domain: r-Rgp CAT; hemagglutinin domains: r-Rgp 44 and r-Rgp 15-27) and 

one fragment of Kgp (catalytic domain: r-Kgp CAT).  Enhancement of opsonization, 

and killing by human polymorphonuclear leukocytes was measured in the non-invasive 

FDC 381 and invasive W50 strains of P. gingivalis.  Anti-r-Rgp 44 antibody was the 

most effective in both strains of P. gingivalis.  The present findings recommend  

RgpA 44 as a  candidate immunogen for vaccines against P. gingivalis.    

 

  



 3

1. Introduction 

Porphyromonas gingivalis has been implicated as a major etiologic bacterium 

in the progression of human periodontal disease [1].  This microorganism has several 

virulence factors, such as fimbriae [2], hemagglutinins [3, 4] lipopolysaccharides (LPS) 

[5], and extra-cellular and cell-associated cysteine proteinases [6, 7].  The cysteine 

proteases, in particular, are believed to play a major role in the progression of human 

periodontal disease [8], especially in the colonization and inactivation of host defenses, 

tissue destruction, and modulation of host immune systems [9].   

Surface proteases have also been reported as major virulence factors for this 

microorganism [10], and the most important surface protease among these is gingipain.  

Gingipain appears to consist of both arginine- and lysine-specific cysteine proteinases 

(RgpA and RgpB, and Kgp, respectively) [11, 12].  RgpA and Kgp consist of a 

prepropeptide domain, a catalytic domain and an adhesion/hemagglutinin domain.  

Most of the C-terminal adhesion/hemagglutinin domain is absent in RgpB.  However, 

although the catalytic domains of RgpA and Kgp are divergent, their 

adhesion/hemagglutinin domain regions are very similar [11, 13, 14].   

Rgps degrade host proteins such as collagen, prokallikrein and fibronectin.  

They also degrade molecules associated with host defense systems, such as 

immunoglobulin and IL-12 [15, 16].  Rgps activate several mediators involved in 

inflammation, including those associated with the chemotaxis of polymorphonuclear 

leukocytes, by generating C5a and inducing the release of bradykinin through activation 

of prekallikrein [17, 18],   activities which result in dysfunction of host defense 
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systems.  

Kgp degrades fibrinogen, IL-6, and the adherence junctions of epithelial cells [19, 20].  

In addition, Kgp can bind hemoglobin, an important source of iron for these organisms 

[21]. The above results indicate that gingipains are important factors in iron acquisition, 

adherence to host cells, destruction of epithelial barriers, and disruption of the immune 

system. 

P. gingivalis strains are classified as invasive (e.g., strains W50 and A7A1-28) 

or non-invasive (e.g., strains ATCC 33277 and FDC 381), based on their ability to cause 

the spread of ulcerative lesions distant from injection sites or localized abscesses at sites 

of injection in murine models, respectively [22, 23].   A vaccine targeting their 

proteases might provide protection against both strains.  Gingipains are considered 

potential targets in the development of vaccines against periodontal disease. Therefore, 

the identification and testing of purified recombinant components of P. gingivalis  for 

use as antigens in a vaccine against periodontitis would be a major step in the 

development of such vaccines.  Of the P. gingivalis components studied to date, 

gingipains have been shown to possess the greatest potential for preventing the 

initiation and progression of periodontal diseases [24-26].  However, the antigenic 

properties of these proteins have yet to be extensively characterized.  Therefore, the 

primary purpose of this study was to clarify the protective effect of anti-recombinant 

gingipain domain antibodies against both invasive and non-invasive strains of P. 

gingivalis.   
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2. Materials and Methods 

2. 1. Preparation of recombinant gingipains 

Preparation of recombinant gingipains was carried out as described previously 

[27], and involved the functional domains of these proteases (Fig. 1).  Briefly, DNA 

fragments encoding the catalytic domain of RgpA (Rgp CAT), the adhesion 

hemagglutinin domains of RgpA (Rgp 44, Rgps 15-27), and the catalytic domain of 

Kgp (Kgp CAT) were amplified by polymerase chain reaction using specific primers 

with P. gingivalis ATCC 33277 genomic DNA as a template.  The amplified fragments 

were then inserted into pET32Xa LIC vector in accordance with the manufacturer’s 

instructions (Merck, Tokyo).  The plasmids obtained were transformed into 

Escherichia coli Novablue (Merck, Tokyo).  After confirming the sequences, the 

plasmids were next transformed into E. coli BL21 (DE3) (Merck, Tokyo).  Expression 

of the recombinant gingipains was performed in accordance with the method of Inagaki 

et al. [27].  After 2 h incubation at 37 oC with vigorous shaking, the cells were 

harvested.  They were then lysed with lysis buffer (8 M urea, 100 mM NaH2PO4, 10 

mM Tris-HCl, pH8.0) and incubated with agitation at room temperature for 1 h.  The 

supernatant was isolated from the cell lysates by centrifugation at 10,000 xg at room 

temperature for 30 min.  The supernatant was then applied to a Ni-NTA affinity 

chromatography column (Qiagen, Valencia, CA) which was equilibrated with the same 

buffer.  The column was washed with buffer (8 M urea, 100 mM NaH2PO4, 10 mM 
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Tris-HCl, pH6.3), and the recombinant proteins were eluted with elution buffer (8 M 

urea, 100 mM NaH2PO4, 10 mM Tris-HCl, pH4.5).  The purity of the recombinant 

protein was confirmed by dodecyl sulfate-polyacrylamid gel electrophoresis 

(SDS-PAGE) [28] and Western blotting [29] using anti-P. gingivalis whole cell antibody 

as described below.  The molecular weight standard used was Prestained Protein 

Marker, Broad Range (New England BioLabs, Beverly, MA).  

2. 2. Preparation of antibodies for chemiluminescence assay  

Antibodies against P. gingivalis 381 whole-cells, r-Rgp CAT, r-Rgp 44, r-Rgps 

15-27, and r-Kgp CAT were prepared by immunizing New Zealand white rabbits.  

Injection with P. gingivalis (0.3 mg) or recombinant antigen (0.3 mg) emulsified with 

Freund complete adjuvant (Difco, Becton, Dickinson and Company, Sparks, MD) was 

repeated 6 times at 2-week intervals in each rabbit.  After confirming the elevation of 

each specific antibody, blood was obtained following venous puncture at one week after 

the last booster immunization.  Immunogloblin G (IgG) fractions were isolated from 

pre-immune and immune sera using protein A affinity columns (Amersham Pharmacia 

Biotech, Uppsala, Sweden).  The reactivity of the 4 anti-recombinant gingipain 

antibodies was examined using SDS-PAGE and Western blotting.  Kaleidoscope 

pre-stained standards (Bio-Rad Laboratories, CA) were used as the molecular weight 

standard.       

2. 3. Enzyme-linked immunosorbent assay (ELISA) of antibody level 

Antibody levels against P. gingivalis whole-cells, r-Rgp CAT, r-Rgp 44, 

r-Rgps 15-27 and r-Kgp CAT were evaluated by enzyme-linked immunosorbent assay 
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(ELISA) as described by  Naito et al [30].  Briefly, 10 µg/ml of P. gingivalis ATCC 

33277 sonic extract and each recombinant protein were coated onto flat-bottomed 

polystyrene micro-plates (Corning, Corning, NY.).  Each well was blocked with 2% of 

bovine serum albumin (BSA) in phosphate buffered saline (PBS, pH7.4).  Pre-immune 

sera for each of the antibodies were used as controls.  After washing with PBS 

containing 0.05% Tween 20 (PBST, Wako Chemical, Tokyo, Japan), the anti-whole-cell 

antibody and each recombinant gingipain antibody in PBS containing 0.2% BSA was 

serially diluted and added to each well and incubated at 37oC for 1 h.  After washing 

with PBST, 1/3000 dilution of peroxidase-conjugated goat anti-rabbit IgG (Capel, 

Aurora, OH) was incubated at 37 oC for 1 h.  Development was initiated by adding 100 

mM citric acid buffer (pH5.0) containing o-phenylene diamino dihydrochloride and 

0.02 µl of 30% H2O2 at room temperature for 5 min.  Development was terminated by 

adding 50 µl aliquot of 6N H2SO4.  An absorbance at 490 nm was then determined 

using a microplate reader (Bio-Rad Laboratories).  The end-point titers for 

antigen-specific immunoglobulins were defined as the last dilutions producing an 

optical density at 490 nm of >0.08.          

2. 4. Chemiluminescence assay of opsonization 

In the present study, P. gingivalis FDC 381 and P. gingivalis W50 were used 

as typically representative non-invasive and invasive strains, respectively.  P. 

gingivalis was inoculated in Tryptic soy broth (Becton Dickinson and Company, 

Franklin Lakes, NJ, Sparks, MD) supplemented with 5 µg/ml of hemin (Sigma 

Chemical Co., St. Louis, Mo.) and 0.5 µg/ml of menadione (Wako, Tokyo) and 
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incubated at 37°C under anaerobic conditions (80% N2, 10% H2, 10% CO2).  After 48 

h incubation, the P. gingivalis cells were harvested, washed twice with PBS and 

suspended in GGVB++ buffer (0.1% gelatin, 5.5 mM glucose, 400 mM NaCl2 and 4 µM 

veronal; Cambrex, Baltimore, MD).   

Chemiluminescence assays were performed as described by Nakagawa et al.  

[31].  After obtaining informed consent, 60 ml of venous blood were obtained from 

periodontally and systemically healthy adult male donors.  The blood was immediately 

separated by centrifugation at 500 xg in a swing-out rotor at 20oC using Polymorphrep 

R (Axis-Shield PoC AS, Oslo, Norway) for 30 min.  The polymorphonuclear 

leukocyte (PMN) layer was carefully isolated, and the PMNs fraction was then washed 

with PBS and harvested following centrifugation at 400 xg for 10 min.  These PMNs 

were then re-suspended in 2 ml of RPMI gel (0.5% gelatin containing RPMI 1640 

medium; Nissui, Tokyo). Cell numbers were adjusted to a concentration of 1.5x107 

cells/ml with RPMI gel and held at room temperature. 

The P. gingivalis FDC 381 and W50 cells were harvested by centrifugation at 

10,000 xg for 10 min and washed with PBS at 4oC.  They were then suspended in 

GGVB++ buffer and adjusted to an optical density at 660 nm of 0.45 (approximately 

4.2x109 CFU bacterial cells/ml) using a spectrophotometer U-2000 (Hitachi, Tokyo, 

Japan).  A C5-depleted human serum preparation (Sigma Chemical) was used as the 

complement source in this assay to eliminate possible non-phagocytosis related 

chemiluminescence caused by C5a.   

Seven hundred sixty-four µl of GGVB++ were added to 150 µl of PMN 
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(1.5x107 cells/ml). Next, 6 µl of luminol (WAKO, Tokyo, Japan) dissolved in dimethyl 

sulfoxide were added to this to a final concentration of 20 mM. The whole was then 

mixed and pre-incubated at 37oC for 30 min. A mixture of 40 µl of bacteria and 20 µl of 

anti-P. gingivalis whole-cell, anti-r-Rgp CAT, anti-r-Rgp 44, anti-r-Rgps 15-27 or 

anti-r-Kgp CAT antibody at 7.5 mg/ml were also pre-incubated at 37oC for 10 min.  

These two solutions were then mixed. Next, 10 µl of CaCl2 (100 mM) and 10 µl of a 

C5-depleted human serum were added to the resulting solution (total assay volume 1 

ml). This was then transferred to chemiluminescence test tubes.  Measurements of 

chemiluminescence were performed using an Auto-LUMICOUNTER Model 1422EX 

(Microtech-Nichion, Funabashi, Japan) at 37oC for 135 min.  Degree of opsonization 

was expressed in relative luminescent units (rlu).  

2. 5. Antibody enhancement of PMN bactericidal activity 

  Antibody enhancement of PMN bactericidal activity was evaluated as 

described by Nakagawa et al.  [31].  The components described above for the 

chemiluminescence assay were added in the same order, but with increased GGVB++ in 

place of the working luminol solution.  One hundred fifty µl of PMN (1.5x107 

cells/ml) and approximately 4.2x105 CFU/ml bacteria were used.  Sample tubes were 

incubated for 2 h with rotation at 10 rpm.  One hundred µl of serially diluted samples 

were inoculated onto blood agar plates.  The plates were incubated anaerobically at 

37oC for 7 days and viable cell numbers were expressed as colony forming units (CFU).  

The percentage of killing was calculated as [(control CFUs: number of viable bacteria 

without antibody – CFUs: number of viable bacteria with antibody)/ control CFUs] x 
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100 to indicate reduction in bacterial viability.  Mean killing was calculated from the 

results of 3 to 5 experiments and reported as the percentage of remaining viable 

bacteria. 

     

2. 6. Statistical Analysis   

The difference in the peak values for chemiluminescent activity and 

percentage of remaining viable bacteria were assessed with a  Mann-Whitney U test.     

 

3. Results 

3. 1. Purification of anti-recombinant gingipain domain antibodies 

We constructed 4 plasmids, 3 containing one each of the 3 functional domains 

of RgpA (r-Rgp CAT, r-Rgp 44, r-Rgps 15-27) and one with the catalytic domain of Kgp 

(r-Kgp CAT).  The purity of the recombinant proteins was confirmed by SDS-PAGE 

and immunoblotting.  Each recombinant formed a single band suggesting all proteins 

purified to homogeneity. (data not shown).  The molecular masses of the purified 

proteins, which were 62, 61, 76, and 65kDa for r-Rgp CAT, r-Rgp 44, r-Rgps 15-27 and 

r-Kgp CAT respectively, corresponded well to those of each domain with a histidine tag.  

After immunization of the rabbits with r-Rgp CAT, r-Rgp 44, r-Rgps 15-27 or r-Kgp 

CAT, the sera obtained showed specific reactivities against each recombinant protein, as 

shown in Fig. 2. 

  These rabbit antisera against recombinant gingipains reacted against the 

whole-cell extracts of P. gingivalis FDC 381 (Fig. 3).  Anti-r-Rgp CAT antibody 
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showed a strongly immunoreactive response to the 45-kDa protein band (Fig. 3, lane 1).  

Similarly, anti-r-Rgp 44 antibody reacted strongly with 42 kDa (Fig. 3, lane 2), and 

anti-r-Rgps 15-27 antibody also reacted strongly with 54 kDa (Fig. 3, lane 3).  In 

addition, anti-r-Kgp CAT reacted with cellular extracts of P. gingivalis FDC 381, and 

here we found a band of approximately 50 kDa in size (Fig. 3, lane 4).  These sizes 

were almost identical to the size of each domain as estimated from their amino acid 

sequences [11, 14, 15].  We also found  extra bands: anti-r-Rgp CAT antibody reacted 

showing a band of about 50 kDa (Fig. 3, lane 1), and anti-r-Rgp 44 and anti-r-Rgps 

15-27 antibodies reacted showing  bands of about 35 and 33 kDa in size, respectively 

(Fig. 3, lane 2 and lane 3). 

3. 2. Antibody titers as assessed by ELISA 

The IgG levels of anti-r-Rgp CAT, anti-r-Rgp 44, anti-r-Rgps 15-27, and 

anti-r-Kgp CAT antibodies against each recombinant antigen and P. gingivalis whole 

cells were measured with an ELISA.  The reciprocal log2 titer of these antibodies 

against each recombinant antigen rose by around 22 (data not shown). The titers of the 

anti-P. gingivalis whole-cell, anti-r-Rgp CAT, anti-r-Rgp 44, anti-r-Rgps 15-27, and 

anti-r-Kgp CAT antibodies against sonic extracts of P. gingivalis ATCC 33277 are 

shown in Table 1. The titer of anti-P. gingivalis whole-cell antibody was higher than that 

for the other antibodies elicited by the recombinant proteins.  The titer of anti-r-Rgp 44 

antibody was higher than that for the other anti-recombinant antibodies.  

3. 3. Chemiluminescence of opsonization 

Five to 7 sets of experiments, depending on strain, were performed to assess 
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the capacity of the antibodies against P.  gingivalis whole cells and the capacity of the 

4 recombinant gingipain domains to opsonize the 2 strains of P. gingivalis,  FDC 381 

and W50.  To obtain a control reaction, PMN and bacteria were incubated with 

pre-immune sera. They were also incubated without IgG, both with and without 

complement.  No peak was observed when PMN was incubated without IgG, either 

with or without complement, or when incubated with pre-immune sera (data not shown).  

Rabbit antibody against the whole cells of P. gingivalis and all antibodies against the 

recombinant gingipain domains induced opsonization by human PMN against both the 

invasive and non-invasive strains of P. gingivalis.  Mean peak values of opsonization 

by anti-P. gingivalis whole-cell, anti-r-Rgp CAT, anti-r-Rgp 44, r-Rgps 15-27, and 

anti-r-Kgp CAT antibody are shown in Table 1.   The mean peak values induced by P. 

gingivalis W50 were significantly lower than the peak values induced by P. gingivalis 

FDC 381 (P=0.0062: anti-P. gingivalis whole-cell antibody; P=0.0027: anti-r-Rgp CAT 

antibody: P<0.015) (Table 2).  On the other hand, the statistical analyses showed no 

significant difference in the opsonization peaks induced by anti-r-Rgp 44, anti-r-Rgps 

15-27 or anti-r-Kgp CAT antibodies  between FDC 381 and W50.  Among the 

antibodies induced by the recombinant proteins, a peak of CL induced by anti-r-Rgp 44 

was the highest, and the mean peaks were almost the same in both the invasive and 

non-invasive strains (Table 2). 

3. 4. Antibody enhancement of PMN bactericidal activity 

To measure the extent to which the antibodies enhanced the killing of bacterial cells by 

PMN, the number of surviving bacteria at the end of the incubations was determined by 
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viability counting.  The results are summarized in Fig. 4 as the percentage of viable 

bacteria remaining at the end of the incubation period compared with in incubations 

containing bacteria only. Antibody enhancement of the killing of the FDC 381 strain is 

shown in Fig. 4A, and the killing of the W50 strain is shown in Fig. 4B.  Anti-P. 

gingivalis whole-cell and anti-r-Rgp 44 antibodies showed a  significantly stronger 

enhancement of killing than that elicited by pre-immune sera in the FDC 381 strain 

(P<0.0001: anti-P. gingivalis whole-cell antibody; P<0.05: anti-r-Rgp 44 antibody).  

We also observed that antibodies against P. gingivalis whole-cell and r-Rgp 44 antibody 

were significantly more effective than pre-immune sera in enhancing killing against 

invasive W50 strains (P<0.001: anti-P. gingivalis whole-cell antibody; P<0.05: 

anti-r-Rgp 44 antibody).  However, antibodies against r-Rgp CAT, r-Rgps 15-27, and 

r-Kgp CAT showed no significant difference to pre-immune sera in the enhancement of 

PMN-mediated bacteriocidal activity against either strain of P. gingivalis. 

 

4. Discussion 

Among the 4 anti-recombinant gingipain antibodies tested against sonic 

extracts of P. gingivalis, the titer of anti-r-Rgp 44 antibody was  higher than that for the 

anti-r-Rgp CAT, anti-r-Rgps 15-27, or anti-r-Kgp CAT antibodies.  The results showed 

that, among the antibodies to the domains of gingipain, anti-Rgp44 antibody had the 

strongest reactivity to P. gingivalis whole cells, while the catalytic domain of Rgp was 

the lowest.  These results agree with our previous findings showing that the catalytic 

domains of RgpA and Kgp were not the predominant antigens in patients with 



 14

periodontitis [27].  Recent reports have also shown that the immunogenicity of the 

catalytic domain is low compared with that of the hemagglutinin domain [25, 32-34].  

However, the titers of these antibodies against each homologous recombinant protein 

were almost the same.  The results showed that some of the epitopes of the 

recombinant gingipain catalytic domains were scarcely exposed on the surface of the 

bacterial cells, and that the three-dimensional structures of the native proteins and 

recombinant proteins were different.  This suggests that  r-Rgp 44 is a candidate for a 

cell surface  component in a vaccine antigen. 

  Western blot assays of the anti-recombinant gingipain antibodies also 

revealed multiple protein bands in the whole-cell extracts of P. gingivalis FDC 381, 

although each antibody reacted at an almost identical site on each domain to that 

estimated by its amino acid sequence.  Kadowaki et al. [15] reported that when  

arg-gingipain was heated to 100 oC in a solubilizing buffer in the absence of leupeptin, it 

revealed a small number of protein bands with apparent molecular masses of 30, 27, and 

18 kDa.  The multiple protein bands formed from anti-r-Rgp CAT, anti-r-Rgp 44, and 

anti-r-Rgps 15-27 in this study may have come from autoproteolysis of the 

arg-gingipain itself.   

  Opsonization plays an important role in the eradication of infected 

microorganisms.  Here, opsonization induced by anti-whole cell antibody was higher 

than that induced by rabbit antibodies against recombinant gingipain domains.  This 

result is reflected in the high number of epitopes on the cell surfaces, allowing the 

antibodies to elicit whole-cell immunization.  The high levels of opsonization in 
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anti-rRgp 44 serum were also reflected in the number of epitopes.  Rgp 44 has a high 

similarity to the adhesion/hemagglutinin domain of the Kgp and hemaggulutinin B 

genes [35].  These proteins may also function as antigens for the anti-rRgp 44 

antibody.     

No difference was found between the non-invasive FDC 381 strain or the 

invasive W50 strain in the opsonization induced by anti-r-Rgp 44, anti-r-Rgps 15-27, or 

anti-r-Kgp CAT antibodies.  On the other hand, although the antibodies against whole 

cells of P. gingivalis and r-Rgp CAT strongly opsonized the non-invasive strain, the 

activity against the invasive strain was relatively weak.  Notably, W50, but not 

non-invasive FDC 381, expresses cell surface carbohydrate capsular material that can 

partly dilute, obscure or sequester the epitopes of surface proteins, thus reducing their 

density [36].  Nakagawa et al. [31] also reported  anti-RgpA and anti-Kgp antibodies 

binding to strains of P. gingivalis, and that the extent of opsonization appeared to be 

related to the hydrophobicity of the cells.  P. gingivalis FDC 381 was found to be 

significantly more hydrophobic and more highly opsonized than P. gingivalis W50 [31].  

The results of the present study suggest that antibodies against Rgp 44 directed to the 

adhesion hemagglutinin domain of arg-gingipain are capable of inducing a protective 

immune response, not only against infection by non-invasive P. gingivalis strains, but 

also against invasive P. gingivalis strains. In addition, the enhancement of 

PMN-mediated killing induced by anti-r-Rgp 44 antibody was more effective against 

both invasive and non-invasive strains of P. gingivalis in this regard than that of the 

other recombinant proteins.   
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A recent report has shown that immunization with RgpA stimulated the 

production of hemagglutinin domain-specific antibodies, and that this contributed to the 

attenuation of P. gingivalis-mediated oral bone loss in a murine oral challenge model. It 

also showed that this antibody recognized a 44 kDa protein in P. gingivalis lysates [32].  

Booth et al. [34] reported that passive immunization with monoclonal antibodies against 

P. gingivalis prevented re-colonization of this microorganism in patients with 

periodontitis.  Booth et al. [24, 37] showed that the monoclonal antibody appeared to 

react with the hemagglutinin domain of RgpA.  It is possible that the antibody against 

r-Rgp 44 in this study contained an antibody with the same specificity to that of the 

monoclonal antibody used by Booth et al. [24, 37].  O’Brien-Simpson et al. [33, 38] 

suggested that epitopes within RgpA 27, Kgp 39, and RgpA 44  might induce 

protection, based on the results of both human and mouse studies, along with studies on 

immunization targeting the Rgp-Kgp proteinases-adhesion complex.  Yonezawa et al. 

[26] in our laboratory have demonstrated that the antibody response against the catalytic 

subunit of RgpA was low compared with that against the hemagglutinin domain in mice 

immunized with a DNA vaccine containing the entire RgpA gene.  Furthermore, they 

also showed that sera from mice immunized with the rgpA DNA vaccine reduced the 

hemagglutinin activity of P. gingivalis.  These reports of O’Brien-Simpson et al. [33, 

38] and Yonezawa et al. [26] suggest that the 44kDa hemagglutinin domain may 

represent a functionally important target for the host specific immune response to P. 

gingivalis in periodontal disease.  That is to say, antibodies against the hemagglutinin 

domain, including RgpA 44, exert a protective effect against infection with P. gingivalis.  
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The results of the present study showed that the titer of anti-r-Rgp 44 antibody was 

highest among the titers of the anti-recombinant gingipain antibodies, and that it 

strongly induced opsonization  against both non-invasive and invasive strains of P. 

gingivalis.  In addition, anti-r-Rgp 44 antibody was found to strongly induce the killing 

of P. gingivalis by neutrophils.  These data suggest that antibody directed to the RgpA 

44 domain is capable of inducing a protective immune response against infection by 

strains of P. gingivalis.  However, antibody levels against r-Rgp 44 and r-Rgps 15-27 

are relatively high in patients with periodontitis [27].  In order to clarify this 

discrepancy, further study is needed to evaluate antibody subclasses and opsonization in 

serum from periodontitis patients.    

The catalytic domains of gingipains have also been demonstrated to induce 

protective antibodies [21, 25].  Genco et al. [25] showed that antibodies directed to the 

amino-terminal region of the catalytic domain of RgpA were capable of inducing a 

protective immune response against infection with P. gingivalis in a mouse chamber 

model.  Kuboniwa et al. [21] also showed that a DNA vaccine encoding the catalytic 

subunits of RgpA and Kgp induced protective effects against infection with P. gingivalis  

in a mouse model.  They also suggested that Kgp CAT was a more promising 

candidate for a future vaccine than RgpA CAT.  In our present study, both anti-r-Rgp 

CAT and anti-r-Kgp CAT induced opsonization. However, only anti-r-Kgp CAT induced 

the same level of opsonization against both invasive and non-invasive strains.  The 

killing activity of the anti-r-Kgp CAT antibody in P. gingivalis FDC 381 was between 

that of anti-r-Rgp 44 and anti-r-Rgp CAT, although there was no significant difference 
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with that of pre-immune sera.  Anti-r-Rgp 44 showed the strongest performance in the 

killing of P. gingivalis W50, followed by anti-r-Rgp CAT antibody, although there was 

no significant difference in this case to that in pre-immune sera.  This discrepancy 

between our report and other reports may have been caused by the difference in 

antibody titers.  The titers of anti-r-Rgp CAT and anti-r-Kgp CAT antibodies against P. 

gingivalis whole cell in the present study were lower than the antibody against r-Rgp 44.  

Curtis et al. [39] reported that the catalytic subunit of native Rgp was glycosylated and 

that the epitopes of the subunit were different to those of recombinant catalytic subunits.  

This difference must have caused the discrepancy.  Further study on immunogen and 

immunization routes is necessary to ascertain efficient antibody titers against the 

catalytic domains of gingipains.  

In conclusion, the present study demonstrated that the immunogenicity of  

hemagglutinin domain RgpA 44 was relatively high, and suggests that this domain is a 

suitable candidate as an immunogen in the development of vaccines against strains of P. 

gingivalis. 
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Table 1. Antibody titers against P. gingivalis ATCC33277 sonic extract 

 Reciprocal log2 titer (mean ± SD) 

Anti-P. gingivalis whole-cell antibody  23.7  ± 1.3 

Anti-r-Rgp CAT antibody   15.2  ±  3.1 

Anti-r-Rgp 44 antibody  18.5  ±  0.6 

Anti-r-Rgp 15-27 antibody  16.1  ±  1.2 

Anti-r-Kgp CAT antibody  17.1  ±  2.6 
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Table 2. Peaks of CL response against P. gingivalis FDC 381 and W50 

 FDC 381 

(mean ± SD) 

W50 

(mean ± SD) 

Anti-P. gingivalis whole-cell antibody 2.75x105 ± 0.85x105 1.47x105 ± 0.31x105* 

Anti-r-Rgp CAT antibody  5.04x104 ± 0.66x104 1.79x104 ± 0.53x104* 

Anti-r-Rgp 44 antibody 7.29x104 ± 1.31x104 7.80x104 ± 3.69x104 

Anti-r-Rgp 15-27 antibody 4.88x104 ± 2.05x104 3.54x104 ± 1.42x104 

Anti-r-Kgp CAT antibody 5.22x104 ± 2.74x104 2.79x104 ± 0.82x104 

 

*Differences in CL responses against FDC 381 and W50 were analyzed using  

Mann-Whitney U test. Peaks of W50 were significantly lower than those of FDC 381 

(P<0.01). 
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FIGURE LEGENDS                                                                  

Fig. 1: Structures of RgpA and Kgp polyproteins used in this study.   

Numbers indicate positions of amino acid residues. 

 

Fig. 2: Reactivity of anti-recombinant gingipain antibodies against recombinant 

gingipains. 

Each recombinant gingipain (1 µg) was electrophoresed by SDS-PAGE.  Lane M and 

Lanes 1, 2, 3, and 4, were molecular weight standards corresponding to r-Rgp CAT, 

r-Rgp 44, r-Rgps 15-27, and r-Kgp CAT, respectively.  After electrophoresis, separated 

proteins were blotted onto PVDF membrane.  Blotted lanes 1, 2, 3, and 4 were probed 

with anti-r-Rgp CAT, anti-r-Rgp 44, anti-r-Rgps 15-27, and anti-r-Kgp CAT antibody, 

respectively.  

 

Fig. 3: Reactivity of sera from each anti-recombinant gingipain antibody. 

Whole-cell extracts of P. gingivalis FDC 381 that served as antigens (10 μg) were 

electrophoresed and transferred onto PVDF membrane.  Blotted lanes 1, 2, 3, and 4 

were probed with anti-r-Rgp CAT, anti-r-Rgp 44, anti-r-Rgps 15-27 and anti-r-Kgp CAT 
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antibody, respectively.  M: molecular weight standards. 

 

Fig. 4: PMN-mediated killing of strains FDC 381 (A) and W50 (B) of P. gingivalis.  

Approximately 4.2 x 105 CFU/ml bacteria were incubated for 2 h with each antibody 

and complement.  These reaction mixtures were serially diluted and inoculated onto 

blood agar plates.  Plates were incubated anaerobically at 37 oC for 7 days and viable 

cell numbers were expressed as colony forming units (CFU).  Percentage of killing 

was calculated as [(control CFUs: number of viable bacteria without antibody – CFUs)/ 

control CFUs] x 100 to indicate reduction in bacterial viability.  Mean killing was 

calculated from results of three to five experiments and reported as percentage of 

remaining viable bacteria.  Error bars indicate the standard deviation.  * represents 

<0.05, ** <0.01,*** <0.0001  
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