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Taq pol yner ase 50 pl DwW . PR 940C
5 mn, 500C 1 nmin, and 720C 1 mn1l , 940C 1 nin,
500C 1 mn, 720C 1 mn 39 , 940C Inn,
500C 1 mn, 720C 5 1 . PCR products 0.8%
agar ose gel , ethidi umbromde staing
negati ve staining (Jev

100X 11, JEQ, Japan)

Mtility, Gamstaining, oxidase, catal ase, urease, esterase, nitrate

reduction, hippurate hydrolysis, indoxyl acetate hydrolysis, v

- 12 -



-glutanyl transpeptidase, reduction of chloride to triphenyl
tetrazolium (TTCQ), pyrrolidonyl arylandase, L-arginine arylam dase,
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SUMVARY

Tightly spiralled bacteria were observed in the pyloric micosa
of the stomach of 4(8.0% of 50 pigs. mainly surface of epithelia,
gastric pits and the lumen of gastric glands. The presence of the
spiral bacteria was significantly associated with chronic pyloric
gastritis(p<0.05). Mean gastritis score of 4 pigs infected wth
bacteria was 3.250( £0.250) and that of 46 pigs uninfected was 2.370
(£0.114). Parakeratosis and hyperkeratosis were spontaneously seen
in the nucosa layer of pars oesophagea regadless of bacterial
infection, but no granul omatous |esion and ul cer. Marked infiltration
of mononucl ear cells and granul ocytes were seen in the cardiac nucosa
of the nmajority of pigs(gastritis score = 2. 860%0.090).
Inflammatory response in the fundic nmucosa was not serious.
Infiltration of a small nunber of nononuclear cells was seen in the
gastric pits of fundic nucosa(gastritis score = 0.75+0.081). Tightly
spiralled bacteria could not be cultured fromany pigs.

To investigate the association between infection of tightly
spiralled bacteria and gastritis in the pig stomachs. N ne nal e pigs
were inocul ated with gastric honogenate of pigs infected wth tightly
spiral bacteria and two control pigs were given mucus taken from
bacteriumnegative pig. he or two test pigs were sacrified 7, 17,
24, 39 and 46 Postinocul ation days(PID). Two control pigs were killed
46 days after inoculation. Tightly spiral bacteria were found in the
pyloric mucosa of all test pigs except one killed 7 PID, but not in

the gastric nucosa of any control pigs. The nunber of bacteria
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continuously increased from the beginning of infection to the |ast
day in the gastric pits and gastric glands. Wth Steiner's silver
staining, the bacteria were observed mainly in the surface of
epithelia, gastric pits and the lunen of gastric glands. A 7 PID
there was the mld |ynphopl asnocytic inflammatory response in the
pyloric nucosa of test pigs. A 17, 24, 39, 46 PD nore increased
infiltration of nononucl ear cell was observed in the pylori nucosa of
test pigs and |ynphoid follicles were seen in the pyloric micosa of
one killed 24 PD. MId to noderate inflanmatory response was seen in
the pyloric nmucosa of control pigs.

To find out the pathogenesis of tightly spiral bacteria
colonized in the pig stonachs, and establish a new aninal nodel for
these bacteria infection. Twenty-four nale SPF ICR mce were
inoculated with gastric homogenate of pigs infected with tightly
spiral bacteria and ten control mce were given mucus taken from
bacteriumnegative pig. Two test mce were sacrified 3, 7, 10, 17,
21, 24, 28days and 8, 12, 16, 20 and 50weeks postinocul ation(Pl) and
two control mce were killed 7, 17, 28days and 12, 20weeks. Tightly
spiral bacteria were found in the fundic and pyloric nucosa of all
test mce but not in the gastric nucosa of any control nice. Wth
Steiner's silver staining, the bacteria were observed in the surface
of epithelia, gastric pits, the cytoplasmof parietal cells and the
lumen of gastric glands. The |ynphopl asnocytic inflanmatory response
continuously increased from the beginning of infection to the |ast
day in the lamna propria of gastric mucosa of test mce. Lynphoid
aggregates were observed in the fundic and pyloric nucosa from seven

of eight animals killed 8 12, 16, 20 and 50 weeks P . Several
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net hods of PCR and bacterial culture were applied, but the results
were unsuccessful . H ectronmcroscopically, the bacteria had two to
six spiral turns, and was approximately 2-6umlong and 0.4-0.8pum
wide. The cells had tw to five flagella arising from each pole ,
about 40nm in dianeter, but no periplasmc fibrils. Mce infected
with spiral bacteria wll be useful in studying the pathogenesis of
gastric | esions associated wth Helicobacter.

The ultrastructure of tightly spiralled bacteria infected in the
gastric mucosa of pigs and mce were examned. The bacterial cell had
two to six spiral turns, truncated or round ends and was 2.0-6.0um
long and 0.4-0.8uym wide. Two to five flagella, about 40nm in
dianeter, were seen arising fromeach pole. A higher nagnification,
the cytoplasm was seen to be enclosed by an inner trilamnar unit
nenbrane and an outer three-layered cell wall characteristic of
gramnegative bacteria. Adjacent to the polar ends, at the region of
insertion of the flagella, the cytoplasm had a less dense area. On
either side of this region, beneath the plasna nmenbrane, there was a
highly electron-dense "polar nenbrane". The bacterium described in
this study was very simlar to one reported by Mendes et al.

V& exanined whether or not the lactobacilli admnistered to
treat tightly spiralled bacteria colonized in the pyloric nmucosa of
pigs can suppress the colonization of this bacteria. Mile ICR mce
infected with tightly spiralled bacteria were challenged with L
salivarius, L acidophilus, 10nMIactic acid and 100nmM | actic acid for
4 weeks. H stopathologically, there was no evidence of inhibition of
bacterial colonization and gastritis induced by tightly spiral

bacterial infection. Hghly infiltration of |ynphocytes and plasna
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cell were seen in the fundic and pyloric nucosa of all mce infected
tightly spiral bacterialt regardless of challenging with Lactobacilli
or lacitic acid. And there was noderate to severe col onization of
tightly spiral bacteria in the gastric pits and the |unen of gastric
glands of gastric nucosa of all mce except negative control. It is
necessary to devel op other theraputic methods to inhibit col onization
of tightly spiral bacteria

Canpyl obacter is a pathogen for both hunans and aninal s that can
be transferred from animals to humans. Four isolates, which grew
under 5-10% QG2 and had small and transl ucent col onies, were obtai ned
from sw ne gastric nmucosa characterized using various nethods. These
bacteria were gramnnegative, spirally shaped with round ends. he or
two non-sheathed polar flagella were observed under an electron
m croscope. A PCR wi th speci es-specific protein (SSP) priners for 16S
rRNA gene in Canpyl obacter produced a typical 462 bp fragnent. The
i sol ates had various biochenical and nol ecul ar characteristics which
differentiated them from other Canpylobacters. The isolates were
catal ase and oxidase positive, urease (rapid) negative, nitrate
reducti on positive, indoxyl acetate hydrolysis positive, v-glutanyl
transpepti dase negative, and al kal i ne phosphat ase negative. Al four
i sol ates showed growth at 370C and 420C but yet at 250C Al isol ates
were resistant to cephalotin and cefoperazone, and susceptible to
carbenicillin. The isolates showed various results in the reduction
of chloride to triphenyl tetrazolium (TTQ and a susceptibility to
nalidixic acid. Vestern blot analysis of these isolates wth
anti serum rai sed against one isolate showed different patterns from

those of reference strains. A dendrogramdrawn with the RAPD results
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showed that these isolates belonged to a different group from those
of C jejuni, C doylei, C lari, and C coli. It would appear that
these isol ates belong to a new Canpyl obacter spp.

Lactobaci | lus acidophilus is known to have an inhibitory
activity on Helicobacter pylori growth. And this activity has been
considered to be due to the lactic acid and antibacterial agents
produced by Lactobacillus. S nce every Lactobacilli produce lactic
acid, another factor nust exist for L. acidophilus to inhibit H
pylori growh. In this work, the inhibitory activity of L.
acidophilus on H pylori adherence was studied. An imunoabsorbent
assay using a TLC plate was devel oped and used for screening of the
inhibitory activity of various Lactobacilli on H pylori adherence.
Qycolipid, the attachnent site for H pylori, was isolated from
bl ood type O red blood cells and spotted on a TLC plate. The H
pylori adherence increased linearly wth increasing anounts of
glycolipid spotted on the TLC plate. Various L. acidophilus strains
yet no L. casei appeared to inhibit H pylori adherence to
glycolipid, plus the adherence was decreased linearly as the
concentration of the Lactobacillus increased. The results show that
the inhibitory activity of L. acidophilus on H pylori adherence is
another factor for L. acidophilus to inhibit H pylori growh.

Several strains of Candida and Helicobacter-1ike bacteria were
isolated fromthe region of gastritis and keratinization of swne
stomach. Helicobacter-like bacteria produces colonies wth the
transparent and snall appearance which is typical to H pylori. This
bacterial strain showed the same result of H pylori in various

bi ochemcal test such as urease, catal ase, and oxidase tests. (he
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strain of Candida and one strain of helicobacter-like bacteria were
cultured, collected with centrifugation, broken w th sonication, and
fixed in 10%formalin. Each group of five mce was fed twice with the
fixed total proteins. After two weeks, mce in each group were
challenged wth Candida  and Hel i cobacter-1ike bact eri um
respectively. The control group showed the infection from Candida
and Helicobacter-like bacterium while some of the experinent group
w th gastroi muni zati on showed the infection too

Wen a PCR specific to urease A in Helicobacter pylori was
performed using DNA isolated from Gastrospirilluminfected tissue, a
DNA band with the typical 411 bp was obtai ned. DNA sequence of this
PCR product coincided with the urease A of Helicobacter pylori. This
result shows that Gastrospillium produces the sane urease of H
pylori. Based on this, urease of H pylori was purified from urease
cloned E coli B21/pHJL013. Bacterial cells were grown in LB wth
anpicillin and collected with centrifugation. Cells were broken in a
French pressurized cell. Wease were purified with DEAE anion
exchange columm chronat ography, Sephacryl S 200, and MnoQ col um
chromat ography. Wth this purified protein, infection experinent is

under way.
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1 Tightly spiral bacteria

1983 \Wrren Mar shal |

H pyl ori (Vérren, 1983 ; Marshall, 1983) gastric
bacteri a . gastric bacteria
(Lee , 1988 ; Sato , 1982),
80- 100% . (Her manns , 1995; Henry ,
1987) spiral bacteria chronic active gastritis
peptic ul cer (Vérren , 1983),
[ ymphofol I'icul ar gastritis(Henry , 1987; Handt , 1994; Gto
1994) , (Fox , 1990; Fox , 1991), (Eaton , 1993),
(Baskerville , 1988), (Queiroz ,1990) chroni c
gastritis .1990 Queiroz Mendes
tightly spiral bacteria (Queiroz
1990) . :
H heil mannii

(Mendes , 1990), 16S rRNA gene sequence H heil nannii 99. 5%
(Queiroz , 1995) Gastrospirillum suis
tightly spiral bacteria
10. 8% Mendes , 1991), 9.4%Qasso , 1996)
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1. Aninmals
50
4 jce box
10% ,
Car bol -fusci n
bacteri a

2. Histopathol ogi cal exam nation

10% 24
pr ocessi ng , 2um
Steiner's silver

tightly spiral bacteria

, Table 1
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Table 1. Evaluation of gastritis of cardiac, fundic, pyloric nucosa

Gastriti
Histopathologic findings
s score
0 no infiltration of inflammatory cells in the gastric mucosa
mild infiltration of lymphocytes, plasma cells and some eosinophils in the
! gastric mucosa
moderately dense infiltration of lymphocytes, plasma cells in the gastric
2 mucosa but no lymphoid follicle
3 moderately dense infiltration of lymphocytes, plasma cells and presence of
lymphoid follicles in the gastric mucosa
. very dense infiltration of lymphoplasmo-cells and presence of lymphoid

fallicles in the gastric mucosa

Mdified Steiner's silver ,

1%uranyl nitrate 60 15 ,
3 1% silver nitrate 60 90
3 95% 100% 2 ,
2.5% gum nastic 5

, 2.5%gumnastic 10m 2% hydroqui none 25n, 100%
5m, 1%silver nitrate 0.2ni reduci ng 45 25

3. Bacterial culture

5% hor se serum chocol at e agar (BBL
®, USA), 10% horse serum (anphotericin B, trinmethoprim
pol ynyxi n B, vanconyci n) QC nodi fied chochol at e agar (D FOQ

USA), brain heart infusion agar(BBL®, USA) plate
Gaspak( GasPakP usTM BBL®), USA 37 4-7



4, Statistics

Anova test
3
5 gastric fold
, Qgastric fold 2
6 , pars esophagus 2
, 1 (Fgl.
, tightly spiral
bacteri a , 4 (8.0%
gastric pits, gastric glands
(fig 2). 21 par aker at osi s

11 hyper ker at osi s , tightly spiral bacteria

1 (Fig 3).

(47/50, 94.0% ; ,
, 50 gastritis score 2.860( £0.090, SEV
(Fig 4). 3 hyper pl asi a

, gastric pits

2 cystic
dilatation , 8 ,
gastritis score 0.75(zx0.081, SHV . Tightly spiral bacteria
4
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(Figbh). gastritis score 3.250( +0.250, S&V
, 46 gastritis score 2.370( £0.114, S&V
Tightly spiral bacteria
p<0. 05 (Fig 6)
tightly spiral bacteria (100%
, 46 19(41. 3% (Fig 7).

tightly spiral bacteria
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Tabl e 2. H stopathol ogi cal findings of pig stomachs infected with and

wi thout tightly spiral bacteria.

Number of pigs

Histopathologic findings Not infected with tightly spira Infected with tightly spiral
bacteria(46) bacteria(4)
Pars esophagus
Hy perkeratinization 10 1
Parakeratosis 20 1
Submucosa
Lymphocytes 19 0
Eosinophils 12 0
Lymphoid follicles 8 0
Cardia
Epithelial degeneration 14 1
Erosion 10 0
Lamina propria
Lymphocytes 43 4
Eosinophils 40 2
Lymphoid follicles 34 2
Epithelia hyperplasia 3 0
Submucosa
Eosinophils 2 1
Mucularis
Lymphocytes 1 0
Eosinophils 1 0
Fundus
Epithelial degeneration 7 1
Erosion 2 1
Lamina propria
Lymphocytes 27 1
Eosinophils 7 0
Lymphoid follicles 3 0
Cystic dilatation 1
Submucosa
Eosinophils 10
Mucularis
Lymphocytes 2 0
Eosinophils 5 0
Pylorus
Epithelial degeneration 26 3
Erosion 8
Lamina propria
Lymphocytes 41 4
Eosinophils 36 3
Lymphoid follicles 20 4
Submucosa
Eosinophils 3 0
Mucularis
Lymphocytes 0 0
Eosinophils 0 0




(Baskerville , 1988, Eaton , 1993, Henry , 1987; Handt ,
1994),

. (Jubb | 1985). Spiral bacteria
ferrets H
nust el ae (Fox , 1988).
tightly spiral bacteria
tightly spiral bacteria
50 4(8.0%

tightly spiral bacteria

(p<0.05), Mendes spiral
bacteria Gsuis
(p=0. 013) (Mendes , 1991). Tightly spiral
bact eri
H pylori (Queiroz ,
1988) . tightly spiral bacteria
, Mendes (10.8% (5.0%
tightly spiral bacteria (Mendes,
1991). tightly spiral bacteria 4
46 20 (43.59% . , Tightly spiral
bacteri a (7/13, 53.8% (22/107,
20. 6% (p=0. 014)

(Mendes , 1991).
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Tightly spiral bacteria

, (Qui zzar di
F , 1982 ; Krakowka S , 1998) Hyostrongyl us rubi dus, Ascarops
spp., Physocephal us spp. S nondsi a spp. (Jubb KW,
1985)

tightly spiral bacteria

tightly spiral bacteria 16S rRNA
sequenci ng H heilmannii type 1 99.5%
(Queiroz , 1995).
. Tightly spiral bacteria
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Fig 1. Severe congetion of fundic mucosa and and

keratinization of pars esophagus.
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Tightly spiral bacteria of the gastric pits(A and the

FHg 2

's silver stain.

S ei ner

unen of gastric gl ands(B)
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F g 3. Hyperkeratosis and parakeratosis of nucosa and | ynphoi d

follicles of submucosa of pars esophagus, HSE stain.
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FHg 4. Severe dense infiltration of nononuclear cells and
eosi nophils and lynphoid follicles of cardiac nucosa, HE

stain.
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Fg 5 Mderate infiltration of nononuclear cells and focal
necrosis of surface epithelia of pyloric nucosa of pig

infected with tightly spiralled bacteria, H& stain.
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Fg6 Gstritis score of pyloric nucosa of pigs infected wth

and without tightly spiralled bacteria.
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Fg 7. Lynphoid follicle in the pyloric nucosa of pigs
infected with tightly spiralled bacteria, HE stain.
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Fig 8 Nornal pyloric nucosa, HSE stain.
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2 tightly spiral

bacteria
1
Gastrospirillum  Helicobacter gastric bacteria
(Marshal | , 1984) (Henry , 1987), (Hant
, 1994 ; Qto , 1994), (Eaton , 1993), (Fox , 1990,
1991), (Baskerville , 1988), (Queiroz , 1990)
bacteria chronic
active gastritis peptic ul cer (Vrren , 1983),
| ynphof ol l'i cul ar gastritis(Henry , 1987, Hant , 1994 ;
Qto , 1994), (Fox , 1990, 1991) (Eaton , 1993),
(Baskerville , 1988), (Queiroz ,1990) chroni c
gastritis . Helicobacter pylori 1983 Vérren
Mar shal | peptic ul cer(Vrren , 1983)
gastric adenocar ci nona( Parsonnet , 1991)
1990 Mendes
tightly spiral bacteria .(Queiroz , 1990)
tightly spiral bacteria , H
hei | manni i (Mendes , 1990), 16S rRNA gene sequence
H heil nannii 99. 5% (Quieroz , 1995)
Gastrospirillum suis . 1991
spiral bacteria chronic pyloric gastritis
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, lynphoid follicle
(Mendes , 1991). 1993 1996 CFW mi ce

Wstar rats
spiral bacteria (Moura
1993 ; Mendes , 1996). invitro

(Mendes
1991 ; Mura , 1993 ; Mendes , 1996).

tightly spiral bacteria

in vivo
, tightly spiral bacteria
2
1. animls
4 SPE IR 34
(Pol ycarbonat e, 22 x 27 x 13Qm
4 Hepafilter d ean rack( , ) 22
, (Charles river GRF1, Japan)
1
2. Inocul a
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Met hanol 10 Car bol - f usci n

tightly spiral bacteria

Phosphate buffered saline(PBS, pH 7.2)

0.5m 24 , 10

tightly spiral bacteria

3. Experinmental design

3, 7, 10, 17, 21, 24, 28 8, 12, 16, 20, 50

2 , 7, 17, 28 12, 20

4. Pat hol ogi cal exam nation

PBS
PCR urease test,
10% 24
Al cohal - xyl ene processi ng , 2Um
HE Steiner's silver
Tabl e 1.
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Table 1. Bval uation of bacterial colonisation and gastritis of fundic

and pyl ori ¢ nucosa.

Grad Bacterial o
o gastritis
e colonisation

. mild infiltration of lymphocytes, plasma cells in the
+ 1-20/ field ) X
lamina propria
moderately dense infiltration of lymphocytes, plasma
++ 20-50 / field y ) ) y p. y P
cells in the lamina propria

. marked dense infiltration of lymphocytes, plasma cells
+++ > 50/ field ) ) )
in the lamina propria

5. Urease test

U ease test . 0.5%wv)
phenol red 1N NaCH , pH 7.0 , 10m DW
Wea 2g, Ne:HPO - 12HO0 157ng, NaHPO - 2H0O 80ny, NaN: 20ny

pH 6.2 DWW 100m
1
ur ease
6. DNA extraction and PCR anplification
genom ¢ DNA 8
-70 . 0.1g
[iquid nitrogen , 500l

TNE solution (10nM Tris, pH 7.5 ; 150nM Nad ; 2nMEDTA ; 0. 5% Sodi um
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dodecyl sulfate) . 20ng/ m
proteinase K 20l vortex mx 55 3 i ncubat on

phenol 250 p | chloroform isoanyl al cohol 24:1

chl or of orm 250 p | vortex mx 12, 000r pm
10 t ube 2
chl orof orm 400 p | , 12, 000r pm 10

1/10 vol umre 3M sodi um

acetate absol ute al cohol In

pel | et down 12, 000r pm 10
80% et hanol 2 washi ng ,

12, 000r pm pel | et
al cohol . TE buffer(10mM Tris, pH 8.0 ;

1nM EDTA) 4
PCR priners Table 1. . PR mxture DNA
sanples 2pg priner 100pmol, 1xPCR buffer, 2.5U Taq pol yrer ase,

200 y M deoxyri bonucl eosi de triphosphates(PCR Core Kit, Boehringer

nmannhei m  Ger nany) 100 pl vol une . PCR 9
5 3 1lcycle , 94 1, 51 57 1, 72 2
35 cycle 72 10 1 cycl e(Gene GyclerT™
B 0-Rad, USA) 1. 5% agar ose gel
(Power PAC 300, Bio-Rad, UsA) PCR product band
nol ecul ar weight (MY narker PYX174/ Hae nar ker ( Pronega,
UsA)
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Table 2. Priners used for anplification of Helicobacter urease genes.

Source of . . . Product
Primer direction and sequence .
sequence size(bp)

H. F, 5'-GGGCGATAAAGTGCGCTT G-3'
heilmannii R, 5'-CT GGT CAAT GA GA GCA GG-3'
F, 5'-GCATCCGCGGCGGCTTTGATTAGT GCCCATATTAT GGAAG-3'

H. pylori 1,500
R, 5'-GCATCCGCGGCCGCT GGT GGCACACCATAAGCATGTC-3'

580

H.
heil . F,5'-GCATCCGCGGCCGCGAGGCACCATCCACACCTTC-3' 800
eilmannii
H lori R, 5'-GCATCCGCGGCCGCTTTAGAAGTTACTTCTTTGCCATC-3'
. pylori

7. Bacterial culture

5% horse serum chocol at e agar ( BBL®),
UA), 10% horse serum (anphotericin B, trimethoprim
pol ynyxi n B, vanconyci n) QC nodi fied chochol at e agar (D FOQ

USA), brain heart infusion agar(BBL®, USA) plate
Gaspak( GasPakP usTM BBL®), USA 37 4-7

8. El ectronm croscopi c exam nation

1md 1% GO+ 100
Epon 812 . 70nm
uranyl acetate lead citrate (JEM 100c

x , Jeol Japan) 80KV



1. Histopathol ogic findings

20
: 50 1
(Fg 1.
, 17
21 24 4
, 28 2
8
(Fig 2,
(Fig 3). 12
; 8
20 2
1 crypt epithelial cell hyper pl asi a (Fig 4.
50 2 , mucus
neck cell hyper pl asi a gl ands
(Fig5).

, collagen fiber

, gastric glands cystic dilatation ,

12
3 gastric pit
7 gastric glands parietal cells
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21 gastric gl ands
, gastric pits
parietal cells (Fig 6).

gastric pits gastric gland , parietal cell

: (Fig
7).
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Table 2. Colonisation of tightly spiral bacteria in the stomach of

i nfected and uni nfected mce

Distribution of bacteria

Surface of epithelia Gastric pits Gastric glands
F P F P F P
3d-1 ++ + +
3d-2 + + + + +
7d-1 ++ ++ ++ ++ ++ ++
7d-2 ++ ND + ND ++ ND
7d-cl
7d-c2
10d- 1 ++ ++ + ++ ++ ++
10d- 2 + ++ + ++ ++ +
17d- 1 + + ++
17d- 2 + ++ +
17d-c1
17d-c2
21d-1 + + + ++ ++ ++
21d-2 ++ ++ ++ ++ +++ +++
24d- 1 + + ++ +++ +++ +++
24d- 2 + + + ++ ++ ++
28d- 1 + + + ++ +++ +++
28d- 2 ++ ++ ++ +++ +++ ++
28d-c1
28d-c2
8w-1 + + ++ +++ +++ +++
8w-2 ++ ++ +++ +++ +++ +++
12w-1 + + ++ ++ +++ +++
12w-2 + + ++ +++ +++ +++
12w-cl
12w-c2
16w- 1 + ND ++ ND +++ ND
16w -2 + + ++ +++ +++ +++
20w-1 + + ++ ++ +++ ++
20w -2 + + ++ ++ +++ +++
20w-cl
20w-c2
50W-1 + + + ++ +++ +++
50w -2 + + + ++ + ++

F; Fundus, P; Pylorus, d; day, w; week, c ; control, ND; Not done



Tabl e 3. H stopathol ogi cal findings of the fundic and pyl ori c micosa

of mce infected and uninfected with tightly spiral bacteria.

Grade of gastritis

Histopathological findings

Presence of lymphoid

follicles

3d-1
3d-2
7d-1
7d-2
7d-cl
7d-c2
10d- 1
10d- 2
17d- 1
17d- 2
17d-c1
17d-c2
21d-1
21d-2
24d- 1
24d- 2
28d- 1
28d- 2
28d-cl
28d-c2
8w-1
8w-2
12w-1
12w -2
12w-cl
12w - c2
16w- 1
16w - 2
20w-1
20w - 2
20w-cl
20w - c2
50W-1
50w - 2

+ o+ + o+ 4+

++
++
++

+++
++

+++

+++

++
++
++
++

++

ND

+ o+ + o+ 4+

++
++
++
++
++

++
++

+++

+++

ND
++
++
++

+++
+++

CD

CD
CD
FE

FE
CD

FE

FE
FE, CEH
FE

+ + + 4+

CD

FE
FE

+ + + 4+

FE, CEH

+

CD, MA, HN
+ FE, MA, IC

F ; fundus

P ; pylorus
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ND ; not done

D ; cystic dilatation of fundic gl ands

FE ; focal necrosis and erosion of surface epithelia of fundic and
pyl ori c micosa

CEH ; crypt epithelial hyperplasia

MA ; narked atropy of gastric gl ands

HN ; hyperplasia of mucus neck cells

IC; increased collagen fiber of lamna propria of fundic micosa

2. Urease test

U ease test 3 1

urease

(Fig 8).

3. PCR and bacterial culture

3 priners PCR , 580bp, 1.5kb, 0.8kb

rod gram negati ve , tightly spiral bacteria

4. Electronm croscopi c exam nation

, 2-6 . 2-6pm , 0.4-0.8pm
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, cells 40 nm flagella 2-5
(Fg 9. Clls ,
el ectro- | ucent tightly
spiral bacteria periplasmc fibrils
4
tightly spiral bacteria in vivo
tightly spiral bacteria
3
gastric gl ands
, parietal cells , , gastric
pits
gastric gl and
, tightly spiral bacteria
Mendes w star rats tightly spiral bacteria
: 6 6 1
5 2 (Mendes  , 1996).
, tightly spiral bacteria
(p=0.014) (Mendes , 1991).
8 50 10 9
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, tightly spiral bacteria
1990 Mendes

tightly spiral bacteria("Gastrospirillumsuis")

, 3-8 , 1.5-5.2(nmean 4.0) pm
0.4-0.7(nmean 0.6) ym , 22nm
flagella 6 (Mendes, 1990).

2-6um 0.4-0.8um , 2-6
40nm flagella cells 2-5
Mendes
(Qui zzardi

, 1981 ; Krakowka , 1998) Hyost rongyl us rubi dus, Ascaris spp,
Physocephal us spp S nondsi a spp
candi di asi s pars  osopagea
pre-ul cerative epithelial hyperplasia parakeratosis
(Jubb , 1985). tightly

spiral bacteria nouse

, tightly spiral bacteria gastric di sease

tightly piral bacteria
nouse nodel tightly spiral
bacteria
tightly

spiral bacteria ,
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Bo] %3] o]Folx|7|& Z|chaith

uFig 1. A test mouse (PI 50weeks) : Mild redness and edema of

fundic mucosa.
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Fg 2 Atest nouse (Pl 8weeks) ; Lynphoid follicle of fundic

nucosa, HSE stain.
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Fig 3. Atest nouse (P 8weeks) ; Infiltration of nononucl ear
cells in the lamna propria and focal necrosis of surface

epithelia of the fundic(A and pyloric(B) nucosa.
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Fg 4. A test mouse (P 20 weeks) ; Hyperplasia of crypt
epithelia of pyloric nucosa(A HE stain) and tightly spiral

bacteria in the position(B Seiner's silver stain).
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Fg5 Atest nouse (P 50 weeks) ; Hyperplasia of nucus neck
cells, cystic dilatation of fundic glands and atropy of crypt
epithelia, HSE stain.
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Fg 6. Atest nouse (P 2ldays) ; Tightly spiral bacteria in

the lumen of fundic glands, Seiner's silver stain.
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fundic(A and pyloric

nmouse ; Nornal

A control

7.

FHg

HRE st ai n.

mucosa( B),
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Fig 8. Urease test : A control mouse(left) and test

mouse(right).
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Fg9 Atest nouse (P 12 weeks) ; Utrastructure of tightly
spiral bacteria, flagellais indicated by arronhead. x 27.500
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3 tightly

spiral bacteria

Hel i cobacter pylori 1983 Warren  Marshal |
peptic ul cer(Vérren, 1983 ; Mrshall, 1983))
gastric adenocarci noma (Parsonnet , 1991 ; @ aham 1989)
1990 H pylori

, gnot obi otic pigs,

, H pylori gastric
nmucosal di sease
1990 Mongol i an  ger bi | e(Vat sunot o , 1997;
Hrayama , 1996) (Konturek , 1999; Sheu , 1999)
H pylori H pylori
(Sawada , 1998; Shoner ,
1998; Sturegard , 1998) , (Keto
1999)

Active chronic gastritis antral nucosa H
pyl ori spiral bactria (Dent , 1987). spi ral
bacteri a MeNUl ty Gastrospirillumhonminis (MNIty

, 1989) Sol ni ck bi opsy speci nens
16S rRNA gene PR G homnis 16S sequence

Hel i cobacter heil mannii(Solnick , 1993, 1994)
1990 Quei roz Mendes
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tightly spiral bacteria (Queiroz , 1990)
chronic pyloric
gastritis (p=0.013),
[ynphoid follicle (Mendes
1991).

tightly spiral bacteria

2
1. Aninmals
4 11
1
9 2
2. Inocul a
10

Met hanol 10
Carbol fuscin
tightly spiral bacteria
Phosphate buffered saline(PBS, pH 7.2)
5m 9

2 tightly spria bacteria
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3. Experinmental design

7, 17, 24, 39 2 : 46
1 2

4. Histopathol ogical findings

: 10% . 24
al cohol - xyl ene pr ocessi ng , 2Um

HE Seiner's silver

, Table 1

Table 1. BEvaluation of bacterial colonisation and gastritis in the

gastric nucosa of test and control pigs.

Bacterial o
Grade . gastritis
colonisation

mild infiltration of lymphocytes, plasma cells in

+ 1-15/ field ) )
the lamina propria
) moderately dense infiltration of lymphocytes,
++ 15-30 / field ) ) )
plasma cells in the lamina propria
) marked dense infiltration of lymphocytes, plasma
+++ > 30/ field

cels in the lamina propria

- 87 -



hyperkeratosis parakeratosis 2

(Fig 1).

17

, mucus neck cel

(Fig 3).

gastric pits
17 gastric gl ands
Gastric pits

24

(g 2).

hyper pl asi a erosi on
tightly spiral bacteria

7 1
( < 15/field) (Fig 4.

( 15-50/field)
gastric pits( > 50/field)

, gastric glands

(Fig 5). 39

24
17
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24

- 89 -

(Fig 6B).
1
7, 17, 24, 39

(Fig 7).

(Fig 6A).
39



Table 2. Evaluation of bacterial colonisation and gastritis in

the gastric nucosa of test and control pigs.

Gastritis and bacteria colonisation

. Pylorus

Cardia Eundus gastritis BC
p7-1 + + ++ N
p7-2 + + ++ +
pl7-1 ++ + +++ +++
pl7-2 ++ + +++ +++
p24-1 ++ ++ ++ ++
p24-2 +++ + ++ +++
p39-1 ++ + ++ ++
p39-2 +++ + ++ +++
p46- 1 +++ + ++ +++
con-1 ++ + + N
con- 2 ++ + + N

BC ; bacterial colonisation

N; negative

- 90 -



Table 3. H stopathol ogi cal findings of gastric nucosa of test

and control pigs.

H istopathological findings

Par oesophagus Cardia F undus Pylorus
P7-1 HK, PK N N F
P7-2 PK N F N
P17-1 HK, PK, HM, EN, LF ED ED, FN
P17-2 PK ED, FN N F, ED
P24-1 N N N F, LF
P24-2 N ED N N
P39-1 PK N N F
P39-2 PK LF N E
P46 HK,PK N N ED
Con-1 PK N N ED
Con-2 PK ED N N

HK ; hyperkerat osi s,

PK ; parakeratosis

N ; nornal

HM; hyperpl asia of mucus neck cells

FN; focal necrosis of surface epithelial cells
ED ; surface epithelial degeneration

LF ; lynphoid follicles

F; fibrosis

E ; Eenma

Tightly spiral bacteria
7



tightly spiral bacteria

(unpubl i shed data), Mendes

(10. 8%

(5.0% (Mendes

17 gastric glands

gastric pits gastric gl ands
gastric pits,

gastric pits

tightly spiral bacteria

spiral bacteria
, Mendes
(p=0. 013)

Mendes

, 1991).
, 24

tightly spiral bacteria
gastric gl ands

Mendes

(Mendes  , 1991).

p<0. 05 tightly

(Mendes  , 1991).

tightly spiral bacteria

(Quizzardi F , 1982 ; Krakowka S

, 1998) Hyost rongyl us rubidus, Ascarops spp., Physocephal us spp.

S nondsi a spp.

(Jubb KVF, 1985)



tightly spiral bacteria
7 . 1990 Quieroz
Gastrospirillum suis
(Qui eroz, 1990), tightly spiral bacteria
. Gsuis 16s r RNA sequenci ng
Hel i cobacter hei | mannii type 1
(Queiroz , 1995).
, tightly spiral bacteria ,

Fg 1. Atest pig (D 7) ; Irregular nucosal surface wth
hyper kerat osi s and parakerat osi s, HE stain.
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Fg 2 Atest pig (PD17) ; Lynphoid follicle of the cardiac

HRE st ai n.

nucosa,
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Fig 3. Acardiac nucosa of a test pig (PIDL7) ; Marked infiltration
of nononuclear cells and granul ocytes, focal necrosis of surface

epithelia and increase of mucus secretion, HRE stain.



Fg 4 Atest pig (AD7) ; tightly spiral bacteria in nucus

of surface of pyloric nucosa, Seiner's silver stain.
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Fg 5 Atest pig (PD 24) ; tightly spiral bacteria in the
lunen of gastric glands of pyloric nucosa, Seiner's silver

stain.
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A Lynphoid follicle in the | amna

FHg 6 Atest pig (P24

HE B No tightly spiral bacteria

propria of pyloric nucosa

s silver stain.

S ei ner

inlynphoid follicle,
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Fg7 Acontrol pig; Nornmal pyloric nmicosa, HE stain.
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4 tightly spiral

bacteria
1
Hel i cobacter pylori Vér ren( \Vérr en,
1983) Mar shal | (Marshal |, 1984) peptic ul cer(Vérren
, 1983) gastric adenocarci noma(Parsonnet , 1991 ; G aham 1989)
H pyl ori
20
80% (Gaham
1991). H pyl ori
, Hopylori protein heat shock protein
eukaryotic proteins homol ogy
(Dunn , 1992 ; Negrini , 1991).
H pyl ori
H pyl ori ,
Probi oti cs
(Fuller, 1989). notobiotic nurine nodel
, gnot obi oti ¢ BALB/c mce
H pylori ,
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germfree mce active gastritis (Kabi r ,
1997). lactic acid H
pyl ori (Yuji , 1998).

1990 tightly spiral bacteria

, Hel i cobact er hei | nanni

(Qeiroz , 1990)

(Mendes
, 1991).
spiral bacteria
tightly spiral bacteria
2
1. animls
4 SPE IR 36
(Pol ycarbonat e, 22 x 27 x 13Qm )
6 Hepafilter d ean rack( , ) 22
, (Charles river GRF1, Japan)
1
2. Inocul a
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Tightly spiral bacteria phosphat e
buf fered saline(pH 7. 2)
3 4 :
PBS 0, 5m 30
6 tightly spiral bacteria

3. Bacterial strains

Lact obaci | | us aci dophi | us( HY0404) ,
Lactobacillus salivarius(ATCC 11741) Arerican Type Qilture
Gol I ection . Bactoagar (D fco, W84 37

, Lactobacilli MRS broth(D fco, USA)

4. Experinmental design

group Table 1
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Table 1. Qassification of group based on treatnental difference.

Group No o animals Treatment
1 6 -
2 6 tightly spiralled bacterial infection
3 5 tightly spiralled bacterial infection + Lactobacillus
salivarius
4 5 tightly spiralled bacterial infection + Lactobacillus
acidophilus
6 tightly spiralled bacterial infection + 100ml Lactic acid
6 6 tightly spiralled bacterial infection + 10ml Lactic acid
Tightly spiral bacteria 4 lactic acid
1x109 CFU 4 3
, lactic acid 4 0.5m . 1

5. Measurenent of lactic acid concentration and Lactobacill us

group 3, 4 lactate kit(S gna, USA)

| actic acid ,

6. Histopathol ogi cal exam nation

10% 24
Al cohoal - xyl ene pr ocessi ng , 2Um

H.E Seiner's silver
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Table 2

Tabl e 2. Evaluation of bacterial colonisation and gastritis of

fundi c and pyl ori ¢ nucosa.

Bacterial o
Grade . gastritis
colonisation

mild infiltration of lymphocytes, plasma cells in

+ 1-20/ field . .
the lamina propria
) moderately dense infiltration of lymphocytes,
++ 20-50 / field ) ) )
plasma cells in the lamina propria
) marked dense infiltration of lymphocytes, plasma
+++ > 50/ field ) ) )
cels in the lamina propria
7. Statistics
Anova test
3
, tightly spiral
bacteri a (group 2) (group
3,4, lactic acid (group 5, 6)

(p<0.05)(Fig 1).

tightly spiral bacteria 5

|actic acid

(Fg2 3 4.
5 (group 2-6)
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(p<0.05)(F g 5). fundi c gl ands

, gastric pits (FHge 7).
lactic acid , L

sal i vari us . L salivarius
7.343+0.332 |1 0g10CFU g tissue , L aci dophi | us

6.812+ 0. 143 10gl0CFU g tissue

lactic acid L salivarius 4.026+ 1. 050
pnol /g tissue, L acidophilus 2.851+0.279
4
Probi oti cs bact eri oci ns
lactic acid, volatile acid (Fuller , 1989 ; Tagg , 1976).
Bhati a invitro , L aci dophil us lactic
acid Hpylori (Bhatia , 1989). Bazzol i
H pylori 8 L
aci dophi | us , Hopylori
(Bazzoli , 1992). Yuj i in vitro in vivo L

salivarius L acidophilus, L casei H pyl ori
, L salivarius challenge H pyl ori
, L acidophilus L casei
, L salivarius lactic
acid ,

10mvol 100nibl lactic acid H pyl ori
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H pyl ori
lactic acid (Yuji ,
1998) .
Tightly spiral bacteria
(Mendes 1991).

(Mura , 1993 ; Mendes , 1996).

lactic acid tightly
spiral bacteria ,
lactic
aci d
L salivarius L acidophilus
, lactic acid , Yuj i
(Yuji , 1998).
tightly spiral bacteria
(Mendes , 1990)  16S r RNA sequenci ng
H heilnannii type 1 (Queiroz ,
1995) .
, probiotics
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Fg 1l Gastritis score of the fundic(A and pyloric nucosa(B)

of each group.
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ey

Fg 2 Fundic nucosa of a nmouse of group 2(A and 3(B ;
Infiltration of nononuclear cells and focal necrosis of

epithelia of gastric glands, H8E stain.
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Fg 3. Fundic nucosa of a nouse of group 5 ;

| ynphoid follicle in the nucosal |ayer, H8E stain.
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Fg 4. Pyloric nucosa of a nouse of group 2(A), 4B, 6(0 ;

Mderate infiltration of |ynphocytes and neutrophils in the

lamina propria, HE stain.
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Score of bacterial
colonization

Fig 5 Score of colonization of tightly spiral bacteria in the

fundi c(A) and pyl ori c mucosa(B).
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Fg 6. Fundic nucosa of a nmouse of group 3(A and 4B ;
Tightly spiral bacteria in the lunen of gastric glands,

Seiner' silver stain.
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FHg 7. Pyloric nucosa of a nouse of group 2(A and (B ;
Tightly spiral bacteria in the lumen of gastric glands or

gastric pits, Seiner' silver stain.
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5 tightly

spiral bacteria

1
H pyl ori (Marshal | ,
1984) 15 spiral organi sm
(Blaser, 1993 ; Fox , 1993 ; Lee, 1989 ;
Lee , 1993). H pylori spiral bacteria("Helicobacter
hei lmannii") active chronic gastritis antral mucosa
(Dent , 1987), Warthin-Sarry H
pyl ori 2-3 , hon-selected gastric
bi opsy sanpl es 0. 08% 1%
(Dent , 1987, \Végmann , 1991, Solte ., 1990;
Heilmann , 1991). H heilnannii chroni c

gastritis, gastric ulcer, adenocarcinona
(Solte , 1994; Mrgner , 1995; Debongnie 1995), H pylori
(Tanaka , 1994),

H pylori , H heilnannii

, Queiroz  Mendes tightly spiral

bacteri a (Queiroz , 1990), 16S rRNA gene

sequenci ng H heilmannii type
1  99.5% (Queiroz , 1995).
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(Mendes , 1991),

tightly spiral bacteria

1. Anima

carbol -fuscin
tightly spiral bacteria ,
, tightly spiral
bacteri a (4

IR : 1 1

2. Preparation for electronm croscopy

Tightly spiral bacteria
1nm8 1% GO Sigma, USA) 100
0. 1M sodi um cacodyl at e buffer(pH 7. 2) 30
3 , 70% 80% 90% 100% al cohol 4

10 3 . 100% al cohol pr opyl ene
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oxide 1:1 10 , propyl ene
oxi de 10 3 . Bpon
mxture(Quetol 812, DDGA MNA)  propyl ene oxide 1:1

over ni ght . DMP30
epon mixture enbeddi ng tray 35 , 45
, 60 3 i ncubat i on
70nm 1% uranyl acetate 1%lead citrate
(JEM 100c x , Jeol Japan) 80KV

Tightly spiral bacteria

(Fig 1),
, 2-6 , 2.0 6.0
M m 0.5 0.8um ,
menbrane cell wall
. Cell wall 10nm , el ectron- dense
el ectron-1 ucent (Fg 2).
Fl agell a el ectron-1 ucent
ri bosone . pl asna nenbrane

el ectron-dense  pol ar nenbrane
40nm flagella 2 5
(Fig 3), Hfelis periplasmc fibrils
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tightly spiral bacteria
, 20 6.0 pm 0.5 0.8um ,
40nm flagella 2 5 . Mendes

tightly spiral bacteria ("Gastrospirillum suis")

, 3-8 , 1.5-5.2(nmean 4.0) pm
0.4-0.7(nmean 0.6) ym , 22nm
flagella 6 (Mendes, 1990).

tightly spiral
bacteria Gsuis
1999 Ander sen H hei | manni i
: 3-8uym
0.4-0.7pym . Hectron-lucent cytoplasmc zone
14 flagella , periplasmc fibrils

(Andersen , 1999).

H hei | nanni i ,

3

periplasmc fibrils | arge spiral
periplasmc fibrils
tightly spiral bacteria periplasmc fibrils
(Wber , 1962).
tightly spiral

bacteri a Gastrospirillumsp(Helicobacter heil mannii)
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Fg 1. Utrastructure of nunerous sections of tightly

spiralled bacteria of gastric nucosa of a nouse. x 15,000
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Fg 2 Utrastructure of tightly spiralled bacterium of
gastric mucosa of a nouse(A and pig(B), arrow ; pl asna

nenbrane, arrowhead ; cell wall, x66,250(A), x 100,000(B).
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Fg 3 Utrastructure of tightly spiralled bacteria, arrowhead
; flagella . x27.500.
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Canpyl obacter sp

Canpyl obacter 1963 Sebal d(Seblad , 1963)
15 species 4 subspeci es
Canpyl obacter hyoilei A derton (Usig , 1994 ;
Aderton , 1995). Canpyl obacters

proliferative henorrhagic enteritis, porcine intestinal adenonatosis,

termnal ileitis, termnal enteritis, regional ileitis, necrotic
enteritis porcine proliferative enteritis (Cu
, 1973 ; Dodd , 1968 ; Love , 1977 ; H'neill , 1970 ;
Row and , 1972). C hyointestinalis C sputorum subspeci es

mucosal i s ,
(Al derton , 1992 ;

Lomax , 1982 ; Lomax , 1982 ; Rowand , 1975). 1995 St ephen

C hyointestinalis subspecies

(v, 1995). catal ase activity hi ppur at e
hydrol ysis indoxyl acetate hydrolysis , 25
42 G+C cont ent 31-33
nol %
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Canpyl obacter spp(21-1, 21-2, 31, 48)

oxidase catalase activity

i ndoxyl acetate hydrolysis positive , Urease
activity hippurate hydrolysis negative
25 37 42
16S rRNA sequence Cijeuni, C
col i
Canpyl obact er spp (not published yet data, paper
in preparation). Canpy! obact er spp
2
1. Sanples
462 ( ; 356,
; 106) . 2
, 3, 000r pm 5 56
30
2. Antigens
5 10% =2 (37 ) Brucella  @QC nodified chochol ate
agar(Dfco, Detroit, USA Canpyl obact er sp(48)

Phosphat e buffered saline(pH 7.2, PBS 8, 000r pm 10 3
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20

3. Negative control serum

vol une ,

4. Positive control serum

Wstern botting
2 whi te rabbit
Canpyl obact er sp(48, 31)

20 sonication

Canpyl obact er
2

sp(48)

8, 000r

1/10

pm

1 mM EDTA, 10 nM sodi um phosphat e

buf fer(pH 7.0) 8,000 rpm 10
formalin 3
5 1 buf f er
Ing/ m
4 ELI SA
: 8

2 3, 000r pm 10

5. ELISA optim zation
9%wel | ELISA plate 100pu g

- 125 -
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12,000 rpm 5

2

2

2

0. 3%



37 oven 30 i ncubat i on , 4

over ni ght . PBS m ni shaker 5 3 ,
PBS 0. 5% bovi ne serum al bum n(S QWA UA) 4

bl ocki ng . 1:10
1: 20, 480 seri al 2 ,
0.05% Tween-PBS 3 1: 10, 000 per oxi dase | abel | ed
anti-sw ne 1gG 2 . 5 aD
20 450nm . pg 96wl |
ELISA plate , 1:10 1: 20, 480

seri al

6. ELI SA eval uation
450nm 0.3 ,

7. Western blotting

2% SDS 10 boi | i ng

[3 - ner capt oet hanol sanpl e buf fer 1:1
10 boi I i ng . pol yacryl am de gel 100l I oading
constant 200V (Biorad, USA), nitrocellul ose nenbrane
100V 1 transfer . nitrocel | ul ose nenbrane 5%
skim m |k 2 bl ocki ng PBS

1: 20 2

1: 1000 Per oxi dase- conj ugated Rabbit 1gG fraction

to Sanne 1gQ CAPPEL 55826, Pronmega, USA) 2 3,

3 ‘- di ami nobenzi di ne (Vector, USA)
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4 =
a4 =
L+
]
1
'n' T T T T T T
10 15 an L] an 35
log(EF M & & )
31 ELISA
4 - 44524 ELISA,
M - -m— 0
1 b —y—
y ‘ "
w L] S
il -
1] T g T T T T T T T T
10 15 20 28 an 1
log( # 3 &
48 ELISA
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1. Western blotting

Canpyl obacter spp(21-1, 21-2, 31, 48) 31 48

Canpyl obacter spp . 21-1,
21-2, 31, 48 C jejuni subsp jejuni C coli
31 48 .31
, 21-1 21-2
51- 78kD (Fig1). 48
21-1  21-2 48

, 31 Cjeuni, Ccoli 51- 78kD

Cj€j uni 16. 5-23kD
(Fg 2.
2. ELISA
462 ELI SA 187 (40.48%  sanples
356 sanples 184 (51.69%
106 sanples 3 (2.8%
4
Canpyl obact er sp

462 187 (40.48%

sanpl es . 356 sanpl es

184 (51.69% ,
106 sanples 3 (2.8%
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Canpyl obact er sp
i ndoxyl acetate hydrolysis positive
activity hippurate hydrolysis
25 37
16S r RNA sequence
col i
western bl otting
C coli Cross reactivity

Canpy!l obact er

subspeci es

(Krakowka , 1998)

Gastrospirillum suis

oxi dase

negative

catal ase activity

) ur ease

42

Cijeuni, C

Cj€j uni

ELI SA

(Mendes

, 1991 ; Quieroz , 1990), Canpyl obacter spp

Canpyl obacter sp
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Fig 1. Western blot using antibody of Campylobacter sp(31), lane

1:marker(125, 78, 51, 30, 23 kD), lane 2:21-1, lane 3:21-2, lane

4:31, lane 5:48, lane 6: C jejuni, Lane 7: C coli,
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lane

g antibody of Campylobacter sp(48),

Fig 2. WVestern blot usin

1:marker(125, 78, 51, 30, 23 kD), lane 2:21-1, lane 3:21-2, lane

4131, lane 5:48, lane 6@ C jejuni, Lane 7. C coli
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Canpy| obact er

Canpyl obact er jejuni/coli ,
(Butzler and Qpsterom 1991).

Quillai n-Barre syndrom
(Nachankin et al., 1998). Canpy!l obact er

(Borch and Chri stensen,
1996) . Areromonas  hydrophila, Canpyl obacter coli/jejuni,

Li steria monocytogens, Sal nonella spp. Staphyl ococcus aureus

Yersinia ,
(Fransen et al., 1996).
(Borch
et al., 1996; Fransen et al., 1996). Canpy!l obact er
coccal cel |
(Harvey and Leach, 1998; Krieg and Holt,
1984). Canpyl obacter  subcul ture

Canpyl obact er ,

(Alderton et
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al., 1995; Wijtens. et al., 1996; n, 1996).
Canpyl obact er

Canpl ybact er spp.

2
1.

Bact ot ransport nedi um St uart Brucella nedium Difco (Detroit
M. USA . @&C nedi um base, |sovital hor se serum
BBL (Cockeyswill, MD, U S A . Fungi zone, anphotericin

B, polynyxin B, vanconycin trimethoprim Sgma (. Louis, MJ

USA) , Taq pol ynerase from Takara (Shiga, Japan)
2.
phosphat e
buf fered saline (PBS, pH 7.0) transport nedi um ,
2
razor bl ade , 10% horse serum Brucel | a

nmedium [Brucella broth, fungizone (2.5 go/m anphotericin B),
Skirrow s supplenent (0.016 nmy/ M pol ynyxin B, 0.5 ng/m vanconycin,
0.25 nmg/m trinethoprim] nodi fied chochol ate agar nedium (QC
nedi um base, 1% henogl obin, fungi zone, skirrows supplenment, 1%

i sovi tal ex) . 5-10% G2 370C anaerobic jar
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4-7
col ony

C jeuni subsp. jenuni (LMs 8841T), C jejuni subsp. doylei
(LM5 8843T), C lari (LM58846T), and C coli (LM56640T)  BOOMLMG
(Labor at ori um voor M crobiol ogie Universiteit Gent) KCTC ( Kor ea

Gol lection of Type Qulture)

3. Canpyl obacter SSP primer PCR

Genom ¢ DNA Genomc DNA isolation kit (Promega, Madi son, W,
USA) . PR Canpyl obacter  16S r RNA gene
priner 1 (5'-GGAGGATGACACTTT TOBAG 3')

priner 2 (5 - ATTACTGAGATGACTAGCAQCOG 3') A esendor f (Q esendorf et

al., 1992 , PCR mxture 2 pg genomc DNA

20uM prinerl, 2 2.5 yl, 5 pl 10x buffer, 4 pl dNTP
, 1 unit of Tag pol ynerase 50 pl DwW

PCR 94 5 mn, 50 1 mn, and 720C Imnl ,

94 1 mn, 500C 1 mn, 72 1 mn 39 ,

94 Imn, 500C 1 mn, 72 5 1 . PR

product s 0.8% agarose gel , ethidium bronide

stai ng

4. (TEM

negative staining

(JEM 100CX 11, JEQ., Japan)
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Mtility, QGam staining, oxidase, catalase, urease, esterase,
nitrate reduction, hippurate hydrolysis, indoxyl acetate hydrolysis,
v-glutanyl transpeptidase, reduction of chloride to triphenyl
tetrazolium (TTCQ), pyrrolidonyl arylanidase, L-arginine arylam dase,
L-asparate aryl amdase, al kaline phosphat ase, HS production, gl ucose
assiml ation, succinate  assimlation, acetate  assimlation,
propionate assinlation, nmalate assimlation, ,citrate assimlation
assay Bergy's Manual APl CAWPY (API, Marcy-1'Eoile, France)

Nalidixic acid, cephalotin,

cef operazone, carbenicillin NOCLS di sk test

6. Random Anplified Pol ymorphi c DNA ( RAPD)

PCR mxture 60 ng of genomc DNA 4 vyl 5 pnole/ pl RAPD
anal ysi s priner (Arersham Pharnacia, Wpsal a, Saeden), 2pl dNIP, 2.5
pl 10x buffer, 1 unit of Taq pol ynerase DwW 25 p
I . RAPD priners RP3 (5 -GrAGACOGI-3'), R4

(5' - AAGAGDOOGT-3'), and RP5 (5'-AAMCOAAG3') . PR 940C
5 , 34oC 5 , 720C 5 3 , %oC 1 , 34oC
1 , 720C 2 29 720C 10 1
PCR products 2% agarose gel , ethidium
br om de . RAPD Bio-profile imge analysis system

(Milber Lournat, France)
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7. antiserum preparation

soni cation total protein 10%
formalin . (1 ng/kg) 4 3
(NewZeal and Wiite Rabbit, nale) . sodi um
pent hobar bi t one ,
anti serum - 200C

8. Western Blot Analysis

2% SDS 10 100
total protein . 10% DS denat uri ng
gel , nitrocellul ose nmenbrane  blotting . 10%
BSA'PBS bl ocking anti serum  nenbrane . Second

antibody anti-rabbit 1gG conjugated al kal i ne phosphat ase
, 5-br omo- 4-chl oro- 3-indol yl ~ phosphate di sodi um

salt/nitro blue tetrazoliumchloride (BA P NBT)

col ony
2 . Canpyl obacter SSP specific 16S r RNA gene
primer PR 462 bp  fragnent
(Fig 1.).(Gesendorf et al., 1992).
, gramnegative , (Fig 2.
non- sheat hed ,
21-1, 21-2, 31 2.5-3 pm 5-6 1
m 2-4 . 48 3-4 um 2 um 4-6
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Endospor es

sanpl e
(ruffle) (Krieg and Holt. 1984).
Canpyl obact ers (Harvey, P.
and S. Leach., 1998).
, glucose, nannitol, |actose,
ribose, and D xyl ose asaccharol ytic
Canpyl obact er 1
nitrate nitrite , alkaline phosphat ase
, cephal otin , 420C
370C 420C , 250C . Xi dase and
catal ase activities , rapid urease
H ppurate , Y-glutanyl transpeptidase

, I'ndoxyl acetate hydrol ysis
esterase activity, TIC reduction, succinate assimlation, acetate
assiml ation, propionate assimlation, citrate assimlation

nalidixic acid

, dat a 21-1  21-2
nalidixic acid C coli . C
jejuni and C coli hi ppurate hydrolysis tetrazolium chloride
nalidixic acid (Hebert,
1982). j€j uni Canpyl obct er speci es hi ppur at e

Canpyl obacter-1i ke organisns  hippurate

hi ppur at e , C coli
No. 21-1 48 TTC C coli
Nal i dixic acid 21-1  21-2
, C jeuni C coli . ,
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dat a C jeuni C coli

48 anti serum Vst ern
bl ot anal ysis (Fig 3).
Véstern bl ot dendr ogr am

(Fig. 4.
random pri ner RAPD (Fig. 5. RAPD
Canpyl obact er spp. sub-typi ng
RP3 RAPD C coli
pattern , P4 RS RAPD C coli
pattern (Fg. 5). Dendrogram ,
: (Fg. 6).

total 16S r RNA

sequenci ng C coli
group (Fg 7).
/ , RAPD , Véstern blot analysis,
16S r RNA , , C jeuni,
C doley, C lari, and C coli Canpyl obact er
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1. Characteristics which differentiate Helicobacer

sp.

nov.

isolated frompig fromother Helicobacter and Canpyl obacter speci es

Ciguni S
21-1|21-2| 31 | 48 subsp. Ciguni | C. lari|Ccoli [H pylori

L subsp. doylei

jguni
o -hemolysis + + + + + + + + +
pitting on BA - - - - - - - R R
Oxidase activity + + + + + +
Catalase activity + + + + + + + + +
Urease activity (rapid) - - - - - - + - +
Nitrate reduction + + + + + - - + R
Hippurate hydrolysis - - - - + + - - R
Indoxyl acetate hydroysis + + + + + + - + -
v-glutamyl transpeptidase activity - - - - - - + - +
TTC - + + - - + - + +
Growth at

25 - - - - - - - - -
37 + + + + + + + + +

Susceptibility to
Nalidixic acid(30 disk) R|R| S| S S S S S R
Cephalotin(30 disk) R|R|R|R R S R R S
Cefoperazone(BA) R R R R R NT R R S
Carbenicillin(BA) S S S S S NT | S S

(Helicobacter bilis sp. nov., a novel helicobacter species isolated from bile, livers, and

intestines of aged, inbred mice; Helicobacter mudarum sp. nov., a microaerophilic helical

bacterium with a novel ultrastructure isolated from the intestinal mucosa of rodents;

Helicobacter bizzozeronii, a new canine gastric Helicobacter sp.)
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FIG 1. Canpylobacter SSP priner PCR PR  Canpyl obact er
Ssp. priner , BB . (M 1 kb DNA
|adder; a, C jejuni subsp. jejuni; b, C jeuni subsp. doylei; c, C
lari; d, C coli; e, No. 21-1; f, No. 21-2; g, No. 31; h, No. 48; I,

H pylori)
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(@)

(b)

(c)

(d)

o

FIG 2 . (&), No. 21-1 (X 20,000, Bar: 0.5
um; (b), No. 21-2 (X 20,000, Bar: 0.5 unm); (c), No. 31 (X 17,500,
Bar: 0.55 um; (d), No. 48 (X 17,500, Bar: 0.55 um)
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974 kD
84 kD
66 kD

!

!

!

55 kD -
45 kD -
36 kD -

FIG 3. Veéstern blot analysis. Total protein  10% SDS
denat uring gel nitrocel l ul ose nenbrane blotting
. Proteins 48 anti serum
(a, C lari; b, C coli; ¢, C jeuni subsp.
doylei; d, C jejuni subsp. jejuni; e No. 31; f, No. 21-2; g, No.
48; h, No. 21-1)
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FIG 4. Wstern blot analysis dendrogram \éstern blot anal ysis

B o-profile image anal ysis system
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(b)

FI G 5. RAPD RAPD RP3 (a), RP4 (b), and RPS (c¢)
products BB . (M 1 kb DNA |adder; a, C
jejuni subsp. jejuni; b, C jejuni subsp. doylei; c, C lari; d, C

coli; e, No. 21-1; f, No. 21-2; g, No. 31, h, No. 48)
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FIG6. RAPD Dendrogram. The RAPD B o-profile image anal ysis

system
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hel2l-1
helZl-2
hel3l
held4s

hel2i-1
helll-2
hel3l
he148

heldl-1
hel2l=-2
hel3l
helds

hal2l-1
helZl-Z2
hel31
held4d

helZ21-1
beldl-2
hel31
held4s

halzl-1
helZl-2
hel3l
helds

hal2l-1
hel2l-2
hel3l
halds

heldl-1
hel2l-2
hel3l
b 145

heldl-1
hel21-2
hel3l
hinl 45

helZl-1
hal21-2
fel31
helag

heldl-1
helll-2
hel3l
n=148

helzl-1
hellli-2
hel3l

e TEEC-BEC-G-TEC-CT—AAT ACATECAA-GTC-GAACE-~AT
reme— e [ B = BEC -G~ TEC-CT—AATACATECAL-GTC—GAACE—AT
e e e TRGC ~GEC G- TEC~C T~ AAT ACATGCAA-GTC—~BAACT——AT
————-— - TEGC-G0C-6-TOC-CT—AAT ACATOCAA-GTC-GAACE—AT

H‘vl !
CAN
——————————— AECTTCTAUCT T
SCTTCTAGCT T
BCTTCTAGCT: T
e 14 i N
B-CTABAAAGT e S
B-CTAEMAALT
B-CTAEALNGT
B-CTABAAAGT

AT——TAGTEECEC——A-DE-GETEAGT
AT-—TAGTEECEC—A-CO-COTEAGT
AT=-=TARTEECAC——A-CE-GETEAGT
AT—=TABTEECHEC-—A~CE=CCTEAET

HEny

———hhG-ET-ATAGTT Ah——TCT-GC-CCTA===C=ACAA~G-AGGAC-AA~CAG——""—
——AAG-OT-ATAGTTAR—TCT-GC-CCTA—C-ACAA-O-AGGAC-AA-CAG—
———AAG—GT-ATABTTAA—TCT-GBC-LCCTA—C-ACAA-G=AGGAC=AA=C A m————
——=hAE=ET=-ATABTT AR==TOT=BC=COT A C = AT A= B = ACG AT = AR = O A e

=T TeE=GAAA=-C-GACT=E0-CTAATACTCT-AT-ACT—
TT-—GAAM-CBACT - CTARTACT-CT-AT-ACT—
TT=-G-GAAA-C—-GACT—E~-CTAATACT-CT-AT=-ACT—
- TT-G—GAAA-C-BACT— G- CTRATACT-CT-AT-ACT—

COTAC—T-T—AAC—ACARA—GTT BA-GT -MFG—GAAR—
CoTE0—T-T——AAC—ACAA—CTT——-BA-ET — = i C =G A A A
OO TEC =T =T = A A e AT A fy =T T T BA-ET AEHE—OAAN—
CCTEC—T-T—AAC—ACAA—HTT BA-BT AEE—GAAA—
—i TTTTT =l
——iF TTTIT -GG G=————T]
—=i TTTIT C=F==ETE———T]
bt © TTTTT C—3—aT——T]
AEE—ATG-==AGACTAT———=—— AT———AGT—ATCAG-CTA-G—TT35-TA—A

BSG == AT === AE AT AT === A T:
AOH—ATE—AAACTAT——AT
AAE—ATE———AGACTAT AT

AST—ATCA-G-CTA-G—TT35-TA-A
AST—ATCA-3-CTA-G—TTBE3-TA-H
AST——ATCA-G~CTA-G-—TTGE-TA~

G-GTAAT=-GE=-CTTRACC-AR-BOC-TA-TGA——————— OG- CTT-AA-CTGEG-T
B-GTART-BE-CTTACC-AA-G6C-TA-TOA————————CG-CTT-AA-CTGEE-T
G-GTAAT-B0-CTTACC-AA-GEC-TA-TEh——————————0G-CTT-AA-CTGE-T
G—GTART-GE-CTTACC-AA-GEC-TA-TGA——————————-00-CTT-AA-CTGE-T

T—G-AGA-BEAT ~GATCAG=TCAC=-A-CTEE=A~ACTEA~
T—G—AGA—GEAT- GATCAG-TCAC-A-CTEE-A—-ACTER
T-B-ABA—GGAT————————=mmm e G AT CAG=TC M~ A= C TAG ~A=ACT GA~
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hel2l-1
helZl~-2Z
hel31
hel48

hal2i-1
hel2l-2
haldl
heldBs

hel2i-1
helZl -2
hel3l
held4s

heldl-1
hel2l-2
hel3l
helds

hel2dl-1
hel2l-2
helz1
helds

hal2i-1
helll-2
hel3l
helds

helZl=1
hel2l-2
hel3l
helds

hel2l-1
helzl-2
helE1
helds

helzi-1
hael2l-2
hal3l
helds

halil-1
helzl-Z
hel3l
healds

helzl-1
h2l21-Z
hel3l
helds

hel21-1
hel2l-Z
hel31
helds

A-CACG=-GICCAG-A——CTCC-TACG——GEAR——G0-ABC-A—3T—ABGE-AATATTED
A—CACE--GTCCAG—A—CTCC=-TACG--BEAR—B0-ABC-A-GT-ASGE-AATATTEC
A—CACH——BICCAE-A——CTCC-TADG-~GEAE——BC—ABC-A~GT-AGGE-AATATTGD
A CACG——BTCCAG-A——CTCC-TACG——GEAE—BC—ABC—A—BT-AGGE-AATATTEC

GCANT —GEEE—GAMA—COC-TBACECA——-BCAACEOC GO -GTE-G-AG-GATRAC —AD
GCANT —GEEE-GAAA~CCC-TBACHCA——GC ARCECCEC-GTE-G-A—GATBAC—AD
GCAAT—GEEE-GAM-CCC-TRACECA—BCAACOCCOC-OTE B-AG-GATEAC—AD
GCANT —BEEG-GAAA-CCC-TBACBCA--BEAACROCAC-ATO-G~AG-CATGAT—AD

TT—TT-CE—BA—GOETARA- CTOCTTITTCT-TAGE=GA
TT—TT-CE——GA— B TAA A e TOCTTTT-CT-TAGE=-GA
TT—TT-OE==GA~GCGTAAR -CTOCTTTT-OT-TAGE-GA
TT—TT-CG—GA-GCETAAR CTCCTTIT-CT-Th38-GA
A0 AATTC =
B=af3 A b

aA—3 ===AATIC

A—G AATTC

T=GA-CGET-A-CCT=A=AGG—AATAA-O———— [ ACT-GOCT-AACTC
=————T-BA-CEET-A-CCT- A-AB0-AAT AN —G—— = ACT—GECT-AACTC

———— T-BA-CHAT-A-CCT-A-ABE—-BAT AA-G—————— - AU =-GECT-AACTC
————— T=EA-CEET-A-CCT-A-AGG-BATAA G- ~———— [~ ACC-BECT-AACTC

C-EI A GCAG O EOGET AA T ACEEAG-BETBC——AACCETTACTO—GEAATOAC T
-G A—G A OEOE O TAA T ACOGAG-GE TR — AASCGTTACTC-GEAATCAC T
=T GO A—GCAGCCGOeETAA T ACEEAC - 0O TEC— AACCITTACTC-GEAATOACT
C-OTeCCA—GOAGCCACEOT AAT-ACGEAG- G5 TEC—AASCET TACTC -GG AATCACT

—HEECETAANGEEC-E08-TAG-G0G-———GATT-ATC-AROTCTO - TTETE—AMATC—
RO TAAAGBGEEC-E56-TAF-GCG—GATT=ATC- ARG TCTC——=TTETE—AAATC—
—GEEOETAARNGEEC-G0G-TAG-Co—GATT-ATC~-hAASTCTC———TTETE-AAATC—
—FEECETAAAGEEC-G0E-TAG—BCE—BAT T-ATC-AAGTCTC-—TTE TG -AALTC-

TAATGEC-TTAA~CCA-TTA-ARC—TRCT-TEEGA-AAC-TEATA-STC-TA-G-ACTS
TAATEEC-TTAA-CCA-TTA-AAC—TBCT-TOOBA-AAC-TBATA-BTC-TA~C—AGTS
TAATBOC-TTAA-CCA-TTA- AAC—-TECT-TGEGEA-RAC=TEATA-GTC-TA-E-ACTE
TAATGEC-TTRA-CCA-TTA-AAC=-TECT-TEEEA-AAC-THAT - GTC-TA-G—-ASTE

T AGEGA-GAGELAGA-TEEAAT -GG GE TS TA-GEG~ETAAAA-TOC-GT-ASAT
ACGGA-GAGGCAGA-TEAAATT-GETEETETA-GEG—GT AAAA-TCC-GT—ASAT
———AGGGA-GAGECAGA-TEEMATT-GETEGTETA-GEE—GTALAA=TCC-0T—AGAT
—= = ABGEA-GABECABA-TEEAATT-GETEETETA-GEE-GTALAA-TOC-GT=AGAT

—ATC-ACCARG-AATA-COCA—T-T-00 -GARGEOE A=~TL TRC T ————m e
—ATC=ACCAAG—AAT A ~COCA=—T-T-BC—GAACCOC A—TOTECT——— e
—ATC=-ACCAAG—ARTA-CCCA==T-T-GC-GAARGCC A—TCTECT———————————
—ATC-ACCAAG-AATA-CCCA——T-T-G0-GAAGECEA—TCTECTG—— ———————

GAACTCAACTHACE-CTAAG -3 =CE-CHAA
GAACTCAACTEACG-CTALS -G ———————————O=CEAA
GAACTCAACTEACG-CTAAG G =———————————C3-CGRA

GAACTCAACTEACG - CTANG i ————————=——05-05A4

A===BC-GTGEEG—EABC-AAA=CA——GEATTA-CATAC-COT— —GETA-OTC-CACE
A—GC-GTEEE-GABC-AAL—CA——CEATTA-GATAC—COT-—~~—BETA-BTCCCACE
A——GC-OTEEE-GAGC-AAL—CA—GEATTA-GATA—OCT—=-=BETA-BTC-CACE
A—BC-FTREE-GASC-A A —CA—CE A TTA-GATAD D0 T————00TA-OTC-CACE
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hel2l-1
hel2l-2
hel3l
helds

heldl-1
helZl-2
hel3l
helds

helZl-1
byl 21 -2
hel3l
b=l48

helZl-1
healll-2
hal31
heldh

C==C=CTAAMC-BATGTA—CA-CT—————AL-TIBT-TEEEE-TE———CTAG

C==C-CTAAMC-GATUTA—CA-CT——————AG~-TTBET=TBREEE-TE—-——CTAG
C—C-CTAAAC—BATATA—CA—T—————=——AR-TTET-TGEE8-TE———CTAS
C—C-CTAAMC—BATCTA—CA-CT——————AR-TTET-TEESE-Te————CTAG
T CATNTCAS-TAATECOA————GCTA
I e DA THTC AG-TAATBOA—————BCTA
T ——————————=—=CATCTCAS-TAATEOA ~=TA
T TATTTCAS—TRATECA- GETA

ACBCA-TTAA-GFTGTACCEOCT—6-GRGACTAC-GETC—GCAR-OATT—ARAACTC-AA
ACBCA-TTAR-GTETACCEOCT ~G-BEaNCTAC -GG TC-OCAA—DAT T ARAACTC- AR
ACECA-TTAN-GTE TACCEOCT -G-GEEASTAC -G TC—ACAR-GATT==AAARCTC=AL
ACBCA-TTAA- BTGB TACCEICT-5—BRAARTAC-BETC—BCAL-CAT T==ARAATTC— AL

A—BEAATAG-ATBE-GA-CCC~—~G0-A——CA- AGCHETHE - ABCA-T-GT-EGT-TTAA
A—BEAAT AG-ACE BE-BA-CCC——GC-A—-CA-AGCBETRE—AGCA-T-GT-GET-TTAA
A—GGRAT AG-ACE BE-BA-COC—BC-A——CA-AGOBRETRU-ACCA - T-GT-BET-TTAA
A—GEAATAG—-ACE BE =G A~COC—BC-A——CA-AQCOETOE-AGCA - T-@T-BET-TTAA

~IT-CE-AGEATACE—OEAA—GAR-CCT TA=CCTEGEC-TTEATA———T ==
—TT-CE-ARBATACG—CRAA-OAA-CCTTA=CCTBEEC-TIGATA ———T =
=TT=CE-ARSATAOG——CGAA~GAR=-CUTTA=CCTEEEC-TIGATA —Th e
=TT-TE-AGEATAOE——-C0AA-GAA-COTTA-CCTEEEC-TTEATA — T ——————

—C——TBAG==—=AACCT-TTTh—GABA—TAA— - AEGEE— 18— ——T
T AR A ACCT =TT T A—GAGA— T AR~ —ASE0——— T e — T
T A e L ACCT—TTTA— G ABA— T A A—G— A ———Ti3 e — T

——C—TANI——AACCT - TT TR GAGA—TAA~G-ABEE——T————-—CT

AAG-CT
AG==LT
AAD-CT -
AAG-CT
TE-~CTAS AR CTTAG AR A e
~TG—~CTAG———AA—CTTAB-ABA————
TE—CTAE————————A}—~—CTTAG-AGA
TH—FT AR === p A~—RTTAG—AGA——————
CA—EET-ACTAC AL
CA—EET-ECTACACY
CA-—GET-BOTACACHA
-- CA—BaT-B3CTECACEE

CIETCE-TCA-BCT---Co-TaT C—GTIA—GATET-TEEG~-TTAA~GT-CODGCAR—
CIBTCG~TCA~BCT—-CE-TETC-GTNA-GAT T - TEEE-TTAA=GT-CODECA——
CTETOE=TCA-E0T——-CE-TATC-ETE A-GA TS T=TEEE-TTAR—-GT-COCGCA——
CTETOE-TCA-E0T—-CR-TETC-GTEA-GATET-TREG-TTAA-OT-COCE0AL——

——CRAGC-GCAAMCCCRAG-TA—TTITAG—TTEC-TAA—-CGEGE
———CRAEC-BAARCC ARG -TT-—TTT A~ TTEC-TAA-GE
—— AR OO ACG=TA—TTTAG—TTEC-TAA— LB —— = e
————CHAGC-BCAACCCACG-TA-~TITAG—TIBC-TA 86— —————

— Tl —

———— TR
TTORE
TICER
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G- ACA-CAMGTE~CTACAAT-
o ACA-CACGTG—CTACRAT--B3CA-TATA-~CARTGAGA
AOi=CACCTG~~CTRCART~-35CA-TA

- BT ARG ART=TCTAT=-A A=A TAT-STC-CCRGTTCS
EAR~TCTAT-—AMA-ATIT-5TG-COAGTICS
BA=TCTAT—~ R A—ATAT-0TC-CCAGTICS
U AA=TOTAT——AAR-ATAT-GTC-CORTTCE

AATTETTCIC-TOCAACTC-GAGABCA-TIAA L1
AATTETTCTC-TECACTC-BABRECA-TEAMCIT
BATTETTCTC-THCAACTC~GABAGCA-TEAAGC-C JEAAT-CCC--T CET

BATTETTCIC-TOLAATTC-OARTHCA-T-RAC-TI ZAAT-COC—TACTA-AT-COT-

G3A-TC-A-BCC AT=-BCTA-CEATE-AATAL-G I TOCISRICTT GTa-———CIC
th\-TC-}--GLfFiT-{'JTR—L‘GH’KT:‘—M.T:".C-G‘I‘T‘CL"L. TOTTETA-——CIC
AGA-TL-A=50 ZRT“GCTRWTG'R#.T&C—GTTCCCGL:?;ICI"IGI:”.-"—CE
!’-\E:‘A-‘Tl‘.—h—ﬁﬂcﬁ?"ﬂ%f’i‘ﬁ-ﬂ‘.’%ﬁ'{'ﬂ—ﬂF.TM‘-—ET]'C(Y:HI:"':T(:‘I"I_‘IQT!'*.**"--C'L'E:

Fig 7. ]2 165 rRNA @7]1M 4 vl -~
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1
Canpyl obacter ~ Hel i cobact er
Hel i cobact er
Hel i cobacter hyointestinalis Hel i cobacter gastrospillium
Koch total

vacci ne

2
1. Yeast

(6 )
transport mnedium (tr-ansport nediumstuart or saline )

razor bl ade

PDA(D f co) 25 .2
col ony Candi da
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2. Yeast

Candi da
, Candida PDA , Candida 2 x 107
CFU 0.5 m PBS SCR nouse . 2 , house
slide gl ass , gramstai ni ng (1000 )
3. Bacteria
nouse razor bl ade

, fungi zone (2.5 g/m anphotericin B),

Skirrow s supplenment (0.016 my/ M polynyxin B, 0.5 ng/m vanconycin,

0.25 ng/m trinethoprim] Brucel | a nmedi um with 10% hor se

serum Mdified chocol ate nedi un{GC nedium base, 1% henogl obin, 1%

isovitalex), BH nedium wth 10% sheep bl ood, col unbia medi um wth
10% sheep bl ood 37 , 10% Q2

BH nediumwth 10% hunan G type bl ood

col unbi a nmediumwth 10% human Otype bl ood

, 0.3 % agar 3
7 , 10 % Q2
4, Chracterization
gram negat i ve urease, oxidase, catal ase

Helicobacter SSP. PCR

Hel i cobacter SSP. PCR  Helicobacter pylori species-specific antigen
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sequence forward primer 5° TGEOGTGT
CTATTGACAGOGAGG 3" reverse priner 5 - CCTGCTG33CATACTTCACCA

TG 3 . PCR reaction mxture PCR t ube
104 m cr onave , 10x buffer 5 pl, dNTP 4 u
[, 100 prol/ pl priner 0.5 pl, 1 U Taq pol yner ase
50 pl PCR
PCR 94 5 1, 94 1, 50 1, 72
1 39 , 72 5 1 . PCR produt 0.8
% agar ose gel , BBr
5. Candi ada I'solate 8 (Helicobacter)

CGandida PDA PBS
buf f er 3 French Press . Candi da
total protein 10%formalin 48 , PBS buffer 3
(120000r pm 10mn ) . Isolate 8

nouse 1ny/n

6. Candiada Isolate 8 (Helicobacter)

Candiada Isolate 8 total protein 3
2 , Candi ada Isolate 8 2 x 107 GFU 0.5
m 1.5 x 109 U 0.5 m
Candi da 8 French Press 3

10% formal i n total cell 3 2
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1my 0.5n : Candi ada 8 2 x 10
CGFU 0.5 nb 1.5 x 10° CFU 0.5 ni

3
bacteri a f ungi
Candi da . 1
Candida  canpyl obact er
Candida nouse 2
nodi fied bl ood agar
37 10% H pylori
urease cat al ase oxi dase col unbi a bl ood agar
Hel i cobact er ssp.
rod rod . H pylori urease A
gene pri ner PCR 411bp
f ragnent ( 2.) urease A fragnent
H pylori  ( 3.)
( 9% ). ur ease Yersinia Proteus
urease A ur ease
Hel i cobacter SSP PCR 297 bp H pylori
f ragnent , 4 f ragnent ( 4.)

Candida Gastrospirillum
8 107 109 GFU 0.5 i

slide glass ,
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Gastrospirillum nouse Candi da

Candi da

Candi da ,
Gastrospilillum

, 2
Candi da 8 French Press 3 10%

formalin total cell 3 2 1ng 0.5m

Candi ada 8 2 x 107 CGFU 0.5 ni
1.5 x 109 GFU 0.5 m 3 ,

, Candi da 8

- 154 -



1. Candida
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2. Isolate 8 Urease PCR
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1 1.
3 1.
2 1.

.80 H. pylori
.80

.80 isolate 8

1 81...160 H. pylori

3 81...160

2 81...160 isolate 8

1161..
3 161...
2 161...

1241..
3 241...
2 241..

1321.
3 321..
2 321..

240 H. pylori
240
240 isolate 8

320 H. pylori
320

.320 isolate 8

.395 H. pylori

395
395 isolate 8

1}0 2|0 JIO AIO 510 sll) 7|0 BIO
CGGTGGAGTT CTTACTTNAA ARTAGTAAGA CATNCACTAT NCAACGAAGG CAAAARAGCC GITAGCGTGA AAGITAAAAA

LA L 4 PN G DN N | L NS )

~-=TGAG-TT CCT-CTT-AR AATAAGCAGA CAC-CACTAT NCAACGARGG CAAAARAGCC GITAGCGTGA AAGTTAAARA
910 1?0 lio 1?0 liO ITO liO 1?0
TGTTGGCGAC AGACCGGTTC ARATCGGCTC ACACTTCCAT TICTTTGAAG TGRATAGATG CTTAGACTTT GACAGAGAAA

TGTTGGCGAC AGACCGGTTC ARATCGGCTC ACACTTCCAT TTCITTGAAG TGAATAGATG CTTAGACTTT GACAGAGARA

liD 1?0 1?0 2?0 2}0 2?0 2i0 210

ARACTTTCGG CAAACGCTTA GACATTGCGA GCGGGACAGC AGTAAGGITT GAACCTGGCG AAGAAAAATC CGTAGAATIG

ARACTTTCGG CAAACGCTTA GACATTGCGA GCGGGACAGC AGTAAGGTTT GAACCTGGCG AMGAAARATC CGTAGRATTG

2?0 2?0 2]0 2?0 Ziﬂ 3?0 3J0 3%0

ATTGACATTG GCGGTAACAG GAGAATCTTT GGATTTAACG CGTTGGTTGA TAGGCAAGCA GACAACGAAR GCAARARAAT

ATTGACATTG GCGGTAACAG GAGAATCITT GGATTTAACG CGTTGGITGA TAGGCAAGCA GACAACGAAA GCAAAAAAAT

310 3?0 liﬂ 3?0 ZID 3?0 3?0 4?0
TGCTTTACAC AGAGCTAAAG AGCGTGGTTT TCATGGCGCT AAAAGCGATG ACAACTATGT ARACATTTNA AGGRG

L

—

TGCTTTACAC AGAGCTAAAG AGCGTGGTTT TCATGGCGCT AAAAGCGATG ACAACTATGT ARACATTT-A AGGAG

8 H. pylori Urease sequence
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4. |solate 8 H elicobacter SSP. PCR
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9 Lactobaci | | us aci dophil us

Hel i cobacter pylori Adherence

Hel i cobacter spp.

Hel i cobacter pylori
gastric nucosa associ ated |ynphona

(Duboi s, 1995).

Lact obaci I I H pylori.

Lactobaci | |'i invitro H pylori

H pylori antagoni stic activity

(CGoconnier et al., 1998). L. salivarius H pylori

L. salivarius

lactic acid H pylori

L. salivarius

H pylori-infected gnotobiotic nurine nodel in vivo

(Abaet a., 1998). H pylori L. salivarius

H pylori col oni zati on

Lactobacillus H pylori

(Kabir et al.,1997). H pylori

aci dophi lus m |k , H pylori

L. aci dophi | us
(Coconnier et al., 1998). L.

aci dophi | us (SCS) H pylori viabilty
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pyl ori H felis urease

acidopilus strain LAL

Lact obaci | | us

antibacterial agents
adher ence
O
pyl ori recept er

i mmunoabsor bent assay net hod
al ., 1993; Heneghan et al .,
et al., 1993).

H pylori

Hel i cobacter pylori ATGA3504

[fungi zone (2.5 g/m anphotericin B),

1998; Kobayashi

H felis , H
activiy . L.
(SCS H pylori
H pylori

Lactic acid

| act obaci | | us

gastric H pylori
(Mdolo et al., 1995).

H
gl ycol i pi d enzyne- | i nked
(Al kout er al., 1997; Boren et
et al., 1991; Kobayashi

L. aci dophi | us L. casei

10% horse serum Brucel | a

Skirrow s suppl enent (0.016

ng/m polynyxin B, 0.5 ng/m vanconycin, 0.25 ng/m trinmethoprim]

5-10% G

48

phosphat e-buf fered saline (PBS pH 7.4)

-200C
HY7001, HY7007, L. casei
Lact obaci | | us MRS broth

L. acidophilus HY0404, HY2104,
HY2782 ,

cell PBS
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- 200C . bDfco
(Detroit, MCH USA) , TLC plates Mrck (Kiesel gel
60, EM Separations, Gbbstown, NJ, USA) , second

antibody conjugated with alkaline phosphatase, anphotericin B, and

Skirrow s suppl enent Sgma (. Louis, M)
USA)
2. H pylori anti serum

H pylori cells 10% formalin , (NewZeal and
Wite Rabbit, nale) boost . Bl ood
bl eedi ng . Serum -200C
3. gl ycolipid

Qycolipid 0] (Boren et al.,
1993). ) 20
chl or of or m net hanol mxture (2:1, v/v) . (

) rotary vacuum evapor at or . 2%
met hanol chl orof orm , Silicic acid
col um . (bed volume = 20 m) chloroform acet one-net hanol
(3:1, viv) net hanol 10 bed vilune
net hanol rotary vacuum evapor at or net hanol
-70
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4. TLC plate Hel i cobacter attachnent Assay

glycolipid (200 ng in 5 pl) thin layer chromnatography

(TLQ plate . plate 3%

gelatin 100 MM Tris (pH 7.6) 37

plate 2 , Lactobacillus (2.4 X 108 CGFUY

buffe 37 2 i ncubat i on . buf f er

3 w plate H pylori (7.5 x 108 CGRU 10m

buf f er 37 2 .2 buf f er
10 3 H pylori rabbit antiserum buffer

1: 600 2

1 st antibody antirabbit 1gG conjugated alkaline

phosphat ase 1: 1000 1

i ncubat i on . 5- br omo- 4- chl oro- 3-i ndol yl  phosphat e

di sodium salt/nitro blue tetrazolium chloride (BO P NBT)

5. TLC plate
silica TLC plate razor blade
2% SDS , water bath boi I i ng resin
col or . pect rophotonete 405 nm
3
Adher ence bacterial col oni zation
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; protein gl ycoconj ugat es
adhesi ne bacterial surface nolecule
(A kout et al., 1997; Kamsago et al., 1996; Lingwood et al., 1993;
S omany. and S onmany. 1992). H pylori assay
H pylori chem cal assay
(Meyer - Rosenber g
and Berglindh., 1996).

H pylori assay assay
0] gl ycol i pi d . H pylori
attachnent site 0] Lewi s antigen B

(dyne and Drunm, 1997; Henalatha et al., 1991,
Heneghan et al., 1991; Kobayashi et al., 1991; Kobayashi, et al.,
1993). H pylori attachnent ABO bl ood group antigen
(Nv et al., 1996).
gl ycol i pi d TLC plate ,

gycol i pi d H pylori bi ndi ng (Fig.
1). glycolipid spot 5 pl

Lact obaci | I'i L. casei L.
aci dophi I | us (Fg. 2. H pylori

glycolipid Lactobacillus

L. aci dophi | us H
pyl ori , Lactobacillus H pylori
adher ence (Fg 3. ,

Lactobacillus H pylori adher ence
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H pylori Lact obaci | | us
H pyl ori adherence
(Coconnie. et al, 1998). L. acidophilus lactic acid
H pylori adherence activity H

pyl ori

i mmunoabsor bent assay

bi ndi ng assay Lactobaci I |'i
.(1) dlycolipid
(2) H pylori
Lact obaci I | us . L.
aci dophi | us inhibitory activity

L. acidophilus H pylori
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0.4

037

021

0=

Absorbance at 405 nm

.o i T
0.0 1.0 2.0

Glycolipid (mg)

1. TLC plate gl ycolipid Hel i cobact er
glycolipid TLC plate , 7.5 X 10" GFUm  H pylori.

i ncubati on
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2. L. aci dophil us glycolipid

Hel i cobacter. TLC plates glycolipid , L. acidophilus
(2.4 X 10° GFU10 m)  incubation , H pylori (7.5 X 10° CFU 10
m)  incubation . TLC plates H pylori

H pylori incubation (H, L. acidophilus HY0404
i ncubation(Q, H pyl ori L. aci dophilus  HY0404
i ncubation(1), H pyl ori L. aci dophilus  HY2104
i ncubation(2), H pyl ori L. aci dophilus  HY7001
incubation(3), H pylori L. aci dophilus HY7007 i ncubat i on
(4), H pylori L casei HY2782 i ncubat i on( 5)
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.06

0,05

Absorbance at 405 nm

0049

0.0% - . o
g 167 108 10? 100

CFU of Lactobacillus

3. L. acidophilus Helicobacter . TLC
plate H pylori (7.5 X 10 CFUm)  incubation
Synbol e . L. acidophilus HY0404; o, L. acidophilus HY2104; m,
L. acidophilus HY7001; O, L. acidophilus HyY7007
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10 Hel i cobacter pylori urease

Hel i cobacter gastrospillium

1
Canpyl obact er Hel i cobact er
Hel i cobact er
hyoi ntestinal i s(On et al., 1995) Hel i cobacter gastrospillium
(Hanninen et al., 1995)
Koch's
total vaccine

2
1.

Muse slide gl ass

gram staining (1000 )

bacteri a ( 1).
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2. Bacteria

nouse razor bl ade
, fungizone (2.5 g/m anphotericin B),

Skirrow s supplenent (0.016 ng/ b pol ynyxin B, 0.5 ng/m vanconycin,
0.25 ng/m trinethoprin 10% horse serum Brucel | a
nmedi um Mdified chocol ate medi um (QC nedi um base, 1% henogl obin, 1%
isovitalex), BH (Brain Heart Infusion) nediumwth 10% sheep bl ood,
Gol unbi a nedi umwi th 10% sheep bl ood 37 , 10% Q2

gram negative bacteria urease - oxidase -
cat al ase

BH nedium (with 10% human Otype bl ood)

col unbi a nedi um (with 10% human Otype bl ood)

, 0.3% agar ( ) 37

10% G2
3. Gastrosprillum urease PCR

Muse phosphat e- buf f er ed
saline (PBS, pH 7.4) 0.5 n m cr ohonogeni zer ,
1000 rpm 3 2 ,

8000 rpm 5 bacterial pellet

Pel | et genom ¢ DNA Wzard genomc DNA purification
kit (Promega) , Helicobacter pylori urease gene
A (nt 304-715) forward priner (5 -GOCAATGGTAAATTAGIT-3')
reverse prinmer (5 -CICCITAATTIGITITTAG 3') ( 2).
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PCR 10xbuffer 5 pl, dNTP 4 pl, 100 pnol/ pl priner
0.5 pl, genomc DNA 1 pg, Taq pol ynerase one unit

50 pl PCR . PR D\A

94 4 1, 9% 30 , 40 30 , 72 30
30 , final elongation 72 7 1
4. Gstrosprillum urease sequenci ng

411 bp urease PCR fragnent

H pylori urease PCR fragnent gel (Bi 0101, BM
US A), urease sequencing PCR tenplate . Sequenci ng
PCR termnator ready reaction mx 8 pl( ABl prismbig dye

termnator cycle sequencing ready reaction kit, PE Applied

Biosystens, USA), tenplate 80 ng, wurease forward priner

(5' - GOCAATGGTAMATTAGIT-3') 3.2 pnole , bDw 20 p
I sequencing PCR ( 4). sequenci ng PCR
96 10 , 40 5, 60 4 25

sequencing PCR product ethanol precipitation ,

tenpl ate suppression reagent 25 pl 95 2
denat urati on . DNA
ABl prism310 genetic anal yzer , capillary (47 cm 50 pm

i.d.) PCP-6 pol yrmer

5. H pylori reconbinant urease

H pylori ureAureH gene <cloned E coli BL21 1 nMNQd?2
100 /nm anpcilline LB broth | ate exponential phase
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2 ¢ . 8000 rpm 10
20 nM pot assi um phosphate (pH 7.2), 1 nM EDTA 1 nM
2- ner capt oet hanol (PEB) buffer , 1 nM PVBF
PEB buf f er French Press bacteria
4 | 24000 rpm 90

DEAE- Sephar ose (- 6B col uim (5% 12 cn) PEB buffer 1 MKJ in
PEB buffer [inear gradient ,

phenol red spot assay ( 5) YMLO
ultrafiltrati on menbrane Goncentrator (Amcon, U S A)

Sephacryl S 200 gel filtration colum (2.5 x 48 cn)

0.15 MKQ /PEB buf f er . Phenol red
( 6) am con FPLO Vét er s,
USA) nono Q col um PEB buf f er 1 M KA/PEB buffer
linear gradient ( 7).
6. Urease purification

IS PAE  10%runni ng gel 3. 75% st acki ng gel

, Coomassie brilliant blue R250 (
8).
7. Urease assay
Uease activity al kali reagent (\at her burn,
1967) assay . HEPES buffer (0.05 MHEPES, 0.5 nM

EDTA, pH 7.5) 1 m, urea solution (100 nMurea) 1 m  sanple 10 pl
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, 37 2 . 100 pl phenol reagent
(5% phenol , 0.025% sodi um nitroprusside) 1 m ,

10 , alkali reagent (2.5% NaCH 0.21% NaQd, 2.5%
Na2HPGH - 12HO 1 m 30 .30 ,
spect r ophot onet er 625 nm (Tabl e
1).

8. Urease

urease 5 pg nucosal adjuvant 10 pg pathogen free

fenal e Sniss Wbster nice 1 4 i nuni zati on
, Gastrosprillum nouse 4 m PBS
0.5 m 4
9. Hel i cobact er SSP. ( Speci es Specific Protein) PCR

Helicobacter SSP. PCR  Helicobacter pylori species-specific

anti gen sequence forward pri ner
(5 ‘- TAAOGTGICTATTGACAGOEAGS 3') reverse pri mer
(5’ - CCTGCTGARCATACTTCACCATG 3') . PR
PCR t ube 104 m crownave , 10x buffer 5 p
[, dNTP 4 pl, 100 prol/ pl primer 0.5 pl, 1 U Taqg pol ynerase
50 pl PCR . PR 9 5 1
, 94 1,50 1,72 1 39 , final elongation
72 5 1 . PR product  0.8% agar ose gel
, EEBr staining ( 3).
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Gastrospirillum H pylori

Hel i cobacter felis gramnegative cork screw 3
8 coiling (Andersen et al., 1999). 1
Gastrospirillum 3-8 cork screw

Gastrospirillum
Canpyl obact er
cocoi d form subcul ture
(Harvey and Leanch, 1998; Kreig and
Holt, 1984). Gastrospirillum nouse

10% bl ood col unbi a
10% bl ood BH Gastrospirillum

Gastrospirillum

Gastrospirillum oxi dase, catal ase, nitrite, nitrate,
ur ease (Andersen et al., 1999), ur ease
Gastrospirillum DNA urease A gene
pri nmer PCR , 411 bp DNA
( 2). 411 bp H pylori ur ease

( 3). H pylori urease  @strospirillum
ur ease . H pylori
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ureAureH gene cloned E coli BL21 ur ease
( 4). urease 5 pg mcosal adjuvant 10 pg

nouse Gastrospirillum
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1. Gastrospillium
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2. Gastrospillium urease PCR

- 176 -



3. Gastrospillium  Helicobacter SSP PCR
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1 1.50

43504

3 1.50

2 1.50

Tisue

1 51..100 43504

3 51..100

2 51..100 Tisue

1 201..
3 201..
2 201..

58 B

..200
..200
..200

250
250
250

..300
..300
..300

..350
..350
..350

..396
..396
..396

4H. pylori

43504

Tisue

43504

Tisue

43504

Tisue

43504

Tisue

43504

Tisue

43504

Tisue

Gastrosp illium

Sequence
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280nmr

1.5

0.5

0

13579ﬂBﬁﬁ@32$2$&$$$$M@%ﬂ@
Fraction No.

12 5. DEAE column chromatography

collected fraction NO. @ 23-238
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280 nm

O 12 |_. —_— T ———— e — e ———

01 t
0.08
0.06 |
0.04 |

0.02 }

T 5 9 18 17 21 25 29 33 37 41 45 49
Fraction No.

Yy 6. Chromatography of Sephacryl S-200

collcted fraction No. : 10-14
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280 nm

0.1

0.08

0.06 |

0.04

0.02

T 'l .|||||1|||'-|||4||aslt|||v1t|1|.|11||||iii|||_)

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
Fraction No.

18 7. Chromatography of Mono Q

Collected Fractin No. @ 29-34
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719l 8. Helicobacter pylori urease A 7195 XA
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o T otal Specific Purification (fol Yield(
Purification step ] o
protein(mg) activity d) %)
Crude extract 2100 5.7 1 100
DEAE 168.56 415 7.28 8
Sephacryl
1.235 4,625.3 811.46 0.051
S-200
FPLC 1.081 16,1943 2841.11 0.058

T able 1. Helicobacter pylori Urease
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