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Cell-associated alkaline phosphatase (ALPase) of Bacteroides gingivalis 381 was found in the outer part of the
periplasmic space by using an ultracytochemical procedure. Cell-associated ALPase was solubilized by
extraction with 1% Triton X-100, and the solubilized enzyme was purified 904-fold with 5.6% recovery by
using affinity column chromatography for mammalian intestinal-form ALPase. The purified enzyme gave a
single protein band that corresponded to the enzyme activity band on polyacrylamide gel electrophoresis
preparations. A single protein band at a molecular weight of 61,000 was observed on sodium dodecyl
sulfate-polyacrylamide gel electrophoresis preparations. The molecular weight of the native enzyme was
estimated to be 130,000 by gel ifitration with TSK-gel G3000SW. These findings indicate that B. gingivalis
ALPase is a homodimer. The optimal pH of the enzyme was between 9.1 and 9.3 in the absence of divalent
metal ions and was between 10.1 and 10.3 in the presence of manganese or zinc ions. The apparent Km for
p-nitrophenylphosphate was 0.037 ± 0.003 mM (mean ± standard deviation) at pH 9.2 in the absence of
divalent metal ions and 0.22 ± 0.02 mM at pH 10.2 in the presence of 1 mM manganese ions. Under both of
the conditions described above, the purified enzyme was able to hydrolyze casein and O-phosphoserine,
suggesting that B. gingivalis ALPase can act as a phosphoprotein phosphatase. ALPase that immunologically
cross-reacted with the purified enzyme was found in the extracellular soluble fraction. This means that ALPase
is released from the periplasmic space into the culture supernatant as a soluble form.

Bacteroides species are frequently detected in the micro-
flora of patients with several types of periodontitis (21, 23,
31, 36), and Bacteroides gingivalis in particular is thought to
be one of the most important etiological agents of adult
periodontitis in humans (24, 28, 32). Some animal experi-
ments have confirmed the pathogenicity of this organism (10,
11, 17, 34), and identification of many virulence factors, such
as some kinds of proteases (7, 27, 33) and hemagglutinin (26),
from the bacterial cells or their supernatants and character-
ization of these factors have been achieved. B. gingivalis is
known to have high alkaline phosphatase (ALPase) activities
(14, 29) in addition to the virulence factors described above.
A previous report clarified that most ALPase activity takes
place in a cell-associated form and that some ALPase
activity is released into the culture medium associated with
extracellular vesicles and as a soluble form (20). However,
many enzymological properties of these ALPases are still
unknown.

In this study, we purified cell-associated ALPase from B.
gingivalis 381 and characterized this enzyme. In addition,
we prepared an antiserum against the purified enzyme and
compared the immunological properties of the purified en-
zyme and the soluble ALPase in the extracellular fraction.

MATERIALS AND METHODS
Bacterial strain and culture conditions. B. gingivalis 381

was kindly provided by T. Koga, The National Institute of
Health, Tokyo, Japan. The organism was grown anaerobi-
cally in a tryptic soy broth medium (Difco Laboratories,
Detroit, Mich.) containing yeast extract (5 g/liter; BBL
Microbiology Systems, Cockeysville, Md.), menadione (1

* Corresponding author.

,ug/ml), and hemin (0.5 or 5 ,ug/ml); this medium was
designated medium A.
Enzyme assay. ALPase activity was assayed at 37°C by

using 5 mM p-nitrophenylphosphate (p-NPP) as a substrate
in 0.1 M glycine-NaOH buffer (pH 9.2); 1 U of enzyme
activity corresponded to 1 p,mol of substrate hydrolyzed per
min at 37°C, as described previously (25). All values for
enzyme activity given below are the means of three replicate
determinations. The effects of various divalent metal ions on
enzyme activity were examined by using 0.1 M glycine-
NaOH buffer (pH 8.5 to 11.7) containing 5 mM p-NPP and 1
mM MnCl2, 1 mM Zn(COOH)2, 1 mM MgCl2, 1 mM CuCl2,
or 1 mM CaCl2. The optimal pH was determined by using 0.1
M acetate buffer (pH 5.0 to 6.5), 0.1 M Tris hydrochloride
buffer (pH 6.5 to 8.5), and 0.1 M glycine-NaOH buffer (pH
8.5 to 11.7) with or without 1 mM MnCl2.
The phosphatase activities of the enzyme were examined

by using the following esters: p-NPP, 0-glycerophosphate,
D-glucose 6-phosphate, a-naphthylphosphate, ATP, pyri-
doxal 5'-phosphate, O-phosphoserine, PPi, and casein. The
assay solutions were 0.1 M glycine-NaOH buffer (pH 9.2)
and 0.1 M glycine-NaOH buffer (pH 10.2) containing 1 mM
MnCl2. The amount of free phosphate released was esti-
mated by using the method of Fiske and Subbarow (5).

Culture fraction preparation. Bacterial cell, extracellular
vesicle, and extracellular soluble fractions were obtained by
using the method of Minhas and Greenman (20).

Ultracytochemical procedure. After cultivation in medium
A containing 0.5 or 5 ,ug of hemin per ml, bacterial cells and
extracellular vesicles were obtained as described previously
(20) and were washed twice with 0.1 M Tris hydrochloride
buffer (pH 7.5) containing 0.15 M NaCl (TBS buffer). The
washed cells were incubated for 5 min in a modification of
the reaction mixture of Mayahara et al. (16) (50 mM Tris
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hydrochloride buffer [pH 9.0] containing 5 mM p-NPP as a
substrate, 8% sucrose, and 5 mM lead citrate). Cells incu-
bated in the medium without a substrate were used as a
control. After incubation, the cells were washed twice with
TBS buffer, fixed with a mixture containing 2% para-form-
aldehyde and 2.5% glutaraldehyde in 0.1 M cacodylate buffer
(pH 7.2) for 2 h, and postfixed with 2% osmium tetroxide for
2 h. The postfixed cells were washed with 0.1 M cacodylate
buffer (pH 7.4), and 1.5% agar was added to the washed
cells. The agar cores were dehydrated in a graded series of
ethanol, passed through propylene oxide, and embedded in
epoxy resin. Ultrathin sections obtained from the embedded
block were examined, with or without additional staining
with uranyl acetate and lead citrate, by using a model
JEOL-1OOC electron microscope. Extracellular vesicles
were examined by using the ultracytochemical procedure
described above.

Solubilization of ALPase from bacterial cells. Bacterial cells
grown in medium A containing 0.5 ,ug of hemin per ml were
obtained by centrifugation. The cells were washed twice
with TBS buffer and suspended in 50 mM Tris hydrochloride
buffer (pH 8.4) containing 2 M KCI; 0.01, 0.1, or 1% Triton
X-100; or both 2 M KCI and 1% Triton X-100. After each
suspension was stirred at room temperature for 30 min, the
supematant was collected by centrifugation at 15,000 x g for
20 min. The EDTA-osmotic shock procedure and lysozyme
treatment with 0.2 M MgCl2 or 1 mM EDTA were carried out
as described previously (4, 15, 22). Supernatants and peri-
plasmic fractions obtained by using the procedures de-
scribed above were used as extract preparations for proce-
dures.

Purification of ALPase. All purification procedures were
carried out at 4°C. Bacterial cells (20 g) grown in medium A
containing 0.5 ,g of hemin per ml were harvested from an
8-liter culture of B. gingivalis 381 by centrifugation at 10,000
x g for 20 min. The cells were washed twice with TBS buffer
and suspended in 50 mM Tris hydrochloride buffer (pH 8.4)
containing 1% Triton X-100 and the following three protease
inhibitors: leupeptine (5 ,ug/ml), antipain (5 ,ug/ml), and
phenylmethylsulfonyl fluoride (1 mM). All of the purification
procedures described below were carried out in the presence
of these three protease inhibitors. The suspension was
centrifuged at 100,000 x g for 40 min, and the supernatant
was collected as the crude enzyme extract. The crude
enzyme extract was applied to a DEAE-cellulose column (6
by 20 cm) that was equilibrated with 50 mM Tris hydrochlo-
ride buffer (pH 8.4). The column was washed with the
equilibration buffer until no A280 was detected in the effluent,
and then the column was eluted with a linear 0 to 0.2 M NaCl
gradient in 2 liters of the same buffer. The effluent was
collected in 20-ml fractions. The ALPase-active fractions
(fractions 40 to 50) were pooled and concentrated to a
volume of 20 ml by ultrafiltration. The concentrated enzyme
solution was applied to a hydroxylapatite column (1.6 by 16
cm) that was equilibrated with 5 mM potassium phosphate
buffer (pH 8.4). The column was washed with the equilibra-
tion buffer until no A280 was detected in the effluent, and then
the column was eluted with 400 ml of a linear 5 to 200 mM
potassium phosphate buffer (pH 8.4) gradient. The effluent
was collected in 10-ml fractions, and the enzyme-active
fractions (fractions 14 to 22) were pooled and concentrated
to a volume of 12 ml by ultrafiltration. Ammonium sulfate
was added to the concentrated enzyme solution to 30%o
saturation, and then the enzyme solution was applied to a
Butyl-Toyopearl (TOSOH, Tokyo, Japan) column (1.0 by
8.0 cm) that was equilibrated with 50 mM Tris hydrochloride

buffer (pH 8.4) containing ammonium sulfate at 30% satura-
tion. The column was washed with the equilibration buffer
until no A2, was detected in the effluent, and then the
column was eluted with a linear gradient of ammonium
sulfate at 30 to 0o saturation in the same buffer. The effluent
was collected in 10-ml fractions, and the enzyme-active
fractions (fractions 15 to 18) were pooled. The enzyme
solution was concentrated to a volume of 2 ml and dialyzed
against 50 mM Tris hydrochloride buffer (pH 8.4) by using a
centrifugal concentrator (model Centricon 30; Amicon
Corp., Lexington, Mass.). The enzyme was further purified
by using affinity chromatography for mammalian intestinal-
form ALPase. The affinity column, which contained a
tyraminyl-Sepharose derivative coupled to the diazonium
salt derived from a 4-(p-aminophenylazo)phenylarsonic acid
column, was prepared by using the method of Brenna et al.
(3). The enzyme solution was applied to the affinity column
(1.6 by 8 cm), which was equilibrated with 50 mM Tris
hydrochloride buffer (pH 8.4) containing 0.25 M NaCl, and
the unbound protein was washed from the column with the
equilibration buffer. Finally, the enzyme was eluted with 300
ml of a linear 0 to 100 mM phosphate gradient in the same
buffer. The effluent was collected in 10-ml fractions, and the
enzyme-active fractions (fractions 5 to 8) were pooled. The
purified enzyme solution was concentrated to a volume of 1
ml and dialyzed against 50 mM Tris hydrochloride buffer (pH
8.4).

Preparation of antiserum against the purified ALPase.
ALPase that was purified as described above was subjected
to sodium dodecyl sulfate (SDS)-polyacrylamide gel electro-
phoresis (PAGE), and a protein that corresponded to the
major band was extracted electrically. An antiserum against
the extracted protein was prepared as described previously
(35), and a control serum was obtained by bleeding the rabbit
prior to immunization.
The ALPase in the extracellular soluble fraction was

partially purified by salting it out with ammonium sulfate at
80o saturation and DEAE-cellulose column chromnatogra-
phy. The enzyme-active fractions from DEAE-cellulose
column chromatography were concentrated, and the result-
ing concentrated solution was used as the extracellular
soluble ALPase.

Determination of the molecular weight of the purified en-
zyme. The molecular weight of the purified enzyme was
estimated by high-performance liquid chromatography in
which we used a TSK-gel G3000SW column (TOSOH) and
50 mM Tris hydrochloride buffer (pH 8.4) containing 0.2 M
NaCl. The molecular weight standards used were cy-
tochrome c (molecular weight, 12,400), adenylate kinase
(32,000), enolase (67,000), lactate dehydrogenase (142,000),
and glutamate dehydrogenase (290,000).
Amino acid analysis. The purified enzyme was dialyzed

against distilled water and then hydrolyzed in 6 M HCI at
110°C for 22 h. The amino acid analysis was performed with
a model 835 amino acid analyzer (Hitachi Ltd., Tokyo,
Japan).

Other procedures. PAGE and isoelectric focusing were
performed by using the PhastSystem (Pharmacia LKB Bio-
technology, Uppsala, Sweden) with PhastGel Homogeneous
12.5 and PhastGel IEF3-9 (Pharmacia LKB Biotechnology).
ALPase activity was detected after PAGE, isoelectric focus-
ing, and immunodiffusion analysis by incubating gels in 0.1
M Tris hydrochloride buffer (pH 9.0) containing 0.2 mg of
a-naphthylphosphate per ml and 1 mg offast violet B salt per
ml, as described previously (9). SDS-PAGE was performed
by using the method of Laemmli (13). Protein determinations
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FIG. 1. Localization of ALPase in cells and extracellular vesicles of B. gingivalis 381 grown in medium A containing 0.5 ,ug of hemin per
ml by using ultracytochemistry. (A) Bacterial cell. Magnification, x97,000. (B) Extracellular vesicles. Magnification, x 100,000. Details of the
procedures which we used are described in the text.

in the presence of Triton X-100 were carried out by using the
method of Smith et al. (30), and protein determinations in the
absence of Triton X-100 were carried out by using the
method of Bradford (2), with bovine serum albumin as a
standard. Double immunodiffusion and Western blot analy-
ses and preparation of water-insoluble glucan synthase
(GTF-Id) and antiserum against GTF-Id were carried out as
described previously (34).

RESULTS
Most of the ALPase activity of B. gingivalis 381 in

log-phase growth was found in the cell-associated form, but
6 and 5% of the enzyme activity were found in the extracel-
lular vesicle and extracellular soluble fractions, respectively.
No significant differences in enzyme distribution were ob-
served with the two nutrition conditions which we used (0.5
and 5 ,ug of hemin per ml). Figure 1 shows the localization of
ALPase in bacterial cells and extracellular vesicles of the
bacterium grown in the presence of 0.5 jig of hemin per ml.
Deposition of lead phosphate was clearly confined to the
outer part of the periplasmic space between the cytoplasmic
membrane and the outer membrane; lead phosphate was also
found inside extracellular vesicles. B. gingivalis 381 grown
in the presence of 5 ,ug of hemin per ml showed the same
ultrastructural localization of ALPase.
Of all of the procedures described above, treatment with

1% Triton X-100 was the most effective method for solubi-
lization of ALPase from bacterial cells. The purification of
ALPase from Triton X-100 extracts is summarized in Table
1. The enzyme was purified 904-fold from Triton X-100

extracts with 5.6% recovery, and the purified enzyme had a
specific activity of 160 U/mg. The purified enzyme produced
a single protein band that corresponded to ALPase activity
on PAGE gels, and SDS-PAGE yielded a single protein band
at a molecular weight of 61,000 (Fig. 2). The enzyme gave a
broad protein band that corresponded to the ALPase activity
in isoelectric focusing, and the pl of the enzyme ranged from
pH 5.1 to 6.1 (data not shown). The molecular weight of the
enzyme was estimated to be 130,000 by high-performance
liquid chromatography with TSK-gel G3000SW. Although
the enzyme was completely inhibited by the addition of 0.1
mM EDTA, enzyme activity was restored when 0.2 mM
Zn2+ was added, and a higher level of activity was restored
when 0.2 mM Mn2+ was added. The other divalent metal
ions had slight effects on the restoration of the enzyme
activity. In the absence of divalent metal ions, the optimal

TABLE 1. Purification of ALPase from B. gingivalis 381

Total Total Sp act YieldPui-
Step activity protein cation

(U) (mg) (Um) ()(fold)

Triton X-100 extract 205 1,160 0.177 100 1
DEAE-cellulose 130 55.0 2.36 63.4 13.3
chromatography

Hydroxylapatite 67.1 4.86 13.8 32.7 78.0
chromatography

Butyl-Toyoperal 41.2 0.777 53.0 20.1 299
chromatography

Affinity chromatogra- 11.5 0.072 160 5.6 904
phy
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FIG. 2. (A) PAGE of the enzyme preparation at each purification step. A 32-mU portion of enzyme was applied to each lane of a 12.5%
polyacrylamide gel. Lanes 1 to 4 were stained with Coomassie brilliant blue R-250, and the ALPase activities in lanes S to 8 were demonstrated
as described in the text. Lanes 1 and 5, Enzyme preparation eluted from the DEAE-cellulose column; lanes 2 and 6, enzyme preparation
eluted from the hydroxylapatite column; lanes 3 and 7, enzyme preparation from the Butyl-Toyopearl column; lanes 4 and 8, enzyme

preparation eluted from the affinity column. (B) SDS-PAGE of the purified enzyme. Lane 2 contained the purified enzyme (1.5 ,ug), and lanes
1 and 3 contained molecular weight markers. The markers which we used were myosin (molecular weight, 200,000), P-galactosidase (116,250),
phosphorylase B (92,500), bovine serum albumin (66,200), and ovalbumin (45,000).

pH of the enzyme was between pH 9.1 and 9.3. The specific
activity and apparent Km for p-NPP were estimated to be 160
U/mg and 0.037 + 0.003 mM (mean + standard deviation),
respectively, in 0.1 M glycine-NaOH buffer (pH 9.2). En-
zyme activity was extremely accelerated when Mn2+ was
added, and in the presence of 1 mM Mn2+ the optimal pH of
the enzyme was between 10.1 and 10.3. The specific activity
of the enzyme and Km for p-NPP were estimated to be 1,190
U/mg and 0.22 + 0.02 mM (mean ± standard deviation) in
0.1 M glycine-NaOH buffer (pH 10.2) containing 1 mM
M2+.Mn2~

The substrate specificity of the enzyme was examined by
using nine kinds of phosphate esters under two experimental
conditions; the assay buffer used in one set of experiments
was 0.1 M glycine-NaOH buffer (pH 9.2) with no divalent
metal ions, and the buffer used in the other set of experi-
ments was 0.1 M glycine-NaOH buffer (pH 10.2) containing
1 mM Mn2+ (Table 2). Under both conditions, p-NPP was
the best substrate for the enzyme. While pyrophosphatase

TABLE 2. Substrate specificity of purified ALPase

Assay Al Assay B

Substrate Relative Relative
Sp act Sp act

(U/Mg) activity (U/Mg) activity
(%)b

p-NPP 160 100 1,190 100
a-Naphthylphosphate 153 95.6 235 19.7
PP1 1.8 1.1 0 0
f3-Glycerophosphate 44.4 27.8 390 32.8
Glucose 6-phosphate 30.2 18.9 148 12.4
Pyridoxal 5'-phosphate 19.6 12.3 478 40.2
ATP 19.5 12.2 191 16.1
O-Phosphoserine 138 86.2 89.3 7.5
Casein 59.5 37.2 74.4 6.3

a In assay A the assay mixture contained 0.1 M glycine-NaOH (pH 9.2) and
no divalent metal ions; in assay B, the assay mixture contained 0.1 M
glycine-NaOH (pH 10.2) and 1 mM Mn2+. Relative activity; percentages.

b Relative activity compared with the activity for p-NPP.

activity was not observed in either set of experiments,
O-phosphoserine and casein were comparatively effective
substrates, especially at lower pH values in the absence of
divalent metal ions. The amino acid composition of the
purified enzyme is shown in Table 3.
The extracellular soluble ALPase produced a broad en-

zyme-active band having migration faster than that of the
purified enzyme on PAGE gels (Fig. 3A). The ALPase in the
extracellular soluble fraction was examined by Western blot
analysis, using antiserum against ALPase purified from
bacterial cells, and a few bands corresponding to lower
molecular weights than the molecular weight of the cell-
associated ALPase cross-reacted with the antiserum (Fig.
3B). An excess load of the purified ALPase (Fig. 3B, lane 1)
revealed that a minor band (indicated by an arrow) with
slightly faster migration than the major band cross-reacted
with the antiserum.

TABLE 3. Amino acid composition of ALPase
from B. gingivalis 381

Amino acid Mol%

Asp. 10.2
Thr. 6.2
Ser. 8.9
Glu. 8.1
Gly. 9.5
Ala. 8.3
Val. 6.4
Cys/2. 0.0
Met. 2.8
Ile. 4.1
Leu. 10.2
Tyr. 2.6
Phe. 4.3
Lys. 5.5
His. 3.1
Arg. 5.2
Pro. 4.7
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FIG. 3. (A) PAGE of ALPase purified from bacterial cels and
the soluble enzyme in the culture supernatant. A 32-mU 'portion of
the enzyme was applied to each lane of a 12.5% polyacrylamide gel.
Lane 1 c'ontained the purified enzyme, and lane 2 contained the
extracellular soluble enzyme. After electrophoresis, the ALPase
activities in both lanes were demonstrated as described in the text.
(B) Western blot analysis of the ALPase purified from bacterial cells
and the extracellular soluble enzyme. Lanes 1 to 3 contained
purified enzyme, and lanes 4 and 5 contained the extracellular
soluble enzy'me. Lane 1 contained 500 mU of enzyme, and the other
lanes contained 50 mU of enzyme. The enzyme in lanes 1, 2, and 4
was detected with antiserum against ALPase purified from bacterial
cells., and the enzyme in lanes 3 and 5 was detected with control
semum.

Figure 4 shows the results of immunological detection of
ALPase in the extracellular soluble fraction. The antiserum
against the purified ALPase produced single immunoprecip-
itin lines with both the purified ALPase and the extracellular
soluble ALPase, and the lines fused (Fig. 4A). Both of the
precipitin lin'es were demonstrated by enzyme activity stain-
ing, while the precip'itin line of GTF-Id was not (Fig. 4B).

DISCUSSION
High levels of ALPase activity have been observed in

various periodontopathic bacteria, such as Bacteroides and
Capnocytophaga species and Actinobacillus actinomycet-
emcomitans (14, 29). It has been reported that, in advanced
cases of human periodontitis, some kinds of bacteria come
into close contact with the alveolar bone surfaces and typical
bone resorption occurs along the bacterial front (6). Rela-
tionships between bacterial ALPase activity and pathologi-
cal changes to alveolar bone caused by bacteria are very
interesting. Recently, ALPase activity in gingival fluid has
been shown to be positively associated with periodontal
disease activity (1).

In this study, we found, by using ultracytochemistry, that
cell-associated ALPase is localized in the outer part of the
periplasmic space (Fig. 1). Because this enzyme was effec-
tively solubilized by treatment with Triton X-100 but not by
sonication or some kind of spheroplast formation procedure,
the enzyme is thought to be firmly bound to a structural
component within the outer part of the periplasmic area.
Furthermore, in this study, we succeeded in purifying
ALPase by using a modification of the affinity chromatogra-
phy procedure used for mammalian intestinal-form ALPase.

FIG. 4. Double immunodiffusion analysis of purified ALPase and
extracellular soluble enzyme. (A) Gel prior to ALPase activity
detection. (B) Gel after enzyme activity was detected. ALPase
activity was detected as described in the text. The center well
contained antiserum against ALPase purified from bacterial cells.
Outer wells 1, 2, 3, 4, and 5 contained purified ALPase, extracellular
soluble enzyme, control serum, GTF-Id, and antiserum against
GTF-Id, respectively.

It is interesting that bacterial ALPase possesses the same
affinity as mammalian ALPase, and this fact indicates that
the affinity chromatography used in this study should be
useful for purification of many kinds of ALPase. The results
of SDS-PAGE (Fig. 2B) and high-performance liquid chro-
matography analysis of the purified enzyme showed that the
enzyme consists oftwo identical subunits having a molecular
weight of about 61,000. The purified enzyme was contam-
inated by trace amounts of ALPase having a slightly lower
molecular weight (Fig. 2A, lanes 4 and 8, and Fig. 2B).
Western blot analysis revealed that the contaminant was due
to the degradation product of the enzyme rather than to
contamination of ALPase isozyme (Fig. 3, lane 1). Although
the enzyme activity was completely inhibited by 0.1 mM
EDTA, ALPase activity was restored when we added some
kinds of divalent metal ions, especially Mn2" and Zn2+, and
Mn2+ strikingly accelerated the enzyme activity. These
findings suggest that the ALPase of B. gingivalis is a
metalloenzyme containing Mn2+ or Zn2+. The Km of the
enzyme for p-NPP at pH 10.2 in the presence of Mn2+ was
fivefold higher than the Km at pH 9.2, and Mn2+ is unstable
at alkaline pH values. Thus, the effect of Mn2+ on the
enzyme activity does not necessarily reflect the physiologi-
cal kinetics of the enzyme. The amino acid composition of
the enzyme (see above) was similar to the amino acid
compositions of other ALPases (18).
While many mammalian ALPases are known to hydrolyze

PPi (19), B. gingivalis ALPase did not hydrolyze PPi (Table
2). On the other hand, this enzyme hydrolyzes casein and
effectively hydrolyzes O-phosphoserine, which is a common
component of phosphoprotein. These findings are very im-
portant, because phosphoprotein phosphatase can destroy
mineralized tissues (12).

Furthermore, ALPase activity was found in the extracel-
lular soluble fraction of log-phase cultures. Even though the
activity of the extracellular enzyme is much lower than that
of the cell-associated form, it is interesting to compare this
result with that obtained by Cheng and Costerton (4).
Western blot analysis of extracellular soluble ALPase re-
vealed that some proteins smaller than the purified ALPase
cross-reacted with the antiserum (Fig. 3). Purified ALPase
was not inhibited by the presence of the antiserum against
the purified enzyme in the reaction mixture (data not shown)
in the same way that mammalian ALPase was not inhibited
(8). ALPase activity staining of the precipitin lines (Fig. 4B)
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confirmed the stability of the enzyme activity against the
antiserum and the immunological identity between cell-
associated ALPase and extracellular soluble ALPase. Thus,
B. gingivalis ALPase was released from the periplasmic
space into the extracellular soluble fraction. These findings
support the pathogenic role of ALPase in periodontitis.
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