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Fig. 6. Intracellular protein expression of the wild type and intracellular
growth-deficient strains within A. polyphaga. (A) Bacterial protein expression
profiles of the wild type and intracellular growth-deficient strains within A,
polyphaga. Lane 1, JR32 with in vitro heat shock at 42 °C for 1 h; lane 2, JR32
within A. polyphaga; lane 3, 25D within A. polyphaga; lane 4, LELA3118
within A. polyphaga. Open and solid arrowheads indicate the bands of DnaK
and Hsp60, respectively. (B) The number of live intracellular bacteria at 14 h
post-infection on a replicate experiment. Intracellular bacteria were recovered
by cell lysis at 14 h post-infection, and the bacterial colonies were counted by
inoculating the lysate onto a CYE plate. The experiments were performed in
triplicate, and the data are shown as means £SD.

level within these strains. These results indicate that mutations
of icm/dot genes probably do not affect the expression of whole
cell proteins induced by heat shock. Regarding the presence of
Hsp60 in the secreted protein fraction for the wild type strain, a
previous immuno-electron microscopic study showed that
heat-shocked L. pneumophila exhibited increased expression
of the Hsp60 epitope on the cell surface and secreted Hsp60
molecules into the culture supernatant [39]. Our data were
consistent with this finding, although the quantities of cel
surface and secreted forms were considerably small.

DnaK chaperone participates in various cellular progesses,;

including folding of nascent polypeptides, assgmbl
disassembly of multimeric protein structure '
translocation of secreted proteins and profein

“$tress-induced protein expression
“host cells. One of our interests was

reservoir for L-preumophila in the natural environment [4,5],
they may be less detrimental to the bacteria and provide
relatively mild conditions for bacteria. In contrast, macro-
phages are major target cells during mammalian infection by
L. pneumophila and should be able to fight against invasive
bacteria. Hence we predicted that there might be differences in
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Fig. 7. Ability of bacterial protein synthesis determined with an inducible
reporter construct. (A) Intracellular growth kinetics of L. pneumophila strains
within U937 cells until 24 h post-infection. (B) Induction of B-galactosidase in
L. pneumophila strains at the early logarithmic phase in culture by IPTG. The
enzymatic activity from bacteria without pAB-1 (open column), one from
bacteria with pAB-1 with no induction (hatched column), and one from bacteria
with pAB-1 upon IPTG induction (filled column) are shown. The activity was
normalized per the unit cell number, and the data are expressed as means = SD
for triplicate determinations. (C) Induction of p-galactosidase in intraceltular L.
pneumophila. U937 cells were infected with L. pneumophila strains with pAB-
1. At several time points during post-infection (abscissa), p-galactosidase
activity in the cell lysate was determined. The activity is expressed as units per
well of tissue culture plates.
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bacterial responses within different intracellular environments.
L. pneumophila was strongly induced to produce a variety of
proteins including heat shock proteins DnaK and Hsp60 within
macrophages, whereas the guantity and variety of proteins
expressed within amoebae were limited. These are novel data
showing a difference of protein expression of L. preumophila
within macrophages or amoebae. These data may indicate that
many of L. pneumophila proteins induced within macrophages
might play some role in the survival of bacteria in
macrophages, whereas such intense protein expression might
not be needed within amoebae whose intracellular environ-
ments may be safe enough for L. prneumophila. It is
conceivable that L. pnewmophila might have originally evolved
to become parasitic for protozoa.

Another interest was whether there are any differences in
protein expression between wild type and intracellular growth-
deficient strains within host cells. We used two types of
mutants as intracellular growth-deficient strains; LELA3118,
dotA genetic mutant, and 25D, a spontaneous mutant that was
established by passage on suboptimal artificial medium {24].
Incredibly, de novo synthesis of bacterial proteins as revealed
by metabolic labeling was markedly suppressed in both of the
mutants in macrophages. This is confirmed by experiments
using bacteria carrying a reporter construct encoding
B-galactosidase. The ability of synthesis of B-galactosidase
proteins was stopped in the mutant strains after infection in
macrophages. This is also the first evidence of a difference in
the protein expression pattern in vivo between wild type and
intracellular growth-deficient strains despite the lack of a
difference in the in vitro response to heat shock between them.
We also confirmed that the same pattern of protein expression
was observed in response to another form of in vitro stress,
osmotic or oxidative, as was seen for heat shock on SD
PAGE, and that there was no difference between
intracellular growth-deficient strain (LELA3118 or 23B) and
the wild type JR32 strain (unpubhshed obscrvatlo ). These

L. pneumophtla are damaged immediately through the
bactericidal reaction of host cells in intracellular compart-
ments. However, our data indicated that the numbers of

intracellular viable cells of mutant strains, 25D and
LELLA3118, did not decrease until at least 14 h post-infection,
because the recovery of viable bacteria remained constant
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throughout this period (Fig. 7A). These data indicate that most
cells of both mutant strains were not killed immediately after
internalization by macrophages and were still viable until at
least 14 h post-infection or probably for a longer period. This is
supported by another report that dotA and dotB mutants reside
in some non-lysosomal and LAMP-1 positive compartment
within macrophages [45]. Taken together, these mutants likely
remained alive with a suppressed-protein synthetic condition
for at least 12 h.
In conclusion, we have shown a difference in the
L. pneumophila intracellular stress response depending on the
host cells. We have provided new evidence that intracellular
growth-deficient L. pneumophila strains are not killed but
forced to stop protein synthesis within macrophages immedi-
ately after internalization. They are viable without replication
for some time in macrophages. Using bacteria carrying an
inducible B-galactosidase construct, the immediate cessation of
protein synthesis of intracellular growth-deficient strains upon
internalization within macrophag as been demonstrated.
One could speculate that there, it be a difference in the
' etween those contain-
vth-deficient strains. Only

that RalF protein;
translocated into'h
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We detected Legionella species in 125 samples of hot spring bath water from various places
in Japan using the culture and LAMP methods, and compared the results of the 2 methods.
Legionella spp. was detected in 40 samples in the culture test, and 38 of these (95.0%) were
also positive in the LAMP test, showing a high rate of consistency. Of the 85 negative samples
in the culture test, 38 samples (44.7%) were positive in the LAMP test. The positive rate in the
LAMP test was higher than that in the current culture test ; the test procedure was simple, and
judgmentis could be made in a few hours, showing that the LAMP method is useful for the

rapid detection of Legionella spp.

Key words  Legionella species/Hot spring water/Loop-mediated isothermal amplification (LAMP).

Mass infection through bath water as the source of
infection has recently occurred in Japan (National
Institute of Infectious Diseases, 2003), and improved
hygienic management of bath water is needed. For
monitoring the bacterial counts of Legionella spp. in
bath water, a culture test is necessary. However, 7-10
days are needed to obtain the test results because
bacterial growth on selective media is very slow,
which is a limitation of the culture method. Such time-
consuming procedures cause delays in applying ef-
fective coutermeasures and increases the risk of
infection. Furthermore, in the case of the public bath
business, delays in inspection after bactericidal
measures results in great economic losses due to the
long-term  suspension of business licenses.
Therefore, the establishment of a rapid method to de-

*Corresponding author. Tel © +81-42-754-7111, Fax . +
E1-42-754-62175.

tect Legionella spp. in bath water that replaces the
culture method is urgently required.

Detection of pathogenic microorganisms by gene
ampilification takes only a few hours (Coleman et al.,
1996). Particularly, a new gene amplification method,
loop-mediated isothermal amplification (LAMP), is-
superior in sensitivity and the ease of implementation
to the current polymerase chain reaction (PCR)
method (Horisaka et al., 2004 ; Inoue et al., 2004b),
and basic investigations of the detection of Legionella
spp. have progressed (Annaka et al., 2004).

In this study, we detected Legionella spp. in hot
spring bath water from various places in Japan using
both the culture and LAMP methods, and compared
the results of the 2 methods.

Between March and November 2004, 125 samples
(500 mi) of hot spring water from 20 prefectures
were subjected to testing. Samples from local regions
were transported in a refrigerator, As a rule, the
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samples were bath water, but some samples were
collected from water sources and hot-water taps.

Each sample was centrifuged at 6,000 rpm for 30
min, and re-suspended in 5 mit to prepare 100-times-
concentrated samples. _

Following the new version of the Guidelines for the
Control of Legionelosis (Building Management
Education Center, 1999), 1. ml of 0.2 M HCI-KC! solu-
tion (pH 2.2) was added to 1 m! of the 100-times-
concentrated sample in a small sterilized test tube.
After sufficient stirring, the mixture was kept at room
temperature for 15 min. The samples, 0.1 ml each,
were dropped on WYO « agar medium (Eiken
Chemical Co., Ltd., Tokyo) and GVPC & agar me-
dium (Nikken Biomedical Laboratory Co., Kyoto),
and smeared by using a Conradi stick (Toyo Kizai
Co., Saitama). The plates were incubated at 37°C for
7 d, and colonies showing = characteristics of
Legionella spp. on the media were counted. A few
colonies were selected and smeared on blood agar
medium and BCYE a agar medium (Nikken
Biomedical Laboratory Co., Kyoto). The plates were
subjected to pure culture at 37°C, and a cysteine
auxotrophy test was performed at the same time.
After culturing for 3 d, strains that did not grow on the
blood agar plate, but grew on the BCYE a agar plate,
were assumed to be Legionella spp., and confirmed
to have gram-negative rods. For identification of the
bacterial species, the latex aggregation reaction
(Kanto Chemical Co., Tokyo), immune serum aggre-
gation reaction (Denka Seiken Co. Ltd., Tokyo) and
DNA-DNA hybridization (Kyokuto Pharmaceutical
Industrial Co. Ltd., Tokyo) were used. The detection
limit of this culture method was 10 colony forming
units (CFU)/100 ml.

For LAMP, “Loopamp ® [egionella Screening Kit
E’ (Eiken Chemical Co., Ltd., Tokyo) was used ac-
cording to the package insert. A 100-times-
concentrated sample of 2 m! was centrifuged at
13,000 X g for 10 min at 4°C, and the supernatant was
removed, leaving about 40 u1. 50 u | of “Extraction
Solution for Legionella’ was then added to the pre-
cipitate. After being mixed by using a vortex mixer,
the mixture was heated at 95°C for 15 min, rapidly
cooled, and neutralized with 8 4| of 1 M Tris-HCI
buffer (pH 7.0). The mixture was centrifuged again
under the same conditions, and the supernatant was
used as the nucleic acid extract. The nucleic acid ex-
tract, 5 i1, was added to 20 u1 of LAMP reaction rea-
gent ‘Master Mix', and the amplification reaction was
performed at 65°C for 60 min with a Loopamp ® real-
time turbidity measurement system. When a charac-
teristic increase in turbidity with amplification was
observed within 1 h, the sample was judged positive

TABLE 1. Distribution of Legionefla spp. colony counts,
and comparison of detection results using the LAMP
method.

Legionella counts . LAMP
(CFU/100mD Positve  Negative
Less than10 85( 68.0)* 38( 50.0) 47( 95.9)

10-40 18( 14.4) 16( 21.1)  2( 4.1

50-90 6( 48) 6( 7.9 0 0)

100-490 6( 48 6( 7.9 0o O
500-990 3C 24y 3( 3.9 0 0)
1,000-4,900 6( 4.8) 6( 79 0( 0)
5,000-9,900 1C 0.8 1( 13 0oC 0

Subtotal 40( 32.0) 38( 50.0) 2( 4.1)

Total 125(100.0) 76(100.0) 49(100.0)

* : Number of samples (%)

for Legionella spp. The enzyme was inactivated by
heating at 80°C for 2 min. The lower limit of detection
of this test was 10 cells/100 ml.

The results of detection of Legionella spp. in 125
samples using the culture and LAMP methods are
shown in TABLE 1. Legionella spp. was detected in
38 samples (30.4%6) with both methods, and not de-
tected in 47 samples (37.6%) with either method. .
The results of the 2 methods were consistent in 85
samples (68.0%). Thirty-eight samples (30.4%)
were negative in the culture test, but positive in the
LAMP test. In contrast, 2 samples (1.6%) were posi-
tive in the culture test, but negative in the LAMP test.
There was a significant difference in the results of de-
tection between the 2 methods (p<0.01). When
Legionella spp. was detected with the LAMP method,
the risk magnification, relative risk level and attribut-
able risk level were 0.303, 0.526 and 0.288, respec-
tively, and the detection rate was higher than that of
the culture method.

The distribution of bacterial counts in 40
Legionel/a-positive samples in the cufture test is
shown in TABLE 1. The count was 10-40 CFU/100 ml
in 18 samples (45.0%), and was the most frequent
count level. The count was 50-90, 100-400 and
1,000-4,000 CFU/100 ml in 6 samples (15.0%). The
count was less than 10 CFU/100 ml (undetectable)
in 85 samples (68.0%), and 7 of these (8.2%) were
judged negative because bacteria other than
Legionella spp. and/or fungi grew faster on the selec-
tive media, and the growth of Legionella spp. could
not be confirmed. Forty-nine isolates were subjected
to identification, and 42 isolates (85.7%) were identi-
fied as L. pneumophila. L. micdadei and L. gormanii
were also identified. On serotyping L. pneumophila,
17 isolates (34.7%) were typed group 1, which was
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the most frequent type, and next most frequent type
was group 6, in 8 isolates (16.3%). A relatively high
number of isolates were typed group 3, group 4 and
group 10. These identification results were similar to
the isolation situation of the Legionella spp. in the soil
of Japan, which the authors investigated previously
(Furuhata et al., 2002).

The results of the detection of Legionefla spp. in
125 samples of hot spring bath water using the LAMP
method are shown with the distribution of bacterial
counts measured with the culture method in TABLE 1.
Of the 85 undetectable samples (less than 10
CFU/100 mi) in the culture test, 38 samples (44.7%)
were positive in the LAMP test. Of the 18 samples in
which 10-40 CFU/100 ml Legionella spp. was de-
tected in the culture test, 16 samples (88.9%) were
also positive in the LAMP test, but 2 samples
(11.1%) were negative. The Legionella counts in
these 2 LAMP test-negative samples were 10 and 30
CFU/100 mi, respectively, and L. pneumophila was
isolated from both samples, but the serotypes were
not clear. All of the 22 samples in which 50 CFU/100
mi or higher Legionella spp. was detected were posi-
tive in the LAMP test.

The biggest disadvantage of the generally used
culture method for the detection of Legionella spp. is
the length of time required for testing. Detection of
nucleic acid has been widely used as a rapid test
method (Savan et al., 2004). As for differences be-
tween the 2 methods, the culture method detects only
viable bacteria capable of forming colonies on me-
dium, while the gene test is capable of detecting not
only viable bacteria but also dead bacteria and viable
but non-culturable bacteria (VNC). The gene test is
also capable of detecting bacteria using nucleic acid
alone. Thus, it is difficult to obtain a complete consis-
tency between the results of the culture test and the
gene test.

Legionelfa spp. in 125 samples of hot spring bath
water was detecied using the current culture method
and the recently developed LAMP method, and the
results were compared. Of the 40 samples in which
Legionella spp. was detected in the culiure test, 38
samples (95.096) were positive in the LAMP test,
showing a high rate of consistency. Two samples that
were positive in the culture test but negative in the
LAMP test contained abundant insoluble materials,
suggesting that amplification-inhibiting substances
present in the hot spring bath water affected the test.
Of the 85 undetectable samples in the culture test, 38
samples (44.7%) were positive in the LAMP test. Ng
etal. (1997) reported that the presence of dead bac-
teria and VNC bacteria were the factors causing the
PCR test positivity of the culture test-negative
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samples in a Legionella spp. test of cooling tower wa-
ter. There may be similar factors involved in the test-
ing of hot spring bath water, and positive readings
may be obtained with the gene test even when
disinfection with chlorine is performed properly. A
positive result in the gene test may indicate the exis-
tence of Legionelia spp. contamination in the past,
and it indicates that there is the potential for actual
contamination in the future. Accordingly, positivity in
the gene test does not directly mean infectivity, unlike
the culture test, and gene test-positive hot spring bath
water does not necessarily become a source of infec-
tion. Sufficient consideration is necessary at this
point when the gene test is employed for rapid testing
of Legionella spp.

When oxidizing bactericidal agents such as chlo-
ring are added, the nucleic acid of dead bacteria is
degraded, and become undetectable, depending on
the concentration of the bactericidal agent and expo-
sure time (Inoue et al., 2004a). NASBA and TRC
methods developed as rapid RNA amplification tech-
nigues have recently been investigated in many fields
(Templeton et al., 2003 ; Masuda et al, 2004).
Introduction of these techniques may bring the results
of the gene test and culture {est into closer accor-
dance.
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Rapid diagnostic system of bacterial infection
Takayuki Ezaki, Kiyofumi 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
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TANVAEREY, MW XS EME KU
EZRIL, BREZEIL-BEOMBEICE
1mi %720 @D S BEEORELRI NS, /b
BO%EIFANOCETREE THASADRAAT
bHHTELILVH DY, RAOEHEIE 1m
L7 0 FEBEOR FEARAMA LA Y A Te & Hii
EHEOY ay 75 &RIL, HEHELVE
ENTWE, Lo THL DAL, PCRIE
i EREFHBIEFEORBEFALTORRL 2
Lz, BETHREOFHIZIIFIBEYTD 5.

I MAERFEORR

BE, FHZEROZOVMEEETIE, 2/
oM EEmIZmEz AN, walk away 7%
EOBERMEROREERBEY SN ETIT
CORBEZWET S, V7 FABHL ERED
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BEEZRODLON—RINIZE o T 5,
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EHEELOME, BERE L RERIRT AL
Vo 2RI RE TS 5.
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THIENRTERL, 2MxFBLEEE, o
D& EORRICEEL-TLES.
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A N DENRATRD 5N T B0, BIEOKREIZ
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EALTHWELVWERTSH 5.
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®1 FOEOEETFREOHNRE L BREEF (VA VALK

Bacteroides fragilis group 16S rRNA RN - 9
Bartonella group 16S rRNA HEmEE - 1w
Borrelia group 16S rRNA B - A
Brucella melitensis 16S rRNA HEREE - AT
Campylobacter spp. 16S rRNA REARMEE - AT
Chiamydia/Chlamydophila spp. 165 rRNA HERmE - A
Coxiella burnetii 165 rRNA KRREE - AT
Leishmania spp. 18S rRNA R - AN
Leptospira interrogans group 16S rRNA SRR - AT
Mycoplasma pnewmoniae group  16S rRNA REEEE - A
Ovientia tsutsugamushi Virulent gene  HERE#E - R0
Plasmodium spp. 18S rRNA KR - A
Rickettsia/Ehrlichia spp. 16S rRNA RERE - A
Treponema pallidum 16S rRNA R - AT
Trypanosoma spp. 18SrRNA  ° HEEE - &~
Haemophilus influenzae 16S rRNA BURLF PP
Listeria monocytogenes 16S rRNA PUBE ) A
Neisseria meningitidis 16S rRNA PUBLF PP
Salmonella typhi vip R Virulent gene  BENHLE
Staphylococcus aurens MRSA MecA TR G M B
Streptococcus pneumoniae Pneumolysin R B
Vibrio vulnificus 16S rRNA B [
Enterobacteriaceae major 16S rRNA

Enterococcus Spp. 16S rRNA

Mycobacterium spp. 16S rRNA

Streptococcus spp. 16S rRNA

Fungal universal 18S rRNA A —R*
Bacteria universal 16S rRNA M —a

* Microarray & L { IZEFIRE X2 ITTWEREOFEM R R ENLE.

D5 S OB R IREERF 2R T £
TAHZEFHBLTWS, Y7 VBHOmE
BEBROBMGTFRE LT EMT UL, FHRERT
WAEAEESEFRET HHIECH1IA»H%H
O, MAEREIRE LI NS,

L7z oTEERI—X, BLUKETXR
WIHREFRIEH TR D, BEFRET RIS
TV, BEPDLVHIERTE 5RO T
— 22 MEREER N NVOBEY 7 F V%

B FOREREZ 1T FiE2BIRL TwAa,

V. RMFOBEEBRFRE

CITNRIIGAHEDIETANVA, HlANSE
I, B E 2R 2 TEEOMBEERER

HThbH —HHESL I CTLHEENZ T L
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BREZG oo TLHDT, MELIED
universal primer b /9 5 (& 1).

M2 AEME, 74 VX DENICT
L&z wReET 5, FESITME2ml 2
o DNA Z BT 2 FEZ R LR LT 5.
MiFEF D7 £V A3 200l A WML T 5 HEE
BHLTYwSEY, MEFOMEDO,ENGHET
LA, BEOPVWST, HLOBMER O
TREATE LD T2-4ml OIE 2 HHE HIC
L7:#3d T 5.

EH ST 168D well 12 1-2 FEEH D primer %
ANT287V—7OME, HEERZHEET
% primer set Z1ER L, #E K% screening §
AREEBR LTS, I OHETIE primer %
HoHLOtube CANTERLTEE, FH



