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Abstract
Background—Porphyromonas gingivalis (Pg) is one of a constellation of oral organisms
associated with human chronic periodontitis. While adaptive immunity to periodontal pathogen
proteins has been investigated and is an important component of periodontal bone resorption, the
effect of periodontal pathogen DNA in eliciting systemic and mucosal antibody and modulating
immune responses has not been investigated.

Methods—Rowett rats were locally injected with whole genomic Pg DNA in alum. Escherichia
coli (Ec) genomic DNA, Fusobacterium nucleatum (Fn) genomic DNA, and saline/alum injected
rats served as controls. After various time points, serum IgG and salivary IgA antibody to Ec, Fn
or Pg were detected by ELISA. Serum and salivary antibody reactions with Pg surface antigens
were determined by western blot analyses and the specific antigen was identified by mass
spectrometry. Effects of genomic DNA immunization on Pg bacterial colonization and
experimental periodontal bone resorption were also evaluated.

Results—Sera from Pg DNA, Ec DNA and Fn DNA-injected rats did not react with Ec or Fn
bacteria. Serum IgG antibody levels to Pg and Pg surface extracts were significantly higher in
animals immunized with Pg DNA as compared to the control groups. Rats injected with Pg DNA
demonstrated a strong serum IgG and salivary IgA antibody reaction solely to Pg fimbrillin
(41kD), the major protein component of Pg fimbriae. In the Pg DNA-immunized group, the
numbers of Pg bacteria in oral cavity and the extent of periodontal bone resorption were
significantly reduced after Pg infection.

Conclusions—This study suggests that infected hosts may select specific genes from whole
genomic DNA of the periodontal pathogen for transcription and presentation. The results indicate
that the unique gene selected can initiate a host protective immune response to the parent
bacterium.
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INTRODUCTION
Porphyromonas gingivalis (Pg) is one of a constellation of oral microorganisms associated
with human chronic periodontitis [1]. Among a variety of virulence determinants expressed,
Pg fimbriae are important cell surface virulence factors involved in Pg colonization of the
periodontal surface and pathogenicity [2]. Pg fimbriae are critical determinants for induction
of periodontitis in rats and, when used as immunogens, can reduce periodontal destruction
[3]. Studies have shown that Pg fimbriae have important immunomodulating properties and
can stimulate the production of inflammatory cytokines in human monocytes and
polymorphonuclear leukocytes [2, 4]. Studies indicated that Pg has evolved multiple levels
of control of fimbrial gene expression to enhance its survival in hostile environments [5, 6].
Mutation of the fimA gene, encoding fimbrillin, the major subunit of the fimbriae, prevents
Pg to adhere to host cells [7]. Furthermore, it was suggested that genes encoding the minor
components of the fimbriae fimC, fimD and fimE, play critical roles in the adhesive
activities of the mature FimA fimbriae in Pg [8]. Thus, Pg fimbriae represent important cell
structures involved in mucosal pathogenesis and periodontitis by facilitating colonization
and invasion of mucosal cells and induction of inflammatory responses [9].

Adaptive immunity can be an important component in response to periodontal pathogens
[10-12]. Considerable efforts have been made to seek effective antigens that can elicit
functional protection against periodontal infection and tissue destruction. Studies have
shown that DNA immunization can induce host immune responses in both systemic and
mucosal compartments [13-15].

Recent studies have used plasmid DNA encoding a protein for vaccination, which usually
consists of a cytomegalovirus (CMV) promoter for efficient gene expression in mammalian
cells, followed by a region encoding the desired protein antigen. Vaccines of DNA encoding
a single component of Pg (including fimbriae, Arg-gingipain and Lys-gingipain) have been
described [16-18].

Naked genomic DNA is also effective as a vaccine [19] and epitopes encoded in such DNA
can be expressed in recipient cells and can induce antigen-specific immune responses
[20-22]. However, the ability and the efficacy of such genomic DNA to elicit antibody and
modulate immune response have not be explored. This entity could be of considerable
clinical importance since it has been suggested that bacterial DNA liberated at the site of
infection is likely to sustain the local inflammatory response [23] and host immune
responses to bacterial DNA may contribute to immunity to bacteria[24].

In this study, we tested the hypothesis that host selects the gene from naked whole genomic
DNA that encodes an antigen that will initiate a protective immune response. Therefore, we
allowed the host to select antigens by using bacterial whole genomic DNA as an
immunogenicity probe.

MATERIALS AND METHODS
Preparation of Whole Genomic DNA

Pg bacteria (strain 33277) were grown in trypticase soy broth (TSB) containing 1% yeast
extract, 5μg/mL hemin and 2.5μg/mL menadione. Fn bacteria (strain 25586) were grown in
mycoplasma broth, and Ec bacteria (strain DHI) were grown in LB broth. Whole genomic
DNA was prepared by phenol-chloroform isoamyl alcohol extraction and ethanol
precipitation to remove protein contents, followed by anion exchange chromatography
(Qiagen) to remove LPS. The purity of each DNA preparation was checked by the limulus
amebocyte lysate (LAL) test to quantitate LPS (Associates of Cape Cod, Inc, Falmouth,
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MA). Plasmid DNA containing full length or partial FimA gene (aa224-337), and FimA
mutant Pg strain (DPG3) were a kindly gift from Dr. Ashu Sharma at The State University
of New York, University at Buffalo.

Animals and Injection Protocol
All animals were inbred Rowett rats maintained under pathogen-free conditions in laminar
flow cabinets. Experiments using these animals were approved by the Forsyth Institute’s
Internal Animal Care and Use Committee (IACUC). Female Rowett rats (6-9 rats/group)
were injected subcutaneously in the salivary gland vicinity with PBS buffer in alum (group
I), alum/Ec DNA (group II), alum/Fn DNA (group III), or alum/Pg DNA (group IV). Four
milligram of alum and 100μg DNA were injected to each animal. Animals were immunized
first time on Day 0 and a second time on Week 15. Blood and saliva samples were taken at
approximately 3-week intervals. Animals were infected with Pg for 4 consecutive days
starting on Week 24 and the bacteria in oral cavity were recovered 16 weeks later. A
detailed schedule of immunization, infection and bacterial recovery is shown in Figure 1.

Determination of Antibody Levels by ELISA
Antibody levels in sera and in saliva were determined using isotype-specific reagents for
IgG in serum and for IgA in saliva [25]. Antigens tested in ELISA included Pg whole
bacteria (107/well), Pg membrane extracts (50μg/well) and purified Pg fimbriae [26] (2μg/
well) (a kindly gift from Dr. Caroline Genco at Boston University Medical Center). Briefly,
each of these antigens was coated onto 96-well ELISA plate. Rat serum (1:100-1:500) was
applied to the plate and rabbit anti-rat IgG antibody was added followed by ALP-conjugated
goat anti-rabbit IgG antibody. Rat saliva (1:4-1:20) was applied to the plate and mouse anti-
rat IgA antibody was added followed by ALP-conjugated goat anti-mouse IgG antibody.
Colorimetric reactions were developed with p-nitropenyl phosphate (pNPP) substrate.
ELISA measurements were performed and expressed as ELISA units (EU) converted based
on a reference curve provided by dilution of an antibody-containing hyperimmune rat serum
collected from rats immunized with Pg [27].

All readings were recorded with a microplate reader (Bio-Tek Instruments) at 405nm.

T Cell Proliferation Assays
Cells from cervical lymph nodes were recovered and cultured in 96-well plates (1 × 104

cells/ well) in the presence or absence of Pg 33277 (1 × 107), Fimbriae deficient Pg DPG3
(1 × 107), or purified Pg fimbriae (2μg/well). [3H]-thymidine (0.5 μCi/well) was added for
the last 16 h of a total of 4 days in culture. Samples were harvested onto glass fiber filters,
and radioactivity (cpm) was measured in a scintillation spectrometer (Beckman Coulter,
Fullerton, CA).

Determination of Unknown Antigen by Western Blot and Mass Spectrometry
Pg membrane extracts or purified fimbrial protein were resolved on 10% SDS-PAGE gel
and transferred onto nitrocellulose membrane. The membrane was incubated with sera
(1:200 dilution) or saliva (1:3.5 dilution) samples from each rat for 2hrs at room
temperature. After washing, the membrane was incubated with goat anti-rat antibody
(1:5000) conjugated with HRP (Biosource, Camarillo, CA) for 1hr. The color was then
developed with HRP conjugate substrate kit (BioRad, Hercules, CA). A duplicate SDS-
PAGE gel with the same sample used for western blot was fixed in a solution containing
40% methanol and 10% acetic acid for 20min. The gel was then stained with coomassie blue
stain (Invitrogen, Carlsbad, CA) and the single band corresponding to the band detected in
western blot was sliced out from the gel. After destaining in a solution containing 50%
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methanol and 5% acetic acid, the gel slice was digested and analyzed by a MALDI
Orthogonal Time of Flight Mass Spectrometer (prOTOF™ 2000, PerkinElmer, Shelton,
CT). The detected peptide sequences were searched against various databases including
SwissProt, PIR, PRF, PDB to identify the protein.

Bacterial Growth & Quantitation
Oral swabs from each rat were grown on blood agar plates containing menadione and hemin
for 3 days and DNA was extracted from each plate by proteinase K digestion. Equal amount
of DNA from each sample was subjected to PCR amplification of Pg-specific DNA
fragments using the following primers: Forward: 5’-GAGTTTGATYMTGGCTCAG-3’ and
Reverse: 5’-TCAGTCGCAGTATGGCAA-3’. PCR reactions were then resolved in 1%
agarose gel and separated by electrophoresis. The density of amplified PCR products was
measured and the densitometry readings were converted to the number of Pg bacteria based
on a standard curve determined from direct bacterial counts.

Measurement of Periodontal Bone Loss
After defleshing of mandibular and maxillary jaws, the distance from the cementoenamel
junction (CEJ) to the alveolar crest of both buccal and lingual roots of all six molar teeth in
each rat (n= 4-6) was measured using a microscope with a reticule eyepiece under 25x
magnification. The sum of the recordings was used as a measure of the total bone loss.

Statistical Analysis
Results obtained from periodontal bone resorption and quantitation of Pg DNA are
expressed as means ± standard deviations (SD). Data compiled from T cell proliferation
assays, from ELISAs for serum IgG and salivary IgA are expressed as means ± standard
errors (SE). A Student’s t test was used to evaluate significance and P values of ≤0.05 were
considered statistically significant.

RESULTS
Ec or Fn DNA-immunized rats did not produce an antibody response to Ec, Fn or Pg
bacteria, but Pg DNA-immunized rats responded robustly to Pg bacterial antigen(s)

Three and six weeks post immunization, antibody levels to Ec or Fn from DNA immunized
rats (group II, III, and IV) did not differ from rats injected with alum only (group I),
suggesting that immunization with Ec or Fn whole genomic DNA does not elicit a response
associated with these bacteria (Fig. 2A-B). However, the Pg DNA immunized group (group
IV) demonstrated significantly elevated antibody levels to Pg whole bacteria compared to
the control groups (group I, II and III) at both three and six weeks post immunization (Fig.
2C).

Pg membrane extract contains antigen(s) encoded by naked Pg genomic DNA
We prepared the Pg extracts containing mostly Pg surface proteins and determined the
serum IgG antibody response to these cell surface proteins by ELISA. Serum samples taken
from rats of six weeks post-immunization were used. Sera from the Pg DNA immunized
group (group IV) demonstrated significantly elevated antibody levels to component(s) in the
Pg membrane extract compared to other groups (group I, II and III) (Fig. 2D).

Pg fimbriae are the sole component in the Pg extract that reacts with the IgG anti-Pg
antibody

The potential antigen(s) to which the observed serum responses were directed were
investigated by western blot analyses. When the Pg extract was reacted with the sera from
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Pg DNA-immunized rats, only a single antigen with molecular weight of ~41kD was
detected in the Pg extract (Fig. 3A). The corresponding band from an identical SDS-PAGE
gel was excised and subjected to Mass Spectrometry analysis (Harvard Medical School
Mass Spectrometry Core). The composition determined was identical to that of Pg fimbrillin
precursor (NCBI accession#: JN0915, strain BH18/10, also see Supplementary Data). The
findings were further confirmed by a western blot analysis showing that serum IgG antibody
from Pg DNA-immunized animals reacted with purified Pg fimbriae and not with other Pg
components such as Lys-gingipain, Arg-Gingipain or hemin/hemoglobin utilization receptor
(Fig. 3B).

Pg fimbriae are the sole component in the Pg extract that reacts with the salivary IgA
antibody from Pg DNA-immunized rats

In order to assess the effect of Pg DNA immunization on mucosal immune response,
salivary IgA antibody response was tested against Pg extract and purified Pg fimbriae.
Western blot showed similar results as those observed in serum antibody response (Fig. 3C-
D). Salivary IgA antibody from Pg DNA immunized rats reacted only with a single
component in the Pg extract with molecular weight of 41kD (Fig. 3C), which was confirmed
to be Pg fimbriae in a separate experiment (Fig. 3D).

Kinetics of serum IgG and salivary IgA response to Pg fimbriae (41 kD) in DNA-immunized
rats

Throughout the tested period, serum IgG and salivary IgA antibody to Pg fimbriae in Pg
DNA-immunized rats were significantly higher than in those injected with Ec DNA or alum
alone (Fig. 4). Different patterns were observed for systemic and mucosal responses. The
increase of serum IgG antibody to Pg fimbriae peaked at 13 weeks post immunization and
gradually decreased despite a second booster injection at 15 weeks (Fig. 4A). The increase
of salivary IgA antibody to Pg fimbriae quickly peaked at 6 weeks post immunization and
began to decrease afterward, until after the second booster injection at 15 weeks, when the
antibody level was increased again and to the highest level at 21 weeks (Fig. 4B). These
differences may stem from the nature of the injection route for immunization and
demonstrate a coordinate host immune responses to foreign antigens.

Pg DNA immunization significantly decreased the number of Pg bacteria recoverable from
the rat oral cavity and resulted in significantly reduced periodontal bone resorption of Pg
infected rats

The number of Pg recovered from rats immunized with Pg DNA was significantly reduced
compared to the control group, suggesting a protective effect of Pg DNA immunization
against Pg infection (Fig. 5A). Interestingly, the number of Pg recovered from rats
immunized with Fn DNA was also reduced compared to control group, although the extent
of this reduction was not as great as those observed in Pg DNA immunized group. This
suggests that non-antigen specific immune reactions could exist that lead to the reduction of
bacterial infection in animals immunized with various Pg DNA. Furthermore, only rats
immunized with Pg DNA demonstrated a significant reduction of total bone resorption as
compared to control rats (without DNA injection) after infection with live Pg (Fig. 5B). As
expected, rats devoid of Pg infection exhibited minimal level of bone resorption.

Immunization with Pg DNA fragment encoding fimbriae is not sufficient enough to elicit
immune response

Three weeks and six weeks after immunization, rats immunized with DNase I-treated Pg
DNA demonstrated little or no response to Pg fimbriae (Fig. 6A-B). However, rats
immunized with proteinase K-treated Pg DNA demonstrated a level of serum IgG and
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salivary IgA response to Pg fimbriae similar to that of rats immunized with untreated Pg
DNA (Fig. 6A-B). These results indicated that the observed host responses were initiated by
Pg DNA rather than the trace amount of antigenic protein possibly contained in the Pg DNA
preparation. Rats immunized with plasmid DNA containing full length or partial FimA gene
(aa224-337) did not demonstrated any serum IgG and salivary IgA response to Pg fimbriae
(Fig. 6A-B). This suggests that the gene encoding antigen fimbrillin is not sufficient enough
to elicit immune response after its introduction into host tissues. Specific promoter
element(s) in Pg genomic DNA are required for the expression of the protein antigen.
Comparable results were obtained from T cell proliferation assay, showing that only rats
immunized with intact Pg DNA (untreated or treated with proteinase K) demonstrated
increased [3H]-thymidine incorporation of cultured lymphocytes (Fig. 6C). This indicates an
involvement of T cells in the local draining lymph node, to which the antigen was presented
by the primed APCs migrated from the DNA injection sites, in the adaptive immune
response to DNA immunization.

DISCUSSION
DNA vaccines represent a novel approach to the control of infectious disease. Both cellular
and humoral immune responses are induced without the concerns associated with traditional
vaccines (low cellular immune activation with non-viable vaccines and potential reversal to
pathogenicity within the individual immunized with live vaccines). Most of the recent
reports have used eukaryotic expression vectors carrying a virus (such as cytomegalovirus,
CMV) promoter to induce immune responses to some identified antigens [16-18, 28].

It has long been considered that bacterial DNA is not inert but is sensed through
unmethylated DNA motifs (CpG) and activates immune cells such as macrophages and
dendritic cells [29-32] involved in the innate immunity. Our preliminary data have
demonstrated that Pg DNA appears to modulate pro-inflammatory cytokines (IL-1β, IL-8)
and the anti-inflammatory cytokine (IL-10) production in cultured THP-1 cells or primary
monocytes (data not shown). In this study, we have indicated a novel mechanism by which
bacterial genomic DNA could be sensed and processed by the host to present an antigen that
triggers the systemic and mucosal adaptive immune system. This is probably achieved by
the recognition of unique genetic features and the subsequent transcription of specific genes
in bacterial genomic DNA, leading to an adaptive immune response towards major
immunogenic antigens. Previous studies have shown that epitopes encoded in tumor-derived
genomic DNA can be expressed in recipient cells after transduction and can induce tumor-
specific T cell formation and immune responses [20, 21]. More importantly, it has been
demonstrated that protein expression of transferred genes can be detected after direct
injection of genes into mouse skeletal muscle in vivo without any special delivery system
[33]. Our results demonstrated that antibody reactivity with Pg could be found in the Pg
extract and was subsequently found to be directed to Pg fimbriae but not to other common
Pg antigen tested. These results substantiated the notion that the host can select an antigen
from the whole genomic DNA that is encoded and transcribed. Pg whole genomic DNA
induced host immune response to Pg fimbriae alone suggested that possibly a unique
promoter element in the Pg genome is needed for the elicitation of such immune responses.
The reduction system using plasmid FimA gene substantiate that the antibody response
elicited by the genomic DNA cannot be achieved by FimA gene alone but by multiple
components involving other features in DNA sequences or structures. Involvement of the
fimA promoter could be one of such features contributing to the development of host
immune response. It is also possible that other antigens are expressed from the Pg genomic
DNA but are not as immunogenic as FimA and thus do not elicit an antibody response.
Furthermore, it is conceivable that CpG motifs within genomic DNA act as a ‘danger signal’
for the immune cells and triggers a robust response to DNA-encoded products. This may
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also explain why plasmid DNA, which lacks CpG motifs, was not very immunogenic (Fig.
6A-B). Further investigations are warranted to elucidate the full mechanism leading to the
genomic DNA-elicited antibody responses to Pg.

Our results indicated that when rats immunized with Pg DNA were infected with live Pg
bacteria, they demonstrated strong serum IgG and salivary IgA antibody responses (Fig. 4).
Colonization with Pg and periodontal bone loss were significantly reduced (Fig. 5). This
suggests that immunization of rats with Pg whole genomic DNA elicited a potent systemic
and mucosal immune response resulting in reduction of Pg bacteria and the subsequent
protection from periodontal bone resorption. Interestingly, the mucosal response was
brought to a higher level when animals received a booster injection of Pg DNA, as
demonstrated by a further increased salivary IgA antibody titer (Fig. 4B). The protective
effect of such immunization against Pg bacteria colonization and periodontal bone
resorption can be observed 40 weeks post immunization (Fig. 5). These results indicated that
local immune responses (such as IgA antibody production) are inducible and maintained for
a sustained period (over 10 months) following the repeated Pg whole genomic DNA
immunization. This longevity is probably due to the formation of abundant memory cells
that elicit sustained adaptive immunity.

Interestingly, our results demonstrated that Fn DNA immunization led to significantly
reduced Pg colonization (Fig. 5A) and some reduction in periodontal bone loss (though not
significant, Fig. 5B), even though no cross-reactive antibodies were observed (Fig. 2). The
Fn DNA elicited protection against Pg colonization could be due to the CpG motifs in
genomic DNA sequence that trigger TLR9-mediated protective immune responses, which is
universal to all bacterial genomic DNAs. Therefore, the observed Pg DNA-elicited
protection against Pg-induced bone loss might not derived solely from FimA- mediated
antibody responses but also be partially contributed by CpG-induced TLR9-mediated
protective reactions.

To our knowledge, this is the first demonstration of the host selection from whole genomic
DNA of a gene encoding an important antigen that confers virulence. But more importantly
it can elicit a protective response. These are very intriguing findings that open a lot of new
questions and avenues for investigations in the future. Whether humans will likewise induce
a protective response remains to be determined but this is a good proof-of-principle study
for vaccine development against periodontitis. This also represents a novel host defense
strategy which may have ramifications in other disease situations. Evidence for the bacterial
genomic DNA elicited-antibody response is convincing, questions still remain to be
answered and warranted for further studies. How bacterial DNA interacts with host
machinery so that the major pathogenic antigen can be selected and presented to elicit
protective immune response? Why only the antigen from a specific bacterial genomic DNA
(Pg) was selected for encoding and presentation by APCs for the subsequent activation of
adaptive immunity is totally unclear. The signaling pathway(s) involved in the process of
direct or indirect induction of protective immune responses are also unknown. While
working on these unanswered questions, it could also be a rewarding task to examine the
potential application of whole genomic DNA vaccination as a novel approach to protect
susceptible individuals against pathogenic colonization and inflammatory-mediated bone
resorption.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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List of Abbreviations

Pg Porphyromonas gingivalis

Ec Escherichia coli

Fn Fusobacterium nucleatum

LPS lipopolysaccharide

ELISA Enzyme-linked immunosorbent assay

MS Mass spectrometry

APCs antigen presenting cells
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Highlights

• Rats immunized with P. gingivalis (Pg) genomic DNA had elevated serum IgG
to Pg.

• A strong serum IgG and salivary IgA response to a major component of Pg
fimbriae.

• The numbers of Pg in oral cavity were significantly reduced after Pg infection.

• The extent of periodontal bone resorption was significantly reduced after Pg
infection.

• Host may select specific genes from whole genomic DNA of the periodontal
pathogen.
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Figure 1. A scheme of detailed schedule of immunization, infection and bacterial recovery
Female Rowett rats (6-9 rats/group) were injected subcutaneously in the salivary gland
vicinity with PBS buffer in alum (group I) or with alum/DNA (group II, alum/Ec DNA;
group III, alum/Fn DNA, group IV, alum/Pg DNA). Four milligram of alum and 100μg
DNA were injected to each animal. Animals were immunized first time on Day 0 and a
second time on Week 15. Blood samples were taken at approximately 3-week intervals.
Animals were infected with Pg for 4 consecutive days starting on Week 24. The Pg bacteria
in oral cavity were counted and periodontal bone resorption were measured 16 weeks later.
*B/S: Bleed and Salivation.
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Figure 2. Detection of serum IgG antibody to Ec, Fn or Pg bacteria and to Pg extracts by ELISA
Three weeks and six weeks after immunization, rat sera were collected and reacted with
ELISA plates coated with (A) Ec bacteria, (B) Fn bacteria or (C) Pg bacteria. (D) Rat sera
from six weeks post immunization were also reacted with ELISA plates coated with Pg
extracts as described in “Materials and Methods”. Each experiment was performed in
duplicate and readings were recorded by a microplate reader at 405nm. (Mean ± SE, **p<
0.01)
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Figure 3. Characterization of antigen responsible for the observed antibody responses by
western blot
To determine antibody response to immunization, Pg extract or purified Pg fimbriae were
blotted onto nitrocellulose as follows: (A) Various amount of Pg extracts was blotted onto
nitrocellulose as follows: 1. 10μg, 2. 30μg, 3. 90μg. (B) Purified Pg components were
blotted onto nitrocellulose as follows: 1. Lys-gingipain, 2. Gingipain R, 3. Gingipain R1, 4.
Recombinant hemin/hemoglobin utilization receptor, 5. Purified Pg fimbriae (67kD +
41kD). (C) Lane 1-4, 100μg Pg extract each; (D) Lane 1-4, 1μg, 3μg, 6μg, 9μg of purified
Pg fimbriae. The membrane was incubated with pooled serum (1:200) or pooled saliva
(1:3.5) from rats immunized with Pg DNA (6 weeks post immunization), then with goat
anti-rat IgG-HRP (1:10000). Color was developed with HRP substrate kit (BioRad).
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Figure 4. Kinetics of serum IgG and salivary IgA antibody response to Pg fimbriae (41kD) in
DNA immunized rats
After immunization, rat sera (A) and saliva (B) were collected at different time points (3
weeks, 6 weeks, 13 weeks, 18 weeks, and 21 weeks) and reacted with ELISA plates coated
with purified Pg fimbriae (41kD) as described in “Materials and Methods”. Each experiment
was performed in duplicate and readings were recorded by a microplate reader at 405nm.
(Mean ± SE, **p < 0.01)
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Figure 5. Recoveries of Pg bacteria and periodontal bone resorption after immunization with
bacterial whole genomic DNA and infection with live Pg
A. At the termination of the experiment (40 weeks), oral swabs from each rat were grown on
blood agar plates for 3 days and were then subjected to DNA extraction. An equal amount of
DNA from each sample was amplified by PCR using Pg-specific primers. Quantitative
estimates of the numbers of Pg was performed by measuring the density of amplified PCR
product and the densitometry readings were converted to the number of Pg bacteria based on
a standard curve. B. At the termination of the experiment (40 weeks), rat heads were
defleshed and processed to measure periodontal bone resorption. The distances from
cemento-enamel junction (CEJ) to the alveolar crest (AC) of each root was measured and
the sum of the recordings was used as a measure of the total bone loss. (Mean ± SD, n=5,
*p< 0.05, **p < 0.01).
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Figure 6. Immunization with Pg DNA fragment encoding fimbriae is not sufficient enough to
elicit immune response
To further verify the immunogenicity of Pg whole genomic DNA, rats were divided into
five groups (n=5 per group) and were immunized with 100 μg of untreated Pg DNA (as
positive control), Pg DNA treated with 0.1U/μL DNase I at RT for 30 min (to digest all
double-stranded DNA to oligonucleotides), Pg DNA treated with 1mg/mL proteinase K at
50°C for 2hrs (to remove trace amount of proteins), plasmid DNA containing full length
FimA gene (encoding aa1-337), or plasmid DNA containing truncated FimA gene (encoding
aa224-337), respectively. Both plasmid DNA were kindly provided by Dr. Ashu Sharma
from University at Buffalo, Buffalo, NY. Three weeks and six weeks after immunization, rat
sera and saliva were collected and reacted with ELISA plates coated with purified Pg
fimbriae for the detection of serum IgG (A) and salivary IgA (B) as described in “Materials
and Methods”. Each experiment was performed in duplicate and readings were recorded by
a microplate reader at 405nm. (C) Six weeks after immunization, cells from rat cervical
lymph nodes were cultured on 96-well plates in the presence or absence of Pg (107/well),
fimA-deletion mutant DPG3 (107/well) [34], and purified Pg fimbriae (2μg/well). [3H]-
thymidine (0.5 μCi/well) was added for the last 16 h of a total of 4 days in culture. Samples
were harvested and radioactivity (cpm) was measured in a β-scintillation spectrometer. The
data are Mean ± SE cpm values of an experiment performed in triplicate.
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