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The ability of 16 isolates of the human gastroduodenal pathogen Helicobacterpylori to bind 125I-radiolabelled
tissue proteins was quantitated by liquid-phase assay. While capable of binding generally low levels of collagsn
types I and II, vitronectin, and fibronectin (average binding, 8%; highest binding, 23%), the various H. pylori
isolates were good binders of the basement membrane proteins collagen type IV and laminin (average binding,
27%; highest binding, 60%). Campylobacter species tested bound lower levels of collagen type IV and laminin
(average binding, 12%; highest binding, 17%). Trypsin and proteinase K treatment ofH. pylori cells markedly
reduced the binding of collagen type IV and laminin, as did heat treatment, suggesting that the binding of
basement membrane proteins is mediated by bacterial surface proteins. Binding of both basement membrane
proteins was rapid and saturable. 1251-collagen type IV binding to H. pylori 915 was inhibited by preincubation
with unlabelled collagen type IV but was not inhibited by laminin or a number of other proteins. Once bound,
radiolabelled collagen type IV but was not displaced by an excess of unlabelled collagen type IV, indicating that
the binding interaction was of high affinity. Binding of laminin was partially reversible, and analysis in a

solid-phase nonradiolabel assay showed that the interaction was of high affinity, with a Kd of 7.9 nM. This
interaction was affected by salt, indicating the presence of a hydrophobic component in the ability of H. pylori
to bind laminin.

Since its first isolation by Marshall (46) in 1983 from
gastric biopsies from patients with active chronic gastritis,
Helicobacter (Campylobacter) pylori has become recog-
nized as one of the most common bacterial pathogens of
humans. The natural niche of H. pylori is the human stom-
ach, where it colonizes the mucus and adheres to gastric
mucosal cells, especially at intercellular junctions (19, 25).
Some H. pylori organisms also penetrate these intercellular
junctions. Colonization by H. pylori appears to be essential
for many diseases involving the stomach and duodenum.
The diseases include gastritis, gastric ulcer, duodenal ulcer,
epidemic hypochlorhydria, and nonulcer dyspepsia syn-
drome (1, 2, 5, 15, 25, 31). The organism may also be
associated with carcinoma of the stomach, as a high percent-
age of patients with this disease are also culture positive for
the organism (22, 24).
Although the precise roles of H. pylori in stomach and

duodenal ulcer disease have yet to be defined, the available
evidence supports the hypothesis that the presence of the
organism is a prerequisite for ulcer formation (14, 25, 29).
Certainly the organism can be found almost universally in
the gastric antra of ulcer patients (14, 25, 29) and is associ-
ated with the margins of the ulcer itself (22, 35, 40). More-
over, treatment which eradicates H. pylori results in resto-
ration to normal mucus content, repair of cell damage,
disappearance of inflammatory cells, and much lower re-
lapse rates compared than those of H. pylori-positive pa-
tients (3, 17, 29, 30, 32).
Few data concerning the properties of H. pylori which

contribute to its pathogenesis, however, are available. Mo-
tility and the organism's spiral shape are probably important
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for the ability of the organism to colonize the mucus and
penetrate to the mucosal surface (19), and recent findings
indicate that different strains of H. pylori produce hemag-
glutinins (adhesins) which exhibit different receptor specific-
ities (7, 10, 21, 33). These adhesins appear to be lectins and
are likely involved in the initial specific attachment of the
pathogen to gastric epithelial cells and/or to mucus. Electron
microscopic studies show that following attachment, H.
pylori exhibits toxicity for the gastric epithelial cells (11). In
certain cases, this leads to destruction of the cell, desqua-
mation, and ultimately to the complete erosion of the epi-
thelium, leaving the underlying basement membrane com-
pletely bare. This means that in ulcerated tissue the various
connective tissue proteins, including those of the basement
membrane, become exposed and available to colonizing
bacteria. Therefore, the capacity to bind such matrix pro-
teins may be extremely important for the ability of H. pylori
to colonize and damage the basement membrane before
invading the lamina propria in the process of eliciting ulcer-
ative lesions.
We have examined the ability of strains of H. pylori to

bind to the connective tissue proteins collagen types I, II,
and IV and laminin, vitronectin, and fibronectin. Here we
report that H. pylori strains are generally strong binders of
the major basement membrane proteins collagen type IV and
laminin. The binding to both extracellular basement mem-
brane proteins appears to be specific, of high affinity, either
irreversible or poorly reversible, and mediated by surface-
exposed cell components.

MATERIALS AND METHODS

Chemicals. Collagen type I (lot no. 87 7239) was from
Collagen Corporation, Palo Alto, Calif. Collagen type II,
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purified by the method of Strawich and Nimmi (41), was
graciously provided by P. Speziale (Department of Biochem-
istry, University of Pavia, Pavia, Italy). CR-collagen type IV
(native collagen type IV) purified from basement membrane
of the Engelbreth-Holm-Swarm transplantable mouse tumor
(23) (lot no. 88-1403 and 88-2218) was purchased from
Collaborative Research Inc. (Two Oak Park, Bedford,
Mass.). Fibronectin (lot no. FP 108) purified from porcine
plasma on gelatin-Sepharose was the generous gift of BioIn-
vent International AB, Lund, Sweden. Laminin purified
from Engelbreth-Holm-Swarm transplantable mouse tumor
was from E.Y. Laboratories, San Mateo, Calif. (lot no.
060616) and from Boehringer GmbH, Mannheim, Germany
(lot no. 14706500). Vitronectin purified as described by
Dahlback and Podack (4) was a generous gift from B.
Dahlback, Malmo General Hospital, Malmo, Sweden. Hu-
man fibrinogen and gamma globulin were from KABI AB,
Stockholm, Sweden.

Bacterial strains. H. pylori strains examined in this study
were endoscopic biopsy isolates 33, 54, 66, 95, and 165
(Lund, Sweden); 915, 1139, and 12225 (Stockholm, Sweden);
CCUG 17874 (Culture Collection of University of Goteborg
[same as type strain of species H. pylori subsp. pylori subsp.
nov. NTCC 11637, National Type Culture Collection, Colin-
dale, London, United Kingdom], originally Royal Perth
Hospital isolate 13487 [Perth, Australia]); and CCUG 19106
(strain Pylo 10; F. Megraud, Bordeaux, France). Campylo-
bacter fetus VC78 (S-layer deficient [6]), VC119 (S-layer
producing [6]); Campylobacterjejuni VC74 (26), VC159, and
VC164; and Campylobacter coli VC167 (18) and VC212 were
from the culture collection of T. J. Trust. Stock cultures
were maintained at -70°C in 15% (vol/vol) glycerol-Trypti-
case soy broth (BBL Microbiology Systems, Cockeysville,
Md.). Cultures of H. pylori were grown at 37°C on chocolate-
blood agar plates containing 0.001% vancomycin, 0.005%
trimethoprim, and 0.00075% colistin in an atmosphere con-
taining 10% carbon dioxide, while cultures of Campylobac-
ter strains were grown on chocolate-blood agar.

Radioiodination. Proteins (50 ,ug) were radiolabelled with
0.2 mCi of 125I (carrier free; Radiochemical Center, Amer-
sham, United Kingdom) to a specific activity of 1 x 106 to 3
x 106 cpm/,ug by the chloramine-T method (16).
Binding assay. (i) Liquid-phase assays. Bacteria were

washed off plates, suspended in phosphate-buffered saline
(PBS), and adjusted to 5% transmission at 540 nm. One
hundred microliters of bacterial suspension (5 x 108 cells) in
PBS was mixed with 2.5 x 104 cpm (approximately 0.03 ,ug)
of the radiolabelled protein in PBS containing 0.1% (wt/vol)
bovine serum albumin (BSA) and incubated at 20°C for 60
min, unless otherwise stated. Two milliliters of ice-cold PBS
containing 0.1% (vol/vol) Tween 20 was then added to each
tube, and the bacteria were pelleted by centrifugation at
1,350 x g for 25 min. The radioactivity of the pellet was
determined in a gamma counter (LKB Wallac Clinigamma,
Turku, Finland). High-level binding and nonbinding strains
of Escherichia coli were included as positive and negative
controls (28). Binding experiments were performed in tripli-
cate, and the radioactivity bound was expressed as the
percentage radioactivity remaining in the pellet.
To test the ability of proteins to inhibit binding, 100 ,ul of

bacteria was incubated with 100 ,ul of a 100-,ug/ml solution of
the inhibitory compound in PBS, pH 7.2, for 60 min at room
temperature. Bacteria were then washed with PBS and used
for binding experiments. To determine the reversibility of
binding, bacteria were first incubated as described above for
the binding assay and then incubated at room temperature

for 1 h with 100 ,ul of nonradiolabelled collagen type IV or
laminin (100 ,ug/ml in PBS) or with 100 p.d of PBS in the
control tubes. The reaction was stopped, and the amount of
radioactivity remaining associated with the cells was deter-
mined as described previously.
To assess the effects of temperature on the ability of

bacteria to bind the basement membrane proteins, suspen-
sions of bacteria in PBS were heated in a water bath either at
80°C for 20 min or at 100°C for 30 min before use in binding
assays. The involvement of surface proteins in the binding
interactions was assessed by treating cell suspensions with
trypsin (2 ,ug/ml or 50 pg/ml) or proteinase K (2 pug/ml) for 1
h at 37°C. In the case of proteinase K, cells were then
washed extensively in PBS, and in the case of trypsin
digestions, soy bean trypsin inhibitor (200 pug/ml) was added
to stop the digestion.

(ii) Solid-phase assays. Bacterial whole cells, grown as
described above, were harvested with 0.1 M carbonate
buffer, pH 9.6, washed once with 0.1 M carbonate buffer, pH
9.6, and resuspended to an optical density of 0.4 to 0.6 at 650
nm. To each well of a 96-well enzyme-linked immunosorbent
assay plate (Costar, Cambridge, Mass.), 100 ,ul of cell
sample (or carbonate buffer as a blank) was added and
incubated at 4°C overnight. Plates were then washed with
0.01 M Tris-buffered saline supplemented with 0.2% (wt/vol)
BSA (Sigma) (TBS-BSA) (250 R1 per wash) and blocked with
3% BSA in TBS (200 ,ul per well) for 2 h at room tempera-
ture. At this time the wells were washed three times with
TBS-BSA. To each well, mouse Engelbreth-Holm-Swarm
sarcoma laminin (Boehringer) in TBS (100 [L1 per well [2
nM]) or TBS itself was added and incubated at room
temperature for 2 h. Wells were then washed five times, and
rabbit antilaminin immunoglobulin G (E.Y.) was added to
each well (100 RI1 of a 1:3,000 [voU/vol] dilution per well).
After the wells were incubated for 2 h at room temperature,
they were washed five times. Goat anti-rabbit immunoglob-
ulin G conjugated to alkaline phosphatase (100 ,ul of a 1:3,000
[vol/vol] dilution per well) (Bio-Rad Laboratories Ltd.,
Mississauga, Ontario, Canada) was added to each well. After
2 h, wells were washed five times. A substrate solution
consisting of 1.0 M diethanolamine, 0.5 mM magnesium
chloride, and 3.8 mM disodium p-nitrophenyl phosphate
(Sigma), pH 9.5, was added to each well (100 ,ul per well) and
incubated for 30 min. The A450 of each well was then
determined. Values were corrected for nonspecific binding
of laminin to the well (less than 10% of test value).
The time course of laminin binding was determined as

follows. To each well, 100 ,ul of laminin (2 nM) in TBS was
added. At various time intervals, the laminin solution was
removed from a set of wells and the wells were washed five
times. The amount of laminin bound to each well was
assessed as described above. The reversibility of laminin
binding was determined as follows. Coated, blocked wells
were incubated with laminin (2 nM) for 2 h and then washed
five times. TBS (100 RI) was then added to each well. This
was time zero. At various time intervals, the buffer was
removed from a set of wells and the wells were washed three
times. The amount of bound laminin was then assessed as
described above.

RESULTS

Quantitation of matrix protein binding by liquid-phase
assay. Taking a binding value of more than 5% as positive,
the majority of H. pylori strains tested displayed the ability
to bind each of the six extracellular matrix proteins tested in
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TABLE 1. Binding of '25I-radiolabelled extracellular matrix
proteins to H. pylori strains in the liquid-phase assay

Binding (%) of:

Strain no. Collagen
Laminin Vitronectin Fibronectin

Type I Type II Type IV

33 12 10 30 17 7 7
66 4 12 24 -
54 7 13 25 12 6 7
72 8 7 31 35 9 8
95 9 10 42 32 7 9
114 6 32
165 11 23 40 23 7 16
915 9 20 48 23 7 9
1139 11 9 49 53 12 8
5155 3 4 9 16 3 3
5294 8 4 18 28 5 4
5442 3 4 16 26 5 3
9102 9 6 13 13 6 5
12225 8 21 - 8 7
17874 6 8 56 60 10 5
19106 8 16 15 8 4 7

a Dashes indicate that strains were not tested. Values represent means of
from 2 to 14 determinations for each strain.

liquid-phase assays (Table 1). Thirteen of the 16 strains
bound low amounts of collagen type I (average binding, 8%).
Eleven of 14 strains bound low levels of collagen type II
(average binding, 11%), although strains 165, 915, and 19106,
which bound 23, 20, and 16%, respectively, were high-level
binders. Twelve of 14 strains tested bound low levels of
vitronectin (average binding, 7%), and 11 of 14 strains bound
low amounts of fibronectin (average binding, 7%). Binding of
the basement membrane proteins collagen type IV and
laminin was much stronger. All 16 strains tested bound
collagen type IV (average binding, 29%), with 5 strains
binding >40% and the highest binding being 56%. Similarly,
all 14 strains bound laminin (average binding, 27%), with two
strains binding 50% and the highest binding being 60%.
Comparative assays were also performed to determine

whether this high-level collagen type IV- and laminin-bind-
ing property displayed by H. pylori strains was shared with
other mucus-colonizing spiral bacteria. The results in Table
2 show that the three strains of C. jejuni and two strains each
of C. coli and C. fetus displayed lower binding levels for
collagen type IV (average binding, 10%; highest binding,
12%) and laminin (average binding, 14%; highest binding,
17%) than the H. pylori strains tested. The campylobacters
were unable to bind collagen type I (average binding, 3%),
collagen type II (average binding, 5%), vitronectin (average
binding, 2%), and fibronectin (average binding, 2%).
On the basis of these results, H. pylori 915, which exhib-

ited high binding capacity for collagen type IV and moderate
binding of laminin, was selected for more detailed examina-
tion of the collagen type IV binding, and H. pylori 17874,
which exhibited high binding capacity for both basement
membrane proteins, was selected for more detailed investi-
gation of laminin binding.

Characteristics of collagen type IV and laminin binding by
liquid-phase assay. The H. pylori cells bound both basement
membrane proteins in a time-dependent manner (Fig. 1).
This reaction was rapid, and a plateau of bound collagen
type IV and laminin was reached in 15 to 30 min. Continu-
ation of the incubation for up to 3 h did not significantly
increase the amount of 125I-radiolabelled protein bound. In

TABLE 2. Binding of 125I-radiolabelled extracellular matrix
proteins to Campylobacter strains in the liquid-phase assay

Binding (%) oft:

Strain Collagen
Laminin Vitronectin Fibronectin

Type I Type II Type IV

C. fetus
VC78 3 5 12 17 2 2
VC119 3 5 11 12 1 1

C. jejuni
VC74 4 5 11 12 1 2
VC159 2 4 8 12 2 3
VC164 2 5 11 12 2 2

C. coli
VC167 2 4 9 14 1 2
VC212 2 4 10 17 1 1

a Values represent means of two determinations for each strain.

terms of cell density in the assay reaction mixture, the
binding of collagen type IV by strain 915 and laminin by
strain 17874 was essentially saturated at 10 mg (wet weight)
of cells per ml (Fig. 2). Binding of collagen type IV by H.
pylori 915 cells was largely unaffected by pH (Fig. 3), and
quantitation of 1251I-collagen type IV as a function of increas-
ing concentration of radiolabelled ligand showed that the
binding was saturable, yielding a hyperbolic curve (Fig. 4)
and indicating that the bacteria contain a limited number of
collagen type IV receptors. Scatchard plot analysis (37) of
the binding data allowed the calculation of a Kd of 16 nM.
Importantly, however, when the reversibility of binding to
H. pylori 915 cells was tested by the addition of an excess of
unlabelled collagen type IV (100 ,ug), previously bound
1251-collagen type IV was not displaced. Because valid
Scatchard analysis requires the binding reaction to be at
equilibrium, the above prediction must be regarded as a
minimum estimate of the affinity of binding of collagen type
IV.

Inhibition experiments to evaluate the specificity of colla-
gen type IV and laminin binding were performed. Preincuba-
tion with unlabelled collagen type IV resulted in the inhibi-
tion of 1251I-collagen type IV binding by H. pylori 915, while
preincubation with collagen type I, laminin, fibrinogen,
fibronectin, or gamma globulin resulted in no inhibition of
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FIG. 1. Kinetics of binding of '25I-radiolabelled collagen type IV

to H. pylori 915 (0) and '25I-radiolabelled laminin to H. pylori 17874
(A) in the liquid-phase assay and unlabelled laminin to H. pylori
17874 in the solid-phase assay (0).
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FIG. 2. Effects of bacterial cell density on binding of 1251_

radiolabelled collagen type IV to live (A) and boiled (A) H. pylori
915 cells and 1251-radiolabelled laminin to live H. pylori 17874 (0) in
the liquid-phase assay.

binding. In the case of laminin binding by H. pylori 17874,
inhibition was obtained only by preincubation with unla-
belled laminin. Furthermore, all assays were performed in
the presence of 0.05% BSA to minimize any possible con-
tribution of nonspecific protein-protein interactions to the
binding quantitation. The receptors involved in this specific
binding of collagen type IV and laminin on H. pylori ap-
peared to be protein in nature. Binding of both basement
membrane proteins was drastically reduced by treatment of
the bacterial cells with trypsin or proteinase K and also by
subjecting the cells to heat (Table 3).

Solid-phase analysis of laminin binding. The availability of
antibodies to laminin afforded us the opportunity to examine
the laminin binding interaction by using a solid-phase assay
system with nonradiolabelled laminin. Binding of laminin
was somewhat slower in this assay system but was still
completed by 60 min (Fig. 1). In contrast with collagen type
IV binding, binding of laminin was partially reversible, and
virtually identical displacement kinetics were obtained with
H. pylori 17874 and 915 (Fig. 5). These results compared
favorably with the 11% displacement of 1251I-laminin from H.
pylori 17874 cells obtained in the liquid-phase assay.

Binding of laminin to cells of strain 17874 exhibited
saturation, and Scatchard analysis gave a straight line indic-
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FIG. 3. Effects of pH on binding of '25I-radiolabelled collagen

type IV by H. pylori 915 in the liquid-phase assay and of pH and
sodium chloride concentration on the binding of laminin by H. pylori
17874 in the solid-phase assay.
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FIG. 4. Analysis of binding of 125I-radiolabelled collagen type IV

to H. pylori 915 cells in the liquid-phase assay. Inset: Scatchard plot
of binding data.

ative of a single class of binding interaction with a binding
constant of 7.9 nM (Fig. 6). Changes in the pH of the buffer
in which the binding was conducted had no marked effect on
laminin binding (Fig. 3), but the concentration of salt in the
buffer had a dramatic effect. Figure 3 shows that a 40%
decrease in laminin binding was obtained in the presence of
0.3 M NaCl and a 95% decrease was obtained at 1 M NaCl.

DISCUSSION
This study has revealed the ability of the human gastric

pathogen H. pylori to bind the basement membrane proteins
collagen type IV and laminin. The binding of both proteins is
insensitive to pH and is specific, rapid, saturable, and of high

TABLE 3. Characteristics of binding of 525I-radiolabelled murine
collagen type IV to H. pylori 915 and 125I-radiolabelled murine

laminin to H. pylori 17874 in the liquid-phase assay

Collagen type IV bind- Laminin bindinga to
ing to strain 915 strain 17874

Treatment
% Relative % Inhibition. Relative % Inhibition
binding binding

None 100 0 100 0

Heat
80°C for 20 min 46 54 49 51
100°C for 30 min 37 63 32 68

Enzyme
Trypsin

2 u.g 46 54 52 48
50 u.g 29 71

Proteinase K (2 ,ug) 5 95 31 69

Inhibitor (10 ,ug)
Collagen type I 100 0 100 0
Collagen type IV 50 50 100 0
Fibronectin 100 0 100 0
Fibrinogen 100 0 100 0
Laminin 100 0 53 47
Gamma globulin 100 0 100 0

a Dashes indicate that the strain was not tested under this condition.
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affinity. Moreover, the binding of colla
to be irreversible, while the binding of
reversible. This previously undescribed
pylori cells appears to involve two
receptor sites because despite the large
of both basement proteins, neither inte
ing of the other. The H. pylori receptors
proteins because the binding of both e
laminin was significantly reduced by bc
treating the cells with either trypsin or X
the reduced binding ability exhibited b
20 min at 80°C, a temperature which w
of macromolecular assembled proteins
ation, suggests that a supramolecular p
as a fimbria might be involved in the
basement membrane proteins. Certainl:
istically produces fimbrialike appendaj
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lular matrix proteins such as collage
fibronectin by E. coli (34) and collagen
Yersinia, and Salmonella strains (44).
540,000 for collagen type IV, the availal
sites for this protein per cell is approxi
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represents the relative absorbance divided
laminin added.

possible to calculate the number of laminin binding sites per
bacterial cell.

Regardless of the number of binding sites per cell, the
ability to bind high levels of the two major basement
membrane proteins appears to be a conserved property of H.
pylori. This property of high-level binding was not shared
with the other strains of mucosa-colonizing spiral bacteria
tested here. Moreover, while other bacteria have been
shown to bind one or other of collagen type IV and laminin,
the ability of individual strains to bind both proteins is not
common. For example, E. coli cells expressing the 075X
adhesin are strong binders of collagen type IV but recognize

100 150 laminin only weakly (47). Individual strains of Staphylococ-
in) cus aureus have also been reported to bind collagen type IV

(45) and/or laminin (27), but the binding of both proteins is
n the solid-phase assay. not a property shared by all strains. Moreover, in contrast

with that of H. pylori, the binding spectrum of individual
strains of S. aureus is not restricted to the basement mem-
brane proteins but is much broader and includes fibronectin

igen type IV appears (36), collagen type 1 (20), and collagen type 11 (39) as well as
lamindingiSonly partly soluble plasma proteins such as immunoglobulin (12).
i binding ability of H. The irreversibility of the collagen type IV binding interac-
sterically separated tion precluded an accurate assessment of binding affinity.

sfezre owfthemolebuleds However, the binding was clearly of high affinity, probably
r higher than the estimate of 16 nM obtained here. Irrevers-
s appear to be surface ibility of binding of extracellular matrix proteins has been
collagen type IV and reported previously. For example, the binding of collagen
)iling the cells and by type I by Yersinia enterocolitica NF-9-4 is irreversible (8), as
proteinase K. Indeed, is the binding of fibronectin by certain strains of S. aureus
y bacteria treated for (36). Other than the high affinity of the binding interaction,
ill cause perturbation the reasons for irreversibility have yet to be defined. For
rather than denatur- example, the property might be an indication that in addition
)rotein structure such to binding via a receptor, other interactions might be occur-
- binding of the two ring sucil that the binding obtained is tight and irreversible.
y H. pylori character- Certainly additional classes of binding interactions can oc-
ges (4a, 10), and fim- cur. As shown by biphasic Scatchard plots, two classes of
Ing of other extracel- interaction in the fibronectin binding by E. coli (13) and
n type IV (47) and Vibrio cholerae (48) have been seen. However, analysis of
type V by Kiebsiella the Scatchard plots obtained here provides no indication of
Assuming an Mr of the involvement of additional binding sites in the binding of

ble number of binding either basement membrane protein. The effect of salt on the
imately 3,000. Unfor- binding of laminin did indicate that there was a hydrophobic
munoassay employed component involved in this interaction. In the case of
alysis, and it was not laminin, binding to the H. pylori cells was at saturation and

was reversible at the time of assessment, hence in equilib-
rium. Thus, the criteria for using a modified Scatchard
methodology were met. By using this analysis, a 7.9 nM Kd
value was obtained. This value is slightly lower than the 2.9
nM laminin binding constant reported for S. aureus (27) but
significantly higher than the 40 to 80 nM values reported for
species of streptococci (42, 43).

This ability to specifically bind both the major components
\ * of the basement membrane seems likely to represent an

important virulence property for this gastric pathogen. While
* this binding capability is unlikely to be involved in the initial

colonization of gastric epithelial cells in which motility to
.~ O., OA

facilitate access to the specific receptors on the mucosal
0.2 0.3 0.4 surface (19) and the presence of primary adhesins which
405 specifically recognize and bind to these receptors appear to
20 30 be important (7, 9, 10), the property should assume major

importance once any initial microlesion in the ulceration
I) process exposes the basement membrane. This exposure
H. pylori 17874 cells in may result from H. pylori activity. For example, Slomiany et
of binding data. A405/U al. (38) have recently shown that H. pylori lipopolysaccha-
by the concentration of ride interferes with the binding interaction between the

laminin receptor in gastric epithelial membranes and lami-
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nin. These workers have proposed that this will lead to
disruption of the interaction between the mucosal cells and
the underlying extracellular matrix and may account for the
loss of mucosal integrity seen in the pathogenesis of H.
pylori disease. However, even without H. pylori-induced
disruption to mucosal integrity, feeding by itself produces a
massive loss of epithelial cells from the gastric surface,
sometimes exposing the lamina propria (49). Certain sub-
stances which are consumed are exfoliating, including etha-
nol, aspirin, and spicy pickles (49). The capacity of H. pylori
to rapidly, avidly, and largely irreversibly bind both collagen
type IV and laminin should facilitate both initial and contin-
ued colonization of any basement membrane which becomes
exposed as a result of either H. pylori-induced disruption of
mucosal integrity or the loss of epithelial cells resulting from
eating or drinking. Furthermore, the capacity to bind base-
ment membrane proteins at both acid and alkaline pH should
promote the continued colonization of any ulcerative lesions
formed in either the acid stomach or the alkaline duodenum.

ACKNOWLEDGMENTS

This work was supported in part by grants to T.J.T. from the
British Columbia Health Care Research Foundation and by grants
16X-09085 from the Swedish Medical Research Council to P.O. and
16X-04723 to T.W. T.J.T. gratefully acknowledges The Swedish
Medical Research Council for a Visiting Scientist Fellowship.

T.J.T. also gratefully acknowledges Magdalena Kostrzynska for
skilled assistance.

REFERENCES
1. Blaser, M. J. 1987. Gastric Campylobacter-like organisms,

gastritis, and peptic ulcer disease. Gastroenterology 93:371-383.
2. Buck, G. E., W. K. Gourley, W. K. Lee, K. Subramanyam, J. M.

Latimer, and A. R. DiNuzzo. 1986. Relation of Campylobacter
pyloridis to gastritis and peptic ulcer. J. Infect. Dis. 153:664-
669.

3. Coghlan, J. D., H. Humphries, C. Dooley, C. Keane, D. Gilligan,
D. McKenna, E. Sweeney, and C. O'Morain. 1987. Campylobac-
ter pylori and recurrence of duodenal ulcers-a 12-month fol-
low-up study. Lancet ii:1109-1111.

4. Dahiback, B., and E. R. Podack. 1985. Characterization of
human S-protein, an inhibitor of the membrane attack complex
of complement. Demonstration of a free reactive thiol group.
Biochemistry 24:2368-2374.

4a.Doig, P., T. W. Austin, and T. J. Trust. Unpublished data.
5. Dooley, C. P., and H. Cohen. 1988. The clinical significance of

Campylobacter pylori. Ann. Intern. Med. 108:70-79.
6. Dubreuil, J. D., S. M. Logan, S. C. Cubbage, D. N. Eidhin,

W. D. M. Cubbin, C. M. Kay, T. J. Beveridge, F. G. Ferris, and
T. J. Trust. 1988. Structural and biochemical analysis of a
surface array protein of Campylobacter fetus. J. Bacteriol.
170:4165-4173.

7. Emody, L., A. Carlsson, A. Ljungh, and T. Wadstrom. 1988.
Mannose-resistant haemagglutination by Campylobacter pylori.
Scand. J. Infect. Dis. 20:353-354.

8. Emody, L., J. Heesemann, H. Wolf-Watz, M. Skurnik, G.
Kapperud, P. O'Toole, and T. Wadstrom. 1989. Binding of
collagen by Yersinia enterocolitica and Yersinia pseudotuber-
culosis: evidence for yopA-mediated and chromosomally en-
coded mechanisms. J. Bacteriol. 171:6674-6679.

9. Evans, D. G., D. J. Evans, Jr., and D. Y. Graham. 1989.
Receptor-mediated adherence of Campylobacter pylori to
mouse Y-1 adrenal cell monolayers. Infect. Immun. 57:2272-
2278.

10. Evans, D. G., D. J. Evans, Jr., J. J. Moulds, and D. Y. Graham.
1988. N-Acetylneuraminyllactose-binding fibrillar hemaggluti-
nin of Campylobacter pylori: a putative colonization factor
antigen. Infect. Immun. 56:2896-2906.

11. Foliquet, B., F. Vicari, J. C. Guedenet, J. D. DeKoriwin, and L.
Marchal. 1988. Scanning electron microscopy studies of Cam-

pylobacter pylori and associated lesions, abstr. L14. In F.
Megraud and H. Lamouliatte (ed.), Workshop on gastroduode-
nal pathology and Campylobacter pylori. European Campylo-
bacter pylori Study Group, Bordeaux, France.

12. Forsgren, A., and J. Sjoquist. 1966. Protein A from S. aureus I.
Pseudoimmune reaction with human -y-globulin. J. Immunol.
97:822-827.

13. Froman, G., L. M. Switalski, A. Faris, T. Wadstrom, and M.
Hook. 1984. Binding of Escherichia coli to fibronectin. J. Biol.
Chem. 23:14899-14905.

14. Goodwin, C. S., J. A. Armstrong, and B. J. Marshall. 1986.
Campylobacter pyloridis, gastritis, and peptic ulceration. J.
Clin. Pathol. 39:353-365.

15. Graham, D. Y., and P. D. Klein. 1987. Campylobacter pyloridis
gastritis: the past, the present, and speculations about the
future. Amer. J. Gastroenterol. 82:283-286.

16. Greenwood, F. C., W. M. Hunter, and J. G. Glover. 1963. The
preparation of 1251I-labelled human growth factor of high specific
activity. Biochem. J. 89:114-119.

17. Hamilton, I., H. J. O'Connor, N. C. Wood, I. Bradbury, and
A. T. R. Axon. 1986. Healing and recurrence of duodenal ulcer
after treatment with tripotassium dicitrato bismuthate (TDB)
tablets or cimetidine. Gut 27:106-110.

18. Harris, L. A., S. M. Logan, P. Guerry, and T. J. Trust. 1987.
Antigenic variation of Campylobacter flagella. J. Bacteriol.
169:5066-5071.

19. Hazell, S. L., A. Lee, L. Brady, and W. Hennessy. 1986.
Campylobacter pyloridis and gastritis: association with intercel-
lular spaces and adaptation to an environment of mucus as
important factors in colonization of the gastric epithelium. J.
Infect. Dis. 153:658-663.

20. Holderbaum, D., R. A. Spech, and L. A. Ehrhart. 1985. Specific
binding of collagen to Staphylococcus aureus. Collagen Relat.
Res. 5:261-271.

21. Huang, J., C. J. Smith, N. P. Kennedy, J. P. Arbuthnott, and
P. W. N. Keeling. 1988. Haemagglutinating activity of Campylo-
bacter pylori. FEMS Microbiol. Lett. 56:109-112.

22. Jiang, S. J., W. Z. Liu, D. Z. Zhang, Y. Shi, S. D. Xiao, Z. N.
Zhang, and D. Y. Lu. 1987. Campylobacter-like organisms in
chronic gastritis, peptic ulcer, and gastric carcinoma. Scand. J.
Gastroenterol. 22:553-558.

23. Kleinman, H. K., M. L. McGarvey, L. A. Liotta, P. G. Robet, K.
Tryggvason, and G. R. Martin. 1982. Isolation and characteri-
zation of type IV procollagen, laminin, and heparin sulphate
proteoglycan. Biochemistry 21:6188-6193.

24. Lambert, J. R., K. A. Dunn, E. R. Eaves, M. G. Korman, and J.
Hansky. 1986. Campylobacter pyloridis in diseases of the human
upper gastrointestinal tract. Gastroenterology 90:1509.

25. Lee, A., and S. L. Hazell. 1988. Campylobacter pylori in health
and disease: an ecological perspective. Microb. Ecol. Health
Dis. 1:1-16.

26. Logan, S. M., and T. J. Trust. 1983. Molecular identification of
surface protein antigens of Campylobacter jejuni. Infect. Im-
mun. 42:675-682.

27. Lopes, J. D., M. D. Reis, and R. R. Bretani. 1985. Presence of
laminin receptors in Staphylococcus aureus. Science 229:275-
277.

28. Ljungh, A., L. Emody, P. Aleljung, 0. Olusanya, and T.
Wadstrom. 1981. Growth conditions for the expression of fi-
bronectin, collagen type 1, vitronectin, and laminin binding to
Escherichia coli. Curr. Microbiol. 22:97-102.

29. Marshall, B. J. 1986. Campylobacter pyloridis and gastritis. J.
Infect. Dis. 153:650-657.

30. Marshall, B. J., C. S. Goodwin, J. R. Warren, R. Murray, E.
Blincow, S. Blackbourn, M. Phillips, T. Waters, and C. Sander-
son. 1987. Longterm healing of gastritis and low duodenal ulcer
relapse after eradication of Campylobacter pyloridis. A pro-
spective double-blind study. Gastroenterology 92:1518.

31. McNulty, C. A. M. 1986. Campylobacter-associated gastritis. J.
Infect. 13:107-113.

32. Miller, J. P., and E. B. Faragher. 1986. Relapse of duodenal
ulcer. Does it matter which drug is used in initial treatment? Br.
Med. J. 293:1117-1118.

VOL. 59, 1991



4404 TRUST ET AL.

33. Nakazawa, T., M. M. Ishibashi, H. Konishi, T. Takemoto, M.
Shigeeda, and T. Kochiyama. 1989. Hemagglutination activity of
Campylobacter pylori. Infect. Immun. 57:989-991.

34. Olsen, A., A. Jonsson, and S. Normark. 1989. Fibronectin
binding by a novel class of surface organelles of Escherichia
coli. Nature (London) 338:652-655.

35. Price, A. B., J. Levi, J. M. Dolby, P. L. Dunscombe, A. Smith,
J. Clark, and M. L. Stephenson. 1985. Campylobacter pyloridis
in peptic ulcer disease: microbiology, pathology and scanning
electron microscropy. Gut 26:1183-1188.

36. Procter, R. A., D. F. Mosher, and P. J. Olbrantz. 1982. Fi-
bronectin binding to Staphylococcus aureus. J. Biol. Chem.
275:14788-14794.

37. Scatchard, G. 1949. The attraction of proteins for small mole-
cules and ions. Ann. N.Y. Acad. Sci. 51:660-672.

38. Slomiany, B. L., J. Piotrowski, S. Sengupta, and A. Slomiany.
1991. Inhibition of gastric mucosal laminin receptor by Helico-
bacterpylori lipopolysaccharide. Biochem. Biophys. Res. Com-
mun. 175:963-970.

39. Speziale, P., G. Raucci, L. Visai, L. M. gwitalski, R. Timpl, and
M. Hook. 1986. Binding of collagen to Staphylococcus aureus
Cowan 1. J. Bacteriol. 167:77-81.

40. Steer, H. W. 1984. Surface morphology of the gastroduodenal
mucosa in duodenal ulceration. Gut 25:1203-1210.

41. Strawich, E., and M. E. Nimmi. 1971. Properties of a collagen
molecule containing three identical components extracted from
bovine articular cartilage. Biochemistry 10:3905-3911.

42. Switalski, L. M., H. Murchison, R. Timpl, R. Curtiss MI, and M.
Hook. 1987. Binding of laminin to oral and endocarditis strains
of viridans streptococci. J. Bacteriol. 169:1095-1101.

43. Switalski, L., P. Speziale, M. Hook, T. Wadstrom, and R. Timpl.
1984. Binding of Streptococcus pyogenes to laminin. J. Biol.
Chem. 259:3734-3738.

44. Tarkkanen, A., B. L. Allen, B. Westerlund, H. Holthofer, P.
Kuusela, L. Risteli, S. Clegg, and T. K. Korhonen. 1990. Type V
collagen as the target for type-3 fimbriae, enterobacterial adher-
ence organelles. Mol. Microbiol. 4:1351-1361.

45. Vercellotti, G. M., J. B. McCarthy, P. Lindholm, P. K. Peterson,
H. S. Jacob, and L. T. Furcht. 1985. Extracellular matrix
proteins (fibronectin, laminin, and type IV collagen) bind and
aggregate bacteria. Am. J. Pathol. 120:13-21.

46. Warren, J. R., and B. Marshall. 1983. Unidentified curved
bacilli on gastric epithelium in active chronic gastritis. Lancet
i:1273-1275.

47. Westerlund, B., P. Kuusela, J. Risteli, L. Risteli, T. Vartio, H.
Rauvala, R. Virkola, and T. K. Korhonen. 1989. The 075X
adhesin of uropathogenic Escherichia coli is a type IV collagen-
binding protein. Mol. Microbiol. 3:329-337.

48. Wiersma, E. J., G. Froman, S. Johansson, and T. Wadstrom.
1987. Carbohydrate specific binding of fibronectin to Vibrio
cholerae cells. FEMS Microbiol. Lett. 44:365-369.

49. Willems, G. 1988. Trophicity of gastric epithelium and its
regulation. In M. Mignon and J.-P. Galmiche (ed.), Control of
acid secretion. John Libby Eurotext, Paris.

INFECT. IMMUN.


