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Legionella pneumophila is an intracellular bacterium, and its successful parasitisin in host cells involves two
reciprocal phases: transmission and intracellular replication. In this study, we sought genes that are involved
in virulence by screening a genomic DNA library of an L. preumophila strain, 80-045, with convalescent-phase
sera of Legionnaires’ disease patients. Three antigens that reacted exclusively with the convalescent-phase sera
were isolated. One of them, which shared homology with an integrin analogue of Saccharomyces cerevisiae, was
named L. pneumophila adhesion molecule homologous with integrin analogue of S. cerevisiae (LaiA). The laid
gene product was involved in L. pneumophila adhesion to and invasion of the human lung alveolar epithelial
cell line A549 during in vitro coculture. However, its presence did not affect multiplication of L. preurnophila
within a U937 human macrophage cell line. Furthermore, after intranasal infection of A/J mice, the laid
mutant was eliminated from lungs and caunsed reduced mortality compared to the wild isolate. Thus, we
conclude that the laid gene encodes a virulence factor that is involved in transmission of L. pneumophila 80-045
and may play a role in Legionnaires’ disease in humans.

Legionellae are gram-negative, rod-shaped bacteria that are
ubiquitous inhabitants of biofilms in aquatic environments or
moist soil and replicate as intracellular parasites of protozoa
(12, 45, 46). Although approximately 50 species of Legionella
are known, the majority of Legionnaires’ disease cases are
attributed to Legionella pneumophila, particularly serogroup 1
(12, 53). L. pnewmophila causes two distinct clinical infections
in humans: a potentially lethal pneumonia called Legionnaires’
disease (13) and a self-limiting, flu-like disease known as Pon-
tiac fever (17). Upon transmission to individuals through aero-
sols containing L. preumophila, the bacteria adhere to and
enter into the alveolar pulmonary macrophages and/or epithe-
lial cells (8, 34, 36, 55) by coiling or conventional phagocytosis
(22, 40). Subsequently, the bacteria replicate within the phago-
somes, which interact with mitochondria, smooth vesicles, and
ribosomes, but the phagosomes do not acidify or fuse with the
lysosomes for at least 8 h after infection (21, 53). Lastly, when
the amino acids of the host cells become scarce, the cells
eventually lyse and intracellular L. pneurnophila organisms es-
cape from the depleted cells and are transmitted to a new host
(21, 53). Adhesion to and entry into host cells are considered
to be the primary and indispensable steps for infection by L.
preumophila.

In many microbial infections, expression of virulence genes
is modulated in response to the different environments en-
countered at the site of infection (28, 31). The discovery and
characterization of genes specifically induced in patients upon
infection are indispensable in studying bacterial virulence at
the molecular level. To identify the genes that are involved in
virulence of pathogenic microorganisms, various techniques,
such as in vivo expression technology, signature-tagged mu-
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tagenesis, subtractive and differential hybridization, and in vivo
induced antigen technology, have been developed (2, 18, 19,
42). Signature-tagged mutagenesis has also been used for the
identification of the L. pneumophila genes that are necessary
for infection of the guinea pig (10) and the free-living amoeba
Acanthamoeba castellanii (38). The mip gene of L. pneumo-
phila was identified and characterized by screening a genomic
library with an anti-L. pnewmophila rabbit serum (11). In vivo
induced antigen technology is a new technique for studying
genes that are specifically expressed in vivo by immunoscreen-
ing with sera (18). By using the absorbed sera collected during
different stages of the disease or from patients infected via
different routes, the genes expressed at specific stages can be
identified. The technology has been used.to study the oral
pathogen Actinobacillus actinomycetemcomitans (18) and My-
cobacterium tuberculosis (9).

In the current study, we identified three L. preumophila
genes whose products specifically reacted with the convales-
cent-phase sera of Legionnaires’ disease patients but not with
the sera of healthy people. One of them, laid, was isolated and
shown to be necessary for the virulence of L. pneumophila in
mice.

MATERIALS AND METHODS

Bacterial strains, plasmids, media, and growth conditions. Bacterial strains
and plasmids used in this study are summarized in Table 1. L. pneumophila
serogroup 1 strain 80-045, which was isolated from a Legionnaires’ disease
patient in Japan (48), was used for studying pathogenesis in this work. L. pneu-
mophila strains were grown at 37°C either on buffered charcoal yeast extract
(BCYE) agar (Difco) or in ACES [N-(2-acetamido)-2-aminoethanesuifonic
acid]-buffered yeast extract broth (AYE) (43). If needed, L. prneumophila recov-
ered from the BCYE plates was inoculated in 5 ml of AYE medium, incubated
at 37°C with shaking, and collected at an optical density at 600 nm of 2.0.
Escherichia coli K-12 strains DH10B (Invitrogen), XL1-Blue MRF’, and XLOLR
(Stratagene) were used as recipient cells for recombinant DNAs. All of these E.
coli strains were grown at 37°C on Luria-Bertani (LB) agar plates or in LB broth.
For plaque formation, NZY broth (GibcoBRL) supplemented with 1.5% or
0.7% agar (Difco) was used for agar plates or top agar, respectively.
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