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Helicobacter pylori persistently colonizes humans, causing gastritis, ulcers, and gastric cancer. Adherence to
the gastric epithelium has been shown to enhance inflammation, yet only a few H. pylori adhesins have been
paired with targets in host tissue. The alpAB locus has been reported to encode adhesins involved in adherence
to human gastric tissue. We report that abrogation of H. pylori AlpA and AlpB reduces binding of H. pylori to
laminin while expression of plasmid-borne alpA or alpB confers laminin-binding ability to Escherichia coli. An
H. pylori strain lacking only AlpB is also deficient in laminin binding. Thus, we conclude that both AlpA and
AlpB contribute to H. pylori laminin binding. Contrary to expectations, the H. pylori SS1 mutant deficient in
AlpA and AlpB causes more severe inflammation than the isogenic wild-type strain in gerbils. Identification of
laminin as the target of AlpA and AlpB will facilitate future investigations of host-pathogen interactions
occurring during H. pylori infection.

The gastric pathogen Helicobacter pylori can persist in the
gastric milieu for decades by using a variety of strategies to
evade gastric acid, gastric emptying, and innate and acquired
immune responses. H. pylori was once believed to reside solely
in the superficial epithelium; however, mounting evidence sug-
gests that H. pylori also infiltrates deeper regions of gastric
tissue, including the lamina propria and capillaries (2, 25, 34,
41). Improved detection methods have revealed organisms in
the lamina propria and gastric lymph nodes and even adhering
to red blood cells within capillaries (2, 14, 25, 48). H. pylori is
able to disrupt tight junctions and invade intercellular spaces
(2, 41).

H. pylori adherence has therefore been the focus of many
studies (55). A number of studies have characterized binding
of H. pylori to gastric mucin (24, 29, 58). Adhesins with known
ligands include SabA, BabA, and HpaA. SabA, a sialic acid-
binding adhesin, functions as a hemagglutinin and has been
associated with higher colonization density in humans (2, 51).
BabA binds the Lewis b blood group antigen (4). Lewis b is
commonly, but not universally, expressed on the surface of
gastric epithelial cells (17). HpaA has been characterized as an
N-acetylneuraminyllactose-binding hemagglutinin which is
critical for mouse colonization (7, 16). The HorB protein is
paralogous with BabA, AlpA, and AlpB. An horB mutant
strain demonstrates reduced adherence to AGS cells and re-
duced mouse colonization (52); however, the ligand recognized
by HorB has not been identified.

Adherence to host extracellular matrix (ECM) molecules
has been shown to contribute to the virulence of a number of
bacterial pathogens. For example, the Shr protein of group A
streptococcus binds immobilized laminin and fibronectin. In-
activation of the shr gene results in decreased adherence to
human epithelial cells and decreased virulence in an animal
model (20). The Salmonella protein Rck was first identified as
a virulence factor required for serum resistance and host cell
invasion (9). It was later found that both Rck and a similar
protein, PagC, are able to bind laminin, and their expression in
Escherichia coli confers the capacity for adherence to basement
membranes and host cells (11). Adherence to ECM is also
believed to contribute to virulence of Bacteroides fragilis, Bor-
relia burgdorferi, Haemophilus influenzae, and Moraxella ca-
tarrhalis (6, 18, 19, 53). Thus, it would not be surprising for
ECM adherence by H. pylori to influence persistence or patho-
genesis.

H. pylori has indeed been shown to bind several host ECM
molecules, including laminin, type IV collagen, fibronectin,
and vitronectin (56, 59, 61), but the relevant H. pylori adhesins
have not been identified. Certain isoforms of laminin are pro-
duced exclusively by epithelial cells (57). Vitronectin, fibronec-
tin, and laminin are also present in serum, where they can serve
as disease markers (5, 45, 63). The presence of serum, which
seeps into wound sites following tissue damage, stimulates
production of laminin to speed the healing process (1). The
basement membrane is separated from the gastric lumen by
just a single cell layer. Any damage to this epithelial layer will
expose extracellular matrix proteins. Disruptions of tight junc-
tions between these cells by H. pylori will also give the bacteria
access to the basement membrane.

Products of the alpAB locus, annotated as omp20-omp21 in
the 26695 genome and as hopC-hopB in strain G27, were first
implicated in adhesion by Odenbreit et al. in 1996 (38). A
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subsequent study revealed that alpAB mutants were defective
in adherence to human gastric tissue sections (39). The alpAB
locus was also found to be ubiquitously present in H. pylori strains
and expressed during both mouse and human infections (37, 44).
In addition to its influence on adherence, the alpAB locus has
been shown to influence host cell signaling and cytokine produc-
tion (30, 35, 47). Despite the established role of the alpAB locus
in adherence, the host receptor has remained elusive.

In the current study, we demonstrate that laminin is a target
of both AlpA and AlpB. We further show that an SS1 mutant
lacking both AlpA and AlpB surprisingly induces increased
inflammation compared with the isogenic wild-type (wt) strain.
We anticipate that these findings will facilitate future research
on interactions between H. pylori and the gastric mucosa.

MATERIALS AND METHODS

Bacterial culture. H. pylori strains (Table 1) were routinely cultured on Cam-
pylobacter blood agar (CBA) containing 10% defibrinated sheep blood (Quad
Five, Rygate, MT) and in Ham’s F12 medium (Mediatech, Inc., Manassas, VA)
supplemented with 1% heat-inactivated fetal bovine serum (FBS) (Atlanta Bi-

ologicals, Norcross, GA). Cultures were maintained in a humidified atmosphere
of 5% O2 and 10% CO2. Strains were grown in brain heart infusion broth with
5% FBS prior to animal inoculation. E. coli was grown in LB broth with 100
�g/ml ampicillin supplementation as appropriate. For induction of pBADalpA or
pBADalpB by arabinose, an overnight culture was diluted into fresh medium and
grown at 37°C to an optical density at 600 nm (OD600) of 0.5. The culture was
then split into separate tubes, and arabinose was added at the concentration
indicated in the figure legends. Incubation was continued for 3.5 h at 37°C or
overnight at room temperature, as indicated in the text.

Construction of mutant strains. The alpA::cat strain (�AlpAB) was con-
structed by PCR amplifying DNA from strain 26695m, a motile variant of 26695,
using primers omp20F and omp20R (see Table S1 in the supplemental material),
cloning the alpA fragment into PstI and XbaI sites of pBluescript KS (yielding
pBSalpA) and inserting a nonpolar (lacking transcriptional terminator) chloram-
phenicol acetyltransferase gene (27, 42) into the native EcoRI site, located
roughly in the middle (position 755 out of 1,548 nucleotides) of the alpA gene.
H. pylori strains 26695m and SS1 were transformed with the plasmid containing
the interrupted alpA gene using electroporation. Prospective mutants were se-
lected on CBA containing 10 �g/ml chloramphenicol. The desired mutation was
confirmed in isolated colonies by PCR using primers alpAF and alpAR. The cat
cassette was originally cloned in the reverse orientation. A new mutant, the
alpA::cat-fwd strain, was created by removing and reinserting the cat cassette into
the original pBluescript KS plasmid harboring alpA::cat (pBSalpA::cat) and
transforming it into 26695m.

TABLE 1. Bacterial strains and plasmids used in this study

Strain or plasmid Relevant characteristic(s) Source or reference

Strains
H. pylori 26695m Wild-type H. pylori strain, motile variant 54
H. pylori 26695m alpA::cat (�AlpAB) Contains alpA gene disrupted by chloramphenicol resistance cassette

(alpA::cat) cloned in the reverse orientation; also deficient in
AlpB; Cmr

This study

H. pylori 26695m alpA::cat-fwd Contains alpA gene disrupted by chloramphenicol resistance cassette
(alpA::cat) cloned in the forward orientation; partially deficient in
AlpB; Cmr

This study

H. pylori 26695m alpB::aphA3 Contains alpB gene disrupted by kanamycin resistance cassette; Kmr This study
H. pylori 26695m �AlpAB/alpA� Contains alpA gene disrupted by chloramphenicol resistance cassette

(alpA::cat) and alpA inserted into intergenic region; Cmr Kmr;
lacks AlpB

This study

H. pylori SS1 Wild-type H. pylori mouse-adapted strain 28
H. pylori SS1 alpA::cat (�AlpAB) Contains the alpA gene disrupted by chloramphenicol resistance cassette

(alpA::cat); also deficient in AlpB; Cmr
This study

H. pylori SS1 alpB::aphA3 Contains alpB gene disrupted by kanamycin resistance cassette; Kmr This study
H. pylori SS1 �AlpAB/alpA� Contains alpA gene disrupted by chloramphenicol resistance cassette

(alpA::cat) and alpA inserted into the HP203-HP204 intergenic region;
Cmr Kmr; lacks AlpB

This study

E. coli DH5� �� �80dlacZ�M15 �(lacZYA-argF)U169 recA1 endA1 hsdR17(rK
� mK

�)
supE44 thi-1 gyrA relA1

23

E. coli TOP10 F� mcrA �(mrr-hsdRMS-mcrBC) �80lacZ�M15 �lacX74 nupG recA1
araD139 �(ara-leu)7697 galE15 galK16 rpsL (Strr) endA1 ��

Invitrogen

Plasmids
pBluescript II KS (pBS) Cloning vector; Ampr Stratagene
pBAD/Myc-His Contains an arabinose-inducible promoter; Ampr Invitrogen Corp.,

Carlsbad, CA
pIR203K04 Complementation vector containing aphA3 flanked by the H. pylori

HP203-HP204 intergenic region; Ampr Kanr
27

pm5kan2 An improved version of IR203K04 containing additional restriction sites;
Ampr Kanr

This study

pBSalpA::cat pBluescript II KS containing most of the alpA gene with an inserted
chloramphinicol resistance cassette; Ampr Cmr

This study

pBSalpB::aphA3 pBluescript II KS containing internal fragments of alpB flanking aphA3;
Ampr Kmr

This study

pBSalpA pBluescript II KS containing an entire promoter and coding regions of
H. pylori 26695m alpA; Ampr

This study

pBSalpB pBluescript II KS containing entire promoter and coding region of H.
pylori 26695m alpB; Ampr

This study

pBADalpA pBAD/Myc-His (A) with the H. pylori 26695m alpA coding region; Ampr This study
pBADalpB pBAD/Myc-His (A) with H. pylori 26695m alpB coding region; Ampr This study
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Internal regions of the alpB gene (HP0913) were amplified by PCR using
26695m H. pylori chromosomal DNA as a template, Pfx 50 polymerase (Invitro-
gen), and two primer pairs, alpBF1L/alpBR1L and alpBF2R/alpBR2R. Both
fragments were digested with appropriate restriction enzymes (the left fragment
with KpnI/XhoI and right with XbaI/SacI) and were sequentially ligated into a
pBluescript II SK vector containing a nonpolar kanamycin (Kan) cassette cloned
in the EcoRI site of the vector. This resulted in a deletion of 37 nucleotides (nt)
of alpB surrounding the naturally occurring EcoRI site. We confirmed that the
aphA3 cassette was in the forward orientation. The resulting plasmid
(pBSalpB::aphA3) was used as template to amplify alpB::aphA3 (primer pair F1
and R2). This PCR product was used to transform H. pylori strains 26695m and
SS1 by electroporation. Transformants were selected on CBA plates supple-
mented with kanamycin. Single colonies were then restreaked, and chromosomal
DNA was isolated and screened by PCR to verify insertion of the aphA3 cassette
into the alpB gene using primers alpBF1L and alpBR2R.

The �AlpAB strain was complemented with alpA as follows. The vector
pm5kan2 (an improved version of previously published intergenic complemen-
tation vector pIR203K04 [27]) was digested with KpnI and HincII, releasing the
Kanamycin cassette plus the IR204 region. This DNA was ligated into pBSalpA
containing entire alpA gene (HP0912) with its native promoter released from
pBluescript II KS using the same enzymes. Following ligation, the IR203 region
was added back to the resulting plasmid by digestion with SmaI and XbaI, and
the IR203 region from m5kan2 released using the same enzymes was inserted.
The final plasmid contained the alpA gene (with its promoter) and kanamycin
cassette flanked by intergenic regions IR203 and IR204. Transformation of H.
pylori was performed as above. Primers used in this study are shown in Table S1
in the supplemental material.

The alpA and alpB genes were placed under arabinose control by cloning the
coding sequences of alpA and alpB. The alpA open reading frame was transferred
from pBSalpA into pBAD/Myc-His by amplification with primers omp20F7 and
the pBluescript T3 primer, followed by digestion with NcoI and KpnI. The
pBADalpB plasmid was similarly constructed by amplifying alpB from 26695m
DNA using primers alpBF4 and alpBR4 and using XhoI and KpnI restriction
sites. We included the native stop codon to prevent addition of C-terminal tags
to the protein.

Western blot analysis. H. pylori extracts were prepared by resuspending pel-
leted bacteria in Laemmli sample buffer and sonicating. Approximately 20 �g of
each protein lysate was electrophoresed on a 10% SDS-polyacrylamide gel and
transferred to a nitrocellulose membrane (Bio-Rad). Membranes were blocked
for 1 h in 5% nonfat milk in TBST solution (50 mM Tris-HCl, pH 7.4, 150 mM
NaCl, 0.1% Tween 20) and incubated with primary antibodies that had been
diluted 1:3,000 in TBST containing 3% bovine serum albumin (BSA) for 1 to 2 h
at room temperature. Polyclonal antisera specific for AlpA and AlpB were used
(39). After four washes in TBST, membranes were incubated with horseradish
peroxidase (HRP)-conjugated goat anti-rabbit IgG (1:5,000; Zymed). Proteins
were detected using an ECL-Plus chemiluminescence system (Amersham).

AGS adherence experiments. AGS cells were seeded into 96-well black plates
with transparent bottoms and grown to 	90% confluence in F12 medium sup-
plemented with 10% FBS. H. pylori (SS1 wild-type, �AlpAB, and alpB::aphA3
strains) numbers were assessed by ATP assay using a CellTiter-Glo kit (Promega
Corp., Madison, WI) as previously described (49, 62). Equal numbers of bacteria
were then fluorescently labeled using a modification of the protocol for the
Vybrant Cell Tracer kit (Invitrogen Molecular Probes, Eugene, OR), which
employs carboxyfluorescein diacetate N-succinimidyl ester (CFDA-SE).
CFDA-SE stock was diluted to 0.5 mM in 100% ethanol. The bacterial culture
was centrifuged and resuspended in phosphate-buffered saline (PBS) prior to
addition of 5 �l of CFDA-SE solution. The suspension was incubated at 37°C for
30 min and then quenched by addition of 100 �l of fetal bovine serum. Following
CFDA-SE labeling, bacterial numbers were confirmed using a bicinchoninic acid
(BCA) assay (Pierce, Rockford, IL). AGS cells were washed once with PBS prior
to the addition of 10 �l of density-adjusted bacteria. Positive-control wells with-
out AGS cells were inoculated with the same number of bacteria. AGS cells
without added bacteria were used as background. The assay plate was incubated
at 37°C for 1 to 1.5 h and then washed twice with PBS. Positive-control wells were
not washed. Binding of fluorescently labeled bacteria was assessed using a Fluo-
Star Omega (BMG Labtech, Offenburg, Germany) fluorescent plate reader with
excitation at 492 nm and emission at 517 nm. Average background fluorescence
was subtracted from values.

Infection of animals. Animal experiments were approved by the Animal Care
and Use Committee of Louisiana State University Health Sciences Center
(LSUHSC)—Shreveport. H. pylori was grown in brain heart infusion broth sup-
plemented with 5% FBS under conditions described above. Viability of cultures
was verified microscopically and by ATP assay (54) prior to use. The cultures

were pelleted and resuspended in 0.9% NaCl to give concentrations of 1 
 109

to 1.5 
 109 CFU/ml. Male C57BL/6 Mice (Harlan Laboratories) or female
Mongolian gerbils (Meriones unguiculatus; Charles River Laboratories) were
orogastrically inoculated with 200-�l aliquots (	2 
 108 CFU) of concentrated
H. pylori suspensions. Animals were age matched within an experiment and were
1 to 6 months old at the time of inoculation. In each experiment, the infection
procedure was repeated 1 or 2 days later to ensure infection. The bacterial
density of each inoculum was determined by plating serial dilutions on CBA. At
the time points indicated below, animals were euthanized, and the stomachs were
removed and opened along the greater curvature. One half of each antrum was
processed as previously reported (27). Colonization levels were determined by
enumerating colonies from serial dilutions of gastric homogenates plated on
CBA supplemented with appropriate antibiotics (27). The remaining half of the
antrum was formalin fixed, and slides were prepared from cross-sections. He-
matoxylin- and eosin-stained slides were examined blindly by a pathologist for
the presence of lymphocytic and neutrophilic inflammation according to the
method of Eaton et al. (15). Inflammation was scored on a six-point scale as
follows: 0, no inflammation; 1, mild, multifocal inflammation; 2, mild, widespread
inflammation; 3, mild, widespread and moderate, multifocal inflammation; 4,
moderate, widespread inflammation; 5, moderate, widespread and multifocal,
severe inflammation; and 6, severe, widespread inflammation. Neutrophils were
scored on a three-point scale according to standard pathology practice, as fol-
lows: 0, no neutrophils; 1, mild (focal cryptitis); 2, moderate (cryptitis with focal
abscess); 3, severe (cryptitis with multifocal abscesses).

Surface adherence assays. Matrigel was obtained from BD Biosciences (San
Jose, CA). Mouse collagen IV-coated multiwell plates were obtained from BD
Biosciences, and mouse laminin-1 was obtained from Trevigen (catalog number
3400-010-01; Gaithersburg, MD). Multiwell plates were coated with proteins (1
�g/cm2) in F12 medium overnight. Plates were subsequently washed three times
with phosphate-buffered saline. Adherent bacteria were detected either by quan-
tifying bacterial ATP (see above) or by visualizing fluorescently labeled bacteria.
Bacteria were fluorescently labeled with CFDA-SE (see above).

Adherence under controlled shear experiments. The ability of bacteria to resist
removal from a laminin-coated surface was determined by applying shear stress
to formalin-fixed H. pylori and E. coli adhered to laminin. Briefly, a BioFlux
instrument and an associated 48-well, 0- to 20-dyn/cm2 microfluidic plate (Flux-
ion Biosciences, Inc. San Francisco, CA) were used to apply shear forces to the
bacteria. Microfluidic channels were coated with laminin (Trevigen, Gaithers-
burg, MD) at 20 �g/ml in serum-free, CO2-independent medium (Invitrogen,
Carlsbad, CA) for 4 h at 37°C. The microfluidic channels were washed with PBS
(calcium and magnesium free) for 10 min. The formalin-fixed bacteria were
prepared by suspending them in 0.85% saline containing propidium iodide at a
final concentration of 30 �M for 25 min. The bacterial cells were washed by
centrifugation at 800 
 g for 5 min to remove the propidium iodide. The cells
were resuspended in fresh 0.85% saline. The prepared bacteria were perfused
into the microfluidic channels for 10 min at 0.5 dyn/cm2 to permit maximal
association of bacteria with laminin. Nine wells were used for each bacterial
strain. The perfusion solution was changed to PBS, and the flow rate was in-
creased to 1 dyn/cm2. Microscopy data were collected after 10 min at 1 dyn/cm2

(low shear force) and again after 10 min at 20 dyn/cm2 (high shear force) using
a BioFlux 1000 Imaging Workstation (Fluxion). Fluorescence intensity data were
processed using BioFlux Montage software (Fluxion).

Flow cytometry. Labeling of proteins with fluorescein isothiocyanate (FITC)
was accomplished using an FITC labeling kit (Calbiochem catalog number
343210; EMD Biosciences, La Jolla, CA). Aliquots (1-ml) of logarithmic-phase
H. pylori grown in Ham’s F12 medium containing 1% FBS were pelleted in a
microcentrifuge at 10,000 
 g and resuspended in filtered PBS containing 500
�g/ml bovine serum albumin. FITC-labeled protein (2 �l of a 0.1 mg/ml solution)
was added to tubes, and samples were incubated at 37°C in the dark for 1 h.
Samples were centrifuged and resuspended in a solution of 2% (vol/vol) ultra-
pure, methanol-free formalin (catalog number 04018; Polysciences, Warrington,
PA) diluted in PBS. Flow cytometric determination of protein binding was
performed on a BD LSRII instrument (BD Biosciences, San Jose, CA) made
available through the Research Core Facility at the Louisiana State University
Health Sciences Center—Shreveport (Shreveport, LA). The LSRII has a coher-
ent sapphire laser for 488-nm excitation, a JDS uniphase HeNe laser for 633-nm
excitation, and a coherent VioFlame for 405-nm excitation. Data analysis was
performed using FACS (fluorescence-activated cell sorter) Diva software (BD
Bioscience) and FlowJo software (Tree Star, Inc., Ashland, OR.). A minimum of
20,000 events was collected for each sample. Gating of P2 was set to exclude at
least 97.5% of the unstained population, and the same gate setting was used for
all comparisons within a single experiment. Unlabeled bacteria and binding to
FITC-BSA or FITC-goat anti-rabbit IgG were used as negative controls to
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separate natural autofluorescence and nonspecific binding from fluorescence
resulting from FITC-laminin binding. Histograms were prepared by plotting the
percentage of maximal fluorescence versus fluorescence.

Surface plasmon resonance (SPR). Experiments were performed on a Biacore
2000 instrument (GE Healthcare). Mouse laminin-1 (Trevigen) was diluted to
100 �g/ml in sodium acetate (10 mM, pH 4.8) and coupled to a CM5 biosensor
chip (GE Healthcare) using an amine coupling kit (BR-1000-50; GE Healthcare)
according to manufacturer’s instructions. Bacteria were suspended in phosphate-
buffered saline (PBS) at concentrations between 107 and 1010 cells/ml. The level
of immobilized mouse laminin-1 in flow cells was equal to 1,989 resonance units.
Control flow cells were activated with amino-coupling reagents and blocked with
ethanolamine. Signals due to nonspecific binding of bacteria to the surface of
control cells were subtracted. The instrument was used in the Kinject mode.
Bacterial suspension (150 �l) was injected over the sensor chip surface at a rate
of 50 �l/min, followed by a 300-s dissociation period. The chip surfaces were
regenerated by a 50-�l pulse of 6 M guanidine-HCl in 10 mM HEPES buffer, pH
7.5. The order in which samples were run was changed in each experiment to
control for possible effects due to run order, and findings were consistent re-
gardless of sample order. To calculate the observed rates of dissociation of
different bacterial strains from laminin-1, the decreasing signal in the dissociation
portion of sensograms was fitted to a single-exponential function. KaleidaGraph
(version 3.06; Synergy Software, Reading, PA) was used for nonlinear least-
squares fitting of dissociation data.

Statistics. For analysis of inflammation, colonization, and laminin binding in
the controlled-flow system, we used a two-tailed, homoscedastic Student’s t test.
A D’Agostino-Pearson normality test suggested normal distribution.

RESULTS

H. pylori alpA::cat lacks both AlpA and AlpB. We inserted a
chloramphenicol acetyltransferase (cat) cassette lacking a tran-
scriptional terminator (27, 42) into the coding sequence of
alpA. Polar effects on alpB expression were not expected, based
on our own experience and that of other laboratories using the
nonpolar cat cassette (27, 42).

Western blot analysis carried out using the anti-AlpA and
anti-AlpB antibodies (39) show that both proteins are absent in
the alpA::cat mutant in both the 26695m and SS1 strain back-
grounds (Fig. 1A). A mutant lacking only AlpA has not been
reported by other investigators either, but no explanation has
been given (31, 39). We will henceforth refer to the alpA::cat
mutant as the �AlpAB strain to make it clear that both pro-
teins are missing.

In the first �AlpAB clones, the cat cassette was cloned in the
reverse orientation, meaning that alpB transcription would be
solely due to the alpA promoter. We recloned the cat cassette
in the forward orientation so that both the alpA and cat pro-
moters would drive transcription of alpB. Western blot analysis
of independent clones revealed greatly reduced AlpB levels in
these strains compared to the wild type (Fig. 1B). This was true
for both SS1 and 26695m. The alpA::cat-reverse (�AlpAB)
strain was used in experiments to reduce ambiguity of results.

We created an alpB mutant by inserting an aphA3 kanamy-
cin resistance cassette into the alpB coding region. Western
blot analysis confirmed that only AlpB was missing from this
strain (Fig. 1A). Interestingly, AlpA migrates faster in the SS1
alpB::aphA3 strain than in the isogenic wild-type strain (Fig.
1A; see also Fig. S1 in the supplemental material). This effect
was observed with blots prepared from independent cultures
but is not seen in strain 26695m.

The �AlpAB mutant was complemented with alpA inserted
into an intergenic region (yielding the �AlpAB/alpA� strain).
Western blots on both 26695m and SS1 revealed that alpA was
now expressed, but alpB expression was not restored (Fig. 1A).

Therefore, this mutant is expected to behave similarly to the
alpB::aphA3 mutant.

H. pylori �AlpAB and alpB::aphA3 strains show decreased
adherence to AGS cells. The alpAB locus has been reported to
influence adherence to the Kato III and AGS gastric cell lines
(36, 38), leading us to expect similar results with our alpA::cat
mutant. Photomicrographs of fluorescently labeled 26695m
wild-type and �AlpAB cells adhering to AGS cells did indeed
show that the �AlpAB cells adhere less well to AGS cells than
the wild type. The average number of 26695m �AlpAB bacte-
ria per cell was reduced by about half (data not shown). For
further confirmation, we measured total fluorescence with a
fluorescence plate reader. SS1 wild-type, �AlpAB, and
alpB::aphA3 strains revealed similar adherence decreases, as
seen previously by microscopy. Statistically significant adher-
ence differences were found in three of four experiments for
the wild type versus the �AlpAB strain and four of four ex-
periments for the wild type versus the alpB::aphA3 strain (Fig.
2). We expected that the �AlpAB mutant would adhere less to
AGS cells than the alpB::aphA3 mutant; however, there was no
apparent difference between these strains. These data confirm
that interruption of the alpAB locus in the 26695m strain back-
ground alters one or more adhesion molecules relevant to H.
pylori attachment to a human gastric cell line, but they do not
clarify whether both proteins are involved or only AlpB.

Colonization of mice and gerbils with SS1 �AlpAB. Previous
studies clearly indicate a role for the alpAB locus in mediating
adherence in vitro; however, in vivo studies examining the role
of the alpAB locus in colonization and pathogenesis have been

FIG. 1. Western blot analysis of H. pylori strains. Blots of SDS-PAGE
gels containing 40 �g/lane protein from each strain were probed with
polyclonal antibodies specific for AlpA or AlpB. (A) Loss of AlpA and
AlpB in mutant strains. Extracts from strain SS1 wild-type (wt), �AlpAB
(alpAB), alpB::aphA3 (alpB), and �AlpAB/alpA�(alpA�) strains were
probed with antibodies against AlpA (left) and AlpB (right). The 50-kDa
band from a molecular mass marker (M) is shown on the right of each
blot. (B) Reversing the orientation of the chloramphenicol resistance
cassette influences AlpB production. Extracts from both 26695m and SS1
were probed with anti-AlpB. Labels represent the wt, clones with the
cassette in forward orientation (F1 and F2), and clones with the cassette
in reverse orientation (R1 and R2). Each Western blot analysis was
repeated at least once.
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limited. Reduced numbers of colonized animals have been noted
in guinea pigs inoculated with H. pylori strain GP15 alpA and alpB
mutants (13). Abrogation of alpAB in strain TN renders the
bacteria unable to colonize mice while the same mutation in a
43505 strain background reduces colonization density (31).

In four independent experiments, mice were colonized for 6
to 9 weeks (total of 16 wt- and 16 �AlpAB-infected mice) or 5
months (7 wt- and 10 �AlpAB-infected mice). In each individ-
ual experiment, SS1 �AlpAB colonized mice at a lower den-
sity, ranging from 2- to 800-fold lower than infection with the
isogenic wild-type strain (see Fig. S2 in the supplemental ma-
terial; also data not shown). Colonization levels and the dif-
ferences between SS1 wt and SS1 �AlpAB colonization did not
appear to differ between 2 and 5 months, meaning that the SS1
�AlpAB colonization defect is stable over this time period.
Considerable variation in bacterial counts led to lack of statis-
tical significance in any individual experiment, and when all
data are pooled, no difference is seen between SS1 wt and SS1

�AlpAB colonization levels. We were able to evaluate coloni-
zation levels of 10 gerbils infected with SS1 wt, 11 gerbils
infected with SS1 �AlpAB, and four animals infected with the
alpB::aphA3 strain and found no appreciable differences be-
tween them. The means and standard deviations were as fol-
lows: for the wild type, 3.7 
 106 � 1.5 
 106 CFU/g; for the
AlpAB strain, 3.3 
 106 � 1.6 
 106 CFU/g; for the
alpB::aphA3 strain, 4.34 
 106 � 3.86 
 106 CFU/g.

Mice are commonly used in studies of H. pylori colonization,
but mice do not normally develop ulcers or cancer following
colonization by H. pylori. Gerbils develop a more robust H.
pylori-triggered inflammatory response than do mice and more
readily develop ulcers and gastric cancer following H. pylori
infection (32). We expected that the �AlpAB mutant would
adhere less well to the gastric mucosa, thus decreasing inflam-
mation in gerbils. To test this hypothesis, we colonized gerbils
with SS1 wt or SS1 �AlpAB for 8 to 12 weeks. Coded hema-
toxylin- and eosin-stained sections of the antral mucosa were
scored for lymphocytic infiltration on two separate occasions
by pathologists using criteria outlined by Eaton et al. (15).
Surprisingly, many of the gerbils infected with SS1 �AlpAB
displayed severe, transmural inflammation extending almost to
the surface of the mucosa, whereas inflammation caused by
wild-type SS1 is typically limited to the lower third of the
mucosa, closest to the muscularis mucosae (Fig. 3 and data not
shown). The inflammation was largely chronic in nature, but
more neutrophils were noted in �AlpAB-infected animals,
leading us to have the slides scored separately for neutrophils.
As seen in Fig. 4A and B, infiltration of lymphocytes and
neutrophils was strongly increased in �AlpAB-infected gerbils
compared with wild-type-infected animals. The differences in
lymphocyte infiltration did not quite reach significance (P �
0.065), but the increase in neutrophil infiltration reached the
significance threshold (P � 0.027).

Plasma isoprostane is a biomarker of lipid peroxidation that
has been used to monitor systemic inflammation due to rep-
erfusion and septic shock and atherosclerosis (3, 46). Plasma
was collected from gerbils in one experiment. Analysis of iso-
prostane concentrations showed a significant increase in
�AlpAB-infected gerbils compared to wild-type-infected ger-
bils (P � 0.023) (Fig. 4C). Analysis of plasma from mice in-

FIG. 2. Adherence of �AlpAB and alpB::aphA3 to AGS cells. Con-
fluent monolayers of AGS cells were inoculated with equal numbers
of fluorescently labeled SS1 wild-type (wt), �AlpAB (alpAB), and
alpB::aphA3 (alpB) strains. Wells were washed after 1.5 h, and total
fluorescence was measured. Background fluorescence from uninfected
AGS cells was subtracted from the measurements. Data represent
averages and standard deviations from 18 wells per strain and are
representative of four independent experiments. �, P 
 0.0005 for
wild-type versus the �AlpAB strain and the wild type versus the
alpB::aphA3 strain.

FIG. 3. H&E-stained antral sections from gerbils infected for 8 weeks. (A) Antral section from an SS1 �AlpAB-infected animal. Severe
inflammation (dark purple areas) is seen extending below the muscularis mucosae (arrows). (B) Antral section from an SS1 wild-type-infected
animal.
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fected with SS1 wild-type and the �AlpAB strain shows a
similar trend (Fig. 4C).

The �AlpAB mutant is defective in binding to basement
membrane components. We have previously found that serum,

which contains ECM proteins, causes aggregation in H. pylori
(62). Aggregation is greatly reduced in the �AlpAB strain,
leading us to suspect that ECM proteins might be involved.
Incubation of fluorescently labeled 26695m wild-type and
�AlpAB strains in wells coated with Matrigel, a mixture of
basement membrane proteins secreted by Engelbreth-Holm-
Swarm (EHS) mouse sarcoma cells, revealed fewer �AlpAB
than wild-type bacteria adhering to the Matrigel (data not
shown). These results encouraged us to investigate which
Matrigel component was responsible for the differential adher-
ence of 26695m wild-type and �AlpAB H. pylori cells.

AlpA and AlpB bind laminin. The primary components of
Matrigel are collagen IV and laminin. Experiments performed
in collagen IV-coated plates did not reveal any differences
between the wild type and the alpA mutant (data not shown),
suggesting that collagen IV is not the receptor for AlpA/AlpB.
We next examined binding to mouse laminin-1. Preliminary
experiments performed in standard 24-well plates coated with
laminin suggested that the �AlpAB mutant was defective in
laminin binding (data not shown).

Laminin binding was further investigated by labeling mouse
laminin-1 with fluorescein isothiocyanate (FITC), incubating
the protein with H. pylori, and measuring bacterial fluores-
cence levels by flow cytometry. Greater fluorescence (horizon-
tal axis) indicates that more FITC-laminin was bound to the
bacteria. The vertical axis represents the proportion of bacteria
displaying a particular level of fluorescence. As seen in Fig. 5,
the 26695m �AlpAB strain (red line) shows a very small flu-
orescence shift following incubation with FITC-laminin. The
alpB::aphA3 strain (green line) shows fluorescence intermedi-
ate between the wild-type and �AlpAB strain levels. The alpA-
complemented strain shows binding identical to that of the

FIG. 4. Inflammation in animals infected with the SS1 wild-type or
�AlpAB strain. (A) Lymphocytic infiltration seen in the antral regions of
gerbils infected with the wt or �AlpAB (alpAB) strain. Hematoxylin- and
eosin-stained sections of formalin-fixed tissue were evaluated by a pathol-
ogist. Graphed data are compiled from three independent experiments
(P � 0.065). (B) Neutrophilic infiltration of antral regions from the same
animals as used for the experiment shown in panel A (P � 0.027).
(C) Plasma 8-isoprostane levels from mice and gerbils infected with the
wild-type or �AlpAB strain (P � 0.023). Isoprostane data represent one
mouse experiment (3 wt-infected and 5 �AlpAB-infected mice at 5
months of infection) and one gerbil experiment (6 wt-infected and 5
�AlpAB-infected gerbils at 12 weeks of infection).

FIG. 5. Binding of wild-type, �AlpAB, and alpB::alphA3 mutant H.
pylori 26695m strains to laminin. H. pylori was incubated with FITC-
labeled laminin for 1 h. Bacteria were washed and fixed with formalin
prior to analysis by flow cytometry. Increased fluorescence due to
binding of FITC-laminin is shown on the x axis, with unlabeled bacteria
serving as controls. Data are shown for the wt, �AlpAB (alpAB),
alpB::aphA3 (alpB), and �AlpAB/alpA� (alpA�) strains. Each curve
represents analysis of 50,000 bacteria. The data shown are represen-
tative of numerous (		3) flow cytometry experiments.
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alpB::aphA3 strain (yellow line). Variations of this experiment
were repeated on independent cultures of both 26695m and
SS1 with similar results. We used goat anti-rabbit FITC-IgG
(see Fig. S3 in the supplemental material) and FITC-BSA to
control for nonspecific binding. In addition, we found that
mutants devoid of other H. pylori putative outer membrane
proteins (HP0876 and omp3) bound laminin similarly to the
wild type (data not shown).

Binding studies using intact H. pylori suggested that AlpA
and/or AlpB bind laminin but did not rule out effects on syn-
thesis of other surface adhesins. Since AlpA is predicted to be
an integral membrane protein with a porin-like structure and
14 transmembrane domains, we do not expect that it can be
purified in its native conformation. Instead, we expressed alpA
and alpB in E. coli.

We initially cloned the intact alpA gene with its native pro-
moter into pBluescript KS (pBS). E. coli DH5� containing
pBSalpA gained the ability to adhere to Matrigel (data not
shown). Further adherence experiments were performed using
the BioFlux controlled-flow system, which allows adherence
interactions to be measured in multiple chambers under pre-
cise flow and shear stress conditions. Experiments performed
using laminin-coated microfluidic channels similarly revealed
that numbers of H. pylori �AlpAB mutants were lower than
those of the wild-type while pBSalpA confers increased laminin
adherence to E. coli. Exposure of bacteria to 1 dyn/cm2 (very low
shear stress) significantly lowered adherence of the �AlpAB
strain compared with the wild-type strain (P 
 0.0005), but ad-
herence of the alpB::aphA3 strain was not reduced (see Fig. S4 in
the supplemental material). Increasing the flow rate to 20 dyn/
cm2 further reduced numbers of all three H. pylori strains, yet
binding levels remained significantly different between the wild-
type and �AlpAB strains (data not shown). These results are
consistent with those obtained in an earlier experiment using the
H. pylori 26695m wild type strain and the �AlpAB mutant (not
shown). We similarly tested E. coli containing pBS or pBSalpA.
Presence of alpA in the vector dramatically increased adherence
of E. coli to laminin (see Fig. S4).

In spite of increased laminin adherence by E. coli DH5�
containing the pBSalpA plasmid, we were unable to detect the
presence of an additional protein at 56 kDa by SDS-PAGE and
Coomassie staining. The AlpA antiserum cross-reacts heavily
with E. coli proteins, making it difficult to detect an extra band
by Western blot analysis. In order to improve transcriptional
control, we cloned both alpA and alpB separately without their
native promoters into pBAD/Myc-His. We included the native
stop codons to prevent addition of C-terminal tags to the
proteins. E. coli TOP10(pBADalpA) cultures were induced
with L-arabinose at concentrations of 0.02%, 0.2%, and 2% at
37° for 4 h or room temperature overnight. Bacterial extracts
from these cultures were analyzed by SDS-PAGE for the pres-
ence of an additional band at around 50 kDa. The expected
band was more evident in extracts from cultures induced at
room temperature (see Fig. S5A in the supplemental material;
also data not shown), possibly due to decreased misfolding
(21). Bacterial cell elongation and lysis were noted in E. coli
TOP10(pBADalpA) induced with the higher arabinose con-
centrations, indicating toxicity. Bacterial abnormalities were
even more prominent in TOP10(pBADalpB) (data not shown).
AlpA was primarily seen in the insoluble fraction of E. coli

after lysis by sonication (see Fig. S5B). This suggests that AlpA
is targeted to the membrane although its presence in inclusion
bodies cannot be ruled out. We also detected increased bind-
ing of FITC-laminin to E. coli(pBADalpA) and E. coli
(pBADalpB) following induction, confirming surface localiza-
tion of AlpA and AlpB (Fig. 6). The laminin-binding capacities
of E. coli expressing alpA and alpB cannot be directly com-
pared because protein expression levels vary considerably from
one experiment to the next, and we cannot ensure that expres-
sion levels are similar between strains.

We used surface plasmon resonance (SPR) as a more sen-
sitive measure of interactions between AlpA and mouse
laminin-1 coupled to a sensor chip. Baseline laminin binding
was measured using uninduced E. coli TOP10(pBADalpA).
Three experiments were carried out using independent cul-
tures induced with 0.0002% to 0.2% L-arabinose. In all exper-
iments, increased laminin adherence could be seen in cultures
induced with 0.0002% L-arabinose, and similar or slightly
greater adherence was seen using cultures induced with
0.002% L-arabinose (Fig. 7A). Adherence decreased somewhat
in cultures induced by 0.02% and 0.2% L-arabinose but re-
mained above the baseline seen for uninduced cultures (Fig.
7B). We suspect that overexpression of alpA in E. coli results in
misfolding and/or accumulation of AlpA in the periplasm, as
has been suggested to occur with other outer membrane pro-
teins (12, 33). This could explain decreased laminin binding
seen with E. coli(pBADalpA) induced with more than 0.002%
arabinose. Extensive lysis and clumping of arabinose-induced
E. coli(pBADalpB) make it unsuitable for SPR experiments.

SPR experiments with H. pylori wild-type 26695m and SS1
strains and the isogenic �AlpAB and alpB::aphA3 mutants
provided further confirmation of the roles of AlpA and AlpB
in binding laminin. In both strains, the �AlpAB strain showed
the least laminin binding (Fig. 8). Lack of AlpB alone substan-
tially reduced laminin binding. Complementation of the
�AlpAB strain with alpA in the SS1 strain background dem-
onstrates that the �AlpAB/alpA� strain behaves similarly to
the alpB::aphA3 strain, as expected (Fig. 8B).

For strain SS1, the amplitudes of the dissociation portion of
the SPR traces were large enough to permit calculation of
dissociation rates. We found that dissociation rates for SS1
wild-type, �AlpAB, and alpB::aphA3 strains were essentially
the same (0.006 s�1 to 0.007 s�1). The association rate, which
is concentration dependent, cannot be calculated from our
data which was obtained using a single laminin concentration.
However, the observed asymptotes of the association portions
of the SPR traces indicate that the affinity is highest for wild-
type strains and lowest for �AlpAB strains.

DISCUSSION

The alpAB operon was previously identified as a locus en-
coding outer membrane proteins which play a role in adher-
ence to host cells and tissues (35, 38, 39). In this report, we
show that both AlpA and AlpB bind laminin. We also show
that lack of AlpA and AlpB paradoxically increases the inflam-
matory response in gerbils.

We were surprised to find that both AlpA and AlpB were
absent in the mutant obtained by inserting a nonpolar cassette
into alpA. When we reversed the orientation of the antibiotic
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resistance cassette so that both the alpA promoter and the cat
promoter would drive alpB expression, we found that AlpB
synthesis was still dramatically reduced (Fig. 1B). Abrogation
of the alpB gene did not reduce AlpA levels, but it did cause a
strain-dependent downshift in the apparent molecular weight
of AlpA. Complementation of the �AlpAB mutant with alpA
restored AlpA to normal levels but did not restore AlpB pro-
duction (Fig. 1A). These data lead us to suspect that AlpA and
AlpB interact and/or that cotranscription is required. The com-
plete conservation of both alpA and alpB in H. pylori strains
(44) suggests that the functions of these proteins are not com-
pletely redundant, in spite of their apparently similar roles in
binding laminin. A number of experiments are planned to
address transcriptional regulation of alpA and alpB and the
potential for AlpA-AlpB interaction on the cell surface. Com-
plementation of alpB alone and of the entire alpAB locus will
allow us to study transcriptional and translational regulation.

One would expect that abrogation of alpAB expression
would decrease both colonization and inflammation. On the
contrary, we found severe inflammation in �AlpAB strain-
infected gerbils (Fig. 3 and 4). The SS1 strain used in our
animal studies is unable to translocate CagA (10, 26). There-
fore, we believe that inflammation seen in SS1 alpA::
cat-infected gerbils must be induced via CagA-independent
mechanisms.

The effect of the �AlpAB mutant on gastric inflammation in
gerbils is counterintuitive, but we have several hypotheses to
explain this result. Although �AlpAB strain colonization levels

were equal to those of the wild type in gerbils, it is possible that
the distribution of bacteria within the mucosa is altered. Fewer
H. pylori bacteria attaching to cells or penetrating the mucosa
would reduce the opportunities of H. pylori to interact with
(and thus influence) epithelial and immune cells. This hypoth-
esis is supported by studies showing that the alpAB locus alters
intracellular signaling and cytokine production in epithelial cell
lines (31, 36, 47). Of particular interest, interleukin-6 (IL-6)
expression by MKN28 gastric epithelial cells shows alpAB de-
pendence (31). Although traditionally regarded as a proinflam-
matory cytokine, IL-6 is increasingly appreciated for its signif-
icant anti-inflammatory properties (40). Thus, loss of AlpA/
AlpB-mediated IL-6 expression in vivo could contribute to the
severe inflammatory response. We are currently investigating
how AlpA and AlpB influence cytokine induction and the
precise localization of H. pylori within gastric tissue in mice and
gerbils. We will also examine histology of the mouse stomach
after several months of infection.

Loss of AlpA and AlpB results in profoundly reduced
laminin binding in strains 26695m and SS1 (Fig. 5 and 8);
however, the relative contributions of AlpA and AlpB are not
entirely clear. Abrogation of both AlpA and AlpB yields the
most severe laminin-binding defect, but deletion of alpB alone
substantially reduces laminin binding. The �AlpAB and
alpB::aphA3 strains behave almost identically in the AGS ad-
herence experiments but differently in other experiments. This
could indicate that the context in which laminin is encountered
alters binding properties.

FIG. 6. Laminin binding of E. coli TOP10 expressing alpA or alpB. E. coli bacteria harboring pBADalpA or pBADalpB were induced with
0.02% arabinose (ara) overnight at room temperature. Bacteria were incubated with FITC-laminin for 1 h. Bacteria were washed and fixed with
formalin prior to analysis by flow cytometry. Increased fluorescence due to binding of FITC-laminin is shown on the x axis. Data are shown for
uninduced (�ara) and unstained, induced (�ara) and unstained, uninduced FITC-laminin-stained (�ara laminin), and induced FITC-laminin-
stained (�ara laminin) TOP10 cells expressing alpA and alpB. Each curve represents analysis of 50,000 bacteria. The data shown are representative
of three flow cytometry experiments.
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Surface plasmon resonance experiments yielded insights
into the laminin binding kinetics of wild-type H. pylori. The
predicted association rate of the SS1 wild-type is higher than
that of the alpB::aphA3 strain, with further reductions seen in
the �AlpAB mutant. This indicates that AlpA and AlpB
contribute to increased affinity of H. pylori to laminin. In con-
trast, the dissociation rates are similar regardless of alpAB
status. These patterns would result in a net increase in the
number of AlpAB-positive H. pylori cells adhering to laminin-
containing tissue. At the same time, the similar dissociation
rates suggest that presence of AlpAB would not prevent H.
pylori from detaching from a laminin-containing substrate and
relocating to a new region. Continual turnover of epithelial
cells could put firmly attached bacteria at a disadvantage as
cells on the epithelial surface are sloughed. Shear forces in the
vasculature range from �2 dyn/cm2 to over 3,000 dyn/cm2 (22).
The forces encountered by H. pylori in the stomach are not
known, but continuous extrusion of mucin by crypt cells should
exert force on bacteria invading gastric crypts.

Our studies complement previous work demonstrating that
H. pylori membrane protein extracts or lipopolysaccharide
(LPS) are capable of binding laminin (43, 59, 60). Valkonen
and colleagues found that N-acetylneuraminyllactose, sialy-
lated fetuin, and certain other molecules significantly inhibited
binding, suggesting an interaction between an H. pylori surface

protein and glycosylated portions of laminin (59). Odenbreit
and colleagues showed that mutation of the sabA gene in strain
J99 abrogated laminin binding in a dot blot overlay assay,
suggesting that SabA could also bind laminin (37). The sabA
gene is reportedly not expressed in strain 26695 (37), and
expression of sabA in strain SS1 has not been determined.

We have not yet determined whether AlpA and AlpB have
additional host targets, nor have we explored host species
specificity of laminin binding. Some bacterial adhesins have
been found to bind to more than one ECM molecule (19, 20).
Although collagen IV does not appear to be a ligand for
AlpA/AlpB, we have not yet examined binding to fibronectin
or other proteins. Our studies employed mouse laminin-1.
Since mutation of the alpAB locus alters adherence to a human
cell line and pathogenesis in the gerbil model, we anticipate
that AlpA and AlpB will bind laminins from a range of species.
This would not be surprising for a protein as highly conserved
as laminin. Mouse and human laminin share 76% identity
(86% similarity) in the alpha subunit and 92% identity in the
beta and gamma subunits.

How does adherence to a basement membrane protein in-
fluence adhesion in vivo when the basement membrane is not
normally exposed? Several studies support the hypothesis that
ECM binding by bacteria does influence virulence. Laminin
binding has been shown to increase virulence of group A Strep-
tococcus and Salmonella enterica serovar Typhimurium (9, 20).

FIG. 7. Surface plasmon resonance of E. coli(pBADalpA) interac-
tion with surface-bound laminin. (A) SPR analysis of E. coli
TOP10(pBADalpA) interaction with surface-bound laminin. Dotted
line, uninduced; dashed line, induced with 0.0002% arabinose; solid
line, induced with 0.002% arabinose. (B) Average binding of E.
coli(pBADalpA) induced with different concentrations of arabinose.
Binding experiments were repeated three times for each induction
condition. Error bars represent standard deviations. *, P 
 0.05
versus uninduced control.

FIG. 8. Surface plasmon resonance analysis of H. pylori interaction
with surface-bound laminin. Wild-type (wt), �AlpAB (alpAB), and
alpB::aphA3 (alpB) strains are shown in panels A (strain 26695m
background) and B (strain SS1 background). Panel B includes the
above strains and the �AlpAB/alpA� (alpA�) strain.
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Both of these pathogens normally encounter an intact epithe-
lium. Moreover, there are two known mechanisms through
which laminin binding can influence adherence of bacteria to
host cells. The most obvious is by direct interaction between
bacterial surface components and laminin. Alternatively, solu-
ble laminin present in serum/plasma can bind to laminin re-
ceptors present on the apical surface of cells, and bacterial
adhesins can subsequently bind to this laminin. This alternate
laminin-mediated adherence mechanism has been demon-
strated for E. coli expressing the Salmonella laminin-binding
protein genes, rck and pagC (11). Finally, production of
laminin �-1 is induced in AGS cells by exposure to H. pylori (8),
suggesting that H. pylori induces production of the ligand to
which it binds. This same laminin isoform has been shown to
be increased in gastric adenocarcinoma compared with normal
surrounding tissue (8).

Identification of laminin as the host target of both AlpA and
AlpB will permit more targeted investigations of the functional
domains of AlpA and AlpB, of the recognized laminin do-
main(s), and of how interactions between these proteins influ-
ence host cell signaling and the inflammatory response.
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