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Abstract
Porphyromonas gingivalis produces proteases capable of de-
grading cytokines, host heme proteins and some antimicro-
bial peptides. In this study, we show that P. gingivalis culture
supernatants fully or partially degrade human neutrophil
peptide a-defensins and human B-defensins after 30 min.
This observation suggests that proteases from P. gingivalis
degrade defensins and this activity could abrogate defen-
sin-related innate immune functions.

Copyright © 2008 S. Karger AG, Basel

Introduction

Periodontitis is a common inflammatory disease of
the supporting structures of the teeth caused by the host
response to specific microorganisms or groups of micro-
organisms [1]. Initially, periodontitis is characterized by
inflammation of the gingiva, loss of soft tissue attach-
ment and loss of bone. Ultimately, periodontitis results in
progressive destruction of the periodontal ligament and
alveolar bone, which can lead to tooth loss in adults.

The decline of periodontal health and the onset of
periodontal disease is associated with alterations in the

microflora in the gingival crevice. Periodontitis sites con-
tain elevated levels of Gram-negative anaerobic bacteria
[2-4]. One of these species, Porphyromonas gingivalis, is
a late colonizer in the oral biofilm and thought to be a
dominant etiologic agent.

P. gingivalis produces numerous virulence factors that
contribute to its pathogenicity [1, 5, 6]. Attachment and
invasion of P. gingivalis is facilitated by adhesins that in-
clude hemagglutinins and 3 distinct fimbriae: major fim-
briae, minor fimbriae and Pg-II fimbriae. Local tissue
damage and evasion of host defense mechanisms are fa-
cilitated by capsular polysaccharides and lipopolysaccha-
ride.

P. gingivalis also produces proteases [7-10]. These in-
clude: gingipain HRgpA, gingipain RgpB and gingipain
K, which belong to the cysteine and serine catalytic class
of peptidases; gene products TPR and PRTT (periodon-
tain), which belong to papain- and streptopain-like cata-
lytic classes of peptidases; serine endopeptidase; glycyl-
prolyl peptidase (dipeptidyl peptidase IV); prolyl tripep-
tidyl peptidase. All these proteases have been implicated
in the pathogenesis of periodontal disease [7, 11]. They
can degrade pro-inflammatory cytokines [12], cell adhe-
sion molecules like PECAM-1 [13], host heme proteins
[14] and some nonhuman antimicrobial peptides [15].
However, little is known about their ability to degrade
human neutrophil peptide a-defensins (HNP-1) and hu-
man -defensins (HBD1, HBD2 and HBD3).
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Table 1. Protocol for preparation of samples to assess degradation of human a- and 3-defensins by culture su-

pernatants of P. gingivalis strain 381

Ingredient Treatment 1: Treatment 2: Treatment 3: Treatment 4:
PBS defensin mixture culture supernatant defensin mixture in
in PBS in PBS culture supernatant
0.01 M PBS, pH 7.2! 40 pl 40 pl
HNP-12 10 pl 10 pl
HBD1 10 pl 10 pl
HBD2 10 pl 10 pl
HBD3 10 pl 10 pl

The above solutions for each treatment (total volume of 40 pl each) were put into microcentrifuge tubes and
then dried for 1 h under vacuum by rotary evaporation.

Distilled water
Culture supernatant3

40 pl

40 pl

40 pl 40 pl

10.01 M sodium phosphate buffer with 0.14 M sodium chloride, pH 7.2.
2 Solutions (200 pg/ml) of HBD1, HBD2, HBD3 and HNP-1 in 0.01 M PBS, pH 7.2.
3 P. gingivalis culture supernatant was dialyzed against distilled water.

HNPs and HBDs are expressed in oral tissues, salivary
glands and gingival tissue [16-18]. They are also present
in salivary secretions and gingival crevicular fluid. For
example, HBD2 and HBD3 are present in saliva [19],
while HNP-1, HNP-2, HNP-3, HNP-4, HBD1 and HBD2
are present in gingival crevicular fluid [20, 21].

Recently, we observed that defensins can bind to ad-
hesins of P. gingivalis strain 381 [22]. It is possible that
binding of defensins to these adhesins may inhibit micro-
bial adherence to tissues, attenuate pro-inflammatory
cytokine responses [22] and facilitate delivery of bound
antigen to antigen-presenting cells with defensin recep-
tors [23]. Here, we assess whether proteases in culture
supernatants from P. gingivalis degrade human o- and
B-defensins and thus have the potential to interfere with
these important innate immune functions.

Materials and Methods

P. gingivalis strain 381 (obtained from Ann Progulske-Fox,
Department of Oral Biology, University of Florida, Gainesville,
Fla., USA) was grown in tryptic soy broth (Difco Laboratories,
Detroit, Mich., USA) supplemented with 5 pg/ml hemin (Sigma,
St. Louis, Mo., USA) and vitamin K (Sigma) for 72 h at 37°Cin an
atmosphere that contained 85% N,-10% H,-5% CO, [24]. Bacteri-
al cells were pelleted from the culture by centrifugation at 7,232 g
for 15 min at 4°C. Ten milliliters of the culture supernatant was
filtered (0.22 pm filter, Millex GV; Millipore, Billerica, Mass.,
USA), dialyzed for 2 days at 4°C against distilled water to remove
smaller media components and salts, and lyophilized. The lyoph-
ilized material was then reconstituted to 1 ml in distilled water.
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This preparation contained 8.6 mg/ml protein and contained nu-
merous bands on SDS-PAGE (gel not shown).

Stock solutions (200 pg/ml) of HNP-1, HBD1, HBD2 and
HBD3 (PeproTech Inc., Rocky Hill, N.J., USA) were prepared in
0.01 M sodium phosphate buffer with 0.14 M sodium chloride, pH
7.2 (0.01 M PBS, pH 7.2).

The control and test solutions were prepared and included: (1)
0.01 M PBS, pH 7.2 alone as a control solution, (2) a mixture of
HNP-1, HBD1, HBD2 and HBD3 in PBS, (3) the P. gingivalis cul-
ture supernatant in PBS and (4) the P. gingivalis culture superna-
tant and the 4-defensin mixture in PBS (table 1). For this, 40 p.l of
0.01 M PBS pH 7.2 (treatments 1 and 3) or defensin solutions (10 .1
each of HNP-1, HBDI, HBD2 and HBD3 in 0.01 M PBS pH 7.2;
treatments 2 and 4) were put into microcentrifuge tubes and dried
for 1 h under vacuum by rotary evaporation. Distilled water (treat-
ments 1 and 2) or dialyzed P. gingivalis culture supernatant (treat-
ments 3 and 4) were then added and incubated for 30 min at 37°C.

Cyano-4-hydroxycinnamic acid (CHCA; 20 mg/ml) was dis-
solved in a mixture (1:1) of isopropanol:acetone containing cel-
lulose nitrate (10 mg/ml). Somatostatin (3,147 Da; 1 pm/p.l) and
bovine insulin (5,734.5 Da; 5 pm/ul) were used as standards to
calibrate the instrument around the masses of human «- and -
defensins. The CHCA mixture was added to both the standards
and the test samples, mixed, and 1 pl was ‘spotted’ on the MALDI
plate. Spots were air dried and analyzed in a Biflex III MALDI-
TOF (Bruker Daltonics Inc., Billerica, Mass., USA). The mass
range was gated from 0 to 7,500 m/z.

Results

Distinct peaks were seen in treatment 1 containing
HNP-1, HBD1, HBD2 and HBD3 (fig. 1). Predicted mass-
es were 3,448.1 Da (HNP-1), 3,934.6 Da (HBD1), 4,164.0
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Fig. 1. MALDI-TOF mass spectrometry
showing the masses of human a-defensin
HNP-1 and human B-defensins HBDI,
HBD2 and HBD3. Predicted masses were
3,448.1 Da for HNP-1, 3,934.6 Da for
HBDI, 4,164.0 Da for HBD2 and 5,161.2
Da for HBD3. Distinct peaks were seen at
3,446.973 m/z, 3,934.616 m/z, 4,340.865
m/z and 5,167.895 m/z.

Fig. 2. Overlays of spectrograms after
MALDI-TOF mass spectrometry (range
0-7,500 m/z). Shown is the spectrogram of
the defensin mixture and the spectrogram
of the culture supernatant of P. gingivalis
incubated with the defensin mixture. Note
that the defensins were degraded and near-
ly absent in the latter mixture.
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Da (HBD2) and 5,161.2 Da (HBD3). Distinct peaks were  this mixture could be used as a detection system to assess
seen at 3,446.973 m/z, 3,934.616 m/z, 4,115.205 m/z and  defensin degradation simultaneously.

5,167.895 m/z. Proteins with masses of 2,867.81 Da and No peaks were seen in 0.01 M PBS, pH 7.2 (treatment
5,734.61 Da were used as internal calibration standards. 1) or the dialyzed culture supernatant of P. gingivalis
Each defensin could be individually detected and thus (treatment 3;range 0-7,500 m/z; results not shown). Small
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peaks for HNP-1 (3,442.992 m/z) and HBDI (3,946.599
m/z) were seen in the defensin mixture incubated with
the culture supernatant of P. gingivalis (treatment 4). Sig-
nals of 4,301.367 m/z and 4,986.807 m/z may represent
fragments of other defensins. Overlay spectrograms of
the defensin mixture and the culture supernatant of P.
gingivalis incubated with the defensin mixture show that
defensins were degraded and nearly absent in the latter
mixture (fig. 2).

Discussion

Proteases from P. gingivalis alter host receptors, de-
grade cytokines and antimicrobial peptides, and activate
coagulation, complement and kallikrein/kinin pathways
[25]. In this study, we used MALDI-TOF mass spectrom-
etry to show that proteases in culture supernatants from
P. gingivalis degrade human o- and 3-defensins. Wheth-
er this activity is unique to P. gingivalis strain 381 or com-
mon among other P. gingivalis is not yet known.

P. gingivalis proteases have different cleavage sites [7-
10, 25, 26]. Whether degradation of defensins occurs via
1 specific protease of P. gingivalis strain 381 or via the si-
multaneous activity of multiple proteases is also not
known. Clearly, defensins are rich in arginine and lysine,
often target sites of these proteases.

The minimum inhibitory concentrations of defensins
for P. gingivalis vary greatly from 34.6 to >250 pg/ml [24,
27, 28]. Of course, it is tempting to speculate that suscep-
tible strains of P. gingivalis may produce narrower spec-
trums and lower concentrations of proteases and resis-
tant strains produce wider spectrums and higher concen-
trations of proteases. However, the resistance of P.
gingivalis to direct killing by nondefensin antimicrobial
peptides [Dhvar4, a congener of histatin 5; K4-s4(1-15),
a shorter derivative of dermaseptin S4; LL-37, a human
cathelicidin] was found to be protease independent and
more likely related to a low affinity of antimicrobial pep-
tides to P. gingivalis [29].

It is clear that bacteria that produce proteases capable
of degrading antimicrobial peptides are pathogenic. Me-
talloprotease ZapA of uropathogenic Proteus mirabilis
cleaves HBDI1 and LL-37 [30]. Proteolysis of HBD1 re-
sulted in 6 peptides, while proteolysis of LL-37 resulted in
9 or more peptides. The antimicrobial activity of HBD1
and LL-37 was significantly reduced following ZapA
treatment, suggesting that proteolysis results in inactiva-
tion of these peptides. The data suggest that a function of
ZapA during urinary tract infections is the proteolysis of

P. gingivalis Proteases Degrade Defensins

antimicrobial peptides associated with the innate im-
mune response.

Metalloproteinase (aureolysin) and a glutamylendo-
peptidase (V8 protease) of Staphylococcus aureus cleaved
and inactivated LL-37 in a time- and concentration-de-
pendent manner [31]. S. aureus strains that produce sig-
nificant amounts of aureolysin were found to be less sus-
ceptible to fragment LL-17-37 than strains expressing no
aureolysin activity, suggesting that aureolysin produc-
tion by S. aureus contributes to its resistance to LL-37. In
the case of P. gingivalis, it is not known if the production
of protease and the degradation of defensins correlates
with the resistance of strains to defensins.

The degradation of defensins may have other implica-
tions to the innate immune system. Human a- and 3-de-
fensins regulate innate immunity and enhance adaptive
immunity [32-35]. In addition to their direct antimicro-
bial activity, they have chemotactic effects on phagocytic
and mast cells, induce inflammatory mediators, regulate
the functions of phagocytes and the complement system,
interact with G protein-coupled regulators on immature
dendritic cells, stimulate dendritic cell maturation, have
direct effects on T cells and enhance antigen-specific im-
mune responses in vivo [23]. They also bind to bacterial
membranes, lipopolysaccharides and some bacterial tox-
ins. Inactivation of HNP and HBD composition and con-
centration after production could inhibit defensin-in-
duced receptor-mediated internalization of microbial an-
tigens to immature dendritic cells [23] or not attenuate
antigen-induced pro-inflammatory cytokine responses
[22].

In summary, supernatants for P. gingivalis degrade hu-
man «a-defensin HNP-1 and human 3-defensins HBD1,
HBD2 and HBD3. Determining the spectrum of protease
activity of many strains of P. gingivalis on defensins as
well as determining the activity of individual proteases of
a single strain of P. gingivalis on defensins would help
characterize the role of proteases in the ability of P. gin-
givalis in evading hosting defenses, colonizing host tis-
sues and inducing inflammatory periodontal diseases.
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