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Abstract: Helicobacter pylori BabA adhesin metastability could yield variants with potential for periodic activation and
deactivation of their mediated adherence. babA/B or babB/A chimeras could play an important role in translational
regulation. We investigated the frequency of different bab gene profiles in paired isolates from antrum and corpus
recovered from patients with chronic gastritis. Isolates from 174 biopsies from 34 patients were included, and bab
genes at the three common chromosomal loci were investigated. Inter-micro-niche variation was found in 1/4 pa-
tients, counting duplicate copies of babA or babB, babB/A or babA/B chimeras, opposite location of babA and babB
or babC and babB, and absence of babB ATG translational codon. Truncated BabA was identified in 2/34 patients
without inter-micro-niche variation. Isolates from 12/34 patients harbored babA/B or babB/A chimeras -either in one,
several or all micro-niches indicating that chimera formation is a common mechanism to control BabA expression. To
note, babA gene was absent in 11/34 patients, and in this population, babA/B chimeras which lack expression pre-
dominated over babB/A, able to exhibit Le® binding phenotype.
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Introduction

Genetic diversification can aid in the persis-
tence of microorganisms that continue to repli-
cate during chronic infection. In addition, H.
pylori genetic variation may help to adapt to
different micro-niches within a single host and
to the changing conditions in the host over time
[1]. One example of how H. pylori's genetic vari-
ability helps it adapt to new environments in-
volves its adhesin genes [1]. BabA adhesin rec-
ognizes both H-type-1 and Lewis b (Leb) blood-
group antigens expressed on normal gastric
mucosa of secretor individuals [2]. It was sug-
gested that BabA metastability results in clones
having high potential for periodic activation and
deactivation of mucosal binding, appropriate for
the intensity of the host response to infection
[3, 4]. babA, babB, and babC genes are mem-
bers of the paralogous hop family of outer mem-
brane proteins. Considering the flanking re-
gions, bab genes can be located in at least
three different H. pylori chromosomal loci re-
ferred to as locus A, B and C (downstream of the
hypD gene, the s18 gene, and the conserved

hypothetical protein gene, hp0318 in H. pylori
26695, respectively). In addition to an exten-
sive genotypic diversity in babA, babB and babC
within the mid-region across inter-patients clini-
cal isolates, individual strains with duplicate
copies of babA, frameshift mutations, chimeric
babA/B (resulting in loss of BabA expression),
and chimeric babB/A (that subject protein ex-
pression to phase variation), have been de-
scribed [5, 6, 7, 8]. Homologous recombination
of bab genes has been observed in clinical iso-
lates from different patients [6, 7, 8]. Besides,
in experimental infections with babA functional
strains, recombination has also been reported
as a likely mechanism for generating Leb non-
binding babA output isolates [9, 10]. However,
Ohno et al., [11] demonstrated that the lack of
BabA expression after 6 months of infection of
mongolian gerbils with a functional babA was
mainly attributable to nucleotide changes within
the babA gene that resulted in a truncated
protein. Nevertheless, these authors did not
exclude the possible presence of recombinant
allelic variants in the output population assum-
ing that recombination occurs at low frequen-
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cies [11].

This study was aimed to investigate the fre-
quency of different bab gene profiles in paired
isolates from antrum and corpus from patients
with chronic gastritis, to evaluate the results of
microevolution during persistent colonization.

Materials and methods
Patients and samples

A total of 174 isolates from 34 patients (20
from a previous study [12] and 14 referred to
the Gastroenterology Service of an Ambulatory
Care Centre, Clinica Bazterrica, Buenos Aires,
Argentina for upper gastric endoscopies) were
included. All patients agreed to participate in
the study by signing an informed consent. Six
biopsy specimens were obtained from each pa-
tient (three from antrum: al, a2, a3, and three
from corpus: c1, ¢2, ¢3 [12]) in the same endo-
scopic session.

Bacterial isolation, DNA extraction and strain
delineation

Biopsy specimens were cultured separately as
previously described [12]. DNA was extracted
from confluent cultures with fewer than three
“in vitro” passages by standard protocols using
a pool of colonies from the isolation plate of
each biopsy (micro-niche) and from the sub-
culture of single-colony of this plate. When re-
sults suggested intra-micro-niche diversity, ex-
pansion of extra single-colonies (n: 10) was
done by sub-culturing sweep of bacteria from
the isolation plate conserved at -80°C. Strain
delineation was achieved by IspA-gImM RFLP
and RAPD fingerprints as previously described
[12].

bab genes analysis

bab genes location was investigated by PCR
using consensus primers with hypD (locus A)
and s18 (locus B) combined with primers for
babA and babB [7]; LC-F1 and LC-R1 primers
were used to analyze locus C [6]. babA, babB or
babC at each locus, and locus C empty-site
(absence of bab genes) [6] were confirmed by
sequence analysis. bab genes promoter regions
for sequencing were amplified with one of the
following primers: LocA-1 (5’GGCTCATAACCCAA
AGGTC-3’), LocA-2 (5-GTTTTGGTCCTGGCATTC-
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3’), LocB-1 (5’-GGATAGCCCTTTAA AACAGC-3’), or
LocB-2 (5-GAAGTAGCGATCAAAAGAG-3’); and
the babA and babB specific primers used by
Colbeck et al. [7]. PCR amplicons were purified
using Wizard-PCR Preps (Promega, Madison, WI,
USA) according to the manufacturer’s instruc-
tions. Sequencing was performed on both
strands using an ABI 373 DNA sequencer
(Applied Biosystems). Nucleotide sequence data
were then compared with nucleotide sequences
deposited in the GenBank (Blast software at the
National Center for Biotechnology Information)
in order to identify the most closely related se-
quences.

Nucleotide sequence accession numbers

GenBank accession numbers JF922315-
JF922350 were assigned to bab genes se-
quences newly determined in this study.

Results

According to IspA-gimM RFLP and RAPD finger-
prints, 33/34 (97%) of the patients included in
the study were colonized with a single strain
[12]. bab genes inter-micro-niche variation was
observed in 9/34 (26.47%) patients. This varia-
tion included the co-existence of isolates with:
a) single or double copy of babA, b) inverse loca-
tion of babA and babB, d) single and double
copy of babB, e) presence and absence of babC
at locus A, f) presence and absence of the chi-
meric babB/A gene; and g) babB gene with and
without ATG translational start codon (Figure 1).
Inter-micro-niche variation was not commonly
associated with isolates from antrum or corpus.
Intra-micro-niche variation could be demon-
strated in 2/34 patients, but in only one of four
or six H. pylori-positive biopsies from each of
them; including co-existence of isolates with
babA and isolates with babB at locus B and
babA at locus A, or isolates babA and isolates
with chimeric babA/B at locus A and babB at
locus B, respectively (Figure 1). In both patients,
PCR with pooled colonies DNA exhibited amplifi-
cation with babA and babB primers at loci A or B
respectively, then expansion of single-colony
revealed the co-existence of isolates with differ-
ent bab genes at each locus, confirmed by se-
guence analysis. Figure 2 shows bab gene pro-
files of the other 23/34 patients. In the patient
colonized with two different H. pylori strains
(one recovered from antrum and the other from
corpus biopsies), isolates from both strains har-
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or babB/A, these were observed in
12/34 (35%) individuals either at loci A,

. B or C, even in the double copy (babB/A

at loci A and B; babA/B at loci A and C
and at loci A and B) (Figure 1 and Figure
2). babA/B was identified in 7/34 (20%)
patients, more frequently in locus A and

mainly in patients without inter-micro-
niche variation (Figure 2). babB/A was

identified in 5/34 (15%) patients and
conversely to babA/B, more frequently
in locus B (Figure 2). babB/A carried a

variable number of CT repeats in iso-

lates from different patients and also at
different loci of the same isolate harbor-

ing a double copy of this recombinant

variant. Recombination upstream of the
ATG translational start codon of bab

genes could be identified in isolates

from 5/34 (14%) patients. babA gene
was preceded by the babB promoter

region at locus B in isolates from one

patient; babB gene was preceded by the
babA promoter region at locus A in iso-

lates from 3 patients, and at locus B in

isolates from one patient. Among these
five patients, from the numbered 32B

with inter-micro-niche variation (Figure

1), H. pylori was recovered from 5 micro-
niches: two from antrum and three from

) corpus (al, a3, c1, ¢2 and ¢3), and all

isolates harbored a double copy of

babB. Isolates from al, a3, c1, and ¢c3

showed babA sequences upstream of

Figure 1. Patients with co-existence of isolates with different bab
genes profiles: A. Inter-micro-niche variation. In patients num-
bered 32B, isolates from al, a3, c1 y c3 showed babB gene
recombined with babA promoter region at locus A and with babC
promoter region at locus B. After initial translational ATG codon
babB sequences at loci A and B are identical except for the CT

. the babB ATG start codon at locus A,
while at locus B recombination seemed
to occur with the babC promoter region.
After the ATG, babB sequences at loci A
and B were identical except for the CT
repeat number. In addition, from c2,
isolates with the absence of babB ATG
start codon were recovered.
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60C3 B  babA babB babA —
CTs
2x202 T oare e ——
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repeats number. In addition, in isolates from c2, babB at locus A

lacked the ATG start codon. B. Intra-micro-niche variation.

a2 and a3: antrum biopsies, c1, c2 and c3: corpus.

bored a double copy of babB gene with 100%
identity among loci and strains.

To note, isolates from 11/34 (33%) patients
lacked babA gene at the three common chromo-
somal sites. In these individuals, the chimeric
babA/B predominated over babB/A. Consider-
ing both chimeric recombinant variants: babA/B
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al,

The babA gene promoter region showed
high inter-patient diversity. Poly-adenine-
tract within the -10 to -35 varied from 5
to 16 adenine number, and between
Shine-Dalgarno sequences and ATG start codon,
it varied from 3 to 7 repeats. Only isolates re-
covered from one patient showed inter-micro-
niche variation in the number of adenine re-
peats between the -10 and the -35.

Isolates with truncated BabA were recovered
from two patients only. babA gene with non-
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Figure 2. Frequency of bab genes profiles at the three common chromosomal sites in patients without inter- or intra-
micro-niche variations. A. Isolates with babA in locus A. B. Isolates with babA in locus B. C. Isolates with absence of
babA. Locus A: downstream of hypD gene, Locus B downstream s18 gene, Locus C: downstream the conserved hypo-
thetical protein gene, hp0318 in H. pylori 26695. LA: Locus A, LB: Locus B, LC: Locus C.

sense mutation (substitution A— C at position
656) leading to a stop codon at BabA amino
acid 219 was observed in one of them, and
frameshift mutation (insertion of G at position
229, and deletion of GG at position 247-248
towards a stop codon at BabA amino acid 92)
was present in the other patient.

Discussion

Micro- and macro-diversity among H. pylori iso-
lates act as an important driving force for adap-
tation to the hostile gastric environment and the
variable living conditions during the inflamma-
tion process [13]. The initial observation of loss
of BabA expression during experimental infec-
tion with H. pylori strains expressing adhesine
due to the emergence and co-existence of iso-
lates with a second copy of babB and isolates
with babA harboring CT repeats preceding the
57 signal peptide sequence, led to the hypothe-
sis that recombination events might reflect a
response to selective pressure that may also be
apparent in human clinical isolates [7, 9, 10].
Ohno et al. [11] also found the loss of BabA
expression post experimental infection, al-
though this loss seemed to be attributable to
nucleotide changes within the babA. Concerning
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clinical isolates, variation of bab genes location
at the three common chromosomal loci as well
as single or double copy of one of them, or the
presence of chimeric variants have been re-
ported among those from different patients [4,
5, 6, 7]. All together, these results suggested
that the variation of bab genes during chronic
colonization is highly dynamic. Nevertheless,
babA gene status or BabA level of expression
has been related with gastric disease outcome
[14, 15]. In this study, microevolution of bab
genes defined as inter- micro-niche variation in
paired isolates of the same host could be clearly
demonstrated with a frequency of 1/4 patients
colonized with a single strain. However, the only
patient from whom two different strains were
recovered, all isolates harbored identical babB
at loci A and B. Considering the great diversity of
bab gene profiles among clinical strains, the
last result suggested that the presence of one
bab gene profile or one bab gene variant could
be related to variable conditions during the colo-
nization process rather than the characteristic
of a specific strain. In the two patients showing
mixed bab genotypes at locus A or B by PCR
with pooled colonies DNA (babA and babB at
locus B, or babA and babB at locus A, respec-
tively) the expansion of single colonies demon-
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strated co-existence of isolates with different
bab genes at each locus.

To note, babA gene was absent in 1/3 patients.
Moreover, in two patients with inter-niche varia-
tion, isolates lacking babA were confined to spe-
cific micro-niches. Concerning chimeric variants,
the frequency of patients with isolates carrying
babB/A was close to that previously reported [6,
7], whereas in patients with isolates harboring
babA/B, it was higher [5, 15]. In none of our
isolates babC showed CT repeats at the 5~ end
like in H. pylori strain HPAG-1. However, in one
patient, sequences upstream of the babB ATG
start codon showed the highest similarity with
the babC promoter region, supporting that iden-
tity in babB and babC can also promote recom-
bination [2, 15].

The absence of a babA translational initiation
codon was not observed in any of our studied
isolates, and the sequence analysis of the pro-
moter region of this gene did not clearly support
the suggested babAl and babA2 allele differen-
tiation [4, 15]. Conversely, isolates from one
patient with a double copy of babB, lacked the
ATG start codon at the copy in locus A. There-
fore, although rare, the absence of the transla-
tional initiation codon may be a common
mechanism of lack of expression of babA and
babB genes.

In this study population, nucleotide changes
within the babA gene generating a truncated
protein were not a common event, supporting
the finding of Henning et al. [6].

In the present study, bab gene variation across
a single host gastric mucosa at a specific point
in time was demonstrated in about 1/4 pa-
tients, including the duplicate copy of babA or
babB, presence of babB/A or babA/B chimeras,
opposite location of babA and babB or babC
and babB. Therefore, the intra-patient diversity
could be equal and even higher than that found
inter-patient. These variations may represent
the H. pylori adaptation during chronic coloniza-
tion. Therefore, inter-micro-niche variation
should be considered when genes or the protein
status is used to correlate with disease progres-
sion.
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