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(K) of the modified and native inhibitors from
complexes with cathepsin B were determined
to be 5.0 nM and 0.27 nM, respectively; there-
fore, the modified inhibitor had a 20-fold lower
affinity for the proteinase.

INTERACTION BETWEEN GCF COMPONENTS AND

A ( A ) CYSTATIN C
To investigate the net effect of proteinases and

A A their inhibitors in GCF on cystatin C, two
GCF samples were supplemented with cystatin

A) C at 0.5 mg/ml and incubated at 37°C. The
added cystatin C was converted rapidly to a
form with altered electrophoretic mobility
(with to05 for the disappearance of native cysta-
tin C of approximately two hours). N-terminal
sequencing of the modified gel band gave the
single sequence Gly-Gly-Pro-Met-Asn- for

( A ) both samples. The Vall 0-bond cleavage giving
d by enzymes from periodontopathic

rise to this modified form of cystatin C is char-

shown, with amino acid residues indicated acteristic of neutrophil elastase,6 which is
h positively charged side chains are abundant in GCF.'6 Neutrophil elastase cleav-
zte directly in binding to the target enzyme, age of cystatin C results in a 350-fold decreased
aved by the different bacterial strains in cathepsin B affinity of cystatin C, rendering the
are marked with arrows, with parentheses
^leavage points. Pi, Prevotella intermedia; inhibitor inactive at physiological concen-
rival crevicular fluid preincubated with a, trations.6

To verify that the GCF mediated cleavage of

0 2 5 10 30 m n cystatin C was due to the activity of neutrophil
elastase, and to investigate if additional cleav-
ages of more N-terminal cystatin C bonds by
GCF components were masked by the VallO-
bond cleavage, GCF samples were preincu-

_"*_ _ bated with a, proteinase inhibitor (1 mg/ml).
W When the pretreated GCF was incubated with

cystatin C, the rapid cystatin C cleavage seen
previously was absent. However, after pro-
longed incubation (24 hours at 37°C), 30% of

e course experiment for the modification of the added cystatin C displayed altered gel
olated 50 kDa gingipain R. A mixture of mobility. Sequencing of the modified cystatin
isolated gingipain R, at a molar ratio of C gave a uniqeNtria eunesatnibated at 37'C and pH 7.4. Samples were ique N-terminal sequence starting
,rent periods of time and analysed by sodium at residue Leu9 (fig 3), thus demonstrating that
e-polyacrylamide gel electrophoresis. The an additional cystatin C degrading enzyme
molecular size markers are given on the with Arg-Xaa bond specificity was present in

the GCF. It was probably gingipain R because
)F P GINGIVALIS MODIFIED the Arg8-Leu9 peptide bond cleavage was not

seen in a parallel incubation mixture in which
of 2 mg cystatin C was incubated the reducing agent (10 mM cysteine) had been
of a lyophilised P gingivalis omitted and, therefore, the action of host

extract for three hours, after which Arg-Xaa specific serine proteinases could be
statin C could be detected by aga- ruled out. Supporting this, activity of gingipain
trophoresis of the sample. The ini- R has been detected in GCF and its activity has
I modified cystatin C (band A in fig been correlated with the presence of Pgingiva-
ted to a purity of at least 95% as lis in subgingival plaques.42

judged by electrophoresis. It had an approxi-
mate Mr according to gel chromatography on
Superose 12 of 13 300 . Native cystatin C
eluted from the same column at a volume cor-
responding to an Mr of 13 700. SDS-PAGE
with reducing or non-reducing conditions gave
Mr estimations for the modified and native
cystatin C of 14 500 and 15 300, respectively.
N-terminal sequencing and amino acid analy-
sis were consistent with the modified cystatin C
being devoid of the Serl-Arg8 octapeptide.
The isolated modified cystatin C was used

for inhibition studies. It was 37% active as an
inhibitor of papain under titrating conditions,
compared with an activity of 58% obtained for
parallel analysis of native recombinant cystatin
C. The equilibrium constants for dissociation

Discussion
In the present investigation we have demon-
strated that the periodontopathic bacteria, P
gingivalis and P intermedia, contain and secrete
cysteine proteinases that are not inhibited by
the major human inhibitor of papain-like
enzymes, cystatin C. Instead, the bacterial
enzymes modify cystatin C by catalysing the
cleavage of bonds in the N-terminal inhibitor
segment. This segment has been shown to
constitute one discrete binding region invoved
in the interaction with target enzymes like
cathepsins B, H, L, and s.8 The remaining tar-
get proteinase binding area is built from two
hairpin loops formed by the more C-terminal
cystatin C segments Gln55-Gly59 and
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Pro I 05-Trp 106.9 '0The amino acid residues in
the N-terminal segment that are responsible
for the enzyme binding, and generally make the
largest contribution to the binding energy, are
Leu 9 and Val 10.8 But in the case of cathepsin
B inhibition, a significant affinity contribution
to the cystatin C-cathepsin B interaction by the
side chain of Arg8 has also been demonstrated
by both studies of peptidyl diazomethanes
based on the N-terminal sequence of cystatin
C43 and in vitro mutated cystatin C variants.8
Although of much less significance than the
interaction mediated by the side chain of
Vall 0, the Arg8 contribution to cathepsin B
binding appears to be physiologically impor-
tant. Cystatin C is the human cystatin with the
highest affinity for cathepsin B, but the K, of
the wild-type cystatin C for cathepsin B inhibi-
tion is on the border of that required for com-
plete inhibition by a reversible inhibitor in
vivo."4" Hence, smaller contributions to the
inhibitor affinity for this enzyme should also be
deemed significant. The major cystatin C
cleavage observed after interaction with P gin-
givalis is at the bond Arg8-Leu9, thus, the
N-terminal octapeptide of the inhibitor includ-
ing residue Arg8 is lost. Functional characteri-
sation of the thereby modified cystatin revealed
that the modification resulted in a 20-fold
decreased affinity for cathepsin B, with a K, for
cathepsin B inhibition by the modified cystatin
C of 5 nM. This is of the same order as the
cystatin C concentration we measured in
gingival crevicular fluid (15 nM). Thus, the
cystatin C inhibition of cathepsin B is impeded
owing to the P gingivalis interaction. As a
result, cathepsin B probably contributes to the
tissue destruction at the sites of inflammation
in periodontitis.
The ability of Pgingivalis to cleave cystatin C

was due predominantly to the presence of gin-
gipain R; however, two of five tested strains
exerted proteolytic activity also able to split the
inhibitor after VallO. Such a cleavage has a
more pathological significance because it
renders cystatin C physiologically inactive
against cathepsins L and H as well as cathepsin
B.6 Also, this result indicates that in addition to
gingipains R and K other proteolytic enzymes
are also produced by Pgingivalis. Enzymes with
substrate specificities corresponding to the
additional cystatin C cleavages observed have
not yet been purified, although the presence of
two genes encoding distinct candidate cysteine
proteinases have been reported.45 46

It is known that P intermedia is able to
degrade immunoglobulins,47 fibronectin,48 and
some other plasma proteins,49 but regarding the
characterisation of its proteinases, P intermedia
still remains terra incognita. The main P inter-
media cystatin C cleavage sites reported here,
although probably without affect on inhibitor
activity, shed some light on the specificity of
enzymes produced by this bacterium and
might facilitate their future purification.
The presence of cystatin C in GCF has been

determined using an immunochemical tech-
nique (this report) or by the inhibition of
papain'0; both methods detect cystatin C
regardless of physiological ability to control its

target lysosomal cysteine proteinases. How-
ever, many recent reports have described high
levels of fully active neutrophil elastase in
GCF'6 and have indicated that the local
concentration of its primary inhibitor, a,
proteinase inhibitor, is too low for efficient
neutrophil elastase control." "2 Therefore, it is
very unlikely that cystatin C, in such a highly
proteolytic environment, can preserve its in-
hibitory activity, especially because our present
data demonstrate that native cystatin C added
to GCF samples was converted promptly to a
physiologically inert species lacking the first 10
amino acids residues of the N-terminal protein
segment. Inability of the modified cystatin C to
inhibit its target proteinases explains the
presence of proteolytically active cathepsins B,
H, and L measured in both GCF'6 "' and gingi-
val tissue.'4 Inactivation of cystatin C in
periodontitis lesions might have a profound
pathological consequence because it is well
established that lysosomal cysteine proteinases
are involved in bone resorption"5 and that their
inhibitors suppress this process in several mod-
els, including isolated osteoclasts cultured on
calcified surfaces.'6
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