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Abstract

Background: We have previously reported that altered culture conditions (a broth media with
shaking) could induce a strain of Helicobacter pylori to assume a long spiral morphology resembling
that described for Helicobacter heilmannii. The present study was initiated to determine if other
strains of H. pylori could be induced to assume that morphology and if doing so would alter the
expression of immunodominant proteins.

Results: The six strains used in this study were American Type Culture Collection 43504, 43579,
49503, 51652, and 51653, and Sydney Strain I. Each strain was grown on solid media and in broth
culture using conditions previously shown to induce the long spiral morphology in strain 43504.
DNA from each was subjected to urease gene fingerprint analysis. Results of the molecular analysis
showed identical fingerprint patterns for each strain independent of culture source, indicating that
only a single strain was present in each culture. Expression of immunodominant proteins was
assessed by SDS polyacrylamide gel electrophoresis and Western blotting with hyperimmune
rabbit anti H. pylori sera or serum from an H. pylori infected patient. Analysis of protein profiles
revealed some variation between strains but no significant differences associated with morphologic
alterations.

Conclusions: These results indicate that growth of H. pylori in a long spiral form does not affect
expression of immunodominant proteins, thus in vivo growth in the long spiral form (not
documented to date) would not be distinguishable by serology.

Background established that this organism is a human pathogen, and
Curved and spiral-shaped bacteria have been described in ~ evidence gathered to date suggests that chronic H. pylori
the gastric mucosa of humans for over a century, butitwas  infection can also predispose an individual to gastric can-
not until the early 1980s that Helicobacter pylori was suc-  cer [4].

cessfully cultured and determined to cause chronic gastri-

tis and peptic ulcer disease [1-3]. It is now well
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H. pylori is a gram negative bacterium typically appearing
as a curved rod or short spiral. It is believed to be one of
the more common pathogenic infections of man, with
prevalence rates reaching 30-60% in developed countries,
depending on age and socioeconomic status [4-7]. A re-
lated organism, Helicobacter heilmannii, has also been
linked to gastritis in humans [8,9]. Infection with H. heil-
mannii is thought to occur at a significantly lower frequen-
cy and to induce a more mild gastritis than infection with
H. pylori[10,11]. Current estimates place the frequency of
infection with H. heilmannii between 0.2 and 1.7%
[6,12,13].

Standard tests for detection of H. pylori infection include
detection of urease activity, serologic detection of anti-
bodies to the organism, histologic observation of the or-
ganism in gastric sections, and culture of the bacteria from
gastric biopsies. Both H. pylori and H. heilmannii possess
urease activity [14,15] and antibody-based assays may not
be able to distinguish between these organisms due to
cross-reactivity to common immunoreactive proteins. As
there is no routine culture method currently available for
H. heilmannii, differentiation of these two organisms is de-
pendent on morphology alone. H. heilmannii has been de-
scribed as a corkscrew shape, typically appearing as a long
spiral with greater than four turns, as compared to H. py-
lori's typical curved rod-like or short spiral (up to three
turns) morphology [8,10,11].

We have previously reported that growth in a broth media
with shaking can induce H. pylori to assume a long spiral
morphology more closely resembling that described for
H. heilmannii than for typical H. pylori. However, our ini-
tial report was based on only one American Type Culture
Collection (ATCC) stock strain of H. pylori (strain 43504)
[16]. The present study was initiated to determine if other
strains of H. pylori could be induced to display the altered
morphology, and to evaluate the expression of immuno-
dominant proteins of bacteria in the altered state for each
of these strains.

We obtained five stock strains of H. pylori (43504, 43579,
49503, 51652, and 51653) from ATCC, and Sydney Strain
I (SS1) from the University of Delaware. Each strain was
grown on both blood agar plates and in broth using our
modified technique. Cultures grown in broth media with
shaking showed organisms displaying a long spiral mor-
phology with greater than 5 turns, while curved rods and
short spiral organisms were seen when each of the six
strains tested were grown on solid media. SDS polyacryla-
mide gel electrophoresis analysis of protein profiles and
Western blot evaluation of immunoreactivity for each
strain revealed no significant differences related to culture
method. Urease gene fingerprint analysis, using DNA pre-
pared from both plate and broth cultures for each strain
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indicated that only a single H. pylori strain was present in
each culture. Our results suggest that in vivo growth of H.
pylori in a long spiral (5 to 20 turns) or corkscrew form
(which has not been documented to date) would be un-
likely to affect currently available serologic tests used to
screen patients for infection with the organism. Further-
more, our results indicate that reliance on morphology
alone to distinguish between H. pylori and H. heilmannii in
a clinical setting may need to be reevaluated.

Results

Examination of wet preparations and Gram-stained
smears from cultures grown using our modified technique
demonstrated that growth in broth with shaking resulted
in Gram negative organisms displaying a long spiral mor-
phology for each of the six H. pylori strains tested. Spirals
containing greater than 5 (in some cases as many as 20)
turns were observed in each instance (Figure 1A), consist-
ent with our previous report. Blood agar-grown cultures
for each of the six strains showed curved rod-like organ-
isms and short spirals, morphology more typical for H. py-
lori (Figure 1B).

Protein profiles of both plate and broth cultures of H. py-
lori ATCC strains 43504, 43579, 49503, 51652, 51653,
and strain SS1 generated by denaturing polyacrylamide
gel electrophoresis did not reveal any apparent differences
in expression pattern. Although some slight differences
were noted between the strains tested, the expression pro-
files for the blood agar- and broth-grown forms of each
strain appeared to be identical (Figure 2A, 2B). Similarly,
Western Blot using polyclonal rabbit anti-H. pylori sera or
selected human sera revealed no significant differences in
immunoreactivity between plate-grown (Figure 3A) and
broth-grown (Figure 3B) H. pylori when the same strain
was examined. Although some variation between strains
was observed, there did not appear to be any significant
difference in production of immunoreactive proteins that
could be attributed to the altered morphology.

Molecular analysis of the urease A/B region of the H. pylori
genome revealed no differences in fingerprint pattern be-
tween blood agar- and broth grown cultures for each
strain, indicating that only the particular organism of in-
terest was present in each culture. PCR on all DNA exam-
ined resulted in the expected 2.4-kb product (Figure 4A),
and five distinct restriction patterns were observed among
the six strains tested (Figure 4B). Urease gene fingerprints
for ATCC strains 43579 and 49503 appeared to be identi-
cal.

Discussion

Members of the genus Helicobacter can be found in a vari-
ety of forms including rods, curved rods, short spirals,
long spirals or corkscrews, and non-culturable coccoid
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Figure |
Atypical and classic H. pylori morphology. Gram-stained slides were prepared from a broth culture of H. pylori ATCC

43504 (A), or a plate culture of H. pylori ATCC 43579 (B). Slides were examined and photographed with a 63X objective. Atyp-
ical long spiral forms were seen in broth culture, while organisms displaying classic H. pylori morphology were seen in cultures
grown on solid media.
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Figure 2
SDS-PAGE of plate and broth cultures of H pylori strains. Cultures of H. pylori ATCC strains 43504, 43579, 49503 (A),

and ATCC strains 51652, 51653, and strain SS| (B), were harvested from both plate (P) and broth (B) cultures and electro-
phoresed in 11% SDS polyacrylamide gels as described. No differences in protein expression due to the variations in morphol-
ogy were observed. Apparent molecular weights (kDa) are indicated.
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Figure 3

In§munoblots probed with rabbit anti-H. pylori or patient sera. Western blot membranes of H. pylori ATCC strains
43504, 43579, 49503 (A), ATCC 51652, 51653, and strain SS| (B) plate (P) and broth (B) grown forms prepared as described
in Methods were reacted with sera from a rabbit immunized with H. pylori ATCC 43504. Western blot membranes of H. pylori
ATCC strains 43504, 43579, 49503 (C), ATCC 51652, 51653, and strain SS| (D) plate (P) and broth (B) grown forms prepared
as described in Methods were reacted with sera from a patient infected with H. pylori. No apparent differences in the expres-
sion of immunoreative proteins as due to the observed morphologic shift were noted. Apparent molecular weights (kDa) are
indicated.
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Figure 4

Mglecular analysis of the H. pylori urease A/B region. (A) Amplification of the ureA / ureB region of six different strains
of H. pylori was performed using primer pair HpR1 / HpR2 as described. Molecular size standards (kb) and the expected 2.4-kb
product are indicated. Lanes | to |3 are polymerase chain reactions with DNA from H. pylori strains grown on solid media
(lanes I, 3, 5,7, 9, and | 1), DNA from H. pylori strains grown in broth (lanes 2, 4, 6, 8, 10, and 12), and a water negative control
(lane 13). Lanes | and 2 are ATCC strain 43504; lanes 3 and 4 are ATCC strain 43579; lanes 5 and 6 are ATCC strain 49503;
lanes 7 and 8 are ATCC strain 51652; lanes 9 and 10 are ATCC strain 51653, and lanes || and 12 are SSI. (B) Restriction pat-
terns resulting from Haelll digestion of the 2.4 kb PCR product obtained from the amplification of H. pylori genomic DNA with
primers HpR | and HpR2 are shown. Molecular size standards (kb) are indicated. Lanes | to |3 are digests from DNA from H.
pylori strains grown on solid media (lanes 1, 3, 5, 7, 9, and | 1), DNA from H. pylori strains grown in broth (lanes 2, 4, 6, 8, 10,
and 12), and a water negative control (lane |3). Lanes | and 2 are ATCC strain 43504; lanes 3 and 4 are ATCC strain 43579;
lanes 5 and 6 are ATCC strain 49503; lanes 7 and 8 are ATCC strain 51652; lanes 9 and 10 are ATCC strain 51653, and lanes
I'l and 2 are SSI.
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forms. Many of the species are differentiated by their mor-
phology, which is particularly true for H. pylori and the
more recently discovered H. heilmannii. Both of these or-
ganisms have been shown to be a cause of gastric disease
in humans, and they are identified in clinical material
based on their morphologic appearance on histologic sec-
tion or Gram stain. We previously reported that growth of
a single H. pylori strain (strain ATCC 43504) in a liquid
media with shaking yielded bacteria that more closely re-
sembled the morphology reported for H. heilmannii than
that known to be typical for H. pylori[8,10,11,16]. The
present study was performed in order to extend these early
observations to determine if multiple strains of this organ-
ism have the ability to form long spiral or corkscrew
shapes under certain culture conditions, and to determine
if significant changes in immunologically relevant pro-
teins are seen with this morphology shift. Our results
demonstrate that H. pylori ATCC 43504 and five addition-
al H. pylori strains (ATCC strains 43579, 49503, 51652,
and 51653, and Sydney Strain I) reversibly undergo the
expected morphologic change using our modified broth
culture technique. We further demonstrate that the altera-
tion of the bacterial morphology does not appear to
change the expression pattern of the immunodominant
proteins. In addition we demonstrate, using PCR amplifi-
cation and restriction digest typing methods, that a single
strain of H. pylori is present in each culture and is respon-
sible for the morphologic shift observed.

While growth of H. pylori in a long spiral form may occur
only under the conditions reported in this study, it seems
likely that the morphologic changes would also occur un-
der specific conditions in the environment of the gastric
epithelium. This conclusion is supported by the observa-
tion that H. pylori may appear corkscrew shaped in biopsy
specimens [12]. As these morphologically variant organ-
isms are indistinguishable from H. heilmannii under the
microscope, a number of the reported cases of H. heilman-
nii infection may actually be due to H. pylori. A report de-
scribing review of antral biopsy smears where H.
heilmannii was previously observed found that a number
of these diagnoses could not be confirmed as the organ-
isms present appeared more similar to H. pylori[17]. Other
studies have found that H. pylori and H. heilmannii are
rarely co-localized, although mixed infections have been
reported [13,15,17-22]. These observations, taken in the
context of our recent results, indicate that while it may be
possible to harbor both organisms, it may also be possible
that the differences observed are due to a single bacterial
strain found in specific microenvironments within the
gastric mucosa.

The gold standard for diagnosis of H. pylori infection is
considered to be culture or histologic assessment of the
organism's presence. Despite reported limitations in the
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value of serology as more than a screening tool, it is signif-
icantly less expensive and more convenient than other
more invasive methods [4,5,23]. While the conditions
which may allow H. pylori to assume a long spiral form in
vivo are not known at the present time, our results indi-
cate that under these conditions expression of major im-
munoreactive proteins would remain unchanged, thus
current serologic methods would be unaffected by this
shift in bacterial morphology. The failure to detect altera-
tions in protein expression was surprising given the dra-
matic differences in morphology. Certainly the differences
observed could be expected to influence the motility of
the organism and possibly its ability to associate with or
adhere to gastric tissues. Furthermore, although there
were no detected differences in the qualitative expression
of proteins, there may well be a difference in quantitative
expression of some proteins that may have pathophysio-
logic significance.

Conclusions

In this report we provide evidence that multiple strains of
H. pylori can undergo a morphologic shift under appropri-
ate culture conditions, implying that it is a trait common
to this Helicobacter species. It is conceivable that under the
right conditions, this organism may also be able to under-
go this change in vivo. Our work demonstrates that while
such an alteration in vivo could affect the ability to distin-
guish gastric Helicobacters on stained sections, the ability
to diagnose H. pylori infection serologically would remain
unaffected by the shift. We are currently expanding our
studies in an attempt to determine which bacterial pro-
teins undergo changes in expression pattern allowing the
organism to alter its morphology. Future efforts in this
area will focus on attempts to isolate and identify long spi-
ral organisms from clinical specimens, and to determine
whether culture conditions could be used to support the
growth of these organisms in either the long spiral or con-
ventional morphology.

Methods

Culture

Lyophilized H. pylori stocks (ATCC 43504, 43579, 49503,
51652, and 51653, Rockville, MD) were each reconstitut-
ed with 0.5 ml Brucella broth (Difco, Detroit, MI) with
0.1% cyclodextrin (BBCD) and transferred to 25 ml of
BBCD in a 25 cm? tissue culture flask. Similarly, 1.0 ml of
a frozen 15% glycerol stock containing Sydney Strain I
(University of Delaware) was thawed and added to 25 ml
BBCD in a 25-cm? tissue culture flask. Flasks were incu-
bated at 37°C on a rocking platform (28 cycles per
minute) under microaerophilic conditions using the BBL
Campy Pack Plus System (Becton Dickinson, Cockeys-
ville, MD). After three days, 5 ml of each culture was trans-
ferred to 100 ml BBCD in a 150 ml filter unit receiver flask
(Nalgene, Rochester, NY) and incubated at 37°C with
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rocking as described above in the GasPak CO, Jar System
(Becton Dickinson, Cockeysville, MD). After four days, 6
drops of broth culture were used to inoculate 4 plates of
Trypticase Soy Agar with 5% sheep blood (Becton Dickin-
son, Cockeysville, MD) for each strain. All plates were in-
cubated inverted in a GasPak CO, Jar System. Each
remaining broth culture was harvested by centrifugation
at 10,000 g for 10 minutes at 4°C. Pellets were resuspend-
ed in phosphate buffered saline (PBS) with 5 mM MgCl,
and washed a total of five times. After four days, the plate
cultures were harvested by scraping the colonies from the
agar, suspending them in PBS with 5 mM MgCl,, and
washing as described above. The protein concentration of
each suspension was determined using a Bradford micro-
assay (BioRad, Richmond, CA).

Microscopy

Wet preparations and Gram-stained (Becton Dickinson,
Cockeysville, MD) smears were prepared for all cultures at
times of transfer and harvest. These were examined using
a Zeiss Axioplan Photomicroscope with 63x and 100x ob-
jectives under brightfield, phase contrast, and differential
interference contrast settings.

Protein analysis

Harvested bacteria from broth and plate cultures were di-
luted to a concentration of 0.5 mg/ml in sample buffer
containing 0.1 M dithiothreitol as the reducing agent. The
samples were electrophoresed on 11% SDS polyacryla-
mide mini gels using a Hoeffer Mighty Small II electro-
phoresis unit (Pharmacia Biotech, Piscataway, NJ).
Separated antigens were transferred to nitrocellulose
membranes (Schleicher and Schuell, Keene, NH) using a
Nova blot semi-dry transfer system (Pharmacia Biotech,
Piscataway, NJ). Membranes were blocked overnight at
4°C with 0.5% bovine serum albumin in PBS, dried, and
stored desiccated until use.

Western blot

Membranes were incubated with polyclonal rabbit anti H.
pylori [diluted 1:1000 in blotting buffer (PBS with 1%
nonfat dry milk)] or serum from a patient with H. pylori
(diluted 1:500 in blotting buffer) for 1 hour at room tem-
perature. Membranes were washed three times with PBS
and then incubated with a 1:1000 dilution of biotinylated
goat anti rabbit IgG (H + L) or a 1:1000 dilution of bioti-
nylated goat anti human IgG (H + L) (Kirkegaard and Per-
ry Labs, Gaithersburg, MD). Membranes were washed
with PBS as described above and incubated with a 1:1000
dilution of peroxidase conjugated streptavidin (Kirke-
gaard and Perry Labs, Gaithersburg, MD) for 1 hour at
room temperature. Membranes were washed again as de-
scribed and incubated with 4-chloro-1-naphthol substrate
(7.8 mM 4-chloro-1-naphthol diluted 1:2 with 1:1500
30% H,O0, in citrate phosphate buffer, pH 4.0). Mem-
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branes were washed with distilled water, air dried, and
evaluated for banding patterns.

DNA isolation

DNA was isolated from harvested cultures of H. pylori
from either plate or broth medium. Briefly, 7.5 volumes of
6 M guanidine HCI/0.1 M sodium acetate, pH 5.5 was
added to 100 pl aliquots of harvested bacteria. Prepara-
tions were mixed by inversion and placed on an orbital
shaker (Lab-Line, Melrose Park, IL) at 150 rpm for 60
minutes at room temperature. Samples were centrifuged
at 18,000 x g for 30 minutes at 4°C. Each supernatant was
extracted twice with phenol:chloroform:isoamyl alcohol
(25:24:1) and once with chloroform:isoamyl alcohol
(24:1), followed by addition of 0.1 volume 3 M sodium
acetate and 2.5 volumes 95% ethyl alcohol to precipitate
the DNA. Samples were placed at -20°C for a minimum of
60 minutes, followed by centrifugation as described
above. Pellets were washed with 70% ethyl alcohol, dried,
and resuspended in sterile Tris-EDTA (TE) buffer.

PCR and urease gene fingerprinting analysis

A 2.4 kilobase (kb) product encompassing the H. pylori
urease A and urease B (ureA and ureB) structural genes was
amplified as described by Foxall [24] using primers HpR1
(5" AGGAGAATGAGATGA 3') and HpR2 (5' ACTTTATT-
GGCTGGT 3'). Oligonucleotides were purchased from In-
tegrated DNA Technologies (Coralville, IA). Each reaction
contained 100 nanograms (ng) H. pylori genomic DNA in
a 50 pl reaction volume (2.0 ng/ul) unless otherwise not-
ed. Amplification was carried out in a Perkin Elmer 9600
thermocycler (Foster City, CA). Reaction parameters were
as follows: denaturation for 5 minutes at 95°C, followed
by 34 cycles of 94°C for 1 minute, 53°C for 1 minute, and
72°C for 3 minutes. This was followed by 1 cycle of 94°C
for 1 minute, 53°C for 1 minute, and 72°C for 5 minutes.
Following amplification, 20 pl samples of each reaction
were mixed with 5 pul gel loading solution (Sigma Bio-
chemical, St. Louis, MO) and analyzed on 0.7% Seakem
GTG agarose gels (FMC Bioproducts, Rockland, ME) to
verify the amplification of the 2.4 kb product. Amplified
products were ethanol precipitated and resuspended in
sterile Tris-EDTA buffer. Each DNA sample was incubated
with 20 U of restriction enzyme Haelll (Promega, Madi-
son, WI) in the appropriate buffer overnight at 37°C. In-
dividual restriction patterns for each strain were analyzed
by electrophoresis of each digested sample on 4.0% Nus-
ieve 3:1 agarose (FMC Bioproducts, Rockland, ME) gels.
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