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Helicobacter pylori now is recognized as an etiological agent in chronic superficial gastritis and peptic ulcer
disease. Although only about 60% of H. pylori isolates produce an immunodominant 128-kDa antigen (CagA;
cytotoxin-associated gene product), virtually all H. pylori-infected patients with duodenal ulceration develop a
serologic response to the 128-kDa protein, which suggests an association of this gene with ulceration. The
cloned cagA gene from H. pylori 84-183 was disrupted by insertion of a kanamycin resistance gene, and this
inactivated cagA4 construct was introduced into H. pylori 84-183 by electrotransformation. Southern hybrid-
ization of kanamycin-resistant H. pylori transformants demonstrated that the wild-type cag4 gene had been
disrupted by insertion of the kanamycin cassette, and immunoblot analysis showed that the mutant strains no
longer produced the 128-kDa CagA protein. Similar results were obtained when the cagd mutation was
introduced by natural transformation into H. pylori 60190, a high-level toxin-producing strain. The cagA-
negative H. pylori strains showed cytotoxin, urease, and phospholipase C activities, C3 binding, and adherence
similar to those of the isogenic wild-type strains. These findings demonstrate that the cag4 gene product does
not affect the vacuolating cytotoxin activity of H. pylori.

Helicobacter pylori is the major causative agent of chronic
superficial gastritis (24) and plays an important role in the
pathogenesis of peptic ulcer disease (2, 29) and gastric cancer
(26, 27). The pathogenic mechanisms whereby H. pylori causes
human disease are not yet well understood. Several pathogenic
determinants have been proposed for H. pylori, including
motility (15, 21), adhesins (16), urease activity (12, 13, 14, 18,
19, 22, 33), cytotoxin production (6, 25), and the presence of a
128-kDa antigen (5, 7, 11, 34). The 128-kDa protein (CagA) is
highly immunogenic, and its presence is strongly associated
with cytotoxin production (5, 7, 10, 34). However, the cagA and
vacuolating toxin (vacA) genes are localized about 300 kb apart
on the H. pylori chromosome (4). Among H. pylori-infected
patients, both serum and local antibody recognition of CagA is
significantly more common among those with peptic ulcer
disease than among those with chronic gastritis alone (7, 11).
In addition, mucosal neutrophil infiltration and epithelial
surface degeneration were significantly greater in patients with
a local gastric immune response to CagA than in those without
such a response (11). In previous studies, we cloned and
characterized the gene encoding CagA (34). In this study, we
sought to construct an isogenic mutant strain in which produc-
tion of CagA is eliminated and to characterize the role of
CagA in expression of cytotoxin activity or other putative
virulence attributes.

A 3.6-kb fragment that contained the first 2,577 nucleotides
of the 3,543-bp cagA open reading frame was previously cloned
into pBluescript to create pMC3 (34). In the present study, we
inserted a Campylobacter coli kanamycin resistance gene (23)
into the unique Ndel site of pMC3 to create pMC3:km (Fig. 1).
Based upon Western blotting (immunoblotting) with human
antiserum, pMC3:km produced a 40-kDa CagA fragment (Fig.
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2, lane c). In addition, we cloned the 3.6-kb fragment of pMC3
into the suicide vector pILL570 (18) to create pICl; this
construct was subjected to random insertional mutagenesis
using mini-Tn3-Km (18). One of these derivatives, designated
pIC1::19 (Fig. 1), produced no detectable CagA fragment (Fig.
2, lane e).

To inactivate the cag4 gene of H. pylori, the construct
pMC3:km, which is unable to replicate in H. pylori, was
introduced directly into H. pylori 84-183 (ATCC 53726) by
electroporation. In brief, H. pylori cells grown on blood agar
plates for 24 to 48 h were harvested, washed three times in
15% glycerol-5% sucrose solution, and suspended in 200 p.l of
the same solution. Plasmid DNA isolated (1) from pMC3:km
was incubated on ice with the H. pylori cells for 5 min. The cells
and DNA were transferred to a 0.2-cm cuvette in a gene-pulsar
apparatus (Bio-Rad), and high-voltage pulses (25 F, 2.5 kV,
and 2,000 Q) were delivered as described previously (18).
Electroporation of 10’ CFU of 84-183 with 500 ng of
pMC3:km DNA yielded 3 X 10® kanamycin-resistant transfor-
mants. Forty of the kanamycin-resistant H. pylori 84-183 trans-
formants were replica plated, and separate colony blot hybrid-
izations were done with probes specific for the pBluescript
vector and for the kanamycin resistance gene. None of the
kanamycin-resistant transformants hybridized to the pBlue-
script probe, which indicated that they did not contain vector
sequences; in contrast, all the transformants hybridized to the
Km probe. These studies suggested that the kanamycin resis-
tance gene had been rescued from the nonreplicating plasmid
by incorporation into the bacterial chromosome at a frequency
of approximately 107, as expected. However, in three sepa-
rate experiments when H. pylori 60190 was electrotransformed
using the identical DNA, no kanamycin-resistant transfor-
mants were obtained.

To provide genetic evidence that the cag4 gene had been
disrupted in the transformed strains, Southern hybridizations
were performed. DNA isolated (31) from wild-type strain
84-183 and H. pylori mutants 84-183:M21 and 84-183:M1 (both
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FIG. 1. Restriction maps of cagA4 constructs used in construction of
H. pylori mutants. The Km cassette from pILL600 was ligated into the
Ndel site of pMC3 to create pMC3:km. The arrows represent open
reading frames, including the truncated cag4 open reading frame.
pIC1::19 represents pILL570 containing the pMC3 insert into which
mini-Tn3-Km has been inserted at the location shown. The insert from
plasmid pMC4 was used as a probe in hybridization experiments.
Restriction sites are as follows: E, EcoRI; B, Bglll; H, HindIIl; Ba,
BamHI; N, Ndel; S, Sacl; Sm, Smal.
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of which contained the Km sequence by colony hybridization)
was digested with BamHI and Sacl or with HindlIIl, and the
resulting fragments were electrophoresed on 0.7% agarose gels
and transferred to nylon membranes (30). Hybridizations were
performed using a *?P-radiolabeled probe (17) in a solution of
6X SSC (1X SSCis 0.15 M NaCl plus 0.015 M sodium citrate),
0.5% sodium dodecyl sulfate (SDS), 5X Denhardt’s solution,
and 100 p.g of salmon sperm DNA per ml at 68°C, and the blots
were washed for 30 min at 60°C in 0.5X SSC-0.1% SDS. A
cagA probe (pMC4, Fig. 1) hybridized to approximately 20-
and 1.0-kb BamHI-Sacl fragments in the wild-type strain, but
in each mutant strain, the 1.0-kb fragment was lost and a new
2.3-kb hybridizing fragment was observed without disruption of
the other band (Fig. 3). Similarly, a 1.2-kb HindIII fragment
was lost and two new bands (2.1 and 0.4 kb) were observed in
the kanamycin-resistant mutant, as expected, since the Km
cassette contains an internal HindIII site. The Km probe
hybridized with the 2.3-kb BamHI-Sacl and 2.1-kb HindIII
fragments in mutant strains M21 and M1, which indicates that
insertions had occurred within cag4. Thus, we now had direct
evidence that the cagA gene of strain 84-183 had been mu-
tagenized by insertion of the Km cassette.

Since electroporation of strain 60190 (ATCC 49503) with a
mutant cagA construct (pMC3:km) was not successful, we
sought to create a cag4 mutation in this high-level toxin-
producing strain, using natural transformation. H. pylori 60190
was grown for 24 h in brucella broth supplemented with 5%
fetal bovine serum, and then DNA isolated from the cag4 H.
pylori mutant strain 84-183:M21 was added to the culture. The
cells were harvested after 30 min, plated on blood agar plates,
and incubated in 5% CO, overnight at 37°C. These cells were
replated on blood agar plates containing kanamycin (40 g/
ml), and transformants were selected after 2 to 3 days of
incubation. When we incubated 1 pg of chromosomal DNA

FIG. 2. Immunoblot of E. coli XL1-Blue (lanes a to e) and H. pylori (lanes f to k) strains with serum from an H. pylori-infected person. E. coli
contains pBluescript (lane a), pMC3 (lane b), pMC3:km producing a 40-kDa CagA fragment (lane c), pILL570 (lane d), and pIC1::19 producing
no detectable CagA fragment (lane e). H. pylori strains are 84-183 (lane f), 84-183:M21 (lane g), 84-183:M22 (lane h), 60190 (lane i), 60190:M21
(lane j), and 60190:M22 (lane k). The right arrow points to the cagA product in H. pylori, and the left arrow points to the truncated (96-kDa) cag4

product in pMC3.
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FIG. 3. Southern hybridization of wild-type and mutant H. pylori
strains. DNA from wild-type strain 84-183 and kanamycin-resistant
transformants 84-183:M21 and 84-183:M1 was digested with BamHI
and Sacl (lanes a to c) or with HindIII (lanes d and e). Filters were
hybridized with 3?P-labeled pMC4 or the 1.3-kb Km cassette under
conditions of high stringency. Lanes a and d, 84-183; lanes b and e,
84-183:M21; lane c, 84-183:M1.

isolated from the 84-183 cag4 mutant (84-183:M21) with 107
cells of strain 60190, approximately 200 kanamycin-resistant
transformants were obtained. Southern hybridization of chro-
mosomal DNA from one of the transformants (60190:M21)
showed the expected Km insertion resulting in allelic replace-
ment (results not shown).

Since the mutants derived from pMC3:km could potentially
produce a truncated cagA4 product of 40 kDa, we next sought to
create mutants that produced a smaller gene product. Thus,
mutants of 84-183 and 60190 were constructed using pIC1::19,
which encodes a truncated cag4 product of 10 kDa (Fig. 1). As
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described above, it was necessary to use natural transformation
to create a mutant of 60190. The resulting mutants were
named 84-183:M22 and 60190:M22.

To determine whether the kanamycin-resistant H. pylori
mutants were able to express the cag4 product, whole cells
from the wild-type strain 84-183, mutants 84-183:M21 and
84-183:M22 (Fig. 2, lanes f, j, and h, respectively), the wild-type
strain 60190, and the mutants 60190:M21 and 60190:M22
(lanes i, j, and k, respectively) were immunoblotted (28), using
serum from an H. pylori-infected person that strongly recog-
nized the CagA antigen (7). Wild-type cells expressed a
128-kDa protein that was strongly recognized by the human
serum, whereas none of the mutants produced the 128-kDa
CagA antigen (Fig. 2). These experiments indicated that both
mutations of the cagA locus ablated expression of CagA.

Since several studies indicate that the expression of CagA is
associated with expression of cytotoxin activity, we sought to
compare the cytotoxin activities of the wild-type and isogenic
CagA™ mutant strains. Quantitation of HeLa cell vacuolation
was accomplished using concentrated supernatants, standard-
ized by protein concentration (32). Supernatants were incu-
bated for 24 h with HeLa cells, and vacuolation was quantified
by a neutral red uptake assay as previously described (8).
Culture supernatants from the wild-type and isogenic mutant
strains induced essentially identical vacuolation of HeLa cells,
whereas the supernatant from the naturally occurring Tox™
strain Tx30a had no effect (Fig. 4). As expected, the two
wild-type strains, 60190 and 84-183, differed in the level of
expression of cytotoxin activity (9). Thus, expression of cyto-
toxin activity in both H. pylori 60190 and 84-183 was not
dependent on the presence of the CagA protein.

To assess whether mutation of the cagA4 gene affected urease
production, the wild-type and mutant strains were grown on
blood agar plates and urease activity was determined as
described previously (13). These studies showed no significant
difference in the urease activity of wild-type and mutant strains
(Table 1). Similar experiments were done to detect phospho-
lipase C activity (35) of strains 84-183, 84-183:M21, 60190, and
60190:M21. Again, there were no significant differences be-
tween the wild-type and the derived strains (data not shown).

Earlier studies have suggested that the 128-kDa protein may
be a marker of bacteria which are better adapted to colonize
the duodenum (11). To test whether CagA facilitates adher-
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FIG. 4. Vacuolating cytotoxin activity of wild-type and isogenic cag4 mutant H. pylori strains. HeLa cells were incubated for 18 h with
concentrated culture supernatant from wild-type H. pylori 84-183 or isogenic mutants (A) or wild-type H. pylori 60190 or isogenic mutants (B). In
each experiment, culture supernatant from Tox~ H. pylori Tx30a was tested as a control. Cell vacuolation was quantitated spectrophotometrically
using a neutral red uptake assay (8) and is expressed as net optical density.
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TABLE 1. Effect of cag4 mutation on '*I-C3 binding and
urease activity

C3 binding Urease activity
Strain Characteristic (mean * (mean *
SEM)" SEM)?
C. fetus
23D Wild type 182 £ 17 0.000
23B Spontaneous mutant 1,329 * 236 0.000
H. pylori
60190 cagA* wild-type 293 £90  0.012 * 0.006
60190:M21  cagA mutant deriva- 169 =119 0.013 = 0.005
tive of 60190
84-183 cagA™ wild type 1,637 £ 351 0.011 *= 0.004
84-183:M21 cagA mutant derva- 1,303 =85  0.013 = 0.007

tive of 84-183

4 1251.C3 counts bound to bacterial cell pellet after incubation in the presence
of pooled normal human serum for 15 min. Net binding reflects subtraction of
nonspecific binding in the presence of heat-inactivated (56° for 30 min) normal
human serum. Results shown are means of three assays on different days.

? Results shown as units per minute are means of three assays.

ence of bacteria to epithelial cells, we performed adherence
assays using wild-type and cagA4 mutant strains. The adherence
assay used in these experiments was essentially the method of
Grant et al. (20). The number of bacteria adherent to AGS
cells was quantified by plating serial dilutions of the bacteria on
blood agar plates and counting the resulting colonies. There
was no significant difference in the adherence of the wild-type
and mutant strains (data not shown).

Finally, since infection with a CagA-expressing strain ap-
pears to be associated with higher levels of neutrophil infiltra-
tion into tissues (11), we examined the effect of cag4 mutation
on interactions of H. pylori with complement component 3
(C3), a critical factor in opsonophagocytosis. C3 binding assays
were done as previously described (3) using '*’I-C3 in the
presence of normal human serum (NHS) or heat-inactivated
normal human serum. Campylobacter fetus 23B and 23D were
used as positive and negative controls, respectively (3). The
two wild-type strains differed markedly in their binding of C3
(Table 1), but the mutants behaved similarly to the parental
strains.

In conclusion, our studies now show that ablation of CagA
expression does not have any apparent effect on vacuolating
cytotoxin activity. In contrast, insertional mutation of the
vacuolating cytotoxin gene (vacA) results in absence of cyto-
toxin production (9). There are several possible explanations
for the dichotomy between the association of cagd with
cytotoxin expression and our current findings. (i) The muta-
tions did not completely delete CagA activity, and even the
N-terminal region of CagA is sufficient to enhance cytotoxin
expression. Although unlikely, this remains a possibility. (ii)
The Km insertion was lost, and the strains reverted to the
wild-type phenotype. However, in the absence of duplicate
copies of the gene, there is no mechanism for loss of the Km
cassette. In addition, on repeated subcultures, the mutant
strains remain negative for cagA4 and are resistant to kanamy-
cin even in the absence of continued selection. This is expected
since neither the Km cassette nor mini-Tn3-Km can be mobi-
lized in H. pylori. (iii) More than one copy of cagA was present,
and only one was mutated. However, the Southern analyses
demonstrate that only a single copy was present, and Western
blotting shows that there is no production of the 128-kDa
protein. (iv) cag4 may only be a marker for other genetic
elements that affect cytotoxin expression. Such a hypothesis is
consistent with the observation that there are cag4™ strains
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that are Tox™ (34). The complete absence of the cag4 gene in
40% of H. pylori strains suggests that cag4™ strains may either
have a sequence that has been inserted in the genome or that
there is a region that has been deleted in the cag4 mutant
strains. It will be of interest to better map the differences
between cagA™ and cagA mutant strains. (v) Vacuolating
cytotoxin (vacA) sequences diverge markedly between Tox™
and Tox™ strains (9). Hence, the presence of cag4 may be a
marker for a subset of H. pylori strains whose vacA sequences
evolved divergently from the vacA sequences of Tox™ strains.
Our data are most consistent with one of the last two hypoth-
eses. Comparisons of the biological activity of wild-type cag4™
and the isogenic cag4 mutant strains in relevant animal models
will better permit investigation of the role of cag4 in H. pylori
pathogenesis.
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