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desired cell density for an inoculum. The exact bacterial titer of the inoculum was
determined by appropriate dilution and plating. Prior to challenge, the backs of
animals were shaved and then depilated with barium sulfide. The inocula (0.05 to
0.1 ml) were injected intradermally into the backs of the rabbits (1 or 2 rabbits/
group) or the mice (3 to 5 mice/group) under anesthesia. Two to 4 days after
challenge, the animals were killed by deep anesthesia, the injected sites were
surface disinfected with a 1:1 mixture of 70% ethanol and benzalkonium chloride
solution or 70% ethanol, and the skin of the back was removed. The abscesses
were excised and homogenized in 500 pl of sterile saline in 1.5-ml microtubes
using a conical homogenizer (Toyobo Co., Osaka, Japan). The homogenates
were assayed for bacterial CFU by 10-fold serial dilution with sterile saline and
plating on BHI agar plates. If no detectable colonies appeared at the lowest
dilution applied, the data were excluded from consideration. Occasionally, col-
onies were picked from the plates, and the nucleotide sequence of the 16S RNA
gene was determined (52) to confirm the bacterial species. Contamination by
surface-resident bacteria was negligible, as confirmed by the absence of colonies
detected by plating 100 pl of undiluted skin homogenate from noninoculated
regions (data not shown). Statistical analysis (Student’s ¢ test) was performed
using Excel software. The animal experiments were carried out with the approval
of the Animal Experiment Committee of the National Institute of Infectious
Diseases. The abscesses were also examined by electron microscopy.

Electron microscopy. Ultrathin (80-nm) sections of tissue fixed in phosphate-
buffered saline (PBS) containing 2% paraformaldehyde and 2.5% glutaraldehyde
were postfixed with 2% osmium tetroxide and embedded in Epon resin. Sections
were stained with uranyl acetate and lead acetate and examined using a JEM-
1220 electron microscope at 80 kV (Jeol Ltd., Tokyo, Japan) as described
previously (57).

Hemagglutination and hemolysis. Fresh human blood (type AB) was sus-
pended in Alsever’s solution (20.5 g glucose, 4.2 g NaCl, 8.0 g sodium citrate per
liter, pH 6.1), and erythrocytes were prepared by centrifugation (2,300 X g) after
being washed three times in PBS and subjected to hemagglutination and hemo-
lysis assays directly or after neuraminidase and/or trypsin treatments performed
as follows. Neuraminidase (from Arthrobacter ureafaciens; Nacalai Tesque,
Osaka, Japan) was added to the erythrocyte suspension at 0.1 unit/ml, and the
suspension was incubated for 1 to 2 h at 37°C. After the incubation period, the
erythrocytes were washed with PBS three times and subjected to assays or
subsequently treated with trypsin. Trypsin solution (2.5%; Invitrogen Co., Tokyo,
Japan) was added to the cell suspension, followed by incubation at 37°C for 1 h,
and the reaction was terminated by adding phenylmethylsulfonyl fluoride to a
final concentration of 1 mM. The cells were immediately washed three times with
PBS and were finally resuspended in PBS at 0.75 to 1% (vol/vol). Removal of
sialic acid from the erythrocyte surface by neuraminidase was confirmed by loss
of hemagglutination with sialic acid-specific MAL-II lectin (Vector Laboratories,
Burlingame, CA) (data not shown).

Bacteria were cultured in BHI broth overnight at 37°C. Bacterial cells were
collected by centrifugation (2,300 X g) and resuspended in PBS at an ODgqq
of 3 to 4. The suspension was serially 1.5-fold diluted in PBS in a U-bottom
microtiter plate (the volume was adjusted to 100 wul), and then 100 pl of the
above-mentioned erythrocyte suspension was added. The plate was kept for
16 h at room temperature, after which hemagglutination was recorded by
macroscopic observation and hemolysis was assayed by measuring absorbance
at 545 nm.

RESULTS

Genome organization of C. diphtheriae C7(—) and PWS.
Genomic DNA from C. diphtheriae C7(—), PW8, and the ref-
erence strain, differentially labeled with Cy3 and CyS, were
independently hybridized with the CGH tiling array covering
the entire genome sequence of the reference strain. The in-
tensities of the hybridization signals were normalized, and the
ratio of the test sample [C7(—) or PWS] to the reference
sample (reference strain) was calculated and used as an index
to estimate the presence or absence of the respective regions in
C7(—=) or PW8, as described in Materials and Methods. It
should be noted that regions present in test strains but absent
in the reference strain cannot be detected by the CGH tech-
nology. Figure 1A shows a typical pattern of signal distribution,
observed for C7(—) in a region surrounding the lysogenized
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FIG. 2. Circle representation of genome regions proposed to be
absent in the C7(—) and PW8 genomes. The solid circle represents the
whole genome of C. diphtheriae NCTC13129 (reference strain). The
putative PAIs are 13 PAIs reported in NCTC13129 by Cerdefo-Tar-
raga et al. (9). The numbers correspond to PAI numbers in the text and
Fig. 3. The artwork was prepared using PlasMapper Web software
(14).

corynephage (PAI 1). In the reference row (row 6), signals
were seen throughout the region, while in the test row (row 5),
signals were lacking in the span corresponding to the lysog-
enized phage genome (red bar), confirming that the nucleotide
sequence for the phage genome was lacking in the C7(—) (test)
genome.

Likewise, such deletions were found scattered throughout
the genome, as shown in Fig. 1B. The results are also summa-
rized in a circular map, suggesting that they may nonetheless
be concentrated in certain areas (Fig. 2). In total, by CGH
analysis, at least 37 regions from the published NCTC13129
genome—accounting for 300 CDSs—appeared to be absent
from the C7(—) genome (Fig. 2) (for more detail, see Table S2
in the supplemental material).

In contrast, the distribution pattern of absent regions and
possibly mutated regions in the PW8 strain was largely differ-
ent from that observed in the C7(—) strain (Fig. 1C, row 2).
The PW8 genome lacked as few as 14 regions, accounting for
98 CDSs. Six of the 14 regions were shared with C7(—), at least
partially (Fig. 2) (for more detail, see Tables S2 and S3 in the
supplemental material).

In C7(-), 11 of the 13 PAIs previously identified by Cer-
defio-Térraga et al. in 2003 in the reference genome (9) were
found to completely or partially overlap the regions found by
CGH to be absent. In five cases, the deletion spanned the
entire or almost the entire PAIL. These cases included PAIs
coding for a corynephage genome containing a diphtheria
toxin gene (PAI 1), another potential phage genome (PAI 9),
structural genes for major and minor pilins, and one putative
sortase (PAI 10), as well as two other putative sortases and
three putative sortase target pilin genes (PAI 13). In 7 other
PAIs (PAIs 2, 4, 6 to 8, 11, and 12), a part of the DNA
sequence was still present, but in most cases, it spanned less

— 137 —



3794 IWAKI ET AL.

than half of each island. In two other small PAIs, PAI 3 and
PAI 5, no such large deletions were detected.

In contrast, the PAIs were fairly conserved in the PW8
genome. The two PAIs 7 and 8 were partially absent, and PAI
9 was entirely absent in the genome, but the other PAls were
considered to be present in the genome of, the vaccine strain.
However, as shown in Fig. 1C, row 2, the putative mutated sites
at the single-nucleotide level were suggested to be present in
much greater abundance than in the C7(—) genome and were
considered to span the whole PW8 genome.

In addition to the PAIs, CGH analysis suggested that at least
26 regions from the reference genome were proposed to be
absent in C7(—), as mentioned above. Each region absent in
the C7(—) strain contained 1 to 27 CDSs. Twenty-two regions
bore 3 or more CDSs. Among them, 19 were flanked by or
included inside CDSs annotated as transposases, integrases or
their pseudogenes, or tRNA genes. Three exceptions were a
17-CDS region related to nitrogen fixation (CDS identifiers
[ID], DIP0492 to -0508) and two 4-CDS regions (DIP0589 to
-0592 and DIP1760 to -1763), which were not accompanied by
such genes. Another 15 regions, composed of 1 or 2 CDSs per
region, did not include and were not associated with any trans-
posases, integrases or their pseudogenes, or tRNA genes, ex-
cept one (DIP2084) adjacent to a putative transposase gene. In
the PW8 strain, the sizes of the 14 absent regions were smaller
than those in C7(—). Three major regions corresponded to
PAIs 7, 8, and 9 and contained 21, 14, and 22 CDSs, respec-
tively. All of the other regions corresponded to not more than
8 CDSs. Nine of the 14 regions were accompanied or sur-
rounded by transposases and tRNA sequences. The details are
summarized in Tables S2 and S3 in the supplemental material
for C7(—) and PWS, respectively.

Amplification of DNA fragments corresponding to the se-
lected CDSs located in the 37 regions proposed to be absent in
C7(—) was performed with template DNA from C7(—), PW8,
the reference strain, ATCC 11951 (C4B), and 10 Japanese
clinical isolates using primers listed in Table S1 in the supple-
mental material. The results are summarized in Fig. 3. The
pattern of amplification was diverse, with some CDSs
(DIP1820 and DIP1836) detectable only in the reference strain
and others, such as DIP2012 (srt4) and DIP2300, detectable in
most strains, except for a few, including C7(—). The results
may suggest greater genetic diversity among C. diphtheriae
strains than might have been anticipated. It should be noted
that putative sortases (DIP2012 [srz4]), DIP0233 [srzB],
DIP0236 [srtC], DIP2225 [srtD], and DIP2224 [srtE]) and pilin
genes (DIP2013 [spad)], DIP2011 [spaB), and DIP2010 [spaC]),
previously shown to be crucial for the adhesion of C. diphthe-
riae to Detroit 562 cells (34), were detected in the PW8 ge-
nome, but not in the C7(—) genome, by PCR with primers
designed for detection of these CDSs. )

‘Cell adhesion activity of C. diphtheriae C7(—) and PW8. We
then attempted to assess the pathogenicity of C7(—) and PW8
strains in comparison to that of the reference strain by in vitro
and in vivo experiments. First, we examined adhesion of the C.
diphtheriae strains to Detroit 562 cells (Fig. 4). Bacterial cells
were coincubated with Detroit 562 cells at an approximate
multiplicity of infection (MOI) of 5 at 37°C for 1 h. We found
that 10 to 20% of the added cells of the reference strain were

associated with the human cell surface. The strain C7(+),

INFECT. IMMUN.

suggested to lack srt4 sortase and spaB and spaC pilin genes,
showed reduced adhesion to Detroit 562 cells compared to the
reference strain. However, the PW8 strain, in which CGH and
PCR analyses suggested the presence of pilin genes, also
showed a reduced level of adherence.

Persistence of bacterial cells after intradermal injection.
Barksdale et al. (3) reported that toxigenic and nontoxigenic
strains of C. diphtheriae formed abscesses when injected intra-
dermally into rabbits. We first confirmed their results (see Fig.
S1 and S2 in the supplemental material). Toxigenic strains (the
reference strain and PW8) formed abscesses surrounded by
edema 1 day after injection. A large contribution by diphtheria
toxin to the pathogenicity of C. diphtheriae was confirmed.
Neutralization of diphtheria toxin by 1 IU/site of antitoxin,
coinjected with the bacteria, was effective in eliminating the
edema, but abscess formation was not affected. The nontoxi-
genic C7(—) strain formed abscesses to a degree comparable
to that of the toxigenic strains, regardless of antitoxin treat-
ment. These results were consistent with those reported by
Barksdale et al. (3). On day 2, necrotic plaques developed on
sites where toxigenic strains had been injected without neu-
tralization. On the neutralized sites, the sizes of the abscesses
varied depending on the strains and numbers of inoculated
bacterial cells. The abscess formed by approximately 10° CFU
of PW8 was smaller than that formed by an equivalent number
of the reference strain or C7(—). Not more than 2% of inoc-
ulated bacterial cells were recovered from homogenates of any
of these abscesses (see Fig. S1 in the supplemental material).
Another rabbit was inoculated with the bacteria, and observa-
tion was done on day 4. Extension of necrotic plaques was
observed, and abscesses were still observable in nonneutralized
and neutralized sites. The abscesses caused by PW8 (neutral-
ized) were smaller than those caused by the other strains. In
most sites, recovery of viable bacterial cells (see Fig. S2 in the
supplemental material) was less than on day 2 in the separate
experiment described above.

Although a large part of C. diphtheriae pathogenicity can be
attributed to the main virulence factor, diphtheria toxin, the
results with the nontoxigenic C7(—) strain indicated that the
toxin is not the only virulence factor. Using an animal species
insensitive to the toxin, concentrated analysis of factors other
than the toxin might be possible. Mice are insensitive to diph-
theria toxin, except when challenged intracerebrally with a
large amount (45) and thus are considered to be suitable for
such a purpose. In fact, mice developed abscesses after intra-
dermal injection of C. diphtheriae cells. Figure SA shows the
inside of the skin of a mouse 3 days after inoculation of ca. 10°
(Fig. 5A, a) and ca. 107 (Fig. 5A, b) CFU of C7(—), PWS8, or
the reference strain. Saline was inoculated as a negative con-
trol. The abscesses formed by C7(—) or the reference strain
were easily separable from the muscle and tightly attached to
the skin. The yellowish contents of the abscesses were encap-
sulated, as revealed by light microscopy (data not shown). In
contrast, no abscesses were observed, at least by macroscopic
observation, in the mice injected with PW8 or saline alone.

The numbers of viable bacteria recovered from the homog-
enates of the abscesses were assessed. Figure 5B and C show
the ratio of recovered viable cells relative to the inoculum 3
days after inoculation. For an inoculum of approximately 107
CFU (Fig. 5C), the fractions of recovered viable bacteria from
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1 DIP0047 transposase (pseudogene)
2 DIP0063 two-component sensor
2 DIPC064 two-comp. response regulator
2 DIPO075 hypothetical protein .
3 DIP0139 membrane protein
4] 1|DIP0222 (box) |diphtheria toxin
5| 2|DIP0233 (srtB) |sortase
5| 2|DIP0235 (spaDj)|pil component
5| 2|DIP0236 (sriC) |sortase
5| 2|DIP0237 (spakE) |pili component
5| 2|DIP0238 (spaF) |pili component
6 DIP0278 surface-anchored memb. prot :
7| 4|DIP0357 starch degradation
8 DIP0385 hypothetical protein
9 DIP0450 secreted protein
10 DIP0501 nitrate/nirite transport
11 DIP0523 membrane proten
12 DIP0543 sialidase precursor
13 DIP0589 membrane protein
13 DIP0592 hypothetical protein
14 DIPO711 hypothetical protein
15| 6|DIP0756 lantibiotic ABC-transport
16| 7|DIP0816 exported protein
17 DIP1520 membrane protein
18] 8|DIP1647 membrane protein
19 DIP1761 exported protein
20| 9|DIP1820 membrane proten
20| 9iDIP1836 collagen-like repeat protein
21 DIP1835 DNA methylase
DIP1908 phosphate permease .
DIP1950 hypothetical protein =] . .
DIP1960 exported protein

10|DIP2010 (spaC)|pili component
10|DIP2011 (spaB) |pili component
10|DIP2012 (srtA) |sortase

10|DIP2013 (spaA) | pili component

DIP2062 surface anchored protein
DIP2066 fimbrial associated
11|DIP2078 membrane transport
11{DIP2084 hypothetical (pseudogene})
DIP2116 membrane anchored protein
DiP2146 integral membrane protein
12{DIP2153 bacteriophage holin
DIP2161 peptide synthase
DIP2195 integral membrane protein
13|DIP2223 (spal) |pili component
13|DIP2224 (srtE) |sortase
13|DIP2225 (srtD) |sortase :
13|DIP2226 (spaH)|pili component
13|DIP2227 (spaG)|pili component
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DIP2300 DNA-binding protein
DIP2313 restriction/modification
DIP2330 membrane proten
DIP2338 hypothetical protein

FIG. 3. PCR analysis of selected CDSs in C. diphtheriae clinical isolates and laboratory strains. Amplification of DNA fragments corresponding
to selected CDSs located in the regions proposed to be absent in the C7(—) genome was performed with template DNA from C7(—), the reference
strain, ATCC 11951 (C4B), the vaccine strain PW8, and 10 Japanese clinical isolates, with primers listed in Table S1 in the supplemental material.
Pink shading indicates that amplification was successful. Yellow shading indicates that weak bands were observed at positions identical to.those
of the band observed for the reference strain. Green shading indicates one or more bands observed at a different position(s) from that observed
for the reference strain. These bands probably represent nonspecific amplification, because raising the annealing temperature from 54°C to 56°C
eliminated such bands as far as we tested. No amplification was observed for the white squares. *, not determined.
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FIG. 4. Adhesion of C. diphtheriae to Detroit 562 cells. Adhesion of
the C. diphtheriae reference strain, C7(—), and PW8 was assayed as
described in Materials and Methods. The inoculum sizes were 1.2 X
107 (reference strain), 3.2 X 107 [C7(—)], and 7.1 X 10° (PWS8). The
bars indicate standard errors from quadruplicate assays. Assays were
repeated 6 times, and representative results from one of the assays are
shown. P = 0.004 [reference versus C7(-)], 0.004 (reference versus
PWS8), and 0.010 [C7(—) versus PW8] by Student’s ¢ test.

abscesses for both C. diphtheriae C7(—) and the reference
strain were around 20%. At an inoculum of approximately 10°
CFU (Fig. 5B), slightly lower recovery was found, but it was
proportionally similar. Recovery of PW8 was much lower than
that of the other strains at an inoculum of 107 CFU and was
undetectable at an inoculum of 10° CFU,

Sections of abscesses formed by C. diphtheriae C7(—) were
investigated by electron microscopy 3 days after inoculation. In
abscesses formed by inoculation of C7(—), bacteria were found
in vacuoles isolated from the cytosol of phagocytic cells (Fig.
6A, arrows). Bacteria were also found in the cytosol outside
vacuoles (Fig. 6A, arrowheads). Lysosomes (Fig. 6A, asterisks)
that were not fused with vacuoles were also found within the
phagocytic cells. Strain C7(—) was capable of disrupting
phagocytic cells (Fig. 6B, arrow), resulting in release of bacte-
ria into the milieu of the abscess contents. Propagating bacte-
rial cells were found in the cytosol (Fig. 6B, arrowhead), show-
ing that the cytosol of mouse phagocytic cells was capable of
providing an environment suitable for the growth of this bac-
terial strain.

C. diphtheriae C7(—) propagation was also observed inside
vacuoles. Figure 6C shows growing cells with septa typical of
dividing C. diphtheriae (arrowheads) (63). The growing bacte-
ria may be released from the vacuole into the abscess milieu
outside the phagocytic cells (Fig. 6B, arrow).

Hemagglutination and hemolysis. Log-phase cultures of the
C. diphtheriae reference strain, C7(—), and PW8 were serially
diluted in PBS as described in Materials and Methods, and a
human erythrocyte suspension was added and then incubated
at room temperature for 16 h. Hemagglutination was induced
by the reference strain and was enhanced by pretreatment of
erythrocytes with neuraminidase and/or trypsin (Fig. 7A). The
removal of sialic acid residues from the cell surface saccharides
by neuraminidase and the removal of cell surface protein by
trypsin, probably resulting in the unmasking of glycolipids (58),
might have contributed to the enhancement. In contrast, for
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FIG. 5. Mouse intradermal challenge. The backs of female ICR
mice (6 weeks of age) were depilated and then intradermally inocu-
lated with C. diphtheriae C7(—), the reference strain, and PW8. The
mice were sacrificed 3 days after inoculation, and the skins were re-
moved. (A) Internal views of abscesses formed by 7.0 X 10° CFU (a,
site 1) and 7.0 X 10’ CFU Sb’ site 1) C. diphtheriae C7(-); 2.0 X 10°
CFU (a, site 2) and 2.0 X 10’ CFU (b, site 2) C. diphtheriae PW8; 6.4 X
10° CFU (a, site 3) and 6.4 X 107 (b, site 3) CFU C. diphtheriae
reference strain; and 0.05 ml of saline (a and b, sites 4). Three mice
were used for each of the experiments (a and b), and representative
results from each are shown. (B) Recovery of viable cells from ab-
scesses formed by ca. 10° CFU of bacterial cells. Abscesses from tissues
(shown in panel A, a) were homogenized, and the numbers of viable
bacteria in homogenates were measured as described in Materials and
Methods. Assays were done in triplicate. P = 0.56 [reference strain
versus C7(—)]. The error bar [C7(—)] indicates the standard error. The
standard error could not be calculated for the reference strain because
a set of three data could not be obtained (from one of three mice,
viable bacteria were not recovered). The actual numbers of CFU
recovered were 1.2 X 10° (reference strain) and 5.2 X 10° [C7(-)].
PW8 was not recovered from any of three mice. (C) Recovery of viable
cells from abscesses formed by ca. 10" CFU of bacterial cells. Recovery
from abscesses from tissues (shown in panel A, b) are shown. P = 0.046
[reference strain versus C7(—)], 0.059 (reference strain versus PW8),
and 0.018 [C7(—) versus PW8]. The actual numbers of CFU recovered
were 5.4 X 10° (reference strain), 8.9 X 10° [C7(—)]), and 7.9 X 10
(PW8). The mouse assays were repeated twice with consistent results.
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C7(—), hemolysis was prominent (Fig. 7A). Figure 7B illus-
trates the absorbance of the erythrocyte supernatant at 545 nm
after 16 h of incubation with serial dilutions of a C7(—) sus-
pension. Interestingly, neuraminidase or trypsin pretreatment
of erythrocytes did not affect the hemolysis (Fig. 7B). The
reference strain exhibited much lower hemolytic activity than
C7(—), with an A, of <0.05 with a bacterial suspension at an
OD of 2.0. The PWS8 strain did not show either hemagglutina-
tion or hemolysis.

The primary structure of the srt4-spaABC region and the
DIP1281 locus. The region (PAI 10) previously shown to be
crucial for adhesion of the reference strain NCTC13129 to
Detroit 562 cells (srtA-spaABC) by Mandlik et al. (34) was
shown to be present in the PW8 strain. However, the vaccine
strain showed greatly reduced adhesion activity to the human
pharyngeal cells. We therefore determined the nucleotide se-
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FIG. 6. Electron microscopic appearance of abscess contents. Mice were inoculated with C. diphtheriae C7(—) (9.5 x 107 CFU), and the
abscesses were removed and prepared for electron microscopy as described in Materials and Methods 3 days after inoculation. (A) Mouse
phagocytic cells containing C. diphtheriae C7(—). The arrows indicate bacteria enclosed in a vacuole-like structure. The arrowheads indicate
bacteria in the cytosol. The asterisks indicate lysosomes. Original magnification, X5,000; bar, 1 um. (B) Disintegrating mouse phagocytic cells
containing C. diphtheriae C7(—). The arrow indicates a disrupted cytoplasmic membrane and vacuole-like structure from which bacteria could
escape into the abscess milieu. The arrowhead shows a dividing bacterial cell in the cytosol. Original magnification, x3,000; bar, 2 pm. (C) Dividing
C. diphtheriae C7(—) cells in vacuole-like structures in a mouse phagocytic cell. The arrow indicates a disrupted membrane. The arrowheads show
septa, typical of dividing C. diphtherige cells. Original magnification, X10,000; bar, 500 nm.

quence of the region. The srt4-spaABC region was not in an
intact form. The sequence of the sortase gene srt4 (DIP2012;
accession number AB562324) was 95.4% identical to that in
the reference strain. At the amino acid level, 273 out of 289
residues (94.5%), including His160 and Cys222 at the active
center (23, 61), were identical. A lower identity, i.e., 90.2% at
the nucleotide level and 89.1% at the amino acid level, was
observed for the gene for the pilus backbone subunit (spad
[DIP2013; accession number AB562325]), with a conserved
LPLTG motif at the C terminus. The genes for the other two
important minor pilins (spaB and spaC) contained large and
small internal deletions. The spaB gene (DIP2011; accession
number AB562326) contained two in-frame deletions, 9 bp and
3 bp, exactly accounting for 3 and 1 amino acid residues,
respectively. That is, the PW8 gene was 92.7% identical to that
of the reference strain at the nucleotide level. The spaC gene
(DIP2010; accession number AB562327) was largely impaired
by a 470-bp deletion, which resulted in a frameshift mutation.
Two other deletions (3 and 9 bp) were found near the 5’ and
3’ ends of the spaC region, respectively. The overall sequence
identity with the spaC gene sequence from the reference strain,
except the deletions, was 94.7% at the nucleotide level.

Recently, another surface-anchored protein (DIP1281), ini-
tially annotated as a putative invasion protein, was shown to
function as an adhesion factor of C. diphtheriae to Detroit 562
cells (43). We thus compared the nucleotide sequences of the
gene among the three strains {accession numbers AB562328
[C7(—)] and AB562329 [PW8]}. All three of the strains pos-
sessed the DIP1281 gene, and no internal deletion or insertion
was found in any of them. The identities of the nucleotide
sequences were 98.3% [reference strain versus C7(—)], 98.5%
(reference strain versus PW8), and 99.3% [C7(—) versus
PWS8], respectively. The differences in the nucleotide se-
quences were reflected in 8 [reference strain versus C7(—)], 10
(reference strain versus PW8), and 4 [C7(—) versus PW8§]
different amino acid residues, respectively.
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FIG. 7. Hemagglutinating and hemolytic activities of C. diphtheriae.
Dilutions of the C. diphtheriae reference strain, C7(=), and a human
erythrocyte suspension were prepared as described in Materials and
Methods. The trypsin and neuraminidase treatments are also de-
scribed in the text. The bacterial suspensions were mixed with eryth-
rocyte suspensions in a 96-well microtiter plate; after incubation at
room temperature for 16 h, hemagglutination was scored macroscop-
ically and hemolysis was measured by absorbance at 545 nm. (A) Hem-
agglutination by the reference strain. —/—, untreated erythrocytes;
T/—, treated with trypsin; —/N, treated with neuraminidase; T/N,
treated with both trypsin and neuraminidase; no bacteria, control with-
out bacterial suspension. (B) Measurement of hemolytic activity by
C7(—). ODgy, of bacterial suspension is the dilution of C7(—) suspen-
sion expressed in OD units; absorbance at 545 nm is the absorbance of
the supernatant of the mixture after incubation for 16 h. —/—, un-

-treated erythrocytes; —/N, treated with neuraminidase; T/—, treated

with trypsin; T/N, treated with both trypsin and neuraminidase.
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DISCUSSION

The C7(—) and PWS8 strains of C. diphtheriae are two of the
oldest strains available to researchers and are the main stan-
dard strains utilized in analysis of C. diphtheriae pathogenesis
and vaccine production (10, 20, 32, 46, 48-51). The C7(-)
strain, which can infect humans (3), was considered to lack
most PAIs but still showed signs of pathogenicity, whereas the
nonpathogenic (32) PW8 strain retained more PAIs but
showed much reduced signs.

By comparative genomic hybridization, the C7(—) strain ap-
peared to lack 11 of 13 PAIs. The total number of NCTC13129
(reference strain) genomic regions that we found to most likely
be missing from the C7(—) genome, including PAIs, was at
least 37. This corresponds to 300 CDSs, approximately 12.5%
of the total number of CDSs in the reference strain.

In contrast, many fewer, i.e., 14, regions were considered to
be absent in the vaccine strain PWS8, isolated earlier than the
C7(—) strain (46). Among the absent regions, only three were
related to PAIs. However, the difference at the single-nucle-
otide level between the PW8 genome and the reference ge-
nome was suggested to be greater than that between the C7(—)
and reference genomes (Fig. 1C, row 2). In addition, large
genomic diversity was observed among various C. diphtheriae
strains and clinical isolates (Fig. 3).

The regions of the reference genome that appeared to be
absent in C7(—) or PW8 were in most cases flanked by, or
associated with, insertion sequence (IS)-related transposases,
phage-related transposases, or tRNA sequences. Short (less
than 100-bp) direct repeats were also seen. In C7(—) and PW8,
some of these regions were shown to be replaced by DNA
fragments of various sizes, and some were shown simply to be
absent, leaving one of the direct repeats (data not shown).
Taken together with our preliminary PFGE results showing
that the size of the C7(—) genome is larger than that of the
reference genome (see Fig. S3 in the supplemental material), it
may be possible that at least some of the replacing fragments
have a high degree of mobility by horizontal gene transfer.
Detailed analysis of such fragments would be possible by ge-
nome sequencing of the C7(—) strain, as CGH technology is
not capable of detecting and analyzing such regions.

Adhesion of C. diphtheriae to human epithelial cells, fol-
lowed by internalization, was demonstrated and analyzed in
detail by Hirata et al. in 2002 (26) using HEp-2 cells and later
by Bertuccini et al. in 2004 (6) using HEp-2 and Detroit 562
cells. One of the signs of pathogenicity for C7(—) and PW8
strains was such adherence. In our study, C7(—) showed ad-
herence to Detroit 562 cells at a level comparable to that of the
reference strain, and PW8 showed a much reduced level of
adherence compared to these strains. Mandlik et al. (34) re-
ported that disruption of the sortase (srz4) and/or pilin (spaB
or spaC) gene resulted in almost complete loss of the adhesive
properties of the C. diphtheriae reference strain (34). Our re-
sults (Fig. 4) indicate that the C7(—) strain, lacking all of these
genes, showed reduced adhesive properties compared to the
reference strain. However, the activity was still higher than that
of the AspaBC mutant investigated by Mandlik et al. (34), in
which, based on our recalculation of their data, less than 2% of
the inoculum adhered to the Detroit 562 cells. This suggests
that the C7(—) strain possesses additional mechanisms that
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compensate for the lack of minor pilins. As for the larger
genome size of C7(—) than of the reference strain, C7(—)
could possess genetic information undetectable by CGH anal-
ysis, which might include genes sufficient for mediating adhe-
sion to mammalian cells. This is not the case in the PW8 strain,
where the srt4-spaABC region was present, but not in an intact
form. The srt4 sortase gene could be functional, because the
two important residues His160 and Cys222 at the active center
(23, 61) were conserved. However, spaC, one of the minor pilin
genes crucial for attachment to the target cell surface (34), was
largely affected by a 470-bp internal deletion and a concomi-
tant frameshift mutation. The reading frame of another minor
pilin gene, spaB, was not impaired, while two small in-frame
deletions were found inside the gene. The observed differences
in the pilus structure, especially the impairment in the spaC
gene, might account for the reduced pathogenicity of the vac-
cine strain. According to Mandlik et al. (34), single-deletion
mutants of spaB or spaC exhibited reduced adhesive activity,
but it was not as reduced as that in the double mutant AspaBC.
This is consistent with our results obtained with PW8, in which
the spaB structural gene could be functional. Further, concern-
ing the extent of the suggested single-nucleotide level differ-
ences from the reference genome scattered throughout the
PW8 genome (Fig. 1C, row 2), other possible mechanisms
contributing to pathogenicity might also be impaired in PW8.
Mandlik et al. (34) also showed that a Asrt4 variant of the
reference strain NCTC13129 still exhibited approximately 30%
adhesion to Detroit 562 cells, indicating that spaABC-type pili
are not solely responsible for adhesion to Detroit 562 cells. In
addition, a A(srt4-srtF) variant showed further reduced adhe-
sion, suggesting the contribution to adhesion of some unknown
factor mediated by at least one of the sortases encoded by
srtB-srtF. On the other hand, in the present study, C7(—) and
PWS8, both of which are considered to lack spaD- and spaH-
type pili mediated by sortases encoded by s7B and srtC (19)
and srtD and srE (59), respectively (Fig. 3), still exhibited
reduced but significant binding to Detroit 562 cells. The pos-
sibility remains that factors other than pili contribute to the cell
adhesion in the cases of C7(—) and PW8.

On the other hand, a recently identified virulence factor,
DIP1281, initially annotated as a putative invasion protein and
later revealed to be an adhesion factor of nontoxigenic C.
diphtheriae to Detroit 562 cells (43), was present in all three of
the strains with much less diversity than the srt4-spa4BC re-
gion. The well-conserved DIP1281 gene may account, at least
in part, for the cell adhesion still observed in strains lacking
functional pili.

Another sign of pathogenicity was persistence of inoculated
bacteria in mouse skin abscesses. Comparable levels of persis-
tence of inoculated bacteria in abscesses were also shown for
the reference and C7(—) strains when injected into mouse
skin. To develop the mouse model, we first reproduced the
results of the original experiments of Barksdale et al. (3) using
rabbits (see Fig. S1 and S2 in the supplemental material).
Toxigenic strains were shown to form abscesses, and the le-
sions were diminished by neutralizing antibody (antitoxin), in-
dicating the large contribution of the toxin to the pathogenesis
of C. diphtheriae. However, the nontoxigenic strain C7(—) was
also able to form abscesses that were not neutralized by the
antitoxin, suggesting the presence of pathogenicity factors
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other than the toxin. In the intradermal-injection system of
Barksdale et al., physical invasion was used to aid the entry of
the bacteria into host tissue. The model reflects one of the
major forms of human diphtheria, cutaneous diphtheria, as
sometimes associated with physical invasion, such as that due
to insect bites (12). Experimental infection models for several
Corynebacterium species of veterinary importance (C. kutscheri
[8], C. bovis [28], and C. pseudotuberculosis [47]) also employ
physical invasion mechanisms, including intradermal injection.
In our rabbit experiments, we confirmed the necrotizing effect
of diphtheria toxin by inoculating toxigenic strains (the refer-
ence strain and PW8). In addition, abscess formation by the
nontoxigenic C7(—) strain was observed as another sign of
pathogenicity, which has been reported by Barksdale et al. (3).
Diphtheria antitoxin neutralized the necrotizing effects of tox-
igenic strains but did not inhibit abscess formation (compare
Fig. 5, sites 1 and 2), indicating that the pathogenicity of C.
diphtheriae could not be fully attributable to the toxin.

We then transferred the rabbit system to mice, an animal
species insensitive to diphtheria toxin. The abscesses formed
by C. diphtheriae were shown to contain viable bacterial cells 3
days after injection, which survived for at least 13 days (data
not shown). Due to the greater persistence of viable bacterial
cells in mice than in rabbits, mice could be good candidates for
a C. diphtheriae skin infection model with the additional benefit
of easier handling than rabbits, although the system is not
suitable for assessing the overall pathogenicity, including
the effect of the toxin. The maximum persistence of C7(—) and
the reference strain was not very pronounced compared to the
results of experimental infection models reported for other
bacterial species (2, 11, 30, 53, 64) but was greater than that of
PWS8. Multiple bacterial cells were found in the vacuoles, some
of which exhibited growth septa (Fig. 6B and C) for the C7(—)
strain. These results are consistent with previous observations
by other groups. Thus, vacuoles containing bacteria have also
been observed in in vitro studies using HEp2 and Detroit D562
cells infected with nontoxigenic (6) and toxigenic (26) C. diph-
theriae strains. Recently, dos Santos et al. demonstrated the
survival of the C7(—) strain in human U-937 macrophages
(16). Bacteria were also found in the cytosol outside vacuoles
(Fig. 6A and B, arrowheads). The escape of bacteria from
vacuoles into the cytoplasm has been reported for Listeria,
Shigella, and Rickettsia (15, 21).

The third sign of pathogenicity was associated with human
erythrocytes. The reference strain showed hemagglutination,
whereas C7(—) exhibited hemolysis. PW8 showed none of
these activities (Fig. 7). Mattos-Guaraldi et al. have also re-
ported great diversity among C. diphtheriae strains in hemag-
glutinating activity (36). The results show that C. diphtheriae
has diversity in pathogenicity, as well as in genome organiza-
tion. In addition, the hemagglutination by the reference strain
could be dependent on a sugar moiety on the erythrocyte
surface, as shown by enhancement by trypsin and/or sialidase
pretreatment of erythrocytes. The results suggest that adhesion
of the bacterium to target cells upon respiratory infection
might also be dependent on cell surface saccharides.

The high degree of genome plasticity in C. diphtheriae
showed that the species could be more diverse than had been
anticipated. Intraspecies genome diversity largely differs from
species to species. In species such as certain mycobacteria,
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chlamydiae, and streptococci, genome diversity has been
shown to be small, and the presence of very few or no PAIs has
been demonstrated (54). Possibly this is not the case for C.
diphtheriae. Further studies on various C. diphtheriae strains
may reveal novel virulence factors of the pathogen.
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MEeLTHmoh, A2l
T2 2B OBRRME 2 5% 0
HWHEHSHE - fh5shTwa, A
DIITITIVTOERRETH 2
Corynebacterium diphtheriae |3,
VITITmEERETHREN
ZCoryne R THD. V757N T DFRESIILER L
DNELDW|MENDY, FTOBRPRE, EiBME, HEEH
HoHEeoTwbB. —7J5, Corynebacterium ulcerans
(C. ulcerans) &, FOHAE% (8] REKOEHWICH
T -k g ERIIEE LTash [1-3],
A TR ADBHEEACREAORER & LTOREDH
% [4]. 2613, AoV 77 U728 2HER, %
B, RBRBIUBE AEIBBEIh2EEH,S C
ulcerans B3 EESI N, V77 TEXREEFEHFL, ¥
7TUTHEREXEATDLHE (C wlcerans™') THrC
LB ER>TWE [5-7]. BEOBERAT, K
RERELTH, BLLOEENYRK, Mk o
BYoME LM EbhTwa (8 9]). Aot
BRPEDH - EFICHE LT, BWH 5 ANBIET S
Z LI3FAL A TH B2 (Zooanthroponoses), A#5H
B1% (Anthropozoonoses) F7-i3M A D H151E&T 2
(Amphixenose) 2, BED L AR THSL. EHN
ST C. ulcerans R U C. ulcerans'™ %55 R
EHREEIL L, FRIZL 2 ARUEYOEZEY, MBS
MAKIEETHA.

B, FERENLRIEMENT A — 2 - TAML
TV RHHE S LICHHES L BmEikLTBy, U
TOHOURLZFGRICBWEI iz,

http://www.nih.go.jp/niid/bac2/Coryne_ulcerans/

2 ®A - ER - wE
C. diphtheriae\ZX 5T 77 Tid ESGESIEIC F 1

L, SN - EEE K OVEEASRESL OB IRAER
SREXINIEBRBEITICREILIEESATY
. BN ERETRBEFS 77 ) 7HE L, W,
BB v, ERE LTI, %2k (38~397),
REMOER, RRBEOEFBE SIS, BIOER
(TNAw 7)), BERK, HRICLRREE, 5%
DHEBIUVUFEMOMERELIHRE SN TS,
C. ulcerans™ 12X BV 7 7)) 7 b EELRBEIIFBEH
LB, BMHLRERIBN B SR LR AR
RAREIBHESh TV,

3 AN DR %E

BHOY 77 7 BEOEMBER (BEE%EH) &
HA20 4 (19454) 121386 FATH o 7245, WA
604F (19854F) 1212100 AF2EE, 2000 ELIEIZH T
B¥oLhoTwna, BEOSMARMICIE, 1950 4F
RPLEASHAY7FYT M VA FBH (BRY 7
TUTPFVAF, kBEY757) 7HERRES N+ V4
N, MEFEEACEY 77 THRIBRBRET 2 F v
F) OMRBIVEHROBEIZEI BDTHS. —F,
VITIVTHIEREZETHEEDS C. ulcerans'™" 734
FEENTHEFERLICR LA, BRTIR2001 £i295H
TTERBHARFR CHRIN., BE, RUEMICE
D 2BIB A5, 2005, 200642 HIZ3BIAFEE SNz,
BT, FR21E1 ACENG6 HIE DBE S HES
h7z [10-14]. 1BIBEDBHIX, 200142 BI25280
ks, MR, R, HEERE, B, S#h, LIHEEEE
WHEREICHBBEYE L TAKL, —HrPREEE 2
LTICUEH L 2o 7. FREEREERTC ulcerans %4
BEL, #HC ulcerans"™ ThHrHZ LR ENT. 2
Bl EH OB 1BIH & H— R T 2002 4 10 J3 12 5
i, Fe#, LR GREHRICBESBE SR, ik
HBRETHY), 1BIENBRELERBIRABE TH- 7.
SPIHDBEZIZ2005F9 AICMILE (587, B#) T,
EETRBER, B8E0EIBREIN, BRYEaICB%E

T OERREE  BRTH ELRMERETIEE—RE-2E)
B042-561-0771 (A 3544) FAX 042-561-7173

T 208-0011 HERAS (LHZ6E 4-7-1

E-mail : motohide@nih.go.jp

HER&EE 63 813 ~818 (2010)
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£1 ERBE»LV T TV TEHERELEY C ulcerans 5EEH

BoH % A SAEEH oy I £ o OE K R & B OB
FEB 1 T xR 20014E 2 B 52 IUR R EE, WA, HEEG, B, B B S0 R #200C 1 KA
FEF 2 F ¥ B 20024108 54k% B IHGEAE, 2, KRR, BIE fEF 1 & E—be, F—H#uik
JEF 3 fow | 200549 A 578 B EHTRPER, BEOH 1B 8 Fe D AATET
FEB 4 X 4 B 20054E10R 51% B McSREERRE, %, % E# B o120t (A
JEF 5 MENE 20064 7 A 58# I FWHEE, AMICAE, ETOWRHER
AL 6 B 20094 1A 57#% I SR, EEk, KEMEAR, BRI BY i 5 ITi#ae
#2 BIO C ulcerans D5 EE - BEER (FHAEE)
HRIE I UL R FOE T o # HAEHR Bk % PR S
.. DamERty - R . WRATT ] LI 0 ! ND .
Ty b bl IHEEA 7 7 32 2 ND
B EER 74T IHEE A 7 7 55 0 ND
____________________________________________________________________ ~ b . . A, ..
.............. c . wwEEros— W BRRVT N
D HYEBELY 5 — X IHEE A 7 7 63 5 ND
___________________ hyERLoy—- W27 B ND
E BmEEtLy 5 — *x THEE A 7 7 50 1 ND
__________________________________ bR y—- 0w WE2vy S AN
F oL YR x HEEA T 7 36 0 ND
.................................. Db 0w W®z2v7y w0 ..M
G ey — X IHEA A 7 7 11 0 ND
__________________________________ ByERL>y- 0w 20 A*H® 02z 0 N
Bk Ul MHSEA 7 7 36 0 ND
u BYEREL s 5 — * MHEEZ 7 7 27 0 ND
BYEELr s — b IHEE A7 7 85 5 ND
LEY 4 BlE27 7% 65 0 ND
i L iRk At LY & 1 1 1
&8 Th s At Bk 85 7
) ke X Bk 10 0 11
I8k (P8 HA) B HoOX BRER T 7% 154 2 13
REERT LAY L1 75 0 ND
: WEEEKRE > ¥ — i IHEE R 7 7 3 0 ND
<k§§m§§9) EAGEYE Y ¥ — LS g A 7 7 124 0 ND
P ¥ E + v EEEA 7 7 22 0 ND
RYEY IHEE R 7 7 5 0 ND

REROABTRIMNRT LT, 4FIBDBEIL, 2005
F10 HICKFETYE, %, RHREKZEL, MoZH
WZRBREERH S C. ulcerans ™ R sh, BRM*
Y, HEHETLRZEMFLTVZ. 5HBDEHI,
2006 7 HICH&ENBEoBEEE Y v~ F B8 (k
foIBE) A, WREEH, HPHRE, OFE - BIEEH - HIEC
BHE, WREER, %, BF, BHREFL, REOER,
UHEARH L. 6BIBDEEIX, 200941 12141
BE2fBOZWERELEY L EMPRERICEEHL
Y, —REEPI, { LehEREERRE, R2AIC
TESMIL, W, S, ZfiE, EEsE, JiE
SHIABEICBIRZ M8 ) SEMERE, K EREED ¥ 8o
NERR & R BRE S FEFOME Y 7= FEE DA

BHAT TOWRAETC. ulcerans™ #HBEEL /2.

4 BN O RERAE

Tk 2243 A TCIERNDALTC. ulcerans 7213
C. ulcerans' ™ oM s REZR2IR L. BHA
EARTHREL6FOEZEDS b, 3FLIIEARBERE
ELBHAKE0EM, RO AIEEHEEELOLD
FEEIHERIN TS, BRN6HIENTY 77 7THE
BEEQORIEFALTT, BTICETILIFTAMO 1 RIZAR
BERZFELTZ Vv 3, BRERBLTVWA2DICH
DHREELZWVEIITEE LTV, ZOHEEES
HRBLZEMNHBALL. BEMN,»OBEELBETR
H—HT 5 C. ulcerans™ 8L, SHIZFHEILE
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1 C. ulcerans'™ A58k SN REMIZHE N B
it (GRAE /NI ERIEAE AR )

I % o8 L7 [14].

PEI9F 11 A27HAS 5204 12 A 26 BIZHMTTK
BRAFASUNE Lz REHEL 5 —DRE83HEZAEH R L
L7z#MAE T, 4825 C ulcerans™ PR H S h,
AVEED ST REAER, 28D O T HRIFEEK, 15
P OIREREERRUFERFEEERDSFE ISR Sh
[15].

QI FEOEEFBREMRBEORETE, BIFO
BEERICBII2EYEEL Yy — A SHAERRHD
27 7, RUEERIHMA S W FREKOIHGE A 7
TENCHLMAEEZEBLIER, 6 VTOEEL >
¥ —T6HMNK, DL Y C. ulcerans'™" D35k X
ni.

EN6HIEDBEREEMICESE, REICL 8%
FEHERIR & AE IR OB A B R A & BT A
HLFITbNIz. THICX ), BANEPRERMS O
BAGEHREOM AN 2B TARAE L ERLIEE, —
BRETHABTL TV LEEN10HEOH? S C. ulcerans'™”
PoEEEh, ZHEAVCORBEIZEY 77 ThiaEx
fRE L@ EOREBEE R L [16].

K, MRUFBEDDIIRPSELFA MHME LT
EBWE Z ST, FEE L EMBEROZ VWIK
DMFEFOI 77 THHEZERERREHAELL. 20
HE, BROBBORRNIIB W TEHRATHEZHEL
2. CThOBATHTHOBHTAE*ERLAEE, R
BROIEDS C. ulcerans™ %58 L1z, B, #k
DET, KRFRUTERAO—RRETHFT S AT
W2 RO 300 BOMiEH OMBFRAERLPREER T 7
N5 DC. ulcerans™ FHREDOERTIX, MEL L
HTHhoi.

BEBHYOREL LT, B, ERBXOLEHIHK
ANENTREY, BFERU—BREROAERELEFD
EFLEZRELLER, C ulcerans RUC. ulcerans™”
WIEhLBEHTH 7.

BN BT B C. ulcerans™ DB G, RET
1986 EEH 6 2002 FE D47 BiH b, FEEK, KETD
R ISR EA D B (17-20). 75 vy ADOKIE, B
OFREHEC LeAdBBIRTEY, AVENESE
BVTTIVTERELILDOIL, AOBEFHEEDLR
Tw3 [21].

5 RBPEEROBHERS

V77U TRAMKE g, L7, MEERA, B
FIARUNGF 7R ELI [ZHBREE] & LTH
bha., ELEBEOREE, RIWEBZIIRELD
AlRo#s - FERPE@ZEGER S NS, BITHE, E
EHMAEIED I [EMD S HEFRAMFE~OREO
ZoHOEIE] I, TROLHIZHREN TS,

(BEDL-DHOEE)

Ol LICEMOHBTIZ LD, ERPETRA S YRR
bR, 0, UTOFEIZL > TREAZEH 2
sEhizdo.

FED WE (G D6 OB B
- AR OB H

VITVTHROGRLRAE, %6 TICHMEICBY

Y77 TEROB
- FEAROBIEFOBRE

Bl, PCRiER Y

http:/www.mhlw.go.jp/bunya/kenkou/

kekkaku-kansenshoul1/01-02-03.html

C. ulcerans™ 120V Ti, HROEBRTIV 77
Y7 LTORITHEHREZITRTHALZLTVW2WD
(2, C. ulcerans™ BYIEDC. diphtheriae \Z X {5
%, BEOEHMEIEVDSZVHIORENLETHS.

3, EEHEETIEC ulcerans™™ B2 X 3 261
DEEMELZVIC, FRI14411 A 20 B 1) TR
R EAERRES (BE&F1120001%) L LT,
AEICL2BEREBIUVBSG o OEHRE L &S
WAEEEBREICUTO@ME LTwb. E612, 66
HoOBEEEICEL L, Mo LT Ey
ZEIZDoWT, UTOL)ICBBE~FEMLL (PR
2147 H22R HE50722%83%).

1) Y7FNTRERZZELLBEEIIODVWTE, V7
FUTHEDARE ST C. ulcerans 12 & 5 BYDWEEM D
HHI L,

(2) C. ulcerans\Z & 2BEDEEDLNIIGEX, HE
FFE %38 U CEYBREENER CRENFTHRTHS Z
&,

(3) C. ulcerans\Z X HBELBW LIHEIL, BE
DORFE G TREMN 28 UTHRRELZ T2 L9 IkD
7z,

WAL ORRI L 2 BRFEOM Y K\, EETIE, &

w15
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F B4 C. diphtheriae, C. ulcerans'™" 12 & 5 BESE %
PI7FUTETBE. 75 AT, 200200
C. ulcerans®™ DV 757 )T OEHRIZET AL ED

o7z, REIT, Y77 7OERZBUNILC. diphthe-

riae % T HE LR ENICEH T A 2K, C.
ulcerans, C. pseudotuberculosis H35 8 S N7 BEIZD
BHRZCDCIZELZ L EL ST WA,

6 AR - RE - FITHR

C. diphtheriae"™ DY 757) THEFRIX, HBHED S
YRIFZETHY, vHFORARLETLEY FOETIC
EHS 5 LRETOERE, Tk - EREIBE SIS,
Fho, S LB EHRICLD, LAEIT X BIEERS
REE, MREOHARURG R EORE (V77107
HMBERE) *BITLEIORS. BEROBEEER
i, BMAROREL LTy — AL, Ml S
RIZBALXTF FHREAF (EF-2) 21 EHbLT5 2
EICED Y Y EEREREL, ME%EICEL LD,

—%, C. ulcerans'™” DIEET %3\, C. diphthe-
ria DEEBFEZRL M F VA FTRELLMEThIISH
. C ulceransV 7 7 V) 7T HEZIETMY TH L,
Corynebacterium ovis DEA T H2HE L LR —DHERIG
T (HMIEHE & EEEN) 2R, ComMERRITT
B, ELFERRUREFIERIGED B 2 L AGEH &
htTwa (23]

EIN T8 L 72 C. ulcerans™ " & C. diphtheriae'™"
DEALZF W R RS, TXTHDC wlcerans™ 13
Phospho Lipase D # AT A Z L #RER L. T 72,
T/ BEN OB CHEOEZEREFIOVTIE
4B EHH AL o7, Phospho Lipase D i, C.
diphtheriae DEET 5T 77 ) THEROERE, L8
RCHEME L BEVPES»HTH B, C ulcerans d
Phospho Lipase D & O EMIIAEHTH 5.

C. ulcerans™ DEATORMRE L LTI2, RET
1986 45 2002 EOMIZ47 BldH h, WEK, KET
LBEWIREDP DD, 77 v ADKIE, BHEOOER
BERCLSADPBEINTEY, AVENEELY 7
TUVTRELZIDIZ, ANDELENFERL b T
5. B, BAREIZOVTIZE L REEFEHRO
http://www.nih.go.jp/niid/bac2/Coryne_ulcerans/
world.html Z B8 S 1720,

T RE-ZW
RPBIZBVCIRBERBE T TREORZIIEHET
bo. GEoT, REAKBHTICIZ, Bk, FHE%L, HEX
T7ERRRL, MAEREWT S, AT TEF AT —
WEEH, T VOV ERIEINM IR B 7 & OEIREE #12
B LEETS. B EIHBLAERDI0=—%

DSSEMICBHEL, LBRIFE, PREHIENLE
ZIEBLLCHE - e T2, ZOBICPCRIZEY ¥
75 THEEMETORMARE MAEbETHET S
LR THD. SREIEAPIIY 7%y M EOBSA
LERRE o P CHBAELFALD &L bi2, BEEE
HORBRET). BREEMORBRICIE, HELELE
LEy bR X LRSS S LT %l
TAEME R IR LT AHMRR, L7 LV TRAE O
BREKH I Vero MLISH T 2 MIMBYE 2B L + 2 in
vitro RER, B A Sh 7B E 4 GIEEN0I K
FHIV 7R, BOBEMET 2 MY 5 PCRAKEK
Hib . I ED G, HHMEBHETIEEPCR
kB HEBET OREAT LA 245, RIH
BH ST TF) TRASHE L, SR ORI
A5 LK TH .

8 T B - A

C. ulcerans™" \Z L 2@ 6 DERETFH & LTI,
BERRAEIR (AR, 277 x3%), EEAOBEREL
TRICRFERBOHS2MET 2. £/, SHEABT
BREBMHFAE L BEIE, FTHENTAROY 77
V7 b3V A4 FORMAERLERTS. CoV 777
FFVA FORFEOELIZEC, 1921 F Glenny 512 &
DEEE D, BEIADRICEM I HO L RetD
EWII7F OV EDTH A, HNTIX, 1948EIZF
P EEMSRIE SNL E L L2, WRY 77U T MY
4 FBAEN, TO%, HEOREGEOT 7 F i
BHKREOBWILICHE SN, BETIILBERNE
BT 7 7Y THBRRAET 2 F >~ (DTaP) #4121
DRERCLCHVLR, BEHELHREBIFTY
b, VITIVTIE, D7 F U ERICX VHETRELER
ThY, T/, “FHITERIES.

BRIMEREG ERBERREINRNTHE. V7
TUTHIIH LTEMBEEL LT 2074 ¥ R
=YYy GR2HEMEYS T B, C ulcerans IEGLHE O
LT, REDOH A FT 4 > TIdEERE LT
HREOFANER SN TWAE. V77U TOREIZBW
THEZEVBOTEELZFZH L CV20T, Mi#FLE
LW HEROFHPLETH L. Z0ft, [EHEIC
3B KBRS T A R—X A= —
DFEH % EEREREHICOWTEDEE Lik#EL T
3.

C. ulcerans"™ % RET2™h0H 5 Hm L ETEY
REEHY L RE I XEFERT LG4, RN
MEBDOABS [26, 27] WD WTIZ, BEYIEE 4 5 A EE
HEAH B DTEY LHHFRLRAISLETH 5.
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9 5 b Y I

AL B OLBREREIE 213 U L ¥ 5 HRBGEEDH
X, E#, BEMEMORSEN 2 EREMRIHRE L
MfkERs, ANHEEME, TORELERMICEET
HBIENFETLWI LD, HFE [One health] [One
world, One health| [One medicine] & 3 3EETH#
BENTWD, C wleerans™ 12X BBEFIZONT
b, BRSNS ORPLAERHRE - BROEBHETALD
WOKBREE L L TERASLELHEMERHILE &
PGBy

—HEICIVARBEIEMSO—ATEE L LTH8E
&h, C ulceras bINOGHMEED—EBE LTHELT
VBTG S L. BEOL IS, —~BFE TIITINE
TIRFEI DR SR E D 6 C. wlcerans™ DR SN
CTBY, ThooBMIIEME ARRERSBESH
THEY, AVEOFELEEIRDLNE. —RRET
AF T, FICABTIIBK, 72 v IIEEMIC
BEIhDL, ThonMEBEAMRY 4 LAKEETSH
HIEL%L, RENPETLTVWLIELERENT
WVa, BB, R, BOFIZC ulcerans™ HBETEL T
WVAMEEEAREN 2R, Bz 77 ) THESR
F (RE) 0%y, FLEEREBICLDER - HEI
LIDRENFETLTOEANOBREIZIEELES
%, ‘

RERZDICH Y RFRICBA G222 e, B RS
RAEB S, FHYERE, BRI EHYREGSRNE,
MARKRRRE > & —HEYE, ABYEELL 75—, BE
BT BRI SR, AP RENFERTD, SREREREL
¥y -, ARMKERER, KRBRRESHEC> -, T
RRBERAER, WENERENER, REYRELy 5 —,
FREIR R AT A BT RERT, WS N EAEE, KR AR
BAENER, ABYEEEER, B X EHEIREF, AFTER
EHER, SIWRRAENARN, RBYEEtL, 5y—, AUER
BRELL S —, ABYEEL 5 —, REARGERER, [
BT/NEEREMS, IWOFERERE Y > ¥ —, FIERAD
PRERS, TREMEREPER, AorRHEERETHRL
¥ —, ROKRZFEFEHERRE, ERERSHASEE BIRGEH,
KERFUKRERZIRRE RPIEFHE, R RPRERESH
EORGREIRHT 5.
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12 (203) AREREPREER Vol. 31 No.7 (2010.7)
5 EVTL #8, 1 &5 5 CAls B3 hi (Bi_—v
F)o EVII BSoBEINBEDS L 1 41, EEYE
BEES R BES L AR L Twids, BT, BAic
BEEU. %7, EVII 0B S FROKREH S,
TRTABUT Cho (HI—-VHK),

T4 VAT, 188 T~ Tic FL M, RD-
18S #fa, Vero M2 AT, 33°CT 2:AM, Rl
BEfTol, TORR, MBEEHRE, VeroMiET
iz, EV71 @ 118k4 108k, RD-18S MifgTix, EVT1 @
8RB bhied, FLARTRED bh T, Vero
MBS EVTL SBRICH L TR BOBSHER Ui,

EVT7l ORECIZ1978FE DRk %E, %7, CAl6
ORIEICIZI99SFEDOTRERE AL THERL - ARR
g2 EAL 2. SESEEhkoPiciE, FE
DEE MR, WERKBNES TH- 71,

T ATEI e, CAI6 HFRIVFEEE L A» S DHERX
hi=28, 2otz T~ TEVII Bo8shTtwa L
5, SEOFEBRIZB 3 ABELFROBORST
i, EVilick3b0LEL SN,

FROFBOBERERL, BEBE, THYLD
BINEHRRELTHL, 5 APy b REERIRER
PHFEL TV RFREOFRBERENBAI LTV 3,
i, AREBIEE, BERE2PLCHRTTA L5,
SBOBRICERSDELEL D,

s VKb i
EABEE FAEF WLTEE
He 1§ -LIHE

<R >
HEHNS O HI BFRS 71 L ABAES —HRTH

20104E5 B, fLIRTiRO EFEBEECHRE L2 s hi:
BELS HHERSY A VARRELEOTHET 3,

BERPEZEOLYE (20, bEEE) ¢, 581
RicBXENTRILL, MABRKBELTW:, 58
6 BE»rHHME, YHKEMEEL, THICE, 8 HK
HKEHHE L, I5IC10HKIZ, 27U v 28, &
BRlE L CARHHED bh, THOERERICEL
THEKERL DFS LN s hi, &8, BEOT Y
L BERIRETH 7, '

5 BI3H IR E hic BEOEE R C W], A
Btk & U % AT RT-nested PCR ¥ic & 2k
ZEY 4NV ZARETOBRE2RAAT, ZO#E, TT
OBETHE YA NVADH BLUNBEFHIHIEE
hiz, WEBEn!: NBIEFORSEERINET T
—BL, RV E ) HHAKRE YA LR LRERE
aht: (H1), GenBank LB EhTwaik: 0
FAERE TR, N BEFANREREIC>wT, BT
B - MVi/Shanghai PRC/22.06/11 (DQ902857)
L100% 0AKER L. 4, L7 7LV ARY

_lesISlppouJ'l’Nﬂ’.lOIl[Hl]
Mvi/Shanghai PRC/22.06/11

MviTokyo.JPN/20.00(H1]

Mvs/Fuji.JPN/21.02{H!1] H1

Mvi/Tokyo JPN/23.01[H1}

Mvi/Kawasaki.JPN/23.01{H1]

—— Mvi/Hunan. CHN/93/7[H1]

Mvi/Beijing CHN/94/1{H2]

""" t.USA/S4[A)

Mvi/Manchester.UNK/30.94[D8]

Mvs/Victoria. AUS/12.99[D9]
'j Mvi/Palau BLA/93[DS)
Mvi/Bangkok THA/12.93{D5]

El1. BES 21 ILANRE F(456bp)l 2 E IS F bt

' 0.01

& —ChH A EEIHERARC TERBLTWEYA
NADBETIREIMBERIR L R SRE T A VALY
BXNTEY, FERETIIRS IgM>14.03 & &5
HERL.
SEOBERBENA»LOBAENLEZL ST, B
i, BEOTHRELEML /-5 2 T, AREEH
Hol LET R hENRE~OETYRE - @BERRE
ZafTo R, 6 H22BRE, FEHMDL» 5 DK
BROIIEZE XN Twiw, 58, KB 3 RSH
EHOETICE SV, BAEFANOERESSLEI
3 LA, REYA VRO FRENE bICEEIC
n75:tBbhs,

AR R T RRT
HEE MHEGE BEeBT A
ERELAE =% &

It E A A BT

REHHE ARG ZFER BEXES

<EAEER>
AR - RALBWBIIYITUVFEREE
Corynebacterium ulcerans DIFETERR

20004 1 Rt ¥ 7 7 U 7TREREZET 2 8EH» 5
V75V 7RRELEY Corynebacterium ulcerans %
SEEhic, Ebro0RBIARB6AETHS
(RR—TUF 1), BEMRET 5URTCEML LR
i3, Bk, REusEEshTBEY, BELFRED
SAMIN-BERIALRETHTHS I LRI
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F1. BATOC ulcerans StEBH

BH  f4E8 8

ERF

Dt

521k it
1 2091#25 FER

FEOR R, 7. MREE
. B BB, EORERMMR
BRI RBARED
fEREEL:

HEOEEFLTSY,
1RO ER R ELV
BAREEERTIRCRIC
FANRE

54 Bt
2 20024108 FE@

HER. SeR, LIRDRL
ERARNRICEBESD
gg’éibf:bﬁ B

IHEOBELABRIC
&E

3 2005498 5&%1%&

EETIREMmE. BEO
BEDEREELL-

A RAMBIED H R R
E’G?Etﬁ:l:ﬁ%‘liﬁ

51 5%

4 20054E108 KoE

-2 RUETRRE.
B, 5. RBFOERE
ELE

WEI2LRE

5 2006%7RH

NERAE. REAR. OBE-
LIRER- BRI EE, B

& DRESAR, . BIF, KB

FOERESLI(SRE
AEsLUEREY
TFThgEh)

HAamasL

6 z000mig TE KM

LodEKBEERAR. B
MH&ICTERMIM ., B8]
o EE EREE,
VAR, FPIBGE R4
BEFIRECRE. &
LRREI A EOERE
LEREDERESELE
(R8EfY) 2 F Chnfch(A

HEICEELIHRIT
2T i B BERR 1
LI SOBYLDT]
AR ER LR
T ERN-BHTHE
LTWBRGH2m)E L
Uﬁ(ﬁm)ti@mﬁm

L FS—k 2Rz 2

FHES5)

13 (204)

7= (IASR 30: 188-189, 2009), 20094k 7 B w255
RHEBRERR X ) ENENAGEEESEK oY
FRIFUIA - INEIVRAREDBY 7T Y PRESE
REET ZRPFERE BT 28Hic>wT, LLT,
BEOMR L EFREE RO 2802 b o7, T 72,
20094F 8 Hic 3 ABEHNC & 2 BGBEHI S HMIc HE X
W @R, FEBE2 R-AvIsEEREfos
REICK b, ~-RRECAET 200 6 YUHEG OB
Shi,

BN O ARTEMERT GBFD) <3, FigET
ZHMROBYERE L S-Sl hob L, BESA
BEREABIHOESHRELERBLTV S, 20
2%, UEEITEIhIRORERA U THET
%,

U THG B, FEER—T5-0ICRR
T—HROEEZ MM TRHEL, oM+ 158
fLl7: (8 - B EMESLHRR). DBR I EHE 7
VRS Y T LINEMRERE (FRME) 2648
L,35C2HMSEL TRAR2ZET 3 a0 =— 3 DSS
MY L, DSS KO BBSHAER (VT FY
BORBY) B IXURERER (v s ESREE)
DR EZED-ERIZOVT, Api 29 % (AEXE A
AVa—i) PACTRAEL ., SRME FicHBL
RREEEOY 7T TERRETFHRY O PCR %z
DT, 1085 % % L O TDNA% T 3 group
PCR, ¥ R HEEL - L#H 5D sweep PCR # £l
L, BEREIL DL TE+BEIBEIC, BEPCR %

EEL . 7z, Khamis 58 E L2 Y 232 F
VY LBORER® B L L7 rpoB B FOIEEET]
AT OWTOERBL 72, TBEED/SVR T 4 —)LF -
7 VB8 (PFGE) ###7ix CHEF-DR I (BIO-
RAD) #{#H L T SAl THMIER, 1.5% % L T14°C,
6V, /SN A& 4 L5-20 sec, 18F5, 1-5 sec, 148
KB, TF VI LT oA FORELTENETC
BE L/, 35, PFGE OB IIEGBETY 7 +
(UPGMA) ##R LT, Fv F¥us 9 L%2ERL .

B, BREEEICBI B 75 Y 7% C. diphthe-
rice DB EB5LDEBEINTEY, SBROTE
&b C oulcerans BpORE, WEMES L UiE%EYE
ZRERAT 5 T LT, ABULERPIED 4 EREE~D
BIMEEL BT 5.0 ORENIRIE IRt T2
BTEBLDEER B,

FRRO—EZ, FR2EEREH BRI EFRER
Bi&, REES - CREENELOTHRESE 9d
RBRBEOEBENT Tu—Fic k 3V R 7 FHHEZ
B9 20%; oXEERIUTbh,

Ey B ENAMMEE _BE=% =SB iH
* % % k %

KARIEEFDAX - 23D C. ulcerans REIRR
B” % '
20094E 7T~8 Hic A 263P5, 3 =2 29PL EF920C A
FALELORGEEABLLER, 1 X 5B lh»5 C
ulcerans (V77U 7HZBETRE) #*OBEL %,
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F1. AX-RAMNDD C. vicerans BHEER (K9]

BYiE SFRE RER ELES
BRHEAGERE DIOTUTEREE
PCR% ERERE
AX  2009.7~8 63 C. ulcerans (5) 7.9% + 2~91 CDse/25 1 |
unknown* (3 ) 4.8% +
*3  2009.7~8 29 unknown* (1) 3.4% +

*unknown: PCRTIEE TH 1=, IEBEI ST N EETEL ST,

E1. PFGEDkENE (K5)

Mimp1: 12430 4456789 m M

M:DNA3LY 3% -3-h—
m:S. Braenderup H9812
1:4XX430907D2
2:4XK4530907D8

3: 4 XK570908D20

4: 4 XK50908D21
5:4XK510908D23
6:EMEEKRS0510
7:ErEETF 0102

8: 4 X KBR0809

9: C. diphtheriae PW8
m:S. Braenderup H9812
M:DNAGLY 7% -2—h—

T 5 BREDSCA X 3K, 23 1BREKICOLTY
77V 7 ERBETERH LY, BRSO CcEhdo
7o (1 (K2)). 27BfEEE 5 Bkix, DSS ¥ CcHEELS
PEE (7 F BRGNS B X ORNEENER (>3
BEofEEt) 2L, Api 2V 2 0&{LEHERRRIC
IrAERBECIES/KREDICT—F 10111326, C.
ulcerans (ID 99.7%) TH o7z, F1c, EILRERIEN
RAICTL 7 LVESHREARF O Y 7 57U 7 EERE
HHERZT, TRTCEREEM C. ulcerans TH 3
Tt %W L7, PFGE It & 2 EkOBITRERIZ, &
BElDA X B3RS B E 2005FEDATERNDT VL S
VARG BERRRIA— Y - THo e, TE
BHOBEHKEPKRNFNOA XHREKL X R%
ERy—vERLE (B1KT)). Boh-kEig
% Fingerprinting I #{#/H L T UPGMA #&%ic & %
TR - EToTET D, SEDA XHFHKLE
KB BEHRERIZL00%—F L 7.

Z =

1 X 63kfhR, 8 iEH» 6V 7 7Y T EHERERT R
BHL, RERI2T% LEBETH- 7k, ZDHL, B
ENTELDRSRETH o, THIBREKRE L
T, A2V —=vF Y757 TEREGFERENL
LY 794 LPCREERAVEZL, ZOT 7
L— MRS L LT, S EOBEXETE 2D
¥ (sweep k) &5, Bblwam=——2wn{"D
POITINV—=TICF EDTLIEDRALHE (colony mix
%) 2MAEDERLC L TREESES - LDDLE
Z%, PFGE Ti}, 204 X ¥kt Ky DBEEHE
BRRITRTEA— 1 — 2R L, thotigoiks &
WD b i, C ulcerans D ¥ 4 Tz ik
HrHBLEZXOND, FEMIRIHEL 3EDA

2, BELLHRB L UEEMMEzhEFhBE TV S
25, AUBREARAIENTH T, /-, FDI3HbD1H
BEMFB2ELTWwE, Chonl bhb, BERIC
ERERLIMERRAICB VT, REA XD oA
QBB LR ER L, BEENPNEERO
IR, B, MR, RABIEER L26HFT2S5ELD, IE
REBBOFABEAEBL 7255, C. ulcerans 3R & h
abolce ¥, 4 I NORBRRENL LT =DBE
2B, FAOBHEES =2 100CRE L, FEH
B2EBLY, P77V 7THERREETFREREShE
poic, S, C ulcerans OBEF OS2 HS
WKTaLLdic, WHRSEOEREZETZ2EEILD
HoEERAR, BpEoEE2BETs LT, LT
~DY A7 FHEE TV, BEHEE ETORBEOMERN
TR T 2B H B,

Ao BEERENE L v & —#EpiEy
HMEA AR M BRBEE BAHAEANR
AN IE

EZEGRERAMES —8 NEET

* k ¥ %k k

BEBICEITDAR « XOAD C. ulcerans RERR

BEREIUER

2009F10A~12HIWCHAE L 74 X508H+ 1 8, %2
SIEFPAEHOEERAY 726, V77U TERRET
BatE (Tox+) FRMSSHRDBES Nz, £FENERE
MR LIz 23, Api 2 Y 2T 58T~ T Glycogen
DML 2 b, T2 — F D 5 Corynebacterium
pseudotuberculosis (%ID 92.8~99.6) r¥[EXhi-,
Hiss MiE7KIC & 2 o #EHE 13, Glucose, Maltose,
Trehalose 258, Sucrose M TH-o72b DD,
Glycogen (XFatEDS 1 #k, EtEds 4 #k & RIGHEIE N
AN (RA—VR]1 (BE)). —7%, rpoBHEE
406bp DIEEFECFIE C. ulcerans (AY492271) & 100
%—2 L, C. pseudotuberculosis (AY492239) & 31
BEOHENH -/ L5, 58T RTC. ulcerans
LRAEI NI, Thb bR Elak cEREENE
HRER S h, mMEMIT 4 2508E+ 188 (2.0%), * =251
HEF4HE (7.8%) KBV TC. ulcerans (Tox+) D
HREIHEZ Sz, DBEkD PFGE BiroR, &
$ENo.1, 2, 4, 5 © 4L F RSP F 2 H
Kbkt —BL, No.3 3TED b Fhktkt —HL 7.
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CIFUTEER W RRB 0B
No. BUIRERE 1% #3 &8 HH m P4 ==DES GlC MAL SuC oue TR HEEESI ohd -1
1 20001013 %3 #X % WEHRIT +  + (c;:;;;::;;f:;;s;; e (‘io'g:fz) . ulcerans ™"
2 2009/11/24 #3 FA &K @HEAIT + + (c:d:;;:::;;:e::,;;sza + + - - + &o'g;:f;) C. ulcerans ™™
3 2000128 #3 AR B GERIT  + 4+ (c:;i:,‘;;'f;’;‘z'f;:;g)’;’z gt F - - 4 &0‘3';:_'1’;, €. ulcerans ™"
4 2009128 *3 AR R W@WRIT +  + (c:;’;’)’g'l'f;’;‘z’fg;';’;’;’l P (io'ﬁ:fg, C. ulcerans™"
5 2009/12/8 AX AR FM WEA?I +  + (;&Z;;;"l’;’;;‘:;;‘&‘;‘z P &o‘g:fg) C. ulcerans ™
YJGLe- glucose, MAL -maltose, SUC - sucrose, GLYG - glycogen, TRE - treharose
SEOBEICL D, BATEELTWSEA X - Fas, BRAGMEE L 5 —

—EBDEAT C. ulcerans Tox+2#HHET32 L, o
BEROBERCHSRESBONZ L BHE P Lo
2, ThoOBHFINES NS TOEFERES, I
BFHIBRFERITHTH 5, 45, SSWREEMEL, £
HORBEET 2 ERE2WASHLICTEIFETH 3,
k¥, SEAVE TApia V3, BaVYix o5y
v LBEREOAA* Y FTH 55, C. ulcerans &
C. pseudotuberculosis X ECEHERSEML TV
370, YEPRETH LI LBMONTWD, BE,
C. ulcerans i Glycogen, Trehalose #{G#=TH b |
IhooESRAREFATLE BEOSEREN
BrEEL{wtzhs, LdL, 56, 5P 4K
! Glycogen B TH - Z Lo, MEBOREIC
ix Trehalose DA R T 5L L b, rpoBHE
BOEERINEBITT 20ELNDLELZ N,
EFE R, FEAHYHREYEFHEFIRFEEE
OREFRERAABEO—RTHEBE L,
BB RS R T
EOER RBFdLF A B REER
TStk

1. FERXBED o8 RHEHER (AL

e AgRE: ANBE BEF # B @
FRAGEELREBHERRARERER

HHE= BRTH
ERREFIRAMESE R IEET
X K K K K

BRICHEIF B X - XAD C. ulcerans FERR

BREER

20094 8~9 Ric A 2TRRE, 2+ a8kficon<
HEL, SEL-ERE SV T Apt 2V 2 2AvTHE
ElLT, ZOEE, 1RO 2 A BRELLETEEX
7 EHRD Glycogen D3 42 b, Api2 Y %
T3 Corynebacterium pseudotuberculosis & ¥5E I
i, HOBRL RO 1RE»OTHINEHE
Bix C. ulcerans LtAIEE NIz, ThEDERIIWT
hd V77 TEREERESBYE (Tox+) Tho
7zo LH L, Api 2V 2T C. pseudotuberculosis &
FEI N/ 44 (No.37, 38, 42, 43) 2>V TrpoB
BETFOEERIIEITE EEL R, C. ulcerans
OfFI L 100%—B, L7 (R1 (AL)). LidoT,

&R
HHNo C. ulcerans C. pseudotuberculosis
AY492271% AY492239% Rl @EH
42 100 92.4 C. ulcerans
43 100 92.4 C. ulcerans
C. pseudotuberculosis 924 100 C. pseudotuberculosis

*Gene bank accession No.

BFIE. poBRIGTF (3447bp) D5 406bp (2,732~3,13N) EEWIBL LB - —HE

R2. AR FRaAMSOD Corynebacterium BEHFER (L)

BYE RDEM ReH BRRERER
BHBARHY) —Ser pxgms
e 2009.8~9 27 - -
2009.8~9 g5 © uloerans (5) 5.9% + 4~16CDs /25 u!
3 unknown * (4) 4.7% + 7/

2009.10~12 6%+

*unknown: PCRTIRME TH 1=, BENSIXD B TEL M1

wFHERETES
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M12345678910M

1 R B L5 8 TR S O R B vy

THREZTo 7245, C. pseudotuberculosis & [EE
h, rpoB BETFOEERIIMENTICE b C. ulcerans
LREFAIZEENT, TOIEd»s, ThbDEKIE
Glycogen 7 fEEEDE WK TH 2 HIgEM S E XL b h iz
7=, SR EFHEREABE T C. pseudotuberculosis
LEEZI NIERIZDOWTIZ, rpoB BEFOEEE
SRS L 2ERPLETH L L Bbh 3,

FLEREREL v & — &R

hiIg ¥ KE®RT BH ¥ BEES

FLBYERT KEHE

AROA4 2 xamke AO &

REBYRET  RAESC

: DNAS LS SH—T—h—

: FEEFBREE0102

: BE A 3@ 0509

1 RSERHEK0510

¢ @ENIEBRER0607

: REEMB %0902

: B ON0.37 (2009.9.10.5 K¥)
: ILF3N0.38 (2009.9.10.53 &%)
: MR 3aN0.42 (2009.9.10.53 K6)
: FEALWAR2N0.43 (2009.9.10.538)
: EILR3No.5 (2009.8 8 53 8k)

SN L WN =T

H1. bhE&UHamHEC. ulcerans) PFGERIT &R (L)

rpoB BIEFOEERIIOER» S Zh b 5 HIZEK
IZ C. ulcerans ERMEE 1, * 3 858ET 5 Bk
(56.9%) 25 C. ulcerans Tox+ % B L 7= (Bi~=—
vE2 (ML), EERMSHCH 2 4k (4.7%) OE
BA7 T 2wTEML 7 PCR OFR, ©PEwY
757 7T ERBETOMIENY FERE LS, B
NEECE R oM, BB, SEFHEL A4 X B LU
XBRECTHEREINFaOWEERAT7 79561, hbd
DEEIITEE X Wiz o T,

5B L 7o Btk % PFGE I & b BBHT L - 458, ML
% a No. 5 #RIE KTt FilkéR (K0510) &, ML+
a No. 37, 38, 42, 43tkizMiLit B3tk (FH0509)
LRI =&AL (K1, M2 (FW),

Api 2V 2 X 2 HRFABR T, "Glycogen D4R,
1B & b C. pseudotuberculosis (&t : HKea) &
Wik C. ulcerans (Fatk @ #E) LEEZh B, A
BER~777—-5 v FBE6NLOEBEHEAL,
36+ 2°CT2URMKBEERHET 2. EROREIE L
Bee, BEREISEVIEEE, Glycogen 5D H|
EDRL ZEHEMEN D B, SEITEES Nz No. 37, 38,
42, 43D 4RI, BEEEROBECRERM 2B L

¥ Rl BEARE
RBEBYRE BEF—

KRR SLARBETRFR BIITS
EVBRMEMATMESE 8 NERET

<EREH>
BXMORT L ERAE UBRICRRLIARS
SREARESH — KRR

2009 (SFEER21) 108, ABEREERE Lvy
* 37 EHARRE S RE L, UEBERADOTBIEE
LXfTo-DTHWET 3,

L3

BILTAROKFEF 7 VABERZHAL - EHEE S8
458, 10BAAI~TRIC DT CTHM, MESE2HEL
Teo BE 1 2OWEED 6538 S iz Legionella pneu-
mophila ¥k L BTEK D S DBEI N KR L T/ R
74— F - ¥ VEKWKENE (PFGE) 2EMEL L
5, B—DkEN S —vERLID, ABIERDH
FERTH 2 LML 7

FREMEREERTIZ, WHMER A O ARE, BiEAZD
LU I BERE, XEEYE, BREfE~0 AR

045 0.60 0.70

0.80 080 1,00

KA
NOKA: BlUA sk NoKA3S
No.5 37 38 42 43 .
00: KHEhEEH NokAs?
CHIl CHD2: F3EChhE 2%
KA:  MEIEERE - oA
OKA: Micrd%EH#
TO:  WHEMERH oKA
NOKA43

T0

E2. ErBEURIBFEC vicerans DT REOTS L (L)
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KRB TCHNOTHEREINT=C vlcerans |IZ&B T TTYTEHIZDONT

(Vol. 32 p. 19-20: 20114E1 B 8)

2001 EDTFERTORENLLE . KFRTE Corynebacterium ulcerans (LLF C. ulcerans ) D k0 B 5 ] AL
RENB K0Tz, C ulcerans |, \ERBEREEFRITHETHY. ChETOERRTOREF TIERybH
LOBRENFEONSIILGEFTREEERICH OEFNZN, SEBEAIREBRLI-EFTEL, BEERXADRLOH]
2. RUMTHAHAENBREREREZEL TV,

FEFI 515 =i

IR e EEEL

FRERE HESEEL
EFE-BSMCBHICHAYTDIEEICEFTLTLNS,

BRELSUITERERR 20105 A L YIRER . MTREZ BB, RE2BBICHEZZ 2L, 498045
HEICLYRFHINFREZTOI N, WEABONGEA ST, REOR B IHIELBESLI-ECS, LIRTEICHEH
@Hoh, BB SRR LG -, HRZAIC. RHLREXDZH TRAAREA 1=, ML, LIHEICEL
BT IRBOBIRNRBOLNT=(BH)  IZECZBHICERELILLO0. BL2OBHEBDO— ANC vlcerans
[C&BDDTTITEMERBRLTWCL0HY . ARRBBICEEZREBEE 1=, M2 HIC LIRGERENSIEELIR
HLU, SIS LBMHRE RSN, BITHEFNREICIYSITUTEREELE TS0 ulerans THD
CENRER ST,

AEICRLTIE., AR BIZABPC-ST 6g/day# #8285 LT-, LM L. T<IZC vlcerans BELTEEER LN, AfRR
BASEM 1g/dayDIRFARIZ S IZEE LT, 20O% . BEERLSVIC LIFEICHE L BIEOR B ILEencHk
EERLED . EMBERICKSTFRERZDLIITHY. £45% B KYCAM 400me/dayD#EONPRIZEE LT -, B5
HBAICIT LIEGER RIKIFXEREL. E7HBEBRELE ST, BIR# L CAM 400mg/dayDIE O % 5% 1 AR &L
f=o ABRERYMIBT HRZE T o225, BERADRERICHVVENEEEAFHS L RERLEERELT
W=CENHIBALT-, B AV ETHIBE LY RELZ B THVVENCDEREEZTo1-ECA RIENSC
ulcerans MR ENT=, S&. BILVEOREZITOFTETH 5.

HEPHRE BEBIURINSDEBENT-C vlcerans DEREMEPCRE . ElekitER % . &M E TREBL
BRI RTCOAETOITIUFTEZOELENERINT-,

EE: C ulcerans [£1928% [ Gilbert&StewartiZE>TRREN -, AB R BERLFEFRTHBETHD ERIZD
ITIVTREREE - IEN B TIIEBEM IO TS, B TOREHITE . ES L0 EMAO . JEMBNIE
DIAMBERICEDLDAZ D, EHEYMHOOBRERELAOND, SEDEHTIL. FHALVEORIENSC
ulcerans HRHEN  COWMMREERICG>tzeE AN, BEEFBHEFEMORE(CLDE. BRFICRES
NizA XPFNRIDBBEHS WVEDIRE TC. ulcerans DHEE. LTS TITUTERRCFORHEERIELTS
Y, RORTIL9.8% (9245lFh o) . 4% 1B TIX5.0% (101 h 545)) AESh TS, SEIL. KIHEELHI=HD
THBERRE TOARBEIREEINDIZE o=, CNODEEND. C ulcerans IZFDER. LRIZFEALLTE. A
KEeTIZHKBEAELTWSLDEEZLNS,

EHRISHTBC. ulcerans DENERBILBINSS | LiHERRAFRRELBGEH SO ERERERAFELSE
MR OBIEMERICE T, 4B HEREh TS, B4 DBERSZOELBWBRIENCD10EIZ50~T0ANBET
BT H—AT. AXERBEBRHERICHETSESRBEHEXZOBMI1 FEAZBIIKRRTHD. DL
EBENCSHFETIETFREINOCDBREN . R TIXZORBL I ERLZZHEBLVEESTHLC
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