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Introduction

Abstract

Background and Aims: Biofilms are surface-bound communities of bacterial cells that
are implicated in their survival. As with various bacteria studied to date. Helicobacter
pylori can have an alternate lifestyle as a biofilm. We previously reported that strain
TK 1402 showed a strong biofilm-forming ability in virro. However. the mechanisms of its
biofilm development remain unclear. We analyzed the basic characteristics of the biofilm-
forming ability in strain TK 1402.

Methods: In order to characterize the biofilm-forming ability of the H. pylori strains.
auto-aggregation. motility and hydrophobicity. which are important factors in biofilm
formation by other bacteria. were analyzed. Further. we tested whether cell growth partici-
pated in biofilm formation in strain TK1402.

Results: There were no significant differences in the auto-aggregation. motility and hydro-
phobicity of strain TK1402 compared with the other strains. On the other hand. pre-culture
of this strain for 24—48 h resulted in decreased biofilm formation.

Conclusion: TK1402 is a strong biofilm-forming strain of H. pylori in Brucella broth
supplemented with 7% fetal calf serum. It is possible that biofilm-forming cell growth is a
principal factor in biofilm development.

Methods

Biofilms are surface-bound communities of microbial cells found
in oligotrophic environments and are strongly implicated in bac-
terial virulence." Many bacteria in aquatic ecosystems exist in
biofilms on a wide variety of surfaces. Biofilm formation is critical
not only for their environmental survival but also for successful
infection by numerous pathogenic bacteria.

Helicobacter pylori is a spiral, microaerophilic, non-invasive,
Gram-negative bacterium that colonizes the human gastroin-
testinal tract. primarily the stomach.?> Previous studies have
alluded to the ability of H. pylori to form biofilms.**
A polysaccharide-containing biofilm was observed at the air—
liquid interface when H. pylori was grown in a glass fermenter.*
H. pylori was also capable of binding to a heterotrophic
mixed species biofilm grown on stainless steel coupons.*
We have previously reported that the strain TK1402 has
strong  biofilm-forming ability compared to other strains.’
In addition, this property is dependent upon direct cell—cell
binding patterns mediated by the outer membrane vesicles
(OMV) produced from strain TK1402. However. it is re-
cognized that an under ding of H. pylori biofilm formation is
still in its infancy. The purpose of the present study was to inves-
ligate what factors are involved in biofilm formation in strain

Bacterial strains and culture conditions

The following H. pylori strains were used: SS1, ATCC 49503,
ATCC 43579. NCTC 11638, TK1029. TK1402. KR2003 and
KR2005. The last four are clinical isolates from Japanese patients.
Strains TK1029 and TK1402 were used as described previously.®
Strains KR2003 and KR2005 were isolated in our laboratory from
a gastritis patient. All clinical isolates contained vacA and cagA
genes as demonstrated by polymerase chain reaction. All strains
were maintained at —80°C in Brucella broth (Difco. Detroit. MI,
USA) with 20% (v/v) glycerol. These strains were cultured under
microaerobic conditions at 37°C on a Brucella agar plate contain-
ing 7% fetal calf serum (FCS).

Biofilm formation and its quantification

Biofilm formation was carried out as previously described.”
Briefly. sterilized glass coverslips (~22 mmx 22 mm, 0.12-
0.17 mm thick: Matsunami Glass. Tokyo. Japan) were placed into
12-well microtiter plates. Each well was filled with 2 mL of Bru-
cella broth supplemented with 7% FCS (Brucella-serum) to allow

TK1402.
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biofilms was initiated by inoculating 10 pL of pre-cultured cell
suspension (~5 x 10° cells in Brucella broth) into each well. The
cultures were incubated under microaerobic conditions at 37°C for
3 days with shaking (80—100 rpm). After incubation. the coverslips
were removed and washed with phosphate-buffered saline (PBS).
The samples were then air-dried and stained with crystal violet
(CV) for 30s. After staining. the coverslips were rinsed with
distilled H:O to remove excess dye and then air-dried at room
temperature for 30 min. For biofilm quantification. all dye associ-
ated with the biofilms was dissolved with | mL of ethanol and
200 pL of the solutions were used to measure the absorbance at
594 nm with a microplate reader to determine the intensity of
biofilm formation.

Cell surface hydrophobicity

Cell surface hydrophobicity of the different H. pylori strains was
measured as described previously.® Briefly. the strains were grown
overnight at 37°C in Brucella-serum broth and subsequently
diluted 1:10 in 10 mL of fresh medium. The subculture was further
incubated at 37°C for 20 h. Stationary-phase bacteria were har-
vested by centrifugation, washed three times with PUM buffer
(0.15 mol/L potassium phosphate buffer [pH 7.1] containing
0.3 mol/L urea and 6.7 mmol/L MgSO,). and resuspended in PUM
buffer. To 1.2 mL of bacterial suspension in a glass tube normal-
ized to an optical density (ODaoo) of 1.0, 600 pL of n-hexadecane
(Sigma. St Louis. MO. USA) was added. and the tubes were
vigorously mixed for 60 s. Next, the mixtures were incubated for
15 min at room temperature to ensure complete separation of the
organic and aqueous phases. The absorbance of the aqueous layer
was measured at 400 nm. The percent cell surface hydrophobicity
was calculated as: (ODyq before mixing — ODug after mixing) /
OD.gp before mixing X 100. Each determination was performed in
triplicate.

Motility assay

Motility of the H. pvlori strains was assessed by the method of
Osaki er al.'® Briefly, the bacteria grown in Brucella-serum broth
for 24 h were collected and centrifuged. Pellets were inoculated
into medium using a sterile picker. At 3-5 days after incubation
under microaerobic condition at 37°C, the diameter of the halo
was measured. At least three plates were used for each experiment.

Auto-aggregation reaction

Auto-aggregation in the eight strains of H. pylori was determined
with cells washed and suspended in PBS. The suspension of each
strain was adjusted to an OD of 1.0 at 600 nm. The suspensions
were incubated standing at room temperature. The optical
density at 600 nm was determined over time. The percent
auto-aggregation  was  calculated as:  auto-aggregation =
([pre-incubation value [ODgy] —sample value [OD600]) / (pre-
incubation value [ODygo]) X 100.

Statistical analysis

Statistical analysis was performed using the Mann-Whitney
U-test. P-values of 0.05 or less were considered to indicate statis-
tical significance.
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Results

Hydrophobicity assay

All of the eight strains of H. pylori used in the present study
formed a biofilm at the abiotic glass surface. The CV-stained
biofilms after 3 days cultivation on the coverslip surface are shown
in Figure I. Many cells in the TK1402 biofilm remained firmly
attached to the glass surface compared with the other strains. In
sludies of other biofilm-forming bacteria. cell-surface hydropho- .
bicity was reported as an important factor in bacterial adherence to
a glass surface." We examined the hydrophobicity levels of eight
H. pylori strains and there were no significant differences among
them: however. the value for TK1402 was comparatively high
(Table 1), which suggest that cell surface hydrophobicity might be
involved in the strong biofilm-forming ability of the TK1402
strain.

Motility assay

The eight strains of H. pylori were cultured on Brucella-serum
medium containing 0.3% agar and after 3—6 days of incubation.
there were variations in the halo diameter. Strain TK1402 was
motile, but its halo diameter after 6 days of culture was not the
broadest, being the third widest (Fig. 2).

Auto-aggregation assay

The auto-aggregation of each strain was divided into high for
strains ATCC 49503. TK1029 and TK1402. and low for strains
SS1. ATCC 43579. NCTC11638 and KR2003 (Fig. 3). Strain
TK1402 with its strong biofilm-forming ability belonged to the
high aggregative group. but did not exhibit a significantly high
level of auto-aggregation.

Influence of cell growth on biofilm formation

When strain TK1402 was grown under conditions similar to those
used for the biofilm-formation assay. but without a glass coverslip.
its growth kinetic peaked within 2 days. After 3 days of incubation.
its growth rate was slightly decreased, and then reached a plateau.
In order to characterize the strong biofilm formation by strain
TK 1402, cells in the stationary phase were used in a biofilm-
formation assay (Fig. 4). Strain TK1402 was cultured in a 12-well
plate for 2448 h without glass coverslips. and then sterilized glass
coverslips were placed into the culture for formation of a biofilm.
After an additional 72-h incubation, biofilm formation was mea-
sured. In the previous 24-h sample. biofilm formation tended to
decrease and there was a significant decrease in biofilm formation
in the previous 48-h culture. These results indicated that cell
growth was required for biofilm development by strain TK1402.

Discussion

Biofilm formation is critical, not only for environmental survival
but also for successful infection by numerous pathogenic bacteria.
Furthermore. biofilm cells growing on a surface exhibit properties
distinct from those of planktonic cells. such as increased resistance
to biocides and antimicrobial agents. Several reports indicate that
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lips after 3 days of culture in Brucella-serum broth.

Table 1 Hydrophobicity of eight Helicobacter pylori strains

Strain Hydrophobicity (%)
881 66.10 = 9.89
ATCC 49503 78.45 = 4.28
ATCC 43579 66.50 = 5.23
NCTC11638 58.65 = 14.36
TK1029 66.25 + 6.42
TK1402 73.95 + 217
KR2003 69.35 = 6.21
KR2005 72.70 £ 8.79

H. pylori has the ability to form biofilms on abiotic surfaces in
vitro as well as on the human gastric mucosa.**"*'* In our previous
study. the strain TK 1402, which was isolated from a Japanese
patient with duodenal and gastric ulcers, had a strong biofilm-
forming ability compared with the other seven strains. We also
demonstrated that the OMV produced from this strain play an
important role in' biofilm formation. However. little is known
regarding the H. pylori biofilm formation. In the present study. we
investigated the other factor for the strong biofilm-forming ability
in strain TK1402.

Cell surface hydrophobicity is an important factor in bacterial
attachment to a glass surface.'" aggregation and hence biofilm
formation. In the present study, the hydrophobicity value for strain
TK1402 was of a similar level for all of the strains examined.
Further. similar results were observed for the values of auto-
aggregation and cell motility between strain TK 1402 and the other
strains. A high hydrophobic value following increasing auto-
aggregation is consistent with enhanced interactions during
biofilm formation. Similarly. motility mediated by pili or fimbriae
is required for biofilm formation." Our results indicated that these
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Figure 2 Motility and its kinetics of Helicobacter pylori strains. (a)
Motility of eight H. pylori strains incubated on Brucella-serum semi-solid
agar after 6 days culture. (b) Kinetics of motility. The eight strains were
cultured on Brucella-serum semi-solid agar at 37°C for 3-6 days and the
diameter of each halo was measured. The result is expressed as the
mean of at least three independent experiments. —O—, TK1029;
—A—, TK1402; -, KR2003; —&—, KR2005; , §S1;, —O—,

NCTC; —+—, ATCC49503; —ill—, ATCC43579.

properties might not be responsible for the strong biofilm-forming
activity of strain TK 1402. However, the most motile strain, ATCC
43579, was not an auto-aggregative strain. Further. the high hydro-
phobic and aggregative strain. ATCC 49503. was not motile under
our experimental conditions. However. all of the values for strain
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Figure 3 Auto-aggregation assay for the eight strains of Helicobacter
pylori. The suspensions of each strain were adjusted to an optical
density of 1.0 at 600 nm and incubated at room temperature without
shaking. The percent auto-aggregation was calculated and the result
expressed as the mean of at least three independent experiments.
—0O—, TK1029; —A—, TK1402; --=--, KR2003; —#—, KR2005; ;
§S1; —O—, NCTC; —+—, ATCC49503; —l—, ATCC43579.
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Figure 4 Effect of pre-cultivation on biofilm formation by Helicobacter
pylori strain TK1402. Strain TK1402 was cultured in a 12-well plate for 0,
24 or 48 h without glass coverslips, and then sterilized glass coverslips
were placed into the culture. After an additional 72 h incubation, the
biofilm on the glass surface was measured. All results expressed as the
mean * standard deviation from at least three independent experi-
ments. *P< 0.05; **P < 0.005. OD, optical density.

TK1402 were comparatively high among the strains used. Our
results suggest that these factors are not related to the biofilm-
forming ability of this strain. The factors in the development of
TK1402 biofilm remain to be determined.

In the present study. we found that biofilm development by
strain TK1402 required cell growth. When TK1402 cells were
grown fully and then formed a biofilm. biofilm formation was
significantly decreased. Some other bacterial species form a
biofilm in two distinct stages: (i) primary adhesion to the surface
by means of adhesins: and (ii) accumulation of multilayered clus-
ters of cells through cell growth and self-production of the extra-
cellular matrix.'""” Our present results imply that biofilm
formation by H. pylori proceeds by the same mechanism.

Journal of Gastroenterology and Hepatology 25 (2010) Suppl. 1: S90-594
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Strain TK1402 reportedly exhibits virulence in gnotobiotic
mice." CS7BL mice® and Mongolian gerbils." Those reports also
indicated that the TK1402 strain had the ability to efficiently
colonize the stomach of these animals. Their results and our
present findings suggest that colonizing ability might be correlated
with strong biofilm-forming ability in the case of strain TK 1402,
Therefore. we speculate that strong biofilm-forming ability is
related to gastric colonization by H. pylori in various animals. We
suggest that to elucidate the meaning of the biofilm formation in
this microorganism may provide important clues for understand- "
ing the mechanism involved in the diseases concerning H. pylori.
Additional research is now in progress to determine what factors
are directly involved in biofilm formation by strain TK1402.
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Abstract

Background and Aims: Mongolian gerbils are frequently used to study Helicobacter
pylori-induced gastritis and its consequences. The presence of some gastric flora with a
suppressive effect on H. pylori suggests inhibitory microflora against H. pylori infection.
The aim of the present study was to analyze the microflora in the stomach of Mongolian
gerbils with H. pylori infection.

Methods: H. pylori ureA was detected by polymerase chain reaction (PCR) in the fecal
samples of infected Mongolian gerbils. H. pylori was isolated from the gastric mucosa of
the gerbils by microaerophilic cultivation. Gastric microflora were isolated by aerobic and
anaerobic culture. and the identification of gastric bacterial species was performed by
API20E and API20A.

Results: Oral administration of H. pylori TK1402 induced colonization and gastric
inflammation of the stomach of the Mongolian gerbils. According to the frequency of
detection of H. pylori ureA in fecal samples. the gerbils were divided into three groups
(frequently detected, moderately detected and infrequently detected). According to the
analysis of the gastric microflora in the frequently and infrequently detected groups.
Lactobacillus spp. and Eubacterium limosum were isolated from the former and latter
group. respectively.

Conclusion: Some gastric flora, such as Lacrobacillus spp.. may inhibit colonization by H.

pylori.

Introduction

Helicobacrer pylori is a Gram-negative microaerobic bacterium
that was originally isolated by Marshall and Warren." It colonizes
the gastric mucosa of approximately 50% of the world's popula-
tion and is a major cause of chronic gastritis and peptic ulcers, as
well as being a risk factor for gastric adenocarcinoma and mucosa-
associated lymphoid tissue lymphoma.** It has been estimated that
H. pylori colonization increases the risk of gastric cancer approxi-
mately 10-fold.* In 1994. a working group of the World Health
Organization International Agency for Research on Cancer classi-
fied H. pylori as a group | carcinogen in humans.*

There have been many challenges to establishing experimental
infection with H. pylori in animals. but recent studies have reported
an infection model using the Mongolian gerbil®” Naturally
acquired gastritis among gerbils is rare, and natural infection of
gerbils with Helicobacter species apparently does not occur. Based
on these characteristics. Mongolian gerbils are used for analysis of
the pathogenesis and carcinogenesis of H. pylori infection.

Probiotic bacteria such as Lactobacillus, Bifidobacterium, Sac-
charomyces and Clostridium burvricum reportedly inhibit the
adhesion and growth of H. pylori in in vitro and in vivo studies.>'0
In addition. these probiotic bacteria can be used to supplement
eradication therapy for patients with H. pylori infection. either to

Journal of Gastroentsrology and Hepatology 26 (2010) Suppl. 1; $11-S14

increase the eradication rate or to prevent the occurrence of the
side-effects of the antimicrobial drugs.'"'* Based on the results of
those studies. it is possible that gastric bacteria might affect the
colonization of H. pylori in the gastric mucosa.

In the present study. gerbils were divided into groups according
to the frequency of detecting of H. pylori ureA in fecal specimens
and their gastric microflora were investigated.

Methods

Bacterial strain

The H. pylori TK1402 strain isolated from gastric biopsy speci-
mens of patients with gastric and duodenal ulcers was used.'* The
TK 1402 strain was cultured for 2 days in Brucella broth contain-
ing 1.5% agar (Difco, Detroit. MI, USA) and 7% horse serum
(Sigma. St Louis, MO. USA) (BHS-agar) under microaerobic
conditions at 37°C using GasPak jars (Mitsubishi Gas Chemical,
Tokyo. Japan) containing 85% Na. 10% CO- and 5% O..

Animals
We purchased 5-week-old female Mongolian gerbils (MGS/Sea:

specific-pathogen-free: bodyweight 25-35g) from Kyudou

s11

Journal compilation © 2010 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd



Analysis of gastric flora in Mongolian gerbil

(Fukuoka. Jupan) and they were bred under specific-pathogen-free
conditions  (room temperature. 23 * 2°C: relative  humidity.
40-60%: 12:12-h light : dark cycle) in the animal facility of
Kyorin University. They had free access to standard rodent food
pellets (CE-2. 30 Gr irradiated: Clea Japan. Tokyo. Japan). and
sterilized tap water was provided ad libitum in micro-isolator units
as described before.™ The experiments were approved by the
Experimental Animal Ethics Committee of Kyorin University
School of Medicine on | April 2008 (approval no. 75).

Infection of Mongolian gerbil with H. pylori

Eleven Mongolian gerbils were orally inoculated with H. pylori
TK 1402 strain. After incubation. A. pylori TK1402 were harvested
in Hanks® balanced salt solution (HBSS) (Sigma) and 1 mL of
bacterial suspension containing 1x 107 colony-forming units
(CFU) was inoculated once p.o. in 11 Mongolian gerbils.

Detection of H. pylori ureA by polymerase
chain reaction (PCR) in fecal specimens

After inoculation of H. pylori TK1402. fecal samples were col-
lected at I-week intervals and preserved at —80°C until use in
PCR. To extract DNA. we used the bead-phenol method as
described by Matsuki er al.'¥ Fecal samples were suspended in
500 pL of HBSS. then 200 UL of the suspension was added to a
solution containing 250 pL of extraction buffer (200 mmol/L Tris-
HCI. 80 mmol/L ethylene diamine tetra acetate [EDTA]: pH 9.0)
and 50 uL of 10% sodium dodecylsulfate. Next. 300 mg of the
glass beads (diameter. 0.1 mm) and 500 UL of buffer-saturated
phenol were added to the suspension. and the mixture was vor-
texed vigorously at 4200 rpm for 30 s using a Mini Bead Beader
(Wakenyaku . Kyoto. Japan). After centrifugation at 14 000g for
5 min. 400 uL of the supernatant were collected for phenol—
chloroform extractions. and 250 UL of the supernatant were sub-
jected to isopropanol precipitation. Finally. the DNA was
suspended in | mL of Tris-EDTA buffer. We used the primer set of
2F2 (5"-ATATTATGGAAGAAGCGAGAGC-3'). 2R (5'-ATGG
AAGTGTGAGCCGATTTG-3") and 2F3 (5-CATGAAGTG
GGTATTGAAGC-3) to detect the urcA gene. The primers of 2F2
and 2R were used for the first round of PCR. and those of 2R and
2F3 for the second PCR (nested PCR). Genomic DNA (I pL)
extracted using a MagExtractor (Toyobo, Osaka Japan) was mixed
with each primer (5 pmol) and 0.5 U Taq polymerase in a final
volume of 20 = | pL. The nested PCR proceeded for 30 cycles at
94°C for | min, 94°C for | min, 52°C for | min and 72°C for
I min using a thermal cycler (GeneAmp PCR system 9600-R:
Perkin-Elmer Japan. Yokohama. Japan).

Isolation of H. pylori from gastric mucosa

After killing the gerbils 8 weeks after the inoculation of H. pylori
TK 1402. their stomachs were dissected along the greater curva-
ture and the contents emptied so the organ could be divided into
two parts. One half of the stomach. excluding the forestomach was
scraped off with a spatula. collected in 500 uL HBSS and homog-
enized for determination of the number of the microorganisms in
the mucus layer. H. pylori-selective medium (Nissui Pharmaceu-
tical. Tokyo. Japan) was inoculated with 50 uL of the gastric
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sample and incubated at 37°C for 5 days. Purple colonies were
counted. and the number of viable H. pylori cells was expressed as
the number of CFU/g of gastric mucus. Brucella agar medium
supplemented with 7% horse serum was inoculated with a single
colony for identification of the bacteria. The isolated strain was
shown to be positive for urease. catalase and oxidase with a Gram-
negative helical form and thus identified as H. pylori.

Differentiation of H. pylori-positive and
-negative gerbil according to frequency
of its detection by PCR '

On the basis of the frequency of the PCR. two gerbils were
selected as the H. pylori-positive one (gerbil no. 5) from the
trequently detected group and as the H. pylori-negative one (gerbil
no. 4) from the infrequently detected group. It was necessary to
compare the gastric flora of the two gerbils differentiated as the
highly infected one (1.3 x 10" CFU/g mucus) and as the non-
infected one (<2.0x 10* CFU/g mucus) according to the high
density of H. pylori and the low density of H. pvlori. respectively.

Analysis of gastric flora

To isolate the dominant bacterial species from each gerbil. the
gastric specimen and 10-fold dilutions of the suspension were
inoculated on Gifu anaerobic medium (GAM) agar (Nissui Phar-
maceutical). phenyl ethyl alcohol (PEA)-blood agar (Nissui Phar-
maceutical) supplemented with 5% horse blood and DHL agar
(Nissui Pharmaceutical). GAM agar and PEA-blood agar were
incubated under anaerobic conditions at 37°C in an Anaero incu-
bator (Hirasawa. Tokyo. Japan) for 48 h. DHL and PEA agar were
aerobically incubated at 37°C for 24 h. After incubation. each
different type of colony was inoculated for single colony isolation
and incubated under the same conditions. These isolates were
identified using API 20E (a commercially available kit used for the
identification of Enterobacteriacae and some other Gram-negative
bacteria. and incubation period is 18-24 h) and API20A (a com-
mercially available kit used for the identification of anaerobes. and
incubation time is 24 h) (SYSMEX bioMerieux. Tokyo. Japan).

Results

Detection of H. pylori ureA in fecal samples
and isolation of H. pylori from gastric mucosa

In three gerbils (nos. 2, 5 and 11). H. pylori ureA was detected in
four or five of six fecal specimens (i.e. frequently detected group)
(Table 1). In contrast. H. pylori ureA was infrequently detected in
four gerbils (nos. 1. 3, 4 and 6) in zero to one of six fecal speci-
mens (i.e. infrequently detected group). In four gerbils (nos. 7-10).
the detection rate of H. pvlori ureA was moderate (moderately
detected group). Figure | shows a representative result of the
detection of H. pylori ureA by PCR in fecal specimens obtained at
I week after infection. Amplified DNA bands were detected in the
fecal samples of gerbil numbers 4 and 7-11. There was no signifi-
cant difference among the three groups in the number of H. pylori
isolated from the gastric mucosa. In gerbil numbers 4 and 9. H.
pylori was not isolated.
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Table 1 Detection of Helicobacter pylori ureA by polymerase chain
reaction in fecal samples and isolation of H. pylori from gastric mucosa
by cultivation

Group Gerbil no. PCR* (no. of No. of H. pylori
positive/total)  (CFU/g mucus)
Frequently detected 2 4/6 8.8x10°
5 5/6 1.3x10
" 5/6 5.4x10°
Moderately detected 7 3/6 1.2x10°
8 3/6 20x10°
9 3/6 <2.0x10°
10 3/6 4.0x10°
Infrequently detected 1 /6 2.0x10°
3 /6 9.6 x10°
4 /6 <2.0x10°
6 0/6 8.6x10°

*Fecal samples were used for polymerase chain reaction (PCR)
CFU, colony-forming units.

1 23 4 5 6 708 9 10 11 12 13

=
s
m

L34

Figure 1 Detection of Helicobacter pylori ureA by polymerase chain
reaction (PCR) in fecal samples. At 1 week after H. pyloriinfection, fecal
samples obtained from gerbil numbers 1-11 were used for DNA extrac-
tion followed by PCR. Lanes 1-11, fecal samples of gerbil numbers
1-11; lane 12, positive control; lane 13, molecular weight marker.

Isolation and identification of the gastric flora
of Mongolian gerbils

Gastric bacteria were isolated from the gastric mucosa of gerbil
number 4 (infrequently detected group) and 5 (frequently detected
group). and identification of the isolated gastric bacteria was per-
formed using API 20E and API 20A (Table 2). The same faculta-
live anaerobic bacterial species (Escherichia coli and Kluyvera
spp.) were identified in both gerbils. However. different obligate
anaerobic bacterial species were identified: Lactobacillus spp. was
isolated from the gastric mucosa of gerbil number 4 and Eubac-
terium limosum was isolated from gerbil number 5. One other
different anaerobic bacterial species was isolated from both gerbils
and it was difficult to identify the species: the API 20A system
indicated the possibility of Actinomyces spp. or Bifidobacterium
spp. with a percentage identification of 51.1% or 48.7%.
respectively.
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Table 2 Isolation and identification of the gastric bacterial species in
two Mongolian gerbils

Facultative
anaerobes”

Group Gerbil no. Obligate anaerobes*

Escherichia coli
Kluyvera spp.

Infrequently 4
detected

Lactobacillus spp.
Actinomyces spp.
Bifidobacterium spp."

Eubacterium limosum
Actinomyces spp.
Bifidobacterium spp.}

Escherichia coli
Kluyvera spp.

Frequently 5
detected

*Bacterial species were identified by API 20E and API20A.
"Identification of Actinomyces and Bifidobacterium was 51.1% and
48.7%, respectively.

Discussion

Bik er al."® reported the molecular analysis of the bacterial micro-
biota in the human stomach with or without H. pylori infection.
In their study, genomic analysis of the gastric flora using 23
gastric biopsy specimens obtained from 12 H. pylori-positive and
Il H. pylori-negative adults was performed by a molecular
method using the 16SrRNA clone library. Interestingly. H. pylori
was isolated by cultivation in 12 of 23 cases. but the recombinant
DNA of H. pylori was detected in 19 of 23 cases. There was no
significant difference between the H. pvlori-positive and
-negative cases in the profile of the gastric microbiota. suggesting
that the gastric flora will not affect the persistence of H. pylori in
the gastric mucosa. Sun et al.'” reported the profiling and identi-
fication of Eubacteria in the stomach of Mongolian gerbils with
and without H. pvlori infection. They showed that Lacrobacillus
spp. was the dominant bacteria in the stomach of H. pylori-
infected. as well as control, gerbils. They also demonstrated that
Lactobacillus gasseri and  Lactobacillus reuteri. which are
present in the stomach of most Mongolian gerbils. inhibited the
growth of some H. pvlori strains. Based on their results. it is
possible that indigenous bacteria such as lactobacilli may have an
effect on the colonization and growth of H. pvlori strains in the
stomach of Mongolian gerbils.

In this study. the same strain of H. pylori. TK 1402, as Nakagawa
eral. used' was selected for the inoculation to gerbils. but the
comparable level of serum anti-H. pylori immunoglobulin (Ig) titer
was not detected 8 weeks after the inoculation. However. Suzuki
etal.’” used a different strain for the inoculation in Mongolian
gerbils. In their study. they observed the comparable level of serum
anti-H. pylori 6 or 12 weeks after the inoculation. The tissue
myeloperoxidase (MPO) activity was significantly elevated within
6 weeks and additionally increased at 12 weeks and this parameter
was totally paralleled with the histological score for neutrophil
infiltration. It is necessary to study preventive microflora using
tissue MPO activity and IgG.™ but we checked neither IgG level
nor the tissue MPO activity to determine the status of inflamma-
tion in our study. We need to check both the tissue MPO activity
and the IgG level in our future studies.

In the present study. the rate of detecting H. pvlori ureA in fecal
samples of Mongolian gerbils after p.o. H. pylori inoculation was
compared. According to the frequency of detection. the gerbils
were divided into three groups (frequently. moderately and infre-
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quently detected groups). We suspected that some gastric bacteria
may inhibit persistent infection of H. pylori. and so the gastric
bacterial microflora isolated from the gastric mucosa of the fre-
quently and infrequently detected groups were analyzed and com-
pared. Lactobacillus spp. were isolated from the gastric mucosa of
the infrequently detected group. suggesting the possibility of an
inhibitory effect by this species of gastric bacteria on colonization
by H. pylori. Further study examining the direct effect of the
isolated Lacrobacillus strain on the colonization of H. pylori in the
stomach of the Mongolian gerbil remains to be done.
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Mutual correlation between gastric flora and Helicobacter pylori in gastric mucosa of
Mongolian gerbil

Cynthia Zaman, Takako Osaki, Tomoko Hanawa, Hideo Yonezawa, Satoshi Kurata and
Shigeru Kamiya

Department of Infectious Diseases, Kyorin University School of Medicine, Mitaka

To compare the reciprocal correlation between gastric flora and H. pylori in gastric mucosa of
Mongolian gerbil, gastric microflora of Mongolian gerbil were analyzed at first after infected with H.
pylori T.K 1402.0n the basis of the results of PCR of the extracted DNA from the fecal samples, H.
pylori positive and H. pylori negative gerbils were differentiated whose gastric samples were used in the
next experiment. Actinomyces spp., Lactobacillus spp. and Bifidobacterium spp. in H. pylori negative
gerbil and Actinomyces israeli and Eubacterium limosum were identified. In this result, the gastric
flora of the H. pylori (-) gerbil [No.4] were considered as the suitable microflora against the H. pylori
colonization and so using the gastric sample of that gerbil in the next experiment, the mutual correlation
between gastric flora and H. pylori were analyzed. H. pylori (-) by the real time-PCR among 5 H. pylori
(-) gerbils which were clarified. The Lactobacillus spp. was also clarified by the real time-PCR among
all of the gerbils.

Keywords: H. pylori, gastric flora, Mongolian gerbil

I Objective

To find out the mutual correlation between gastric flora and Helicobacter pylori, microflora were
analyzed in H. pylori infected Mongolian gerbil’s stomach and also their interaction with H. pylori was
observed.

IT Materials and Methods

Twelve Mongolian gerbils (5 wks old) were inoculated with H. pylori (1.04 x 107 cfu). Nested PCR
using ureA gene primer was done using extracted DNA from collected fecal samples. Gastric mucus
samples were obtained from gerbils sacrificing after eight wks of inoculation for the detection of H.
pylori culture and PCR.On the basis of the results of PCR , gerbils were selected as high frequency,
variable and low frequency groups and according to the highest and the lowest density of H. pylori, H.
pylori positive and H. pylori negative gerbils were differentiated.

The gastric samples of the H. pylori (+) gerbil and the H. pylori (-) gerbil were inoculated into
another twelve Mongolian gerbils (5 wks old) dividing them into two groups. One wk after this
inoculation, all of the gerbils were inoculated with H. pylori (1x 10° cfu) twice. Bacterial numbers of
gastric flora and H. pylori were compared between two groups.

III Results and discussion

After using the extracted DNA of the gastric samples, gerbil (No.5) was shown as positive in the
result of nested PCR (Table 1). It was shown that in high frequency group number of H. pylori in gastric
sample was higher than other groups. It was necessary to compare the stomach flora between gerbil
No.4 ( low frequency group) and No.5 (high frequency group) as H. pylori negative and positive. In this
result, in the stomach of No. 4 and No. 5 gerbils, same aerobic bacteria (E. coli and Kluyvera spp.) were
found. However, different species of anaerobes (Lactobacillus spp., Actinomyces spp. / Bifidobacterium
spp. in gerbil No. 4 and Actinomyces israeli and Eubacterium limosum in gerbil No. 5 ) were found
respectively.

In this result, the gastric flora of the H. pylori (-) gerbil [No.4] were considered as the suitable
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Table 1. Isolation of H. pylori in fecal and gastric samples
Term Gerbils No PCR* No. of H. pylori
(No. of positive/Total) CFU / g mucus
High frequency #2 4/6 8.8x10’
#5 5/6 R 1.3x10°
#11 5/6 5.4x10°
Variable #1 3/6 1.2x10°
#8 3/6 2.0x10°
#9 3/6 <200
#10 3/6 4.0x10°
Low frequency #1 1/6 2.0x10°
#3 1/6 9.6x10°
#4 1/6 <2.0x10°
#6 0/6 8.6x10°

*Fecal samples were used for PCR

Table 2. Detection of H. pylori and Lactobacillus spp. by real time PCR in both H. pylori (+) and H. pylori (-) groups

H. pylori (-) group

H. pylori (+) group

Gerbil No 1 2 3 4 5 6 7 8 9 0 11
pH 25 30 30 30 30 30 30 45 45 45 30
No. of H. pylori 531 (9 431 () () 400 956 442 454 () 479
(Real time PCR)
No. of Lactobacillus
1058 1218 1076 () 1080 878 1065 1140 1097 1118 9.77

spp./g mucus
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LVIREDTHEN, HYTAN=T O 1,752 {0k
R % 1EMBEL, 30 £7° H. pylori B TH o 7-.
LROFBBIIRIL 1%/ Tdh o 7258, FilCBRgE L7
% i 2 IRRMOILL IR TRIRIZ 21%/5EThH o 7.
BAL TOBREVEL A2 Bl THE LAy Ik
1263 T, THRIZITOERTIZ3.0 Thotz. NVTF
Fra, ¥y hTBHEOBEEHBRBEOELY, T
HIME D> 5 real-time PCR & & fE H. pylori HLIE € 1
2 HWT H. pylori D5 BER A&V, BT 26 4
D3 b 23 4 (88%) T H. pylori H* PCR IETHMEE %Y,
BETIX23 8095 1748 (74%) THETH Y, IEHY
R TR BRI % B W BEMEAVRIR S Rz, wTiho
BATHRERIRD L b o 2.

IBIHENDHMETH HDS, Parsonnet 5213 16 £
DIEFERD H. pylori BB ZRRE L, TH|, MEHHIH
SRR OME, W, WY O H. pylori %% B ro 7.
BYE DR OWER A & 1% 18.8% (3/16) TARE®D H.
pylori HSRER I NI, A CTEHHZOERD 5 i
56.3% L BHICHRETE, THE»S LERNTHRT
& olz. H. pylori BeGEHIEM: - FTHIZ PED FiE T3
RRE %D ) BILDVTRBREND, MR A S KDL
LB RIENcbd), BREL LTEETHL L
Ex5.
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5. BPE . BRPCEETIET

HABFRRRPEE L AN, FEREN &K 27
2B VI MENRENorz. < L— 2 T OREEZ MK
FF— (10~70 i%) OMIFH H. pylori Pk EFRIT
142%T, R, HH, mi3MEmAeho 222,
KUY T IFY ORGP TIIHAER 238 4% 2 RET
RIS E L 722 s 0 BRI TR 1 49%TH Y,
MAER T A BICHT 2 H. pylori BEEIERICHEH
BRTHol. T, PRBEERLKIC S o ¥V
YTICBIARED THHA, EEHECEERS DY,
B 16 HREE O 72 W iLE L 72 100 & D/N R TR IR
L UBT 2B %o/, FAHIC, BREEROHEICHK
BLIRTORFEIZOWTH UBT 2B kol FE
b L HOER, HEEERR, BoRFE, EERED
ERIZOWTHRAELL. 4% 4%) OFERNET
H. pylori B&Hed’d o 7258, AEL-ERTEREZRVT
(H. pylori IRGJR THBIEMAT ) BT 2 b Didk
otz TRTO H. pylori AR, FRIRD 71.4%T
FEDODH L LY 1813 H pylori BEHETH -7z, FE
JeRicdH 5 W4 (Pinggu) &#84 (Haldian) O H. pylori
TR R ARE L 72 ED TH H AT, 1,232 BHBML,
YT IL UBT V7o, FRECHER, Fin, Bk,
HELAV, BE, 7La—-ViEREFMHLZ. HET
DIEGJHIT 54.7%, WA TIX 41.3% T o 7. FBEHISR
LAEWEE LAV, KRS H. pylori B0 A7 HF
Thol:.

Lanyu BIZEEL T2 Yami #iE (ABTbo&d
INEWEERERE) ICHTI2METH LY, FAENRE
BOBL/NE R FEREETH S, Lanyu BTG L
BETH Y, ZOMIBD H. pylori BRI T 2 R
EE AL, Chi 5271E Lanyu BB 2 BAED
BYRZWEL, VALY 777 5 —LRENOEEER
& L7z, HEWGAY, population-based iff7Ei% UBT % AV T
Eiishzz, HERFREZ EOBREEGRDY) X7
7725 =L LTIUEL, F& - REORFMOIE L 7.
106 DA CE¥4ER 14.3 5%, FE 55 %) 988k
&, &hoRiRiE 54.7% T - 72. Dongcing # DfF

EHOBRPEIHRDLFEL, 733%Thorz. R, AH,
FARFIRE, BOBEL NV EEEIZMEEN 2D -
7o, H.pylori G LRE, HFRK, BMIICIZMMA %A -
72 H. pylori e BB LTIZ0 S 1A F Y an
5 OGN D BB N, HAREFL AL OECIHIRDO LR
HIZERIZBIT 5 UBT 2 AW 72 lTRE THh 5. 5
1% 5~13 /R 685 4T H. pylori Bl D d 5/ T
RSO R VNEE D S EAMES, BERLEL,
WEE T H pylori BEAVNBOBRENHICHELTY
AHAREHEARIE S Nz LB RT WA,

6. Kb o DER

Ko DGz e < CEEETE H. pylori DB D %
BARHEOVD L OTHAILMEINTVE. NV TFTF
¥ 2 DERFRDTE IR KIZDOWT H. pylori FE 1Y
real-time PCR % i\ C/KH D H. pylori DNA % E ik
LT 2% B o LWME? T, BAHEREL 1K
thap7z0) H. pylori BIZFBXZ 250 7/ L TH 5. %
13 H. pylori BRBRBE AV T 55 2 DHIBRDO K
F - SR 75 R, RIRKANAL 7 4 V4 21 RIKT
HHH, EOF TN 0 H. pylori ZRIBTE B
7z, B UHETURNCMMOMB A T & iRk dbd o
7%, H. pylori W3R TERh ol ¥ ba— VEE
LIEITLTHY, EBRHRIBRIETHS LIFERIT]
{, TORKBRILRLEI NV Y IFYanERS H.
pylori BRIARFEAKTH 5 & V) TREEIXEWC L 2R
BLTW5., FRICBESNIMECHFTLED H.
pylori & E BFRERD) R 7 2 REF LA, ADOD
HEOLH D, FARCEESNDHHHE 3324, 3
T — Vit D) 446 % T H. pylori Hidk, E BT 5
ik B X A L. BiRi H. pylori Hifk, E BIFR
PRE ISR TEIE AL, TARCBESNDMENT
NODERDOI A2 IZHB I AL, RWEARET
EABG#ZNHENTOIEEID ) A2 L3R SRV
LTV A.

BBHUIC

BV — MIDLTOW LRI o TV A, HHIL
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