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Abstract

Helicobacter pylori possesses intrabacterial nanotransportation system (ibNoT'S) for transporting CagA, VacA, and urease
within the bacterial cytoplasm, which is controlled by the extrabacterial environment. The route of ibNoTS for CagA is
reported to be associated with the MreB filament, whereas the route of ibNOTS for urease is not yet known. In this study,
we demonstrated by immunoelectron microscopy that urease along the route of ibNoTS localizes closely with the FtsZ
filament in the bacterium. Supporting this, we found by enzyme immunoassay and co-immunoprecipitation analysis that
urease interacted with FtsZ. These findings indicate that urease along the route of ibNoT'S is closely associated with the FtsZ
filament. Since these phenomena were not observed in ibNoT'S for CagA, the route of ibNoTS for CagA is different from
that of ibNoOTS for urease. We propose that the route of ibNOT'S for urease is associated with the FtsZ filament in H. pylori.
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Introduction

Helicobacter pylori possesses an intrabacterial nanotrans-
portation systems (ibNoT'Ss) in the cytoplasm for its impor-
tant pathogenic factors, such as CagA, urease, and VacA
[1-3]. To clarify the mechanism of ibNoTS, it is necessary
to elucidate its route and related proteins.

In eukaryotic cells, certain types of proteins are trans-
ported between intracellular compartments by vesicles,
cytoskeletons, and motor proteins [4—7]. For their intracy-
toplasmic transportation, proteins are translocated through
microfilaments [8—10]. In prokaryotic cells, structural
fibrous systems, such as MreB [11], FtsZ [12], and cres-
centin [13], have been identified as prokaryotic homologs
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of actin, tubulin, and intermediate filaments in eukaryotic
cells, respectively. Recently, we have demonstrated that the
bacterial cytoskeleton is a possible route of ibNoT'S, on the
basis of our findings by immunoelectron microscopy and
the freezing and thawing method [14]. By the method that
enabled to observe the bacterial cytoskeletal filament [15],
it was shown that the route of ibNoTS for CagA was likely
to be associated with the MreB filament, which is a bacte-
rial cytoskeletal filament. In addition, it has been reported
that the MreB filament does not associate with ibNoT'S for
urease [14]. In contrast, it remains unclear whether the route
and factors associated with ibNoT'S for urease, which is an
important pathogenic factor associated with the coloniza-
tion on gastric mucosa cells, are associated with bacterial
cytoskeletal filaments other than the MreB filaments.

In prokaryotic cells, there are filaments other than the
MreB filament. The cell division protein FtsZ is one of the
bacterial cytoskeletal filaments and its eukaryotic homolog
is tubulin. The FtsZ filament has also been well studied and
reported to be involved in bacterial cytokinesis. FtsZ plays
an important role in the cytoskeletal framework to form
a dynamic ringlike structure (Z ring) in the mitotic phase
[16-18]. The FtsZ filaments as a protofilaments localize in
the cytoplasm, existing on sheet, spiral structure, or dynamic
cytoskeletal patterns during the nonmitotic phase of bacte-
rial cells. It is considered to support cell shape, similar to
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the eukaryotic actin fiber, which is closely associated with
the eukaryotic intracytoplasmic transportation of proteins
[19-22]. Morphologically, it was shown by immunofluo-
rescence microscopy that FtsZ forms filamentous structures
in a helically arranged pattern and by transmission electron
microscopy that gold particles indicating the presence of
FtsZ displayed a diffuse distribution in most bacterial strains
[23, 24]. H. pylori also has a gene homologous to ftsZ and
is supposed to have such a cytoskeletal fiber or filament
[25-27].

The route of ibNoTS for CagA is associated with the
MreB filament in H. pylori, as previously determined by
immunoelectron microscopy [14]. The route of iPNOTS for
urease may also be associated with filaments other than
the MreB filament in bacteria, for example, the FtsZ fila-
ment. Furthermore, the freezing and thawing method was
developed, by which filaments were observed in the bacte-
rial cytoplasm [15], and applied in the study of the MreB
filament and CagA [14]. This method makes it possible to
observe the route of ibNOT'S for urease associated with the
FtsZ filament similar to that of ibNoT'S for CagA associated
with MreB filament.

In this study, we examined the interaction between urease
along the route of ibNoTS with the FtsZ filament by the
freezing and thawing method and contrast-enhanced double-
immunostaining electron microscopy.

Materials and methods
Bacteria and chemicals

The H. pylori strain ATCC43504 was used in this study. The
bacterial cells were grown in Brucella broth with 5% horse
serum (Koujinbaiyo, Saitama, Japan) in a microaerophilic
jar containing an AnaeroPack-MicroAero (MGC, Tokyo,
Japan) at 37 °C for 24-48 h. H. pylori cells were washed in
phosphate-buffered saline (PBS, pH 7.2) and collected by
centrifugation (3,000 X g for 20 min). The resulting bacterial
pellet was resuspended at a concentration of approximately
1 x 108 bacteria/mL. The bacterial cells were then suspended
in Mcllvaine buffer containing 100 mM citric acid monohy-
drate and 200 mM disodium hydrogen phosphate at pH 5 and
37 °C for 5 or 15 min to observe the beginning or termina-
tion of the urease and CagA shift in bacteria.

Antibodies

A rabbit polyclonal antibody and a mouse monoclonal anti-
body (Austral Biologicals, San Ramon, CA, USA) against
H. pylori CagA and a mouse monoclonal antibody against
H. pylori urease subunit A (UreA, Austral Biologicals, San
Ramon, CA, USA) were used as the primary antibodies in

analysis by immunoelectron microscopy. Anti-FtsZ serum
was prepared using peptides composed of H. pylori FtsZ
sequences as the antigen for immunization. Thirteen-week-
old KLH: JW rabbits were immunized with four subcutane-
ous injections of a peptide mixture solution four times. The
total amount of protein injected approximately 2 mg/rabbit.
Serum samples were collected 56th day after the injection
and used as the anti-FtsZ serum. The entire immunization
protocol was performed by Sigma-Aldrich. Anti-FtsZ serum
was used as the antibody for immunization. The specificity
of the antibody was examined by Western blot analysis and
enzyme-linked immune sorbent assay (ELISA) by Sigma-
Aldrich. The bacterial FtsZ molecule was detected in a blot
from H. pylori that was probed with an anti-FtsZ antibody
(serum) but not in a blot from the Escherichia coli strain
NIHJ JC2 (data not shown). However, it was clarified that
the anti-FtsZ serum was detected in H. pylori by immuno-
fluorescence microscopy and immunoelectron microscopy
(data not shown). Therefore, the anti-FtsZ serum was used
for immunolabeling in this study. A goat anti-mouse IgG
antibody labeled with 5-nm colloidal gold and a goat anti-
rabbit IgG antibody labeled with 10-nm colloidal gold (EY
Laboratories, San Mateo, CA, USA) were used as the sec-
ondary antibodies in immunoelectron microscopy. For the
enzyme immunoassay (EIA), a rabbit polyclonal antibody
(sera) against H. pylori FtsZ, mouse monoclonal antibodies
against H. pylori UreA (urease), CagA, and VacA (Austral
Biologicals, San Ramon, CA, USA) were used as the pri-
mary antibodies, and a horseradish peroxidase (HRP)-con-
jugated goat anti-mouse IgG (STR, Victoria, BC, Canada)
antibody was used as the secondary antibodies.

Measurement of FtsZ-urease interaction of H. pylori
based on EIA

The level of FtsZ—urease interaction of H. pylori cells that
were treated with Mcllvaine buffer at pH 5 for designated
periods was quantified by EIA. To measure the amount of
the FtsZ—urease interaction, the buffer containing the bacte-
rial cells was centrifuged at 1,400 X g for 10 min at 4 °C, and
the resulting bacterial cell pellet was harvested and sonicated
using a CelLytic™ B Plus Kit (Sigma-Aldrich, St. Louis,
MN, USA) to lyse the bacterial cells, followed by centrifuga-
tion at 10,000 X g for 5 min. The supernatant of the resulting
protein lysates was harvested and then prepared for examin-
ing the amount of FtsZ—urease interaction of H. pylori by
EIA. We utilized microwells coated with the polyclonal anti-
H. pylori FtsZ rabbit antibody (sera). The microwells were
incubated at 4 °C for 24 h. After washing with TPBS [0.05%
Tween-20 in 150 mM phosphate-buffered saline (PBS, pH
7.2)], Blocker Casein in PBS (Thermo, Tokyo, Japan) was
added to the wells to block nonspecific reactions, and then
diluted lysate samples were added to the microwells, which
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were then incubated for 1 h and then washed with TPBS. A
mouse monoclonal anti-UreA antibody (urease) or CagA or
VacA was used as a detection antibody. A HRP-conjugated
anti-mouse IgG antibody was added to the wells, which was
then incubated for 1 h at room temperature. The wells were
washed with TPBS to remove any unbound substances.
2,2'-Azino-di-(3-ethyl-benzthiazoline-6-sulfonate) (ABTS,
KRL, Gaithersburg MD, USA) was added, and the wells
were incubated for another 40 min. A stop solution, 10%
sodium dodecyl sulfate (SDS), was added, and absorbance
was measured spectrophotometrically at 405 nm.

Co-immunoprecipitation analysis (Co-IP)

One hundred microliters of SureBeads Protein G Magnetic
Beads (Bio-Rad, Tokyo, Japan) were washed with TPBS
three times using a magnetic stand. Magnetize beads were
resuspended with 300 pL of TPBS and mixed with 100 pL of
anti-H. pylori FtsZ rabbit antibody or control rabbit serum.
After incubation at 4 °C for 1 h, 100 pL of H. pylori cell
supernatant, which had been lysed with a CelLytic B Plus
Kit (see above), was added to the bead/antibody mixture, and
the reaction was further incubated at 4 °C for 3 h with rota-
tion. The bound complexes were washed three times with
500 pL of TPBS and resuspended in 30 pL. SDS sample
buffer. Supernatant fraction before the first wash was also
collected as input fractions and mixed with same amount of
SDS sample buffer.

For immunoblotting analysis, 5 pL of samples (immu-
noprecipitates) and 2 pL of input fractions were denatured,
separated by 10% SDS-PAGE, and transferred to an Immo-
bilon-P transfer membrane (Millipore, Tokyo, Japan). For
immunoblotting analysis, the primary antibody was mouse
monoclonal anti-UreA antibody, and the secondary antibody
was TrueBlot ULTRA anti-mouse IgG conjugated with HRP
(Rockland, Limerick, PA, USA). Proteins detected were
visualized using the Fusion-FX7 imaging system (Vilber
Lourmat, Collégien, France).

Fixation and staining forimmunoelectron
microscopy

For the analyses of urease or CagA and FtsZ molecular
localization in an H. pylori cell, H. pylori colonies treated
at acidic pH described above were fixed with 1% glutar-
aldehyde in 50 mM cacodylate buffer (pH 7.2) at 4 °C for
60 min. Another sample was subjected to freezing and thaw-
ing before fixing to observe the structure of the filaments
containing FtsZ filament in bacterial cells, as described
previously [15]. The fixed colonies were then embedded in
Lowicryl K4M resin (Electron Microscopy Science), which
were then cut into ultrathin sections (Sorvall MT-5000, Du
Pont) as described previously [1].

@ Springer

The ultrathin sections on a grid were treated with 5%
normal goat serum in PBS to block nonspecific reactions.
The sections were then double-stained with a mouse anti-
body against H. pylori UreA or CagA and a rabbit antibody
against FtsZ in sera (primary antibodies), followed by 5-nm
colloidal gold-labeled anti-rabbit IgG and 10-nm gold-
labeled anti-mouse IgG-labeled goat antibodies (secondary
antibodies). The sections were made to react with the pri-
mary antibodies and the secondary antibodies as described
previously [1]. Finally, the immunostained sections were
subjected to contrast-enhanced staining as described previ-
ously [28]. All procedures for contrast enhancement were
performed at room temperature.

All the sections were observed under a transmission
electron microscope (H-7650 type, Hitachi, Tokyo, Japan).
Electron micrographs were taken at a magnification of
5,000-8,000 x.

Morphometric and statistical analyses

The number of immunogold particles associated with H.
pylori cells was determined from the immunoelectron pho-
tomicrographs obtained. The visible area of bacterial cells
in the photomicrographs was measured using an image ana-
lyzer (Image J. NIH, USA), and the number of immunogold
particles per unit area was counted in a randomly chosen
cytoplasmic area of 7-10x 10° nm?. To quantify the distri-
bution of immunogold particles, the densities of the particles
per square micrometer in three portions of a bacterial cell
were determined. The principle of dividing an H. pylori cell
into three portions was described previously [1, 29].

Results

To clarify whether the route of ibNoT'S for urease is closely
associated with the FtsZ molecule, we first examined the
colocalization of urease and the FtsZ molecule in bacterial
cells treated at an acidic pH for 5 or 15 min by double-immu-
nostaining electron microscopy, since we have reported that
the shift of ibNoTS for urease from the cytoplasm to the
periphery near the bacterial membrane in an acidic pH treat-
ment for 5 and 15 min, respectively. The specific colocali-
zation of FtsZ-immunogold particles (large particles) and
urease-immunogold particles (small particles) was observed
in H. pylori treated at an acidic pH for 5 and 15 min (Fig. 1a,
b) on the route of ibNoT'S for urease. Although the localiza-
tion of urease was shifted from the cytoplasm to the periph-
ery near the bacterial membrane, the localization of FtsZ
was not shifted in bacteria treated at acidic pH for 15 min.
These findings suggest that the route of ibNoTS for urease
is closely associated with the FtsZ molecule.
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Fig. 1 Localizations of H. pylori urease and FtsZ by double-staining
immunoelectron microscopy. Relationship between the localizations
of urease and FtsZ in H. pylori treated with acidic pH medium exam-
ined by double-staining immunoelectron microscopy. Large immuno-
gold particles were associated with FtsZ and small particles with ure-
ase. At 5 min (a) and 15 min (b) of acidic pH medium treatment, the
urease-immunogold particles in H. pylori were localized close to the
FtsZ-immunogold particles. Bar=0.1 pm in all images

To confirm whether the route of ibNoT'S for urease is
associated with the FtsZ filament, first, the localization
of FtsZ-immunogold particles at the bacterial filament
was observed by the freezing and thawing method and
immunostaining electron microscopy (Fig. 2a). After the
acidic pH treatment for 5 min, the colocalization of ure-
ase- and FtsZ-immunogold particles and their relation-
ship with bacterial filaments were observed by double-
immunostaining electron microscopy. It was found that
some closely colocalized urease- and FtsZ-immunogold
particles were observed in the filaments of H. pylori cells
(Fig. 2b). This finding indicates that the route of ibNoTS

Fig.2 Localizations of H. pylori urease and FtsZ by the freezing and
thawing method. a Localizations of FtsZ at the filaments of H. pylori
in nonmitotic phases of bacterial cell. b Localizations of urease and
FtsZ in acidic-pH-treated H. pylori after freezing and thawing deter-
mined by double-staining immunoelectron microscopy. Large immu-
nogold particles were associated with FtsZ and small particles with
urease. Urease closely localizing with FtsZ was also observed at the
filaments of H. pylori cells

for urease may be closely associated with the FtsZ filament
in H. pylori cells.

To confirm whether this close relationship of the route
of ibNOTS for urease with the FtsZ filament is specific to
urease, the relationship of the FtsZ filament with the route
of ibNoTS for CagA, which is another ibNoTS in bacte-
ria, was investigated. First, the localizations of CagA- and
FtsZ-immunogold particles were observed by double-immu-
nostaining electron microscopy. No specific colocalization
of FtsZ-immunogold particles (large particles) and CagA-
immunogold particles (small particle) was observed in H.
pylori treated at an acidic pH for 5 min when compared
with that of urease- and FtsZ-immunogold particles (Fig. 3).
These results indicated that FtsZ is not likely to be a molecu-
lar scaffold for the route of CagA ibNOTS.

To quantitatively validate the stronger association of
FtsZ with urease than with CagA, colocalization levels of
H. pylori FtsZ either with urease or CagA were compared
statistically. Among 400 FtsZ-immunogold particles, the
number of those found within 30 nm of urease or CagA
was counted. It was shown that the number of FtsZ closely
associated with urease (Fig. 1a) was twofold higher than
that with CagA (Fig. 3), which was significantly different as
determined by Student’s 7 test (p < 0.01, Fig. 4a). Figure 42’
is a schematic diagram of the distance between FtsZ and
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Fig.3 Localizations of H. pylori CagA and FtsZ by double-staining
immunoelectron microscopy. Localizations of H. pylori CagA and
FtsZ. Relationship of the localizations of FtsZ and CagA in H. pylori
treated with acidic pH determined by double-staining immunoelec-
tron microscopy. Large immunogold particles were associated with
FtsZ and small particles with CagA. The CagA-immunogold particles
in H. pylori treated with acidic pH were not closely localized with the
FtsZ-immunogold particles compared with the localizations of urease
and FtsZ

urease or CagA. In addition, the density of urease or CagA
localized within 30 nm of FtsZ was measured; the density
of urease closely associated with FtsZ was also significantly
higher than that with CagA (p <0.01, Fig. 4b). Moreover, the
overall densities of urease- and CagA-immunogold particles
in the bacterial cells were measured and were not found to
be significantly different by Student’s ¢ test (n.s., not sig-
nificant), but the number of urease- or CagA-immunogold
particles found 30 nm from FtsZ was counted and it was
shown that the density of CagA was twofold higher than that
of urease, which was significantly different as determined
by Student’s ¢ test (p < 0.01, Fig. 4c). This indicate that FtsZ
closely localized with urease but not with CagA.

The above findings indicate that FtsZ filaments in H.
pylori cells are not likely to be a molecular scaffold for the
route of ibNoT'S for CagA, but for that of ibNoT'S for urease.

We next investigated the molecular association of FtsZ
with urease by biochemical assays. The lysate of H. pylori
treated at an acidic pH was examined by EIA. In the EIA,
FtsZ—urease complex was first captured by anti-FtsZ sera,
and then, urease was detected by using the anti-ureA anti-
body. When the amount of urease interacted with FtsZ was
measured with EIA, a larger amount of urease interacting
with FtsZ than of CagA or VacA was detected in H. pylori
treated at an acidic pH for 15 min (Fig. 5a). Figure 52’ is a
schematic of EIA. The difference in optical density (OD)
between the two lysates of H. pylori was statistically signifi-
cant as determined by Student’s ¢ test (p <0.01). The larger
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amount of urease interacting with FtsZ indicated that urease
along the route of ibNOTS is closely associated with FtsZ.
These findings support the result of immunoelectron micros-
copy observation, that is, FtsZ in H. pylori cells is likely to
be a molecular scaffold for the route of ibNoT'S for urease.

When the lysate of H. pylori treated at an acidic pH was
also subjected to Co-IP, a higher amount of urease was
detected in immunoprecipitates with anti-FtsZ rabbit sera,
but not with rabbit control sera (Fig. 5b). The result was con-
sistent with that of EIA indicating FtsZ—urease interaction
(Fig. 5a). Therefore, these findings supported the results of
immunoelectron microscopy observation, which suggested
that FtsZ filaments in H. pylori cell were a molecular scaf-
fold for the route of ibNoT'S for urease.

Discussion

H. pylori urease is essential for gastric colonization and
presumably neutralizes acidity, thereby allowing bacte-
rial survival [30]. The pathogenesis of bacterial diseases is
explained by the action of exotoxins that are secreted from
bacteria, such as CagA by H. pylori [31-33], and further
extends to other nonsecreted proteins that function in bacte-
rial metabolism, such as urease in H. pylori [30, 34, 35]. It
has been shown that the intracytoplasmic urease is important
for H. pylori colonization.

We discovered a new system (ibNoTS) of intracytoplas-
mic transportation of urease in H. pylori, and it is considered
that the system is closely associated with bacterial coloni-
zation and pathogenesis [1]. The system in the transport of
important pathogenic factors, such as CagA, urease, and
VacA, was demonstrated in H. pylori [1-3] and in the trans-
port of cholera toxin in Vibrio cholerae [36]. Moreover, the
route of ibNoT'S for CagA is suggested to be separate from
that of ibNoT'S for urease [2], and it has been known that
the route of ibNoT'S for CagA is associated with the MreB
filament in H. pylori cells, but not that of ibNoT'S for urease
[14]. However, the route of ibNoT'S for urease has not been
clarified in detail.

In this study, we found for the first time that urease
closely localized with the FtsZ filament at the start and ter-
minal period of the route of ibNoTS for urease. Furthermore,
we found that closely localized urease- and FtsZ-immuno-
gold particles observed by double-staining immunoelectron
microscopy were associated with the FtsZ filament in H.
pylori cells. Moreover, CagA did not closely localize to
FtsZ-immunogold particles, as determined by double-stain-
ing immunoelectron microscopy. These findings indicate
that the route of ibNOTS for urease is closely associated with
the polymerized FtsZ filament, which is among the filaments
of H. pylori. Furthermore, the close relationship between
FtsZ and urease in ibNoTS was demonstrated by EIA, in
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Fig.4 Analysis of localization a
of H. pylori FtsZ closely associ-
ated with urease or CagA. a
Numbers of FtsZ-immunogold
particles close to urease or
CagA. The numbers of FtsZ
what found within 30 nm from
urease or CagA were counted
from 400 FtsZ-gold particles.

It was shown that the number
of FtsZ what closely associated
with urease was higher than that
associated with CagA, which
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CagA, what localized within
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the density of urease closely
associated with FtsZ was also
significantly higher than that of
CagA (p<0.01). ¢ Density of
urease or CagA far from FtsZ.

The average number of urease
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Number of gold particles within
30 nm of FtsZ/pm?

Closely with urease Closely with CagA

p<0.01

H

or CagA localized 30 nm from
FtsZ was counted; the density
of urease not closely associ-
ated with FtsZ was signifi-
cantly lower than that of CagA
(p<0.01), although the average
densities of urease and CagA in
bacterial cells were not signifi-

urease
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e

CagA

p<0.01

cantly different as determined
by Student’s ¢ test (n.s. not

significant)
25
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which a high amount of urease colocalizing with FtsZ was
confirmed, which was not observed for CagA and FtsZ. The
same phenomenon was confirmed by Co-IP.

We have reported an ibNoTS-mediated shift of urease
to the periphery of the cytoplasm in an acidic extracellular
environment, and also demonstrated that the urease did not
shift in neutral condition [1]. In this paper, we proposed
that the route of ibNoTS for urease shifted at the acidic pH
condition was associated with the FtsZ filament in H. pylori.
We found that the route of ibNoT'S for urease was associ-
ated with the FtsZ filament. Since the urease did not shift
at the neutral extracellular environment, it was considered

CagA
Density in bacterium

urease CagA

Density in distantly to FtsZ
>30nm

that the urease of H. pylori treated at neutral pH was not
associated with the FtsZ filament. In this study, at the neu-
tral pH treatment, we found that most of the urease was not
associated with FtsZ in immunoelectron microscopy analy-
sis. In addition, enzyme immunoassay and co-immunopre-
cipitation analysis revealed that the urease did not interact
with FtsZ (data not shown). Although, in this study, only
the ATCC43504 strain of H. pylori was used; further stud-
ies using other strains of H. pylori should be performed in
near future.

H. pylori possesses ibNOTS for transporting CagA, VacA,
and urease toward type IV, V secretion machinery, and Urel,
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Fig.5 Amounts of urease inter- a

p<0.01

acting with FtsZ in lysate of H.

pylori determined by EIA and
Co-IP. a EIA was performed to
examine the amount of urease
interacting with FtsZ in lysate
of H. pylori. The amount of
urease interacting with FtsZ in
H. pylori treated at an acidic pH
was examined using the rabbit
polyclonal anti-FtsZ serum and
mouse monoclonal anti-UreA

H
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antibody. The amount of urease
interacting with FtsZ was higher
than that of CagA interacting

Association of FtsZ and urease in H. pylori
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pylori (p<0.01; Student’s ¢

test). BK: background level. a’

is a schematic of EIA. b Co-IP b
was performed to examine

the FtsZ-urease interaction.
Supernatant of cell lysate
obtained from H. pylori treated
with an acidic pH was subjected
to immunoprecipitation using
the rabbit polyclonal anti-FtsZ
serum. Immunoprecipitates
were separated by SDS-PAGE
and blotted on a transfer mem-
brane. Urease in the immuno-
precipitates was detected by
mouse monoclonal anti-UreA
antibody
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respectively, at acidic pH [1-3]. These pathogenic factors
may have a molecule related to their transport in the cyto-
plasm of bacterial cells, and the molecule may transport a
pathogenic factor to their site of action. Urease is produced
in the cytoplasm and transported toward Urel, which exists
in the bacterial membrane, by some transport molecules [37,
38]. The transport of urease in the cytoplasm may be through
a chemotaxis system in H. pylori [39—41]. Our results indi-
cate that urease is transported through FtsZ filament to the
bacterial inner membrane where Urel exists. Therefore,
the molecules may be FtsZ filament, which localize in the
cytoplasm existing on sheet, spiral structure, or dynamic
cytoskeletal patterns during the nonmitotic phases of bacte-
rial cells [19-22].

Regarding the route of transport for urease, in this study,
we found that urease shifts to a site near the FtsZ filament.
The FtsZ filament, which forms the bacterial cytoskeletal
fiber [11, 42], is considered to play an important role by
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providing the cytoskeletal framework to form a dynamic
ringlike structure (Z ring) during the mitotic phase of bac-
terial cells [16—18] and localizes in the cytoplasm existing
on sheet, spiral structure, or dynamic cytoskeletal patterns
during nonmitotic phases of bacterial cells [19-22], similar
to the eukaryotic actin fiber, which closely corresponds to
the eukaryotic intracytoplasmic transportation of proteins.
H. pylori also has a gene homologous to ftsZ and is sup-
posed to have such a cytoskeletal fiber or filament [25-27].
From our results, it is highly possible that the transport route
for urease is associated with the FtsZ filament. Our fluores-
cence microscopy and immunoelectron microscopy results
indicate that the localization of FtsZ is distributed from the
inner membrane to the cytoplasm of bacterial cells (data
not shown). It is considered that urease is shifted through
the FtsZ filament.

Regarding the transport route for CagA, it has been
reported that the route of ibNoTS for CagA may be
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associated with the MreB filament, which is a bacterial
cytoskeletal filament [14]. In this study, we also demon-
strated that the FtsZ filament was not associated with the
transport route of ibNoTS for CagA. These results also
indicate that there may be specific transportation systems
for specific pathogenic factors in bacteria; for example, the
transport route of ibNoOTS for urease is different from that
for CagA, and route of ibPNoTS for urease and CagA are
separate.

With regard to the distribution of the FtsZ filament, there
have been many reports, showing that rod-shaped bacte-
ria have the FtsZ protein that forms one of the bacterial
cytoskeletal fibers [11, 42] and localizes in the cytoplasm
existing on sheet, spiral structure, or dynamic cytoskeletal
patterns in the nonmitotic phases of bacterial cells [19-22].
In this study, from the immunoelectron microscopy of FtsZ-
immunogold particle distribution in H. pylori, we found that
the FtsZ-immunogold particles localized in the bacterial
cytoplasm during nonmitotic phases and localized in the
division site during the mitotic phase of bacterial cells (date
not shown).

In conclusion, we found that the route of ibNoTS for
urease was closely associated with the FtsZ filament. We
propose that H. pylori possesses an FtsZ-regulated ibNoT'S
for urease but not for CagA, and the route of ibNoTS for
urease is the FtsZ protofilament in H. pylori. By clarifying
the mechanism of ibNoTS for urease including its route, we
may find a new target in the development of a prophylactic
agent against H. pylori in the gastric mucosa.
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