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Helicobacter pylori: A surprisingly
conserved bacterium

Robert E.W. Hancock, Richard Alm, James Bina, and Trevor Trust

It is one of the dogmas of the pharmaceutical
industry that antiviral agents are developed
to be virus specific, whereas antibacterials
should be broad spectrum in nature. Very
few bacteria justify themselves as stand-
alone targets for pharmaceuticals. Such a
designation requires that the organism have
a unique biology and distinct modus
operandi in infection (such that a given clin-
ical syndrome virtually guarantees the pres-
ence of the bacterium), and that it causes
infections of substantial economic signifi-
cance.

Only two bacteria fit these criteria:
Mycobacterium tuberculosis and Helicobacter
pylori. The latter is the causative agent of a
number of gastroduodenal diseases, includ-
ing most cases of gastritis and duodenal
ulcer and the majority of gastric ulcers, and
has been implicated as a causative agent in
stomach cancer. Indeed, the lucrative ulcer
palliative industry—which manufactures
blockers of stomach acidification to prevent
pain resulting from ulcers—was built on the
diseases that physicians once thought were
caused by stress, but were shown, by Barry
Marshall and Robin Warren', to be caused
instead by H. pylori.

With this understanding has come the
realization that successful ulcer therapy
must involve an antibiotic or vaccine com-
ponent  directed against H. pylori
Unfortunately, H. pylori, although suscepti-
ble to antibiotics in the laboratory, is quite
resistant to antibiotic therapy in the stom-
ach/duodenum, and a successful vaccine has
yet to appear. The potential for developing a
successful antibiotic therapy or vaccine has
been considered marginal, because examina-
tion of the macrorestriction pattern of four
strains of H. pylori revealed almost complete
heterogeneity in the physical genetic maps of
these strains’.

The genome of a clinical isolate of H.
pylori (J99) had been sequenced in large part
by Genome Therapeutics Corporation
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Recently, The Institute for Genomic
Research (TIGR; Rockville, MD) released
and published the complete genome of an
unrelated strain of H. pylor?. The availability

The genome of a clinical
isolate of H. pylori (J99) had
been sequenced in large
part by Genome
Therapeutics Corporation.
Recently, The Institute for
Genomic Research released
and published the complete
genome of an unrelated
strain of H. pylori. The avail-
ability of genomic data from
two diverse isolates has
allowed some interesting
and important comparisons
to be made.

of genomic data from two diverse isolates has
allowed some interesting and important
comparisons to be made. Tomb et al’
seemed to confirm the potential for chromo-
somal variation in H. pylori with hypotheses
of potential slipped-strand mispairing and
recombination events because of the exis-
tence of repetitive sequences within a family
of genes, which were predicted to encode
outer-membrane proteins (OMPs), although
such events have yet to be demonstrated
experimentally.

It should be remembered that OMPs are
often major antigens that in some
pathogens determine serotype specificity.
Some, called porins, are involved in mediat-
ing the passage of antibiotics into the cell,
thereby playing a critical role in determin-
ing antibiotic susceptibility. This family of
H. pylori OMPs was first introduced into
the literature in 1995 as a family of four
pore-forming proteins (porins HopA-D),
which displayed extensive N-terminal
sequence homology®. Tomb et al.’ expanded
this family to 32 proteins in an OMP family

based on extensive C-terminal homology
with (27 proteins), or without (5 proteins),
a loose derivative of the conserved N-termi-
nus. These proteins are clearly biologically
significant, as family members have been
shown to be porins and adhesins.

The composition of the outer membrane
of H. pylori, which has a large array of mod-
erately expressed proteins, differs from that
of many other Gram-negative bacteria,
which generally contain a smaller number of
dominant proteins. Qur own analysis reveals
that there are at least two additional mem-
bers of this family (HP0101 and HP1066), as
well as four OMPs (HP0605, HP0839,
HP1125, and HP1327) lacking these homol-
ogous sequence signatures. The 32 OMP
proteins of Tomb et al. can be divided into
subfamilies based on a combination of both
multiple sequence and block alignments.
Using this strategy there appears to be two
independent subgroups, one containing 11
OMPs and a second containing 7 OMPs.

When the genes encoding these OMPs
are further analyzed, some interesting
observations can be made. First, in the TIGR
strain, there are three pairs of genes that
encode very similar proteins: Ompl6 and
Ompl7 are 85% identical; Ompl2 and
Omp22 are 99% identical (two amino acids
extra in signal sequence of Omp22); and
Omp5 and Omp29 are 100% identical. The
proteins in these last two pairs are spaced
almost 500 kb away from their cognate part-
ners on the chromosome. Analysis of the
ASTRA J99 sequence also reveals the pres-
ence of these three pairs of genes, displaying
similar high levels of identity within each
group. First, the J99 equivalents of the
Ompl2 and Omp22 proteins also display
99% identity to each other, yet only 89%
identity to the TIGR proteins.

Moreover, we have shown that a number
of strains isolated from diverse geographical
areas and distinct clinical manifestations all
appear to contain two copies of the
Omp5/0Omp29 gene. Second, in both strains
there are three pairs of genes from this family
that are very close together on the chromo-
some: Omp7 and Omp8 are 135 nt apart;
HopC and HopB are 25 nt apart; and Omp25
and Omp26 are 26 nt apart. The closest align-
ments to Omp7 and Omp8 are Omp25 and
Omp26, respectively, suggesting that these
genes may have arisen by an ancestral dupli-
cation and transposition of an entire locus.
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Does this then confirm the genomic mal-
leability of H. pylor? We would suggest not.
Our  comparison of the Genome
Therapeutics/ASTRA sequence with that of the
TIGR strain and other sequences in the litera-
ture shows that many of the genes mentioned
above are highly conserved in H. pylori. For
example, the HopC/HopB pair of genes that
are closely juxtaposed on the chromosome are
46% identical to each other but are >95%
identical to their corresponding proteins in
three different H. pylori isolates. In fact, many
of the members of this family of proteins, while
not as conserved at the nucleotide level, share
>90% identity at the amino acid level between
these two different strains.

Thus, we predict that this family of
OMPs, representing more than 1% of the
entire chromosomal sequence, are probably
not agents for scrambling the H. pylori chro-
mosome. Rather, this substantive sequence
conservation represents a sequence signature
for regulating, processing, and interacting
with other proteins. Our best guess at pre-
sent comes from modeling the transmem-
brane topology of members of the general
(nonspecific) porin family. Four such porin
proteins have been crystallized and revealed
to be 16-stranded P-barrels comprising
antiparallel B-strands’.
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While there is no conservation of
sequence between species for such [-
strands, a general motif of alternating
hydrophobic and hydrophilic residues is evi-
dent, especially in the N- and C-terminal B-
strands, which are involved in subunit:sub-
unit interactions (porins are trimers). Tomb
et al. have already noted that the conserved
C-termini demonstrate alternating
hydrophobic residues, and our own model-
ing suggests that the most conserved stretch-
es of amino acids can be predicted to be
transmembrane PB-strands. Thus, it is a
strong possibility that this dramatic conser-
vation of a sequence signature serves as the
conserved scaffolding for a family of B-bar-
rel proteins.

Overall, we suggest that the H. pylori
genome is not as plastic as was once
assumed, and that the potential for capitaliz-
ing on these genomic leads to discover novel
vaccines and therapeutics remains high.
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