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FIG. 1. Intracellular growth of L. dumoffii strains within J774 mouse macrophages (A) and A549 human epithelial cells (B). The formation of
colonies (CFU per milliliter) was determined at the times indicated, in triplicate, for at least two independent experiments. Error bars indicate the
standard deviations determined from samples taken from one experiment. Symbols: O, L. dumoffii wild-type strain; @, HOLD254; [J, HOLD491;

@, HMLD4001; A, HMLD4002.

acetate followed by lead citrate and examined by electron microscopy in a JEM
2000EX instrument (JEOL, Ltd., Tokyo, Japan).

Examination of RER recruitment by transmission electron microscopy. J774
cells were plated in 90-mm-diameter petri dishes (2 X 107 cells/m}) and infected
with stationary-phase L. dumoffii strains at an MOI of 20 for 8 and 24 h (32).
Ultrathin sections were prepared as described above.

Assays for survival under stress conditions. L. dinoffii strains were grown for
2 to 3 days on BCYE agar plates and used to inoculate 4 ml of BYE medium. The
bacteria were then grown at 37°C with aeration for at least 16 h. The initial CFU
count was about 10'® per ml. Cells were divided into aliquots, centrifuged, and
resuspended in equal volumes of 1 X M63 salts [22.0 mM KH,PO,, 40.2 mM
K,HPO,, 14.6 mM (NH,)-5O, 500 nM FeSO, (pH6.5)]. One aliquot was used
for measuring the untreated CFU. For heat shock. aliquots were transferred to
48°C and incubated for 60 min. For oxidative stress, aliquots were exposed to 10
mM H,O, for 30 min. For osmotic shock, aliquots were exposed to 3 M sodium
chioride for 30 min. For acid shock, aliquots were resuspended in 0.1 M citric
acid (pH 3) for 5 min. Except for heat stress, the cells were incubated in a 37°C
heat block. At the indicated time points, the cells were washed with 1 X M63 salts
and serially diluted to determine the CFU on BCYE agar plates (29).

Detection of a djl4 gene in other Legionella spp. The presence of djl4 in 17
different strains of Legionella spp. was examined by PCR with the primer pair
djlA-cons-1 (3'-ATAACAACCTGGTGGGGAAA-3') and djlA-cons-2 (5'-TG
GGCAATTAATTTATCTGGATG-3'), located in the transmembrane domain
(TMD) and I domain within the djl4 gene, respectively, which gave a 791-bp
product. PCR was carried out by using chromosomal DNA from BCYE plate-
grown bacteria as a template.

RESULTS

Isolation of intracellnlar growth mutants. Wild-type L. du-
moffii Tex-KL was mutagenized with Tn903dlllacZ as de-
scribed previously (57, 68). Plasmid pLAW330 containing
Tn903dlllacZ was introduced into L. dumoffii, and 790 Km”
Cm® mutants of L. dumoffii (HOLD strains 1 to 656 and
HMLD strains 4004 to 4044 and 4048 to 4140) with various
levels of 3-galactosidase activity were isolated. The 790 mu-
tants were individually screened for their ability to kill mouse
macrophage-like J774 cells and human alveolar epithelial
A3549 cells. The mutants were grown for 2 days in 96-well tissue
culture plates containing BYE medium. Then 5-ul samples of
2-day-old cultures of mutants were transferred to another 96-

well tissue culture plate containing J774 cells or A549 cells. At
each 24-h time point after infection, the monolayers were vi-
sually examined to determine the extent of killing of both J774
cells and A549 cells. From several assays, we isolated five
mutants, based on their reproducible phenotypes. Southern
blot analysis of the HindIII-digested genomic DNA of each of
the five mutants probed with pLAW330 showed that four of
them contained a single copy of the Tn903dil/acZ insertion
and that these insertions were distributed in distinct locations
within the chromosome of L. dumoffii (data not shown). For
reasons not yet understood, one of the mutanis showed no
hybridization. Therefore, the four strains were chosen for fur-
ther analysis. In vitro, the growth of these four mutants in BYE
broth and on BCYE agar plates was similar to that of the
wild-type strain (data not shown).

Intracellular growth phenotype of the mutants within J774
macrophages and alveolar epithelial cells. We examined the
four candidates for their capacity to survive and to replicate
within J774 macrophages and A549 epithelial cells. Bacterial
CFU were determined over 3 days. The wild-type strain mul-
tiplied over 100-fold during the 3-day incubation period within
J774 macrophages (Fig. 1A). HOLD254 showed a 1-log-unit
increase after 3 days of incubation, whereas HOLDA491,
HMLD4001, and HMLD4002 did not grow during the incuba-
tion period in J774 cells. Within A549 epithelial cells (Fig. 1B),
the wild-type strain increased approximately 1,000-fold over
the 3-day period, while there was a 10-fold increase in the
number of intracellular bacteria of HOLD254 over 3 days. For
HOLDA491 and HMLD4001, the number of CFU after 3 days
of infection decreased 1 log unit to the initial number of CFU,
and HMLD4002 was severely defective in intracellular survival
(Fig. 1B).

Sequence analysis of the junctions of Tn903d1VacZ inser-
tions. We cloned the HindIIl fragment containing the
Tn903d1lacZ insert and the flanking sequences of the mutants
(HOLD254, HOLDA491, HMLD4001, and HM1.D4002). Using
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TABLE 3. Sequence similarities of L. dumoffii genes responsible for intracellular multiplication®

Mutant strain Homologous gene Organism % Identity % Positive
HOLD254 djlA Legionella pneumophila 61 73
HOLD491 icmBfdotO Legionella pneumophila 89 95
HMLD4001 17-kDa antigen gene Bartonella henselae 26 43
HMLDA4002 dotC Legionella pneumophila 85 92

“ The values are taken from a Basic Local Alignment Search Tool for amino acid comparison (BLASTX program).

the primer within Tn903dIllacZ, we partially sequenced and
analyzed them to identify the genes responsible for intracellu-
lar multiplication. The results are summarized in Table 3.
Sequence homology searches against the Gen Bank database
were done with these genes and corresponding proteins.
HOLD254, HOLD491, and HMLD4002 contain insertions
within the genes homologous to known L. preumophila genes.
The gene disrupted in HOLD254 is the djlA4 (for “dnal-like A™)
gene, encoding a member of the Hsp4Q protein family, which
has not been characterized in L. pneumophila. HOLD491 and
HMILDA4002 had a transposon insertion in their sequences sim-
ilar to icmB (dotO) and dorC, respectively, identified as genes
essential for intracellular growth in L. preumophila (5, 51).
HMLD4001 had an insertion within a gene whose product
showed amino acid similarity to the 17-kDa antigen, VirB5, of
B. henselae; the gene is located within the virB locus, which
encodes a putative type IV secretion system together with the
downstream virD4 gene (14, 49, 59). Recently, Schulein and
Dehio (59) also showed that VirB4 and VirD4, encoded by the
virB and virD4 loci of B. tribucorum, were required for estab-
lishing intraerythrocytic bacteremia.

A B

Complementation of an L. dumoffii djl4 mutant. DjIA is
known to be a heat shock protein Dnal/Hsp40 homologue.
The virulence of the djl4 mutant was compared with that of the
wild-type strain and the djl4-complemented mutant in J774
macrophages, A549 epithelial cells, and A. culbertsoni. The
djlA mutant showed only a 100-fold increase in intracellular
replication within A. culbertsoni (Fig. 2C). As shown in Fig. 2,
bacterial growth was fully restored in the complemented
strains HOLD254-1 and HOLD254-2. The restoration of the
wild-type-level of multiplication of the djl4 mutant within
these cells, achieved after complementation in trans with the
cloned dji4 gene, is proof of the important role of dji4 in the
intracellular growth of L. dumoffii.

Complete sequence and genetic structure of djld. Figure 3A
shows the organization around the djl4 gene and the location
of the Tn903dIliacZ insertion. The transposon insertion (Tn)
was located in the J domain at the C terminus of the predicted
protein, which was the defined feature of the DnaJ family of
molecular chaperones (16, 27). Since the two genes (waad and
orfl) which flanked djl4 were both oriented in the opposite
direction from the djl4, we consider the djl4 to be transcribed
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FIG. 2. Complementation of intracellular growth defects of djl4 mutant HOLD254 in J774 macrophages (A), in A549 epithelial cells (B), and
in A. culbertsoni (C). Growth was measured over 72 h (A and B) or 48 h (C). The data points and error bars represent the mean CFU/well for
triplicate samples from a typical experiment (performed at least twice) and their standard deviations. Symbols: O, L. dumoffii wild-type strain; B,
HOLD254; A, HOLD254-1 (djiA/pHRO18); O, HOLD254-2 (djl4/pHRO25).
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monocistronically, and this transposon has no polar effect. The
deduced amino acid sequence of L. dumoffii DjlA, together
with L. pneumophila DjlA and E. coli DjlA, is presented in Fig.
3B. The putative L. dumoffii dji4 gene encodes a protein of 302
amino acids with a predicted molecular mass of 35.33 kDa and
an isoelectric point of 9.65. The protein size is similar to that of
the L. prneumophila (296 amino acids) and E. coli (271 amino
acids) proteins. L. dumoffii DjIA has 61% identity to L. pneu-
mophila DjlA and 32% identity to E. coli DjlA (10, 16, 73). A
potential TMD at the N terminus contains six glycines, spaced
through the TMD at every three to five residues, which is
similar to the structure of the TMD of E. coli (15, 16). There
is a remarkable difference in the N terminus of DjlA protein
between E. coli and Legionella spp. Clarke et al. (16) have
demonstrated that E. coli DjlA is localized to the inner mem-
brane and has a rare type III topology (i.e. N-out, C-in), with
the N-terminal 6 to 8 residues located in the periplasm. Legio-
nella spp. have longer stretches (15 residues) before the TMD
structure, which are probably exposed in the periplasm. An-
other unique feature of Legionella DjlA is a glutamate-serine
(QS)-rich spacer located before the J domain, instead of the
glutamate-glycine (QG)-rich spacer of E. coli DjlA (Fig. 3B)
(16). The cellular role of these QS- or QG-rich regions remain
to be elucidated.

Quantification of endocytic maturation. To determine
whether the L. dumoffii strains were able to inhibit endocytic
maturation, we measured the colocalization of L. dumoffii
phagosomes with endocytic markers LAMP-1 and LAMP-2.
J774 macrophages were infected with postexponential phase L.
dumoffii strains for 4 h (Fig. 4). The permeabilized cells were
stained with monoclonal antibody 1D4B or Abl 93, specific for
late endosomal and lysosomal proteins, LAMP-1 or LAMP-2.
The djlA mutant was found in phagosomes that contained
LAMP-1 (Fig. 44), indicating that these vacuoles had fused
with late endosomes, whereas, phagosomes containing wild-
type L. dumoffii did not colocalize with LAMP-1 (Fig. 4A).
When each L. dumoffii strain found in the phagosomes was
scored for fusion with the late endosomal/lysosomal markers
LAMP-1 and LAMP-2, approximately 80% of the wild-type
bacteria were found in LAMP-1- and LAMP-2-negative
phagosomes while 50 to 60% of the HOLD254 was found in
LAMP-1- and LAMP-2-positive compartments (Fig. 4B). We
also performed the same analysis for HOLD4002, the dotC
mutant, and found that this mutant followed the same endo-
cytic pathway as HOLD254, with 60 to 70% LAMP-1- and
LAMP-2-positive (data not shown). We also conducted an
assay of phagosome-lysosome fusion, at the ultrastructural
level, using electron microscopy. BSA-gold was used as a pi-
nocytic, fluid-phase marker of the endosomal-lysosomal path-
way. BSA-gold was accumulated mainly in lysosomes after
endocytosis of the conjugate-containing medium overnight at
37°C, followed by a chase period of 3 h at 37°C in conjugate-
free medium as previously described (33). After a puise with L.
dumoffii strains and another chase for 4 h, electron microscopy

counting of L. dumoffii-containing phagosomes that fused with .

BSA-gold-labeled lysosomes was performed to assess fusion
(Fig. 5). Wild-type-strain-containing phagosomes did not fuse
with BSA-gold-marked lysosomes (Fig. 5A). Quantitation
showed that only 11.4% (24 of 210) of the phagosomes
containing the wild-type strain fused with BSA-gold-marked

DjlA of LEGIONELLA DUMOFFII 3597

lysosomes. On the other hand, 85% (187 of 220) of the phago-
somes containing the djl4 mutant strain accumulated BSA-
gold (Fig. 5B). Thus, the djl4 mutant was not able to evade
phagosome-lysosome fusion.

Recruitment of the RER. In mammalian macrophages and
protozoa, L. pneumophila replicates intracellularly in special-
ized vacuoles surrounded by the RER of the host cells (25, 32).
To determine the intracellular location of L. dumoffii, we ex-
amined J774 macrophages infected with wild-type and djl4
mutant L. dumoffii by using transmission electron microscopy.
At 8 h postinfection, the RER around 61 (37.2%) of 164
phagosomes containing wild-type strains were recruited (Fig.
6A) whereas we could not find any phagosomes containing the
djlA mutant surrounded by RER or attached directly by ribo-
somes (0 of 153 phagosomes). This was also the case at 24 h
(Fig. 6B and data not shown). Phagosomes containing djl4
mutant cells appeared to harbor much debris, resulting from
fusing lysosomes with these vacuoles, while phagosomes con-
taining wild-type cells did not have any contents other than
replicating L. dumoffii cells (Fig. 6). At 24 h postinfection,
many phagosomes containing wild-type cells were broken and
their inhabiting macrophages were lysed (data not shown).

Susceptibility of the djl4 mutant to stress stimuli. In eukary-
otic host cells, intracellular pathogens encounter hostile con-
ditions such as toxic oxygen or nifrogen derivatives, intrapha-
gosomal acidification, and harsh degradative enzymes (54, 62).
As mentioned above, djl4 is essential for intracellular growth
of L. dumoffii. Thus, we examined whether the dji4 mutant has
an increased susceptibility to different environmental stresses.
Since previous publications (12, 29) had demonstrated that L.
preumophila induces stress resistance in the stationary phase,
L. dumoffii strains were grown to the stationary phase in BYE
medium and subjected to acid shock, oxidative stress, osmotic
stress, and heat shock (pH 3 for 5 min, 10 mM H,0O, for 30
min, 5 M sodium chloride for 30 min, and 48°C for 60 min,
respectively). Compared to the wild-type strain, there was an
elevated susceptibility to all stress conditions of the djid mu-
tant strain. There was an increase in the sensitivity of the
mutant of 9.8-, 7.4-, 2.6-, and 1.6-fold on exposure to oxidative
stress, osmotic stress, heat shock, and acid shock, respectively
(Fig. 7). These results suggest that DjlA participated in the
protection of L. dumoffii on exposure to environmental stress.
In the djl4-complemented strain, in contrast, resistance to all
stress stimuli was restored. The variability in the degree of
complementation may result from the different expression of
genes from the plasmid and the chromosome.

Presence of djld in other Legionelle spp. To determine
whether djlA s also present in nonpathogenic Legionella spe-
cies, PCR amplification with primers in the djl4 gene was
performed for 17 different Legionella strains. All the strains
used in this experiment are listed in Table 2. The expected
790-bp band was observed in all Legionella strains tested except
L. jordanis and L. adelaidensis, irrespective of whether the
strain was pathogenic (data not shown). Thus, dji4 is not
unique to particular Legionella strains.

DISCUSSION

Legionella spp. are facultative intracellular bacteria that
overcome host cell defenses. Although many studies have been
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L.p IQYRAAQVDG-LSSQKIHALDNIFTHLGFAPLHKQYRFYEDFG-SYFQOEQSKQHYHNQQEYKHT —--SSS0G-00G 219

E.c IQ--AAFADGSLHPNERAVLYVIAEELGI-—-SRAQFDQFLRMM—-——QGGAQFGGGYQQQT ——————— GGGNW~QQA 197
J-domain

L k|
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FIG. 3. Chromosomal arrangement of the region surrounding the djl4 gene and sequence alignment of DjlA proteins. (A) At the top is a
plasmid used for complementation studies (pHRO18) and an 8-kb region of the L. dumoffii cosmid clone including the djl4 gene, along with the
location of relevant restriction enzyme sites. The thick line represents the DNA region that we sequenced. Below these diagrams, the distance
between the djl4 gene and neighboring genes and the orientation and size of the transcribed genes are delineated by the arrows below the 4.2-kb
sequenced region. Another plasmid used for complementation studies (pHRO25) is also shown. The site of the Tn903dIllacZ insertion (Tn) is
indicated by the inverted arrowhead. The full names of the gene mapped are as follows: waad, Kdo transferase gene; djl4, dnal-like A gene; plaA,
lysophospholipase A gene. Orfl is a putative open reading frame which showed no homology to known genes. (B) Sequence similarity of the
predicted DjIA protein of L. dumoffii (1.d, top line), L. pneumophila (L.p, middle line) and E. coli (E.c, bottom line). Amino acid residues
conserved in the three sequences, appear in bold type. Gaps marked by dashes are introduced to reveal the maximal similarity among the
sequences. The C-terminal J-domain and the N-terminal TMD are shown schematically above the sequences.
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FIG. 4. Colocalization of the intracellular growth mutant with late endosomal/lysosomal marker LAMP-1 or LAMP-2 in J774 mouse macro-
phage cells by confocal laser-scanning microscopy. J774 macrophages were incubated with the L. dumoffii mutant or wild-type strain for 4 h.
(A) Late endosomes and lysosomes stained with rat monoclonal antibody 1D4B, specific for LAMP-1, and Cy3-labeled anti-rat secondary antibody
(red) are shown on the left. Bacteria stained with rabbit polyclonal antibody specific for L. dumoffii Tex-KL and Alexad88-labeled anti-rabbit
secondary antibody (green) are shown in the middle. Merged images showing LAMP-1-positive bacteria (yellow) and LAMP-1-negative bacteria
(green) are shown on the right, (B) Data were collected from about 100 intracellular bacteria in total. The percentage that is LAMP-1 or LAMP-2
positive was calculated by dividing the number of colocalizing intracellular bacteria by the total number of intracellular bacteria scored. The
average and standard deviation described here were calculated from three coverslips per strain in two independent experiments.

undertaken to understand the intracellular life cycle of L.
preumophila, very few species other than L. pneumophila have
been examined phenotypically. The aim of this study was to
uncover how L. dumoffii survives and replicates in mammalian
cells and to identify the genes of L. dumoffii needed for intra-
cellular growth. We isolated 4 mutants that were defective in
intracellular growth in macrophages and alveolar epithelial
cells among 790 independently derived Tn903dIlacZ mutants
of L. dumoffii. The defect in intracellular growth of these four
mutants cannot be attributed to a defect in adherence or entry,
because almost equal numbers of mutants and wild-type cells
were present within mammalian cells at 0 h postinfection, Two
of the four mutants had a transposon insertion in either the
dotC or icmB homologues (5, 51, 60). The dotficm genes are

required for intracellular multiplication of L. pneumophila (5,
51, 60). Our results suggest that the dorC and icmB genes of L.
dumoffii and L. pneumophila appear to perform similar func-
tions. We propose that the dot/icm genes are involved in the
pathogenesis of most Legionella species, since these genes are
important in the intracellular growth of these distinct Legio-
nella species.

One of the mutants defective in intracellular growth was
shown to have a transposon insertion in the gene which had
sequence similarity to the djl4 gene (16). Cloning and se-
quence analysis of this gene revealed that the primary structure
of L. dumoffii DjIA showed homology to other bacterial DjiA
proteins (10, 16, 73). DjlA is the third DnaK cochaperone of E.
coli, containing a J domain highly conserved in the Dnal/
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FIG. 5. Distribution of a lysosomal marker, BSA-goid, in phagosomes containing the wild-type strain or the djl4 mutant strain. To label the
lysosomal compartment, J774 cells were incubated with 15-nm BSA-gold overnight, washed, and then chased for 3 h. Cells were then infected with
wild-type strain (A) or djl4 mutant strain (B). At 4 h postinfection, the cells were fixed and processed for electron microscopy. Arrows in panel
A indicate phagosomes containing no detectable gold; arrowheads in panel B indicate phagolysosomes containing BSA-gold; asterisks indicate,

lysosomes containing BSA-gold. Bar, 0.5 pm.

Hsp40 family of molecular chaperones, including Dnal and
CbpA (16, 27, 65). CbpA is 39% identical to Dnal along its
entire length (64), while DjlA does not have any sequence
similarity other than the J domain to Dnal and CbpA in E. coli
(26, 37). DjlA is unique in its structure and location in the
Dnal family. The J domain resides in the C terminus of DjlA
but in the N terminus of other Dnal family proteins. The N
terminus of DjlA is integrated into the inner membrane
through the single TMD, and the C-terminal J domain is lo-
cated in the cytoplasm (16), while the whole of DnaJ and CbpA
is localized in the cytoplasm. Moderate overproduction of dji4
can trigger the synthesis of the colanic acid capsule in E. coli,
mediated by the two-component regulatory system RcsC-
ResB, cooperating with DnaK and GrpE, but not DnaJ (15, 27,

37, 73). Unlike CbpA, DjlA could not adequately complement
bacteriophage A growth in a DnaJ-null background or restore
bacterial growth above 40°C or below 16°C in the dnaJ cbpA
null background in E. coli (15, 26, 37). The DjlA deletion
mutant exhibits no apparent growth phenotype in E. coli (15,
16, 26). Thus, the true role of DjlA has been unclear.

We demonstrated that the djl4 mutant of L. dumoffii exhib-
ited a defective growth phenotype in mammalian cells and
protozoan hosts. Phagosomes containing wild-type L. dumoffii
excluded the late endosomal/lysosomal markers LAMP-1 and
LAMP-2 and a lysosomal marker, BSA-gold, and were sur-
rounded by RER in J774 macrophages, while djl4 mutant-
bearing phagosomes contained LAMP-1, LAMP-2, and BSA-
gold and were not surrounded by RER (Fig. 4 to 6). It has been

FIG. 6. Transmission electron micrographs of J774 mouse macrophages infected by the wild-type L. dumoffii (A) and the djl4 mutant
HOLD?254 (B) at 8 h after infection. (A) Wild-type L. dumoffii-containing phagosomes were surrounded by RER (arrows). (B) HOLD?254-
containing phagosomes appeared to harbor much debris resulting from fusing lysosomes. Bar, 1.0 pm.
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FIG. 7. Sensitivities of in vitro-grown stationary-phase wild-type L. dumoffii (open bars), the djl4 mutant strain (hatched bars), and the djl4
complemented strain (solid bars) to oxidative stress, osmotic stress, acid stress, and heat shock (10 mM hydrogen peroxide for 30 min, 5 M sodium
chloride for 30 min, pH 3 for 5 min, and 48°C for 60 min, respectively). Stationary-phase cultures were exposed to each stress as described in
Materials and Methods. The percentage of viable bacteria was calculated by dividing the CFU obtained from plating the bacteria onto BCYE agar
plates following exposure to the indicated stress by the CFU of the bacteria obtained from plating the bacteria onto BCYE agar plates prior to
exposure to the stress and multiplying by 100. Experiments were performed at least three times, and the results represent the mean and standard
deviation. Results were analyzed for significance by analysis of variance and by a two-tailed, unpaired ¢ test. Asterisks indicate significant differences
between the djl4 mutant and two other strains. (¥, P < 0.01; **, P < 0.001).

reported that L. prneumophila is targeted into RER-surround-
ing phagosomes that do not fuse with lysosomes in mammalian
cells (25, 33), while L. micdadei is targeted into RER-free
phagosomes that are thought to fuse to lysosomes in mamma-
lian cells (3, 36). Doyle et al. (20) reported that virulent L.
longbeachae-containing phagosomes were surrounded by RER
but avirulent L. longbeachae-containing phagosomes did not
have RER. Our observations suggest that L. dumoffii might
replicate in phagosomes which have not fused with lysosomes
and are able to recruit host cell organelles, similar to that
reported for L. preumophila. The djlA mutant seemed to be
intact (Fig. 5B), and no loss of CFU was observed during the
infection (Fig. 1A and 2A). It is possible that the mutant
bacteria are in either a late endosomal or a nondegradative
lysosomal compartment, as described by Joshi et al. (35). The

frequency of recruitment of L. dumoffii RER at 8 h is lower
than that reported for L. pneumophila (32). We suspect that
association with ER and avoidance of lysosomes by L. dumoffii
is temporary, as shown for L. pneumophila (63).

Although the precise function of DjlA is unclear, it does not
seem to play a direct role in intracellular trafficking. DjlA
might contribute to folding or transportation of the proteins,
such as Dot/Icm proteins, which play an important role in
intracellular survival and growth. Most of the Dot/Icm proteins
are located in the bacterial membranes, where they may asso-
ciate to form a large transport complex, the type IV secretion
apparatus (17, 43, 51, 60, 61). DjlA might cooperate with
Dot/Icm proteins through their interaction in the membranes,
since the N-terminal portion of DjlA is located in the cytoplas-
tic membrane (16, 37). It has been reported that the two-
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component regulatory system, PhoP-PhoQ, of Salmonella en-
terica serovar Typhimurium plays an essential role in survival
within macrophages (28). It is possible that DjlA promotes L.
dumoffii to adapt to intracellular environments and to coordi-
nate with the two-component signal transduction systems. In
vitro, DjlA-deficient mutants showed an increased susceptibil-
ity to several stresses, including oxidative stress, that might be
encountered by bacteria in mammalian cells. DjlA might pro-
tect the genes or proteins, including Dot/lcm and catalase-
peroxidase (7), that are important for intracellular growth,
from harmful stress in a direct or indirect manner. Several lines
of evidence for the important role of stress proteins in intra-
cellular growth and virulence have been reported for intracel-
lular pathogens; these include DnaK of Brucella suis (38), ClpC
and ClpP of Listeria monocytogenes (24, 54), Lon of B. abortus
(53), and GsrA of Yersinia enterocolitica (69). In L. pneumo-
phila, at least 30 proteins are included during the intracellular
infection of macrophages and at Jeast 13 of these proteins,
including GroEL (Hsp60), GroES, and GspA, are also induced
by several stress conditions in vitro (1, 2, 21). Recently, Ped-
ersen et al. (50) demonstrated direct evidence for the role of
the stress protein of L. prewmophila, HirA, during intracellular
growth in mammalian cells but not in protozoan cells. Qur data
indicated that DjlA plays an important role during intracellular
growth in both mammalian and protozoan cells. Besides Dot/
Iem proteins, stress proteins or molecular chaperones might
play an important role in the intracellular growth of the Le-
gionella species.

In conclusion, we showed the essential role of L. dumoffii
Dot/Iem homologues and DjlA during the intracellular infec-
tion of mammalian cells and protozoa. The precise mechanism
of DjlA involvement in intracellular multiplication, including
interaction with DnakK, remains to be elucidated. Further in-
vestigation of specific substrates with which DjlA interacts will
lead  to a better understanding of the intraceliular survival
mechanism in the Legionella species.
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Rapid diagnostic system of bacterial infection
Takayuki Ezaki, Kiyvofumi Ohkusu
Department of Microbiology, Gifu University, Graduate School of Medicine

Abstract
Approach to develop genetic detection system for bacterial infection in blood is a de-

manding subject because number of bacteria in blood stream is very few and in most cases

the number of bacteria is less than the detection limit of gene amplification methods. At

the first stage of blood sampling, we only applied gene amplification method against fas-

tidious organisms to culture and organisms causes severe infection. Organisms which are

usually found very few in blood are subjected to blood culture. After monitoring system of

blood culture gave positive signal of bacterial growth, DNA or RNA in culture media were

extracted and amplified with universal primers for bacteria and fungi.

Amplicons were applied to a rapid sequencer. However, in case of mixed infection, the

sequencing is not successful. In such cases, the amplicons are analized with DNA
microarray, immobilized 16S rDNA and 28S rDNA of 1,000 human pathogenic bacteria

and fungi.

Key words: bacterial infection, microarray, sepsis, bacteremia, molecular diagnosis,

blood culture

& U & I

B IIAE R° BRIALAE 2 88 9 2 R4 A i - T b,
HBE, REAROTAHRELIT) 2010, itk
WERATZ2EFTCOHEIUET, EREKD A
U ODHEL L EEMPLEI 2D, F23h
N D GEGER ORI TIE, Mg EH HE—
D REGIE DR FAR & F 2 5 RN 2 kL
5., BEET o THELZIT> THHIKRTIE
IMAREE RS 23R IL 2-3 81T, BRIRE
DFWBRF IR ADERE R TE L — R

e B8R R 2 e IR SE BT FE 76l 9 B AR ) 48 40 BF

0047-1852/04 / %50/ E /JCLS

B, Tz LI MERECIET L R
EOERZETSELER I R -oTwA, &
DEEREOE FIITFE O B D GE LI
WHHBHELEINT VLD, BYEETH 572
Beb, vAINVA, BERELHE, ewE
EBEEORELZ EPRINTVWS, MEEED
B HEO S —BME ORI IC Bk E &b
TR SN THE Y, HEWERME cHEED
DGRBS 2 SE 2 BT, Bl
FoNTE/-

% THEBETHADIHA O M= I E5r

-200~



