










IMMUNIZATION AGAINST PERIODONTAL DESTRUCTION 2931

81- _ _
-

40.5 _

29_

17.5_

Group A
81_ _

0
0
v-

x

IL.

Group B Group C

40.5_ m* _ _ _

29_

17.5_

Group D Group E Group F
FIG. 6. Immunoblot analysis of serum antibody responses of rats

to antigens in an extract of cells of P. gingivalis. Rat sera were
tested at a 1:50 dilution; and anti-rat IgG-horseradish peroxidase
conjugate was used at a 1:35 dilution. Group A, germfree, sham
immunized; group B, infected with P. gingivalis, sham immunized;
group C, infected, immunized with whole cells of P. gingivalis;
group D, infected, immunized with 43-kDa fimbriae; group E,
infected, immunized with the 75-kDa component; group F, infected,
immunized with a crude fimbrial extract.

sponse. In Fig. 7B the salivary antibody response to the
75-kDa component is depicted. The animals that were germ-
free or uninfected showed little or no detectable response;
animals that were infected showed detectable responses, but
the responses to the 75-kDa antigen were two to two and a
half times higher in animals immunized with either whole
cells or 43-kDa components. The animals immunized with
75-kDa or crude fimbrial component showed lower but
detectable levels of antibody in saliva.
The salivary response to P. gingivalis antigens was also

evaluated by immunoblot (Fig. 8). As can be seen from lanes
1, 2, and 3, the animals immunized with whole cells had a
significant response to the 43- and 75-kDa components.
Animals immunized with 43-kDa antigen, representatives of
which are shown in lanes 4, 5, and 6, also showed a
significant antibody response to the 43-kDa component.
Animals immunized with the 75-kDa component (results
from three of them are shown in lanes 7, 8, and 9) showed
detectable levels of salivary antibodies to the 75-kDa com-
ponent as well as to the 43-kDa component. Thus, both the
levels and the specificity of salivary antibodies reflect the
induction of an immune response by infection or deliberate
immunization.

DISCUSSION

In the present study we report that immunization of
monoinfected rats with whole cells and soluble antigens ofP.
gingivalis protects against periodontal destruction induced
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FIG. 7. Salivary antibody levels to the 43-kDa fimbriae (A) and
75-kDa outer membrane components (B) of P. gingivalis. All rat
saliva was diluted to 1:5 prior to testing by PCFIA. Group A,
germfree, sham immunized; group B, infected with P. gingivalis,
sham immunized; group C, infected, immunized with whole cells of
P. gingivalis; group D, infected, immunized with 43-kDa fimbriae;
group E, infected, immunized with the 75-kDa component; group F,
infected, immunized with a crude fimbrial extract. RFU, relative
fluorescence unit.

by P. gingivalis. Furthermore, we found that immunization
with highly purified P. gingivalis fimbrial preparations,
which retain nativelike structure, was protective against
periodontal bone destruction. These findings suggest that
fimbriae are protective or critical antigens, an immune
response to which moderates or prevents P. gingivalis-
induced destructive periodontal disease. This conclusion is
supported by the finding of high levels of antibodies to the
43-kDa fimbrial preparations in protected rats immunized
with whole cells, purified 43-kDa fimbriae, or soluble anti-
gens of P. gingivalis containing the 43-kDa fimbrial compo-
nent. In contrast, immunization with a 75-kDa outer mem-
brane component was not protective or was only marginally
protective, although it induced a vigorous antibody re-
sponse. These results suggest that a specific immune re-
sponse to P. gingivalis fimbriae protects against P. gingiva-
lis-associated periodontal destruction.
The gnotobiotic rat model is a relatively simple in vivo

model in which a single periodontal organism infects the rat,
leading to destructive periodontitis. Interference with this
process can be studied in the absence of confounding factors
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FIG. 8. Immunoblot analysis of salivary antibody responses of
representative rats to antigens of an extract of whole cells of P.
gingivalis. Rat saliva was tested at a 1:5 dilution, and anti-rat IgG-
horseradish peroxidase conjugate was used at a 1:500 dilution.
Lanes 1 to 3, whole cell immunized and infected with P. gingivalis;
lanes 4 to 6, 43-kDa-antigen immunized and infected; lanes 7 to 9,
75-kDa-component immunized and infected with P. gingivalis.

produced by other members of the flora which would be
present in the conventional or specific pathogen-free rat. It is
likely that the protective immune response seen here is
directed to early events, possibly oral colonization by P.
gingivalis, since fimbriae of bacteria are often critically
involved in colonization of mucosal surfaces (24, 36). This
interpretation is supported by the finding of high levels of
salivary antibodies to the 43-kDa fimbria in protected rats. It
has been shown that antibodies directed to fimbriae of P.
gingivalis inhibit adherence of this organism to epithelial
cells in vitro (15). It is possible, however, that the protection
afforded by immunization with the P. gingivalis fimbriae
may be mediated by antibodies to fimbriae which block other
fimbrial functions. It is also possible that induction of T-cell
immunity to fimbriae may offer protection against periodon-
tal destruction caused by P. gingivalis in this model.

In the gnotobiotic rat model used here, periodontal de-
struction is directly measured by two independent but cor-

related methods (18). The first is morphometric (4, 18) and
measures horizontal bone loss on the buccal surfaces of the
molars. The second is radiographic and estimates vertical
bony changes occurring between the molars. We also as-

sessed periodontal destruction indirectly by measuring
changes in gingival enzymes which are induced by P. gingi-
valis infection. All of these measurements show essentially
the same result, i.e., that destruction of the periodontium
induced by P. gingivalis in monoinfected rats was inhibited
by immunization with whole cells and by highly purified
fimbriae from P. gingivalis.

It is of considerable interest that immunization with the
75-kDa outer membrane component found on the surface of
P. gingivalis did not protect against periodontal bone de-
struction as measured by the morphometric technique. In
contrast, when the indirect measures of periodontal disease,
i.e., the gingival enzymes, were analyzed, there appeared to
be a reduction of enzyme levels when the 75-kDa compo-

nent, as well as whole cells or purified fimbriae, was used as

the immunogen. There are several possible explanations for
the differences in findings. First, the gingival enzyme mea-

surements were not statistically analyzed, since they were

pooled measures of the gingiva samples collected from all
the rats in a single group. The morphometric method mea-
sures the average bone loss in individual animals, whereas
the gingival enzyme measurements reflect pooled results
from several animals with both healthy and diseased tissue
included. Therefore, there can be a dilution effect between
the healthy site and the diseased site, and hence, the
variability in this system is unknown. It may very well be
that levels of enzymes seen in some animals in the 75-kDa
group were not different from those seen in the effectively
immunized 43-kDa-component or whole-cell group. Second,
the 75-kDa-component-immunized animals also showed a
heightened 43-kDa antibody response, most likely resulting
from potentiation of the response to the 43-kDa antigen
present on the infecting organisms. The heightened immune
response to the 43-kDa antigen in the 75-kDa-component-
immunized animals may have been sufficient to reduce
gingival enzymatic levels but not sufficient to interfere with
the bone loss measured morphometrically or radiographi-
cally. And third, although these proteinases were found to be
decreased in gingiva in the 75-kDa-component-immunized
animals, this does not mean that these same tissue-destruc-
tive enzymes were reduced (or reduced to the same extent)
in bone or bone cells. However, the primary and direct
measurements of destructive periodontitis, morphometric
assessment of alveolar crestal levels from the cemento-
enamel junction, and radiographic interproximal bony mea-
surements clearly show that immunization with purified
43-kDa fimbriae from P. gingivalis is protective, whereas
immunization with the purified 75-kDa outer membrane
component is not protective.
Although indicative of infection and immunization, the

role of serum antibodies in modulating periodontal infection
seen in this model, although likely important, is not clear. It
is reasonable to expect that salivary antibodies play a role in
modulating P. gingivalis infection in the rat, possibly by
acting locally to inhibit colonization, a phenomenon that has
been seen in rats immunized and infected with Streptococ-
cus mutans (27, 30, 49). Salivary antibodies to P. gingivalis
found by both the solid-phase assay and immunoblot assay
in general reflected the immunization regimes. No detectable
antibody was seen in the saliva of animals who were sham
immunized but not infected with P. gingivalis; however,
animals infected with P. gingivalis had low but detectable
levels of antibodies to antigens of P. gingivalis. The salivary
immune response to the 43-kDa antigen in the 43-kDa
antigen-immunized animals was approximately three to four
times greater than that seen in any other group of animals,
indicating that a marked salivary antibody response was
induced by active immunization. When salivary antibodies
in animals immunized with 75-kDa antigen were tested,
these animals gave a low but detectable response. The
failure of animals immunized with the 75-kDa antigen to
make salivary antibodies was unexpected, especially in light
of the fact that these same animals had a vigorous serum
antibody response to the 75-kDa antigen. No detectable
antibody to the 75-kDa antigen was seen in the sham-
immunized but noninfected animals, whereas infection alone
did induce a substantial antibody response to the 75-kDa
antigen. Immunoblots also confirmed levels of antibody in
the saliva to the 43-kDa antigen in the whole-cell- and
43-kDa-antigen-immunized animals and levels of antibody to
the 75-kDa antigen in animals immunized with preparations
containing that antigen.
From the study of serum and salivary antibodies it then

appears that there is a good correlation between protection
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and levels of antibodies to the 43-kDa antigen in the serum
and whole saliva. That is, animals with high levels of
antibodies to whole cells and the 43-kDa antigen were
protected. On the other hand, animals with high levels of
antibody to 75-kDa antigen, such as seen in the 75-kDa-
antigen-immunized groups were not protected, possibly be-
cause adequate levels of antibody were not achieved in their
saliva to the 75-kDa component of P. gingivalis.
The correlation between high levels of antibody to the

43-kDa fimbriae and protection against P. gingivalis-induced
periodontal destruction provides strong evidence that the
fimbriae or fimbria-associated antigens are protective or
critical antigens in P. gingivalis infection. The mechanism by
which this immunity provides protection is not known.
Possible protective mechanisms operative in this model
include inhibition of colonization by secretory antibodies,
opsonization of P. gingivalis, inhibition of bacterial toxins,
or bacterium-induced triggering of host destructive mecha-
nisms. Further experiments will be necessary to unravel the
mechanism(s) responsible for protection in this model. Once
known, this mechanism(s) may provide leads to investigate
protective immunity to P. gingivalis-associated periodontal
disease in man.

It should be noted that the fimbrial preparations used here
contained only the monomer of P. gingivalis fimbriae at
detectable levels; however, the participation of minor fim-
brial adhesins at levels below detection by biochemical
methods, but still able to induce an immune protection,
cannot be ruled out at this time. The fimbriae were purified
by a procedure which resulted in retention of at least partial
native fimbrial qualities (45). Fimbriae or fimbria-associated
components are then protective antigens against P. gingiva-
lis-induced periodontal disease in the rat. It is likely, how-
ever, that the 43-kDa monomeric unit itself, which appears
to be the basic structural monomeric unit of the fimbriae,
may mediate P. gingivalis adhesion to oral surfaces. We
have recently described the ability of the 43-kDa adhesin to
inhibit binding of P. gingivalis to saliva-coated hydroxyap-
atite (24). The binding of P. gingivalis to hydroxyapatite is
likely promoted by salivary proline-rich proteins (2). Such a
reaction, i.e., binding of P. gingivalis via the fimbriae to the
pellicle-covered tooth, may very well be operative in the
gnotobiotic rat model. In this case, the 43-kDa antigen would
be expected to be protective and, therefore, should contain
protective epitopes. Investigation of the immune responses
to synthetic peptides of the 43-kDa fimbrial monomeric unit
are needed to determine if there are indeed protective
epitopes.

Fimbriae of P. gingivalis may play a role in other reactions
of importance in periodontal disease. For example, they
have been shown to stimulate the release of interleukin-1
(IL-1) from mouse monocytes (13). IL-1 has many biologic
activities, including stimulation of osteoclastic bone resorp-
tion, which may play a role in periodontal disease. It is
possible that immunization with fimbriae may induce a
protective immune response which would interfere with
such mechanisms. For example, antibodies directed to fim-
briae may inhibit their ability to stimulate IL-1 production by
monocytes. Other potential virulence properties of fimbriae
include mediation of adherence to tissue components such as
collagen (32) and fibrinogen (21, 22).
These studies point to an important role for the fimbriae in

the virulence of P. gingivalis and point to experiments
directed at systematic evaluation of the mechanisms by
which fimbriae act as virulence factors. Further, since the
fimbriae induce a strong immune response in humans with

periodontitis who are infected with P. gingivalis (6, 35, 55),
evaluation of the functional role of the antibodies in the
serum and saliva of these patients may be helpful for better
understanding of the role of the immune response to fimbriae
in modulation of periodontal disease.

Rat saliva contains both IgG and secretory IgA (50), and
high levels of either could conceivably affect the coloniza-
tion of P. gingivalis by binding to fimbriae and blocking
fimbria-mediated adherence. Definitive proof awaits more
information about the actual function of the salivary anti-
bodies, whether they are directed to the adherence epitopes
of the fimbriae or adhesins associated with the fimbriae, and
direct measurement of the effect of these antibodies on P.
gingivalis colonization.

Other immune reactions that may explain the protective
effects include T-cell-mediated immunity, immediate hyper-
sensitivity, mucosal immunity, or combinations of these
immune responses. Further studies are necessary to distin-
guish these potential explanations for the protection ob-
served.

Variations in the gnotobiotic rat model of periodontal
destruction will be needed to fully assess the role of other
protective antigens and to evaluate the effects of specific
immunization when a more complex flora exists. Further-
more, understanding the effect of immune responses on late
events in periodontal destruction where P. gingivalis colo-
nizes the deep pockets and the bacteria or bacterial products
invade the gingiva may be assisted by use of other models
including the mouse (34, 52), dog (5, 25), or primates (14).

ACKNOWLEDGMENTS

We acknowledge the assistance of Robert Dunford in the statis-
tical analysis and the technical expertise of Alice Wendt.

This work was supported in part by Gangstedfonden, The Procter
& Gamble Company, and NIH grants DE03987, DE08240,
DE04898, and DE07034.

REFERENCES
1. Bradford, M. M. 1976. A rapid and sensitive method for the

quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem. 72:248-254.

2. Brissette, R., R. J. Gibbons, D. I. Hay, and S. Schluckebier.
1987. Attachment of Bacteroides gingivalis 381 to salivary
proline-rich proteins on hydroxyapatite surfaces, abstr. 1433. J.
Dent. Res. 66:286.

3. Christersson, L. A., J. J. Zambon, R. G. Dunford, S. G. Grossi,
and R. J. Genco. 1989. Specific subgingival bacteria and diag-
nosis of gingivitis and periodontitis. J. Dent. Res. 68:1633-1639.

4. Crawford, J. M., M. A. Taubman, and D. J. Smith. 1978. The
natural history of periodontal bone loss in germ-free and gnoto-
biotic rats infected with periodontopathic microorganisms. J.
Periodontal Res. 13:316-325.

5. Dahlen, G., L. Heil, J. Lindhe, and A. Moller. 1982. Develop-
ment of plaque and gingivitis following antibiotic therapy in
dogs. J. Clin. Periodontol. 9:223-228.

6. De Nardin, A. M., H. T. Sojar, S. G. Grossi, L. A. Christersson,
and R. J. Genco. 1991. Humoral immunity of older adults with
periodontal disease to Porphyromonas gingivalis. Infect. Im-
mun. 59:4363-4370.

7. Ebersole, J. L., M. A. Taubman, D. J. Smith, and D. E. Frey.
1986. Human immune response to oral microorganisms: pat-
terns of systematic antibody levels to Bacteroides species.
Infect. Immun. 51:507-513.

8. Genco, R. J., J. Slots, C. Mouton, and P. Murray. 1980.
Systemic immune response to oral anaerobic organisms, p.
277-293. In D. W. Lambe, Jr., R. J. Genco, and K. J. Mayberry-
Carson (ed.), Anaerobic bacteria: selected topics. Plenum Pub-
lishing Corp., New York.

9. Genco, R. J., J. J. Zambon, and L. A. Christersson. 1988. The

VOL. 60, 1992

 on S
eptem

ber 22, 2019 by guest
http://iai.asm

.org/
D

ow
nloaded from

 

http://iai.asm.org/


2934 EVANS ET AL.

origin of periodontal infections. Adv. Dent. Res. 2:245-259.
10. Golub, L. M., S. Ciancio, N. S. Ramamurthy, M. Leung, and

T. F. McNamara. 1990. Low-dose doxycycline therapy: effect
on gingival and crevicular fluid collagenase activity in humans.
J. Periodontal Res. 25:321-330.

11. Golub, L. M., H. M. Lee, G. Lehrer, A. Nemiroff, T. F.
McNamara, R. Kaplan, and N. S. Ramamurthy. 1983. Minocy-
cline reduces gingival collagenolytic activity during diabetes.
Preliminary observations and a proposed new mechanism of
action. J. Periodontal Res. 18:516-526.

12. Golub, L. M., M. Wolff, H. M. Lee, T. F. McNamara, N. S.
Ramamurthy, J. Zambon, and S. Ciancio. 1985. Further evi-
dence that tetracyclines inhibit collagenase activity in human
crevicular fluid and from other mammalian sources. J. Peri-
odontal Res. 20:12-23.

13. Hanazawa, S., Y. Murakami, K. Hirose, S. Amano, Y. Ohmori,
H. Higuchi, and S. Kitano. 1991. Bacteroides (Porphyromonas)
gingivalis fimbriae activate mouse peritoneal macrophages and
induce gene expression and production of interleukin-1. Infect.
Immun. 59:1972-1977.

14. Holt, S. C., J. Ebersole, J. Felton, M. Brunsvold, and K. S.
Kornman. 1988. Implantation of Bacteroides gingivalis in non-
human primates initiates progression of periodontitis. Science
239:55-57.

15. Isogai, H., E. Isogai, F. Yoshimura, T. Suzuki, W. Kagota, and
K. Takano. 1988. Specific inhibition of adherence of an oral
strain of Bacteroides gingivalis 381 to epithelial cells by mono-
clonal antibodies against the bacterial fimbriae. Arch. Oral Biol.
33:479-485.

16. Jolley, M. T., C.-H. J. Wang, S. J. Ekenberg, M. S. Zuelke, and
D. M. Kelso. 1984. Particle concentration fluorescence immu-
noassay (PCFIA): a new rapid immunoassay technique with
high sensitivity. J. Immunol. Methods 67:21-35.

17. Klausen, B., R. T. Evans, N. S. Ramamurthy, L. M. Golub, C.
Sfintescu, C., J.-Y. Lee, G. S. Bedi, J. J. Zambon, and R. J.
Genco. 1991. Periodontal bone level and gingival proteinase
activity in gnotobiotic rats immunized with Bacteroides gingi-
valis. Oral Microbiol. Immunol. 6:193-201.

18. Klausen, B., R. T. Evans, and C. Sfintescu. 1989. Two comple-
mentary methods of assessing periodontal bone level in rats.
Scand. J. Dent. Res. 97:494-499.

19. Klausen, B., C. Sfintescu, and R. T. Evans. 1991. Asymmetry in
periodontal bone loss of gnotobiotic Sprague-Dawley rats.
Arch. Oral Biol. 36:685-687.

20. Kornman, K. S., S. C. Holt, and P. B. Robertson. 1981. The
microbiology of ligature-induced periodontitis in the cynomolo-
gus monkey. J. Periodontal Res. 16:363-371.

21. Lantz, M. S., R. D. Allen, L. W. Duck, J. L. Blume, L. M.
Switalski, and M. Hook. 1991. Identification of Prophyromonas
gingivalis components that mediate its interaction with fi-
bronectin. J. Bacteriol. 173:4263-4270.

22. Lantz, M. S., R. D. Allen, T. A. Vail, L. M. Switalski, and M.
Hook. 1991. Specific cell components of Bacteroides gingivalis
mediate binding and degradation of human fibrinogen. J. Bac-
teriol. 173:495-504.

23. Lee, J.-Y., H. T. Sojar, G. S. Bedi, and R. J. Genco. 1991.
Porphyromonas (Bacteroides) gingivalis fimbrilin: size, amino-
terminal sequence, and antigenic heterogeneity. Infect. Immun.
59:383-389.

24. Lee, J.-Y., H. T. Sojar, G. S. Bedi, and R. J. Genco. 1992.
Synthetic peptides analogous to the fimbrillin sequence inhibit
adherence of Porphyromonas gingivalis. Infect. Immun. 60:
1662-1670.

25. Lindhe, J., S.-E. Hamp, H. Loe, and C. Rindom-Schiott. 1970.
Influence of topical application of chlorhexidine on chronic
gingivitis and gingival wound healing in the dog. Scand. J. Dent.
Res. 78:471-478.

26. Loos, B. G., D. Mayrand, R. J. Genco, and D. P. Dickinson.
1990. Genetic heterogeneity of Porphyromonas (Bacteroides)
gingivalis by genomic DNA fingerprinting. J. Dent. Res. 69:
1488-1493.

27. Ma, J. K.-C., R. Smith, and T. Lehner. 1987. Use of monoclonal
antibodies in local passive immunization to prevent colonization

of human teeth by Streptococcus mutans. Infect. Immun.
55:1274-1278.

28. Mikx, F. H. M., D. N. B. Ngassapa, F. M. J. Reintjens, and J. C.
Maltha. 1984. Effect of splint placement on black-pigmented
Bacteroides and spirochetes in the dental plaque of beagle dogs.
J. Dent. Res. 63:1284-1288.

29. Moore, W. E. C. 1987. Microbiology of periodontal disease. J.
Periodontal Res. 22:335-341.

30. Morisaki, I., S. M. Michalek, C. C. Harmon, M. Torii, S.
Hamada, and J. R. McGhee. 1983. Effective immunity to dental
caries: enhancement of salivary anti-Streptococcus mutans an-
tibody responses with oral adjuvants. Infect. Immun. 40:577-
591.

31. Mouton, C., P. G. Hammond, J. Slots, and R. J. Genco. 1981.
Serum antibodies to Bacteroides asaccharolyticus (Bacteroides
gingivalis): relationship to age and periodontal disease. Infect.
Immun. 31:182-192.

32. Naito, Y., and R. J. Gibbons. 1988. Attachment of Bacteroides
gingivalis to collagenous substrata. J. Dent. Res. 67:1075-1080.

33. Naito, Y., K. Okuda, and I. Takazoe. 1987. Detection of specific
antibody in adult human periodontitis sera to surface antigens of
Bacteroides gingivalis. Infect. Immun. 55:832-834.

34. Neiders, M. E., P. B. Chen, H. Suido, H. S. Reymonds, J. J.
Zambon, M. Shlossman, and R. J. Genco. 1989. Heterogeneity
of virulence among strains of Bacteroides gingivalis. J. Peri-
odontal Res. 24:192-198.

35. Ogawa, T., M. L. McGhee, Z. Moldoveanu, S. Hamada, J.
Mestecky, J. R. McGhee, and H. Kiyono. 1989. Bacteroides-
specific IgG and IgA subclass antibody-secreting cells isolated
from chronically inflamed gingival tissues. Clin. Exp. Immunol.
76:103-110.

36. Okuda, K., J. Slots, and R. J. Genco. 1981. Bacteroides gingi-
valis, Bacteroides asaccharolyticus, and Bacteroides melanino-
genicus subspecies: cell surface morphology and adherence to
erythrocytes and human buccal epithelial cells. Curr. Microbiol.
6:7-12.

37. Ramamurthy, N. S., and L. M. Golub. 1983. Diabetes increases
collagenase activity in extracts of rat gingiva and skin. J.
Periodontal Res. 18:23-30.

38. Savitt, E. D., and S. S. Socransky. 1984. Distribution of certain
subgingival species in selected periodontal conditions. J. Peri-
odontal Res. 19:111-123.

39. Slots, J. 1977. Microflora in the healthy gingival sulcus in man.
Scand. J. Dent. Res. 85:247-254.

40. Slots, J. 1986. Bacterial specificity in adult periodontitis. A
summary of recent work. J. Clin. Periodontol. 13:912-917.

41. Slots, J., and R. J. Genco. 1984. Black-pigmented Bacteroides
species, Capnocytophaga species, and Actinobacillus actino-
mycetemcomitans in human periodontal disease: virulence fac-
tors in colonization, survival, and tissue destruction. J. Dent.
Res. 63:412-421.

42. Slots, J., and E. Hausmann. 1979. Longitudinal study of exper-
imentally induced periodontal disease in Macaca arctoides:
relationship between microflora and alveolar bone loss. Infect.
Immun. 23:260-269.

43. Smith, D. J., M. A. Taubman, and J. L. Ebersole. 1980. Local
and systemic antibody response to oral administration of gluco-
syltransferase antigen complex. Infect. Immun. 28:441-450.

44. Socransky, S. S., and A. D. Haffajee. 1990. Microbiological risk
factors for destructive periodontal diseases, p. 79-90. In J. D.
Bader (ed.), Risk assessment in dentistry. University of North
Carolina Dental Ecology, Chapel Hill.

45. Sojar, H. T., J.-Y. Lee, G. S. Bedi, M.-I. Cho, and R. J. Genco.
1991. Purification, characterization and immunolocalization of
fimbrial protein from Prophyromonas (Bacteroides) gingivalis.
Biochem. Biophys. Res. Commun. 175:713-719.

46. Sojar, H. T., J.-Y. Lee, G. S. Bedi, M.-I. Cho, and R. J. Genco.
1991. Purification, characterization and localization of a major
envelope protein antigen from Porphyromonas (Bacteroides)
gingivalis. Biochem. Int. 25:437-446.

47. Spiegel, C. A., S. E. Hayduk, G. E. Minah, and G. N. Krywolop.
1979. Black pigmented bacteroides from clinically characterized
periodontal sites. J. Periodontal Res. 14:376-382.

INFEcr. IMMUN.

 on S
eptem

ber 22, 2019 by guest
http://iai.asm

.org/
D

ow
nloaded from

 

http://iai.asm.org/


IMMUNIZATION AGAINST PERIODONTAL DESTRUCTION 2935

48. Svanberg, G. K., S. A. Syed, and B. W. Scott, Jr. 1982.
Differences between gingivitis and periodontitis associated mi-
crobial flora in the beagle dog. Relationship of plaque parame-
ters to histological parameters of periodontal disease. J. Period-
ontal Res. 17:1-11.

49. Taubman, M. A., and D. J. Smith. 1974. Effects of local
immunization with Streptococcus mutans on induction of sali-
vary immunoglobulin A antibody and experimental dental caries
in rats. Infect. Immun. 9:1079-1091.

50. Taubman, M. A., D. J. Smith, and J. L. Ebersole. 1980.
Conventional and specialized rodent models for studies of
immune mechanisms and dental caries, p. 439-450. In J. M.
Tanzer (ed.), Animal models in cariology. Information Re-
trieval, Inc., Washington, D.C.

51. Tew, J. G., D. R. Marshall, J. A. Burmeister, and R. R. Ranney.
1985. Relationship between gingival crevicular fluid and serum
antibody titers in young adults with generalized and localized
periodontitis. Infect. Immun. 49:487-493.

52. van Steenbergen, T. J. M., P. Kastelein, J. J. A. Touw, and J. de
Graaff. 1982. Virulence of black-pigmented Bacteroides strains
from periodontal pockets and other sites in experimentally
induced skin lesions in mice. J. Periodontal Res. 13:236-244.

53. Yoshimura, F., T. Sugano, M. Kawanami, H. Kato, and T.
Suzuki. 1987. Detection of specific antibodies against fimbriae
and membrane proteins from the oral anaerobe Bacteroides

gingivalis in patients with periodontal diseases. Microbiol.
Immunol. 31:935-941.

54. Yoshimura, F., T. Takasawa, M. Yoneyama, T. Yamaguchi, H.
Shiokawa, and T. Suzuki. 1985. Fimbriae from the oral anaerobe
Bacteroides gingivalis: physical, chemical, and immunological
properties. J. Bacteriol. 163:730-734.

55. Yoshimura, F., K.-I. Watanabe, T. Takasawa, M. Kawanami,
and H. Kato. 1989. Purification and properties of a 75-kilodalton
major protein, an immunodominant surface antigen, from the
oral anaerobe Bacteroides gingivalis. Infect. Immun. 57:3646-
3652.

56. Zambon, J. J., H. S. Reynolds, P. Chen, and R. J. Genco. 1985.
Rapid identification of periodontal pathogens in subgingival
dental plaque. Comparison of indirect immunofluorescence mi-
croscopy with bacterial culture for detection of Bacteroides
gingivalis. J. Periodontol. 56(Suppl.):32-40.

57. Zambon, J. J., H. S. Reynolds, and J. Slots. 1981. Black-
pigmented Bacteroides spp. in the human oral cavity. Infect.
Immun. 32:198-203.

58. Zar, J. H. 1984. Biostatistical analysis, 2nd ed., p. 186-190.
Prentice-Hall, Inc., Englewood Cliffs, N.J.

59. Zucker, S., R. M. Lysik, N. S. Ramamurthy, L. M. Golub, J. M.
Wieman, and D. P. Wilke. 1985. Diversity of melanoma plasma
membrane proteinases: inhibition of collagenolytic and cytolytic
activity by minocycline. JNCI 75:517-525.

VOL. 60, 1992

 on S
eptem

ber 22, 2019 by guest
http://iai.asm

.org/
D

ow
nloaded from

 

http://iai.asm.org/

