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Porphyromonas gingivalis has been closely associated with the initiation and
progression of some forms of periodontal diseases and its proteolytic enzymes have
been implicated in invasion, tissue destruction and evasion of host antibacterial
defenses. Recently, the primary focus of research has been on cysteine proteinases,
referred to as gingipain R and gingipain K which are produced in large quantities and
are directly involved in pathological events during development and progression of
periodontitis, contributing to clinical hallmarks of the disease including: flow of
gingival ¢revicular fluid, neutrophil accumulation and bleeding on probing. Gingi-
pain R exists as 110-, 95-, 70- to 90- and 50-kDa proteins, the first two being a complex
of the 50-kDa catalytic subunit with hemagglutinin/adhesins, with or without an
added membrane anchorage peptide, The other forms are single-chain enzymes. The
predominant form of gingipain K in P. gingivalis strains is a complex of a 60-kDa
catalytic protein with hemagglutinin/adhesins. Molecular cloning and structural
characterization of the gingipain R and gingipain K genes has shown that they code
for 1704 and 1722 amino-acid residue preproenzymes, respectively. Although both
structures show no similarity within the preprofragment and only limited identity
within the catalytic domain (27%) they are essentially identical within the putative
hemagglutinin/adhesin domain. Furthermore, on the basis of gene structure it is now
apparent that various soluble and membrane bound forms of gingipains are derived
through proteolytic processing of the preproenzymes, and it can be assumed that the
Arg-X-specific enzyme is responsible for this processing.

Periodontitis is a major, chronic infectious dis-
case which, if unchecked, can result in connec-
tive tissue loss in the periodontium, bone
erosion, and tooth detachment. Both a juvenile
and adult form of this disease are known to
occur, the hallmarks of each being the presence

of specific bacterial species in the periodontal
pocket of infected individuals [1]. In the juve-
nile-type the primary organism is Actinobacillus
actinomycetemcomitans, a facultative anaerobe
which thrives in patients who also have com-
promised neutrophil function [2]. In order to
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avoid host-defense systems this pathogen se-
cretes a leukotoxin [3] which further weakens
the bactericidal potential of both macrophages
and neutrophils and results in the degranula-
tion of the latter cells near the inflammatory
site. A variety of proteinases are thus released,
including matrix metalloproteinases, elastase,
cathepsin G, and proteinase 3, which aid in the
degradation of host connective tissue. It is like-
ly that in this manner the organism gains easier
access to a source of nutrients, although this has
not yet been proven. On the other hand, adult
onset periodontitis, the commonest form of this
disease, is a mixed infection, with several most-
ly Gram-negative bacterial species being asso-
ciated with the disease development and
progression [4]. Among these bacteria P. gingi-
valis is generally recognized as the major etio-
logic agent of human adult periodontitis [5]. In
contrast to A. actinomycetemcomitans, this or-
ganism appears to utilize very different mech-
anisms to degrade host tissues for its growth
and proliferation.

PROPERTIES OF P. GINGIVALIS

The organism P. gingivalis (formerly Bacte-
roides gingivalis) is a Gram-negative, asaccharo-
lytic, anaerobic, non-motile, non-sporing, short
rod which grows as brown or black pigmented
colonies on blood agar. The pigment is primar-
ily a mixture of hemin and protohemin and is
believed to be a storage depot for iron which is
an absolute requirement for growth [6]. How-
ever, it is also possible that this high level of
iron-bound pigment, together with the syn-
thesis and secretion of reducing agents and
superoxide dismutase, may act as an antioxi-
dant shield to repel the oxidative burst utilized
by phagocytes to kill foreign organisms.

P. gingivalis is very well equipped with a
broad array of functional and structural fea-
tures which enable it to colonize within its eco-
logical niche of either the gingival salcus or
periodontal pocket. The bacterium prospers in
this hostile environment by successfully evad-
ing host antimicrobial defenses, using such pu-
tative virulence factors as fimbriae and lectin-
-type adhesins, a polysaccharide capsule and
lipopolysaccharide, hemagglutinating and
hemolysing activity, release of toxic products of
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metabolism, outer membrane vesicles and
numerous enzymes [7].

PROTEOLYTIC ACTIVITIES OF
P. GINGIVALIS

Accounting and nomenclature of proteinases
produced by P, gingivalis

The demonstration of proteolytic activity in
both culture fluids and extracts of various
strains of P. gingivalis has caused numerous
workers to explore a role for these enzymes in
the development of periodontitis. As of early
1995, at least 39 apparently distinct proteolytic
activities were claimed to have been purified
from this organism, most being referred to as
“trypsin-like” enzymes (for extensive review
see [8]). Some of these were reported to be
highly purified proteinases which had the ca-
pability of hydrolyzing peptide bonds at Lys-X
and Arg-X residues [9, 10], while others were
asserted to have, in addition to their trypsin-
like activity, the ability to degrade type I col-
lagen [11, 12]. It is now clear, however, that this
latter effect was artificial and due to the fact that
the cysteine proteinase was not inactivated
with a chloromethylketone prior to subjecting
collagen/proteinase samples to reduction,
boiling, and SDS/PAGE. Therefore, to our
knowledge no true collagenase from P. gingi-
valis has, as yet, been isolated, although an
activity has been detected [13, 14].

Adding to this confusion were reports which
indicated that there could be as many as eight
“trypsin-like” enzymes synthesized by P. gingi-
valis [15] and premature rush to name partially
purified, structurally uncharacterized protei-
nases. In this way, besides trivial names such as
trypsin-like proteinase [16, 17], arginine-specific
protease [18] or lysine-specific proteinase [19],
four different acronyms (gingivain [20, 21], gin-
gipain [9], porphypain [22] and argingipain [11])
are used in the literature to describe cysteine
proteinases of Arg-X and/or Lys-X specificity.

Contrary to this apparent diversity we were
able to purify only three cysteine proteinases
from culture media of P. gingivalis H66, two
with Arg-X specificity and one with Lys-X spe-
cificity. Since the first purified enzyme shared
some properties with clostripain, including a
similar molecular mass, requirements of cal-



Vol. 43

Porphyromonas gingivalis proteinases 457

cium for stability and a narrow specificity
limited to Arg-X peptide bonds, we proposed
the acronym gingipain (P. gingivalis + clostri-
pain = gingi-pain) [9] and we have used this
name with the prefix Arg- (Arg-gingipain,
RGP) or Lys- (Lys-gingipain, KGP) to distin-
guish between Arg-X and Lys-X specific protei-
nases [10]. Recently, in line with a recommen-
dation made by the Nomenclature Committee
of IUBMB, the names gingipain R (EC 3.4.22.37)
and gingipain K have been embraced to ac-
count for the unique specificity of two major
cysteine proteinases of P. gingivalis [23]. Exten-
sive analysis, using the Western blot approach,
combined with zymography and inhibition
studies [24], has shown that, regardless of the
P. gingivalis strain and method of bacterium
cultivation, gingipains R occur as 110-, 95-, 70-
to 90-, and 50-kDa proteins, the first two being
a complex of the 50 kDa catalytic subunit with
hemagglutinins, while the other forms were
single-chainenzymes. In contrast, the predomi-
nant form of gingipain K was a complex of the
60 kDa catalytic domain with hemagglutinins,
Moreover, lower molecular mass forms of both
gingipains were also observed indicating that
they could arise by excessive proteolysis from
larger precursors. The recent cloning and se-
quencing of P. gingivalis genes encoding gingi-
pains and Southern blot analysis of the
bacterium genome fully corroborated data ob-
tained on a protein level (see section below).

Beside gingipains and the elusive collagenase,
P. gingivalis also produces two other distinct
serine type proteinases. One enzyme has gly-
cylprolyl peptidase activity and occurs at least
in two molecular mass variants [25, 26] associ-
ated with the bacterial surface [27]. The second
proteinase separated from culture medium was
shown to cleave GIn-His, Glu-Ala and Ala-Leu
peptide bonds in the insulin chain B but other-
wise was only superficially characterized [17].
From an analysis of general proteolytic activity
of different strains of P. gingivalis using class
specific inhibitors it is apparent that both serine
proteinases contribute no more than 15% to the
total activity elaborated by this bacterium (].
Potempa, unpublished).

Gene-proteinase relationship
To date, a number of P. gingivalis genes pur-

portedly encoding proteinases have been
cloned and sequenced including tpr [28], priC

[29), prtT [30], prtH [31], agp [32], rgpl [33], priR
[34], cpgR [35], prpR1 [36], prtP [37] and kgp [38].
In contrast to tpr and prtT which may encode
typical cysteine proteinases homologous to pa-
pain and streptopain, respectively, the struc-
ture of the remaining genes has no significant
similarity to any other database sequence. Ex-
cept for Tpr, PrtT and PriC, the products of
other genes are either identical with gingipain
R (PrtH, Agp, PrtR, CpgR and PrpR1) or gingi-
pain K (porphypain, PrtP) encoded by rgpl and
kgp, respectively.

The comparison of the structure of gingipain
R encoding genes has been extensively re-
viewed [23], and there is no doubt that priR,
revised prpR1 and rgpl represent variants of a
single genetic locus. Although agp and cpgR
encode proteins identical to the catalytic do-
main of gingipain R, their existence in the P.
gingivalis genome has been questioned [37],
and it is likely that those gene structures are
incomplete due to errors in cloning and se-
quencing. In addition to rgpl, a second related
locus homologous to the 5 region one-third of
rgpl was detected in all tested P. gingivalis
strains [36, 37]. This gene, referred to as rgpB
[39] or rgp2 [33], encodes a 50 kDa cysteine
proteinase purified in large quantities from
strain HG66 (]. Potempa, manuscript sub-
mitted). The structure of RGP-2 (RgpB) inferred
from ¢cDNA sequence (GeneBank, accession
No. D64081) and confirmed by direct amino-
acid sequencing reveals that the N-terminal
two-third of the molecule, confining active site
cysteine residue and putative histidine
residues of the catalytic dyad, are nearly ident-
ical to RGP-1, but both differ considerably at
the C-terminus (Fig. 1).

In contrast to the two genes encoding the
arginine specific gingipain, only one gene for
the Lys-X specific proteinase, referred to as
either gingipain K (KGP) [10] or porphypain
(PrtP) [22], has been detected in P. gingivalis.
Two independent groups have sequenced this
gene from two different strains of the bacte-
rium, H66 [38] or W12 [37]. Despite some dif-
ferences in the primary structure, especially
within its 25% of 3 region of the two genes and
some discrepancies regarding enzyme speci-
ficity, it is most likely that kgp and priP repre-
sent variants of a single genetic locus.

Both, rgpl and kgp encode a multidomain pro-
tein of 1704 and 1723 amino-acid residues, re-
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spectively, consisting of a prepropeptide (227
amino-acid residues), a catalytic domain (492
and 509 amino-acid residues, respectively) and
a hemagglutinin domain. Although the two
structures show no similarity within the pre-
profragment and only limited identity within
the catalytic domain (27%) (Fig. 1), they are
essentially identical within the putative he-
magglutinin/adhesin domain. The various so-
luble and membrane bound forms of
gingipains are apparently derived through

proteolytic processing of the preproenzymes
by cleavage at Arg-X peptide bonds [8, 40].
Pathophysiological functions of P. gingivalis pro-
teinases

The destructive potential of the proteolytic
activity produced by P. gingivalis is not in ques-
tion. From numerous investigations in vitro it is
apparent that these enzymes can contribute sig-
nificantly to bacterial virulence through: (i) di-
rect and indirect periodontum tissue degra-

RGP2 1 YTEVEEKeNG- -RMIVIVAKKYEGDIKDFVDHENQRGLRTEVEVAEDT 46
RGP1 & YTPV’EBKQHG--RHIUIVRKKYEGDIKHFUDHKNDRGLRTEVKUAEDT 46
I ] I I | | 0 |
EGE 1 D"-I"l!'T]'.'lHGDLYHTPVFtI".L\FVRGRKFKEALRPHLTHKAQKGFYLD‘JH‘!‘TDEA 50
PrtP 1 DVYTDHGDLYNTPVRMLVVAGAKFKEALKEPWLTWEAQKGFYLDVHYTDEA 50

+
RGF2 47 A.SPVTAHAIDQFVvKQEYEKEGNDLTYVLLUGDHKBIPAKITPGIKSDQ‘J 95
RGPL 47 ASPVTANAIQOFV-EQEYEEEGNDLTYVLLVGDHEDIPAKITPGIKSDQV 95
I I [ || I} I
KGP 51 EVCTTHASIKAFIHKKYNDCLAASAAPVFLALVGDTDVISGEKGKKTEEV 100
PrtP 51 EVGTTHNASIKAFIHKEEYNDGLAASAAPVFLALVGDTDVISGEKGEEKTEERV 100
RGPZ 96 —n—YGQI‘U‘GHDHYHEUFIGRFSCEEKEDLKTDIDRTIHYERNITTEDK—N 141
RGP1 98 - - -YGQIVGNDHYNEVFIGRFSCESKEDLETQIDRTIHYERNITTEDK-W 141
[ 1 1 1 1 R (0 W OO 1 [ I N
KGP 101 TOLYYSAVDGDYFPEMYTFRMSASSFEELTNIIDEVLMYEK-ATMPDESY 145
PrtP 101 TDLYYSAVODGDYFPEMYTFRMSASSPEELTHIIDEVLMYEK-ATMPDESY 149
RGP2 142 LGQOALCIASAEGGFSADNGESDIQHENVIANLLTOQYGYTEIIKCYDPGVT 191
RGP1 142 LGQALCIASAEGGPSADNGESDIQHENVIANLLTQOQYGYTHKIIKCYDPGVT 191
I RS | I | g ) |
KGR 150 LEKALLIAGJ’LDSYHNPILIGQQTI—KYA‘L"QYYYHDDHGYTBUYSYPKHPYT 198
BPreP 150 LEKVLLIhGhDyEWNBqUGOpTI—KngQYYE’HQeHGYTDUYnY]KAPYT 138
* .
RGP2 152 PKNIIDAPNGGISLVH‘.I’TGHGSEThHGTSHPGTTH?KQLTHEHQLPFIFD 241
RGP1 152 PKNIIDHFHEGISL‘H"NYTG:I-iGSE"IILHGTSHFGTTHVKQLTHSHQLPFIFD 241
| L (I
KGP 159 GC‘:’SHL~—HTG‘U’GPANYTP.HGEETSHADPEUTATQVKALTHKNKTFLAIG 246
PreP 1599 GCYSHL——HTGUsPhNYTAHGSETaHADPl1Tt5Q1KhLTHKdK‘EFLAIG 248
-

RGP2Z 242 VAC\FNGI:IPLFSHPCF&EALHRLQRDGRPTGTV.&IIASTIdeHApPHRGQ 251
RED1I 242 vnTTNGDFL.FSMFEPREHLMREQKDGKPTGTvnIIASTIHstnspHRGu 291
I [ 11| I | |
KGP 247 NCCVTAQFDYPOPCFGEVMTRVEEKGAYAYIGSSPNSYWGEDYYWESVGAN 296
PrtP 247 NCCiTAQFDYVOPCFGEVIiTRVEEKGAYAYIGSSPNSYWOEDYYWSVGAN 296
RGP2 292 DEMN----- EILCEKHPNNIKRTFGGVTMNG-MPAMVEKYKED - - - - - = - 328
RGP1L 252 DEMN --=--EILCEKEHPHNIKRTFEBGVTMNG-MFAMVEKYKED - - ===~ = 328
! I
KGP 297 .F.‘U'FGVQPT!-"EGTSHGSYDATFLEDSYHT‘JHSIHHRGHL&&THAEHIGHUT 46
PreP 297 hvFGVQPTE‘EGTSHGSYIH\TFLEDSYNT‘LI'HSIHHhGHthTHAgNIGHiT 346

Fig. 1. Continued on next page
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dation, (ii) attenuation of host defense mechan-
isms, (iii) dysregulation of the proteolytic cas-
cades of blood coagulation, fibrinolysis and
complementactivation, (iv) release of iron from
iron transporting/sequestering proteins, (v)
exposing cryptotopes for bacterial attachment,
and (vi) providing essential amino acids and
small peptides for bacterial growth. Therefore,
it is no surprise that a strong correlation exists
between proteinase activity of P. gingivalis and
its virulence [41-44] but not until the present
the involvement of the single proteinase activ-
ity could be related to pathogenic potential of
P. gingivalis. Recently, however, se- veral
isogenic mutant strains of P. gingivalis deficient
in defined proteinases have become available
[39, 45, 46] and tested on animal models. Also,
the availability of highly purified, strictly
defined, individual enzymes for in vitro and in
vivo studies has made it possible to pinpoint
their destructive functions. From all these re-
cent studies it becomes clear that gingipains,
especially gingipains R, are the major virulence
factor of P. gingivalis and can play a pivotal role

in the pathogenesis of human periodontal dis-
eases.

Proteolytic processing of bacterial preproproteins

In addition to gingipains R and gingipain K,
at least two other P. gingivalis proteins, includ-
ing fimbrilin [47] and the 75-kDa major outer
membrane protein [48], are synthesized in a
precursor form maturation of which requires
processing at Arg-X peptide bonds. This im-
plies that an arginine-X proteinase(s) is in-
volved in this process, and it was suggested
that gingipain R takes part in the autoprocess-
ing of its initial preproprotein, as well as the
proform of KGP [8]. The construction of the
isogenic gingipain R deficient mutants with
either rgpA (rgpl) or rgpB (rgp2) or both rgpA
and rgpB genes disrupted [46] has allowed a
closer study of the processing of P. gingivalis
proproteins. In this way it was shown unequi-
vocally that gingipains R are involved in both
maturation and the assembly of fimbriae since
the RGP-null mutant possessed very few fim-
briae on the cell surface [49]. Similarly, in the

RGP2 329 ---GEnMLDTWTVFGDPSLLVRTLVPTeMQVTAPAnIsasaqgtfevVacCDY 375
RGPl 329 ---GEEMLDTWTVFGDPSLLVRTLVPTEMQVTAPAQINLTDASVNVECDY 375
I | i p
KGF 347 HIGAHKYYWEAYHVLGDGSVMPYRAMPETNTYTLPASLPONQASYSIQASA 3i9g
PrtP 347 HIGAHYYWEAYHVLGDGSVMPYRAMPETHNTYTLPASLPOQNQASYSIQASA 3856
RGPZ 376 HNGAIAT1SddGdMvGrtAiVk-dGkAilklnesiadeTnLTLTVVGYNEVT 424
RGP1L 376 NOAIATISANGEKMFGSAVVE-NGTATINLTGLTNEST-LTLTVVGYNKET 423
i1l | | I LE ] | | |
KGP 397 GESYVA-ISKDGVLYGTGVANASGVATVNMTHKQITENGNYDVVITRENYLP 445
PrtP 387 GEYVA-ISKDGVLYGTGVANASGVATVsMTEQITENGNYDVVITRSNYLP 445
RGP2Z 425 VIKdvkveGtsiadv-andkpyTvavsgkTitvesPaaglTifdmNgrRvy 473
RGP1 424 VIKTINTNGEPNPYQPVSNLTATTOGQEVTLEWDAPSTE-TNATTNTARS 472
Ll PO PEEv et ettt | I
KGP 446 VIEKQIOQOA-GEPSPYQPVSNHNLTATTOGORVTLEWDAPSAKKEAEGSREVERL 434
PrrP 446 VIKQIQv-GEPSPYQPVSNLTATTOCGOEVTLEWeAPSAKEKAEGSREVERI 494
RGF2 474 ataknrmvieagngvyavriategktytekvivk 507
RGPl 473 VDGIRELVLLSVSDAPELLR 492
| |
KGP 495 GDGLFVTIEPANDVR 509
PrtF 495 GDGLFVTIEPANDVR 509

Fig. 1. Alignment of the amino-acid sequence of the catalytic domain of gingipains R (RGP1 and RGP2)
and gingipain K from strain HG66 (KGP) and W12 (PrtP).

Residues in RGP2 and PrtP which are different than that in RGP1 and KGP, respectively, are in lower-case letters.
Residues identical in RGP1 and KGP structures are denoted by vertical line. Experimentally determined cysteine residue
and predicted histidine which apparently form enzymes catalytic dyad are marked with ». Two conservative variations
in RGP1 from strain W50 (Val/Ile and Val /Ala) [34, 36] in comparison to HG66 are marked with +.
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RGP-null mutant, but not in the single rgp mu-
tants, unprocessed, a higher molecular mass
torm of 75-kDa major outer membrane protein
was found. In both cases, proforms were pro-
cessed by cleavage of a long, N-terminal leader
peptide [47, 49]. Although the importance of
the 75-kDa antigen in P. gingivalis pathogenec-
ity is obscure, fimbriae are considered an im-
portant virulence factor involved in binding of
this organism to saliva-coated hydroxyapatite
[50], coaggregation with other bacteria [51-53]
and adherence to cultured gingival fibroblasts
and epithelial cells [54]. In this way, gingipains
R activity indirectly plays a crucial role in ex-
pression of virulence by P. gingivalis.

Dysregulation of the kallikrein/kinin pathways

Gingipains R were found to be a very potent
vascular permeability enhancement (VPE) fac-
tor of P. gingivalis, inducing this activity thro-
ugh plasma prekallikrein activation and sub-
sequent bradykinin release. Since this activity
was totally suppressed by anti-gingipain R
antibodies (anti-RGP2), and the proteinase spe-
cific inhibitor, leupeptin, in crude bacterial ex-
tracts, itis obvious that two gingipains R are the
only enzymes produced by P. gingivalis which
can trigger bradykinin release through prekal-
likrein activation [55]. Gingipain K by itself is
not able to induce VPE in human plasma, but
working in concert with gingipains R the pair
caninduce VPE by cleaving brad ykinin directly
from HMWK [56]. Thus, both gingipains are
important VPE factors responsible for gingival
crevicular fluid production at periodontitis
sites infected with P. gingivalis. In this way they
aid in the provision of a continuous supply of
nutrients important for bacterial growth and
virulence.

Hemagglutination, adhesion and fibrinogen de-
gradation

Adhesins and hemagglutinins from oral bac-
teria perform an important function in the col-
onization of target tissues and proliferation
within the oral cavity [57, 58]. The close associ-
ation between hemagglutinins/adhesinsand F.
gingivalis trypsin-like activity was first de-
scribed in the late eighties [59] but not until
recently was this phenomenon explained at the
structural level. Pike et al. [10] were the first to
show that two different high molecular mass
gingipains are, indeed, non-covalent com-

plexes of the proteinase domains with hemag-
glutinin(s). This assumption was later, unequi-
vocally, confirmed when gingipain genes were
cloned and sequenced [32, 34, 36-38], and it is
now apparent that gingipains are initially syn-
thesized as preproteins in which the hemagglu-
tinin/adhesin domain is confined to the
C-terminal part. After proteolytic processing
the complexes are expressed on the bacterial
cell surface where they constitute the major
hemagglutinin of P. gingivalis. This is in keeping
with the observation that RGP-null mutants have
also lost hemagglutinin activity [46].

Utilizing specific proteinase inhibitors, it was
found that hemagglutination by either of the
soluble proteinase-adhesin complexes could
occur independently of proteinase activity. Sig-
nificantly, low concentrations of fibrinogen, fi-
bronectin, and laminin inhibited hemagglu-
tination, indicating that ad herence to these pro-
teins was a primary property of the adhesin
activity component of complexes, and not he-
magglutination. Binding studies with gingipain
K and high molecular mass gingipain R suggest
that interaction with fibrinogen is a major func-
tion of the adhesion domain, with dissociation
constants for binding to fibrinogen being 4 and
8.5 nM, respectively. Specific association with
fibronectin and laminin was also found. All
bound proteins were degraded by the functional
proteinase domain, with HRGP being more ac-
tive on laminin and fibronectin and KGP more
effective in the digestion of fibrinogen [60]. Cu-
mulatively, these data suggest that HRGP and
KGF, acting as proteinase-adhesins, may pro-
gressively attach, degrade and detach from target
proteins significantly modifying interaction be-
tween host cells and P. gingivalis. Indeed, it was
shown recently that gingipain R can enhance
binding of fimbriae to cultured human fibro-
blasts and matrix proteins [61].

Dysregulation of plasma clot formation

Among the plasma proteins, fibrinogen ap-
pears to be the prominent target for gingipain
K. In vitro, and at nanomolar concentrations,
this enzyme digests the fibrinogen A chain
within minutes [60], thus rendering it non-clot-
table. In normal plasma, fibrinogen degrada-
tion is reflected by a prolongation of plasma
thrombin time, and gingipain K does exercisea
strong counteractive effect on plasma clotta-
bility at low nanomolar concentrations [62].
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Indeed, gingipain K is the most potent fibri-
nogenase described to date, and its presence
and unrestricted activity in periodontal poc-
kets would contribute to a bleeding tendency,
especially since it also efficiently degrades the
procoagulant portion of high molecular mass
kininogen [21]. The bleeding at periodontitis
sites is of major importance for P. gingivalis,
because it provides, through the release of
hemoglobin from erythrocytes, the richest
source of heme and iron.

Altering function of the complement system

The interactions of P. gingivalis with comple-
ment system have been studied intensively,
and attenuation of the complement-dependent
bactericidal activity due to degradation of C3,
C4, C5, factor B and factor D has been described
[63-66]. Such experiments were, however, per-
formed with whole bacterial cells and only re-
cently it was shown that gingipain R is the
major proteinase which affects the complement
system. Both C3 and C5 were found susceptible
to limited proteolysis by gingipain R. C3 was
converted ina stepwise manner to C3a-like and
C3b-like fragments with evidence of extensive
further degradation of the C3a-like portion of
the molecule, and no C3a activity could be
measured. In contrast, proteolysisof C5 led to the
release of C5a or a C5a-like fragment that was
biologically active for neutrophil activation [67].
The release of proinflaimmatory C5a-like frag-
ments was further augmented if C5 was oxidized
prior to proteinase digestion. In this condition,
which may likely occur atinflammatory sites, not
only was gingipain R more potent, but also gin-
gipain K became efficient in releasing the active
fragment from oxidized C5 [68]. These data sug-
gest a recruiting mechanism for attracting neu-
trophils to the gingival lesion site in periodontal
disease which may be responsible for the massive
accumulation of neutrophils in inflamed perio-
dontal tissue.

Survival of P. gingivalis in a sea of neutrophils

The ability of P. gingivalis to induce neutrophil
accumulation at sites of infection in the pre-
sence of a normal humoral immune response
[69], only superficially seems suicidal. P. gingi-
valis is very well equipped to resist phagocy-
tosis [70-73] and beside having structural
countermeasures, including a polysaccharide
capsule [74] and surface fimbriae [51], prote-

olytic activity elaborated by this bacterium
plays a major role in this resistance. In one line
of defense against phagocytosis bacterial pro-
teinases degrade immunoglobulins and C3,
avoiding in this way opsonization [75, 76].
While it is almost certain that gingipain R is
responsible for C3 destruction [67], a serine
proteinase is involved in IgG degradation [75].
The second line of defense depends on prote-
olytic modification of the neutrophil surface. It
was shown that P. gingivalis contains at least
two enzymes capable of cleaving the C5a recep-
tor (C5aR; CD88), gingipain K and a second
nontryptic serine proteinase associated with
vesicles that is distinct from either gingipain K
or R [77). Presently, the relationship between
serine proteinases cleaving IgG and C5aR is
unknown, but the results obtained indicate for
the first time that a proteinase other than gingi-
pains may be involved in the evasion of host
defenses by P. gingivalis.

Destruction of receptors to pro-inflammatory
factors suchas C3a and C5a by bacterial protei-
nases may eliminate the ability of these and
other mediators to carry out their anti-bacterial
actions and, thereby, limit host defense mech-
anisms in response to the infecting bacteria. In
the case of P. gingivalis the situation is particu-
larly unusual because once the gingipains ge-
nerate potent, plasma-derived inflaimmatory
factors that can enhance edema and deliver
essental nutrients to the bacteria, these and
other proteinases on shed vesicles may destroy
the cellular receptors on attracted phagocytic
cells. These receptors transmit the signal activa-
tion mechanisms in the infiltrating cells that
elicit bacterial killing. If, however, these cells
encounter shed vesicles at a distance remote
from the bacteria, receptors would be cleaved,
leaving such phagocytes to degranulate (releas-
ing powerful hydrolytic enzymes) and die,
without ever actually attacking the target bac-
teria. It is this series of events which might
explain the ability of P. gingivalis and other
periodontopathogens to persist and flourish in
gingival tissue.
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