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Inhibitory effect of green tea
catechins on cysteine proteinases
In Porphyromonas gingivalis
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Inhibitory effect of green tea catechins on cysteine proteinases in Porphyromonas

gingivalis.
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The purpose of this study was to examine the effects of catechins and their
derivatives on the activities of Arg-gingipain (Rgp) and Lys-gingipain (Kgp) in
Porphyromonas gingivalis. Catechin derivatives, which included (—)-epigallocatechin
gallate, (—)-epicatechin gallate, (—)-gallocatechin gallate, and (—)-catechin gallate,
significantly inhibited the Rgp activity. The 50% inhibitory concentrations (IC50s)
of these catechin derivatives for Rgp ranged from 3 to 5 wM. While (—)-epigallocatechin
and (—)-gallocatechin moderately inhibited Rgp activity (IC50s, 20 uM),

(—) -epicatechin, (4)-catechin, and gallic acid were not effective, with IC50s greater
than 300 wM. Further, some of the catechin derivatives tested also inhibited the

Kgp activity, though to a lesser extent than inhibition of the Rgp activity. These findings
suggest that green tea catechins may have the potential to reduce periodontal
breakdown resulting from the potent proteinase activity of P. gingivalis.
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Porphyromonas gingivalis, a gram-nega-
tive anaerobe, has been implicated as a
major periodontopathic organism, due in
part to its frequent recovery from period-
ontal lesions (22, 25) and the possession of
potent virulence factors (6, 16). Among
these virulent factors, cysteine proteinases,
which include Arg-gingipain (Rgp) and
Lys-gingipain (Kgp), are regarded as
important virulence determinants, as
demonstrated by various in vitro assays
(1, 2, 12, 15, 27) and testing in murine
abscess models (3, 9, 20). Kgp and Rgp
cause the development of edema, neutro-
phil infiltration, and bleeding followed by
karikrein/kinin pathway activation, com-
plement pathway activation, and degrada-
tion of fibrinogen (9, 27). Further, the
enzymes disrupt polymorphonuclear leu-
kocyte functions, as shown by their inhi-
bitory effects on the generation of active
oxygen species from the activated cells
(11). Therefore, in view of the potential
of these enzymes to cause periodontal

inflammation, it has been suggested that
gingipains could be targets for drug- or
vaccine-based treatment strategies. For
example, gingipain-specific inhibitors could
control adult periodontitis caused by
P. gingivalis infection (4, 13, 14, 18,
19, 28).

There have been reports showing that
the (—)-epigallocatechin gallate (EGCg),
which is a predominant component of
Japanese green tea catechins, exhibited a
number of inhibitory effects on bacteria,
tumor cells, and the host’s immune sys-
tems. The bactericidal effects of tea cate-
chins on pathogenic bacteria, such as
Escherichia coli O157-H7 (26), Helico-
bacter pylori (17), and methicillin-resis-
tant Staphylococcus aureus (29), were
demonstrated by their ability i) to damage
the bacterial lipid bilayer (8), ii) to inhibit
bacterial enzymatic activities, and iii) to
bind directly to peptidoglycan, as observed
with beta lactams. The tea catechin is also
capable of inhibiting collagenase activity

associated with P. gingivalis (23). Recently,
we have reported that EGCg and its deri-
vative inhibit protein—tyrosine phospha-
tase activity in Prevotella intermedia, a
putative periodontopathic organism (21).
The purpose of this study was to investi-
gate the effects of the EGCg and its deri-
vatives from Japanese green tea on the
activities of Rgp and Kgp in P. gingivalis.

The strains used in this study were P.
gingivalis KDP129, a Kgp deficient mutant,
and KDP133, an Rgp-deficient mutant, as
previously described (24). Strain KDP129
was used as the source of Rgp and mutant
strain KDP133 as the source of crude Kgp.
P. gingivalis was maintained on Brucella
HK agar supplemented with 5% laked
sheep blood in an atmosphere of 80% N,
10% CO,, and 10% H, at 37C. For the
extraction of the enzymes, bacteria were
cultured for 2 days in a brain-heart infu-
sion broth supplemented with 0.5% yeast
extract, 0.05% cysteine-HCI, 5 pg/ml of
hemin, and 1 ng/ml of menadione under



the anaerobic conditions as described
above. The cell-free culture supernatants
were obtained by centrifugation of bacter-
ial suspensions at 10,000 x g for 20 min at
4°C. Ammonium sulfate was added to
culture supernatants until 70% saturation.
The precipitated proteins were collected by
centrifugation at 10,000 x g for 20 min,
resuspended in 10mM Tris buffer, pH
7.6, containing 0.05% Briji 35, and dia-
lysed against the same buffer at 4°C over-
night. This was used as the source of
enzymes for the following studies.

A colorimetric assay was used for deter-
mining the effects of catechins on the
activities of Rgp and Kgp. Benzoyl-argi-
nine-p-nitroanilide (Sigma Chemical Co.,
St. Louis, MO) and tosyl-glycine-proline-
lysine-p-nitroanilide (Sigma Chemical
Co.) in 80 pl of 0.1 M Tris-HCI (pH 7.6)
containing 1 mM cysteine, were used as the
substrate (final concentration, 0.2 mM) for
Rgp and Kgp, respectively. The substrate
was dispensed into the wells of a 96-well
microtiter plate. Crude enzyme extracts
(10 nl) and different concentrations of
catechins were added to the substrate
and incubated at 37°C for 10min. Final
concentrations of catechins in the assay
ranged from 0.3 to 300 wM. The absorption
at the wavelength of 405nm was deter-
mined by a multiwell microtiter plate
reader (Labsystems Multiskan Multisoft,
Labsystems, Finland). The inhibition of
cysteine proteinase activity of the samples
incubated in the presence of catechins was
expressed as a percent of the activity
exhibited by the enzyme incubated with
the substrate alone.

The tea catechins used in this study,
which included EGCg, epicatechin gallate
(ECg), epigallocatechin (EGC) and epica-
techin (EC), (—)-gallocatechin gallate
(GCg), catechin gallate (Cg), gallocatechin
(GC) and (+)-catechin (C), were pur-
chased from Kurita Industries (Tokyo,
Japan). Gallic acid was obtained from
Sigma Chemical Co. (Fig. 1).

The effect of catechins on the Rgp
activity was shown in Fig.2. Catechin
derivatives, which included EGCg, ECg,
GCg, and Cg, significantly inhibited the
Rgp activity. The 50% inhibitory concen-
trations (IC50s) of these catechin deriva-
tives for the Rgp ranged from 3 to 5 uM.
While EGC and GC moderately inhibited
against the Rgp activity (IC50s, 20 uMm),
EC, C, and gallic acid were not effective,
with the IC50s determined to be greater
than 300 wM. Further, the effect of cate-
chins on the Kgp activity was shown in
Fig.3. Some of the catechin derivatives
tested inhibited the Kgp activity of
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Fig. 1. Chemical structures of Japanese green
tea catechins.

P. gingivalis, though to lesser extents as
compared to their inhibition of the Rgp
activity.

The results collectively suggest that
some tea catechin derivatives exhibited
inhibitory activity against Rgp and to les-
ser extents against Kgp of P. gingivalis.
The observation that only tea catechin
derivatives containing the galloyl moiety
inhibited Rgp and Kgp activities suggests
that the inhibitory effect observed is attri-
butable to the presence of the galloyl moi-
ety, which is linked to the 3-OH of the
catechin or epicatechin moiety (Fig. 1).

Tetracycline, doxycycline, and chlor-
hexidine strongly inhibit the collagenase
activity (5) of P. gingivalis, resulting in the
reduction of the severity and progression
of periodontal disease in animal models
and humans. Our data also suggest that tea
catechins were effective in inhibiting the
enzymatic activities of P. gingivalis in a

on the Rgp activity. Eighty pl of benzoyl-argi-
nine-p-nitroanilide  p-nitrophenyl phosphate
(final concentration 0.2 mMm) in 0.1 M Tris-HCl
(pH 7.6) containing 1 mM cysteine, and 10 .l of
various concentration of catechins were mixed
with 10 ul enzyme in the 96-well microtiter
plate, and then incubated at 37°C for 10 min.
Values are expressed as mean residual activities
(%) £sd to that of the control (without the
addition of catechins) from three experiments
consisting of trplicate samples.

manner similar to that of chlorhexidine,
doxycycline, and non-antimicrobial che-
mically modified tetracycle derivatives.
The effective inhibitory concentrations
exhibited by tea catechins were consistent
with the observation that tetracycline, at
100 uM, totally inhibits the amidolytic
activity of arginine-specific gingipains
(RgpA and RgpB) (7, 10). Similarly, both
tea catechins and tetracycline inhibited
Kgp less efficiently, and higher concentra-
tions of these agents are needed to achieve
the similar inhibitory effect as seen against
Rgp. Our findings suggest that green tea
catechins might be useful in reducing
periodontal tissue destruction by interfering
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Fig. 3. Effects of EGCg, EGC, ECg, EC (Figure
3A) GCg, GC, Cg, C and gallic acid (Figure 3B)
on the Kgp activity. Materials and methods were
the same as Fig. 2, except for the use of tosyl-
glycine-proline-lysine-p-nitroanilide as the sub-
strate.

with the potent protease activity of P.
gingivalis.
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