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Status and future of sexually transmitted diseases in Japan
Shoichi Onodera
Department of Infection Control, Jikei University School of Medicine

Abstract

According to the results of the fixed—point survey, the incidence of both genital chlamyd-
ial infection and gonococcal infection has tended to decrease since 2003 in Japan. This
trend has been more marked in young persons of both sexes. However, it has been
suggested that the fixed—point survey has a problem with respect to the method of selecting
designated medical institutions for notification. Moreover, it should be remembered that
there are many patients without symptoms in addition to patients with symptomatic
sexually transmitted diseases.

We performed a group study of patients with asymptomatic sexually transmitted
diseases over 3 years. As a result, it was confirmed that the prevalence of asymptomatic
genital chlamydial infection was highest among female high school students aged 16-18
years, and was approximately 5% even among healthy men in their twenties. Based on
these results, to prevent the spread of sexually transmitted diseases in the young, it
seems necessary to perform large—scale screening for these diseases (especially in young
persons) and establish a system that allows the results of screening to ensure early detection
and treatment of sexually transmitted diseases.

Key words: sexually transmitted diseases, fixed —point survey, census survey, asymp-
tomatic genital chlamydial infections
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Abstract Neisseria gonorrhoeae strains with reduced sus-
ceptibility to cefiximie and ceftriaxone, with minimum inhib-
itory concentrations (MICs) of cefixime of 0.125-0.25 pg/ml
and ceftriaxone of 0.031-0.125 pg/ml, were isolated from
male urethritis patients in Tokyo, Japan, in 2006. The amino
acid: sequences of PenA, penicillin-binding protein 2, in
these strains were of two types: PenA mosaic and nonmo-
saic strains. In the PenA mosaic strain, some regions in the
transpeptidase-encoding. domain in PenA were similar to
those of Neisseria perflavalsicca, Neisseria cirerea, Neisseria
flavescens, Neisseria polyvsaccharea, and Neisseria meningiti-
dis. In the PenA nonmosaic strain, there was a mutation of
Ala-501 to Val in PenA. In addition, we performed homol-
ogy modeling of PenA wild-type and mosaic strains and
compared them. The results of the modeling studies sug-
gested that reduced susceptibility to cephems such as cefix-
ime and ceftriaxone: is-due to a conformational alteration
of the B-lactam-binding pocket. These results also indicated
that the mosaic structures and the above point mutation in
PenA make a major contribution to the reduced susceptibil-
ity to cephem antibiotics.

Key words Penicillin-binding protein 2 - PenA - Neisseria
gonorrhoeae - Cefixime - Ceftriaxone
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Introduction

Gonococcal infections have existed as sexually transmitted
diseases since early times and have never been regarded as
intractable. In the late 20th century, the significant develop-
ments of antimicrobial agents facilitated the treatment and
care of gonococcal infection disease.

Penicillins and tetracyclines are used for the treatment
of “gonococeal urcthritis. worldwide. Affer the emergence
and’ worldwide spread of penicillin- and _tetracycline-
resistant Neisseria gonorrhoege strains, fluoroquinolones
were recommended as the primary therapeutic agent for
uncomplicated gonorrhea in many countries.' Fluoroquino-
lones have been used extensively for the treatment of gono-
coccal urethritis due to their high degree of efficacy against
the disease. However, intense selection: pressure resulting
from the continual exposure. of N. gonorrhoeae to fluoro-
quinolones induced: the emergence of quinolone-resistant
strains with altered GyrA and ParC proteins.”® In 2006, the
Centers of Disease Control for prevention (CDC) updated
the Sexually Transmitted Diseases Treatment Guidelines,
2006 regarding the treatment of infections caused by N.
gonorrhoeae.” In these guidelines, the CDC no longer
recommends the use of fluoroquinolones for the treatment
of gonococeal: infections and associated conditions such
as pelvic inflammatory ‘disease (PID). In addition, intra-
venous ceftriaxone; which is-a highly potent antimicrobial
agent against N. gonorrhioeae; is now recommended as a
first-line agent’ in” the treatment of gonococcal infections
worldwide:

In Japan, the numbers of gonocaccal infections, includ-
ing those resistant to antimicrobial therapy, have gradually
inicreased since the mid-1990s.® Cefixime, an oral cephem,
had been used previously, but recently an increased emer-
gence and spread of gonococei resistant to oral cephems
have also been reported.™'” Therefore, the use of cefixime
was no longer recommended because the number of inef-
fective cases was increasing when cefixime was used as a
therapeutic agent.'! Nowadays, ceftriaxone and cefodizime,
parenteral cephems, and spectinomycin, an aminoglycoside,
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are widely used instead of fluoroquinolones and oral
cephems for the treatment of gonococcal infections.”
However, these strains also acquired reduced susceptibility
to cefodizime or ceftriaxone, parenteral cephems.

N. gonorrhoeae has three penicillin-binding proteins
(PBPs), denoted PBPs 1,2, and 3. PBPs 1 and 2 of N. gonor-
rhoeae are the major targets of B-lactam antibiotics. PBP 2,
encoded by the penA gene, has an approximately 10-fold
higher affinity for penicillin G than PBP 1.” In previous
reports, the insertion of Asp-345 into the penA gene has
been proved to make a major contribution to reducing the
affinity of gonococcal PBP 2 to penicillin G."” Other reports
showed that C-terminal amino acid residues of the PenA
transpeptidase domain were also altered in penicillin-
resistant N. gonorrhoeae.”** In our recent study, the strains
with reduced susceptibility to oral cephems have mosaic
structures in the transpeptidase-encoding domainin PenA,
which is similar to those of Neisseria perflavalsicca, Neisse-
ria cinerea, Neisseria flavescens, Neisseria polysaccharea,
and Neisseria meningitidis."” These results suggest that the
pathogens might have evolved by gene transformation
between commensally resistant Neisseria spp. and the origi-
nal susceptible gonococci owing to the existence of wide-
spread commercial oral sex."”

Other genetic factors have been reported as enhance-
ments of the efflux pump by mutations in m(rR, which is an
mtrCDE transcriptional regulator, and that penB loci was
due to P-lactam resistance.”™™ A single substitution in ponA
(the ponAl allele), which encodes an altered PBP1 with
reduced affinity for penicillin, was reported to contribute to
high-level penicillin resistance in N. gonorrhoeae™ The
pilQ (previously named penC) gene mutants were reported
to increase resistance to penicillin if penA, penB. and mirR
resistance determinants were present.”””

This study was conducted to investigate the susceptibility
to various antimicrobial agents of clinical isolates of N
gonorrhoeae isolated in Japan in 2006, and to clarify the
mechanism of reduced susceptibility to cefixime and ceftri-
axone in N: gonorrhoeae.

Materials and methods
Bacterial strains

The N. gonorrhoeae strains used in this study were clinical
strains isolated from male urethritis patients at Jikei Uni-
versity School of Medicine and related hospitals in 2006.
The specimens were directly streaked onto modified
Thayer—Martin selective agar (Becton, Dickinson, Tokyo,
Japan) in the hospitals. The plates were placed in a Bio-Bag
environmental chamber (type C; Becton, Dickinson) and
immediately transported to the laboratory, where they were
incubated at 35°C for 20 h in a 5% CO, atmosphere. The
organisms were identified by Gram staining, oxidase tests,
and catalase tests. The identities of isolates cultured on
Chocolate 1T agar (Becton, Dickinson) were further con-
firmed with a Gonochek-IT kit (EY Laboratories; San

Mateo, CA, USA). N. gonorrhoeae isolates were main-
tained at —80°C in modified skim milk until antimicrobial
susceptibility testing.” The isolates were tested for f-
lactamase production by a B-check (Nippon Bio-Supp.
Center, Tokyo, Japan). In the antibiotic susceptibility test,
47 strains isolated in 2006 were used. In the PenA sequences
of N. gonorrhoeae, 17 strains with reduced susceptibility to
cefixime (minimum inhibitory concentrations (MICs)
0.125-0.25 pg/mi for strains isolated in 2006),2 -lactamase-
producing strains, and 3 cefixime-susceptible strains (MICs
0.004-0.008 pg/ml) were used. In the comparison of PenA
sequences of N. gonorrhoeae, LM306 (penicillin-susceptible
strain; GenBank accession no. M320921).'° NG-3 (reduced
susceptibility to cefixime strain isolated in 2000; GenBank
accession no. AB071984)," 6 isolates showing reduced sus-
ceptibility to cefixime and ceftriaxone in 2006 (NG-109,
-110, =118, -120, -121, and -122), one cefixime-susceptible
isolate” (NG-127), and one B-lactamase-producing sirain
(NG-128) were used. In the comparison of PenA sequences
of N. gonorrhoeae and other Neisseria species, those of
N. meningitidis MC58 (GenBank accession no. NC-003112),
N. ‘polysaccharea NCTC11858 (GenBank accession - no.
X59626), N. cinerea NCTC10294 (GenBank accession no.
X59540), N. perflava/sicca 1654/1659 (GenBank accession
n0. X76422), and N. flavescens NCTC8263 (GenBank acces-
sion 1o, M26645) were compared.

Susceptibility testing and antimicrobials

Bacteria were precultured at 35°C under a 5% CO. atmo-
sphere on Chocolate II agar (Becton, Dickinson) for 20'h.
MICs were determined by an agar dilution method accord-
ing to the approved guidelines of the Clinical Laboratory
Standards Institute,” with a GC agar base (Becton, Dickin-
son) containing 1% Iso VitaleX (Becton, Dickinson) and
serial two=fold dilutions of antimicrobial agents. Plates were
inoculated with 10" colony-forming units (CFUs) per spot,
and were incubated for 20'h at 35°C in a'5% CO, atmo-
sphere. MICs were defined as the lowest concentration of
an antimicrobial agent that inhibited growth. The following
reference ‘antimicrobial agents were used: penicillin: G
(Banyu Pharmaceutical, Tokyo, Japan), clavulanic acid/
amoxicillin (GlaxoSmithKline, Tokyo, Japan), ceftriaxone
(Nippon Roche, Tokyo, Japan), cefteram (Toyama Chemi-
cal, Tokyo, Japan), cefodizime (Kyorin Pharmaceutical,
Tokyo, Japan), cefixime (Astellas Pharma, Tokyo, Japan),
azithromycin (Pfizer Japan, Tokyo, Japan), spectinomycin
(Sigma Aldrich Japan, Tokyo, Japan), tetracycline (Sigma
Aldrich Japan), levofloxacin (Daiichi Sankyo, Tokyo,
Japan), and aztreonam (Eizai, Tokyo, Japan).

Nucleotide sequerice of N. gonorrhoeae penA gene

Bacteria were grown at 37°C under a 5% CO; atmosphere
on modified Thayer—Martin agar for 23 h. They were then
suspended in 100 pl distilled water, heated at 100°C for
5 min, and then centrifuged at 15000 x g for 10 min. The
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full-length gene was amplified by polymerase chain reaction
(PCR) from the supernatant with oligonucleotides primer
Fl and R1 (Table 1) and Ex Tag polymerase (Takara Bio,
Otsu, Japan). PCR was performed as follows: 5min of
denaturation at 94°C, 35 cycles of denaturation at 94°C for
| min, annealing at 60°C for 0.5 min, and extension at 72°C
for 2 min, concluding with a final extension at 72°C for
S min. Sequencing was outsourced to the Dragon Genomics
Center (Yokkaichi, Japan) using oligonucleotides Fl1, F2,
F3, F4, R1, R2, R3, and R4 (Table 1). Oligonucleotides F1
to F4 and R1 to R4 were used for sequencing the forward
and reverse sequences, respectively.

Homology modeling of PenA

Homology modeling of Neisseria gonorrhoeae PenA of
wild-type strain LM306 and mosaic mutant strain NG-109
was performed using the Prime 1.5 homology modeling
program.”® The crystal structure of Streptococcus pneu-
moniae PBP2x protein (PDB No. 1RPS) was chosen as the
template for modeling.”® Then 600ps molecular dynamics
(MD) simulations of the modeling structures were per-
formed using the AMBER 8.0 package” with a TIP3P
water model.”® The model structures obtained after MD
simulations . were minimized using the AMBER 8.0
package.

Table 1. Oligonucleotides used in this study
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Results
Antimicrobial susceptibility and B-lactamase production

The MICs of various antimicrobial agents and B-lactamase
production were determined for 47 clinical isolates in 2006.
Table 2 shows the MICs at which 50% of isolates are inhib-
ited (MICqs) and the MIC,s of the various antimicrobial
agents for the clinical isolates in 2001 and 2006. The MICqs
of ceftriaxone, cefodizime, cefixime, and cefteram, and the
MICys of ceftriaxone, cefodizime, and cefteram for the iso-
lates recovered in 2006 were 2-4-fold higher than those for
the isolates recovered in 2001. Seventeen of the 47 strains
(36.2%) isolated in 2006 showed a reduction of susceptibil-
ity to cefixime (MICs 0.125-0.25 pg/ml), and also exhibited
a reduction of susceptibility to ceftriaxone (MICs 0.031-
0.125 pg/ml) (Table 2). These 17 strains also showed reduced
susceptibilities to penicillins and otheér B-lactams such as
cefodizime and aztreonam. Some strains showed resistance
to both levofloxacin "and tetracycline. In addition, p-
lactamase production was detected in 2 of 47 clinical iso-
lates in 2006.

Otligonucleotide Sequence

Primer Fi S-TCGGGCAATACCTTTATGGTGGAACAT-Y
Primer F2 5-GAACGCCTGTCCGAGCTTIGTC-3

Primer F3 5-ACAAGGCGGTCGAATACCATC-3

Primer F4 S-TATACCGCACTGACGCACGAC-3’

Primer R1 5-ACAACGGCGGCGGGGATATAACT-3
Primer R2 SEAACGCCCGTTGACGAACTTGE3

Primer R3 S-CATCGCGCACGGGAGACGGTC3

Primer R4 5-GCGAAAGTTCCAAACCTTCCTY

Table 2. Susceptibilities of clinical isolates of N. gonorrhoeae from male urethritis patients in 2001 and 2006

Antimicrobial - 2001 (n'=24) 2006 (n=47)
agents®

MIC,, (ug/mly MIC; (ng/ml) MIC range (ng/ml) MIC,, (ng/ml) MIC,; (lig/ml) MIC range (pg/ml)
PCG 1 2 0.063-2 1(2) 4(4) 0.063-64 (1-4)
CVA/AMPC ND ND ND 0.5 (1) (1) 0.063-2 (0.25-2)
CIRX 0.016 0.031 <0.001-0.063 0.031 (0.063) 0.063:(0.125) 0.002-0.125 (0.031-0.125)
CDZM 0.016 0.063 0.002-0.125 0.063.(0.063) 0.125(0.125) 0.002-0.125 (0.031-0.125)
CFIX 0.016 0.25 0.004-0.25 0.063:(0.125) 0.125(0.25) 0.004:0.25 (0.125-0.25)
CFIM 0.063 025 0.002-0.25 0.125(0.5) 0.5 (1) 0.004=1 (0.125-1)
AZM ND ND ND (125 (0.25) 0.5 (0:25) 0.008-1 (0.031-0.5)
SPCM >8 >8 458 16 (16) 16 (16) 4-16 (4-16)
TC ND ND ND (1) 2 (%) 0.063=16 (0.5-16)
LVEX 4 >8 0.008->8 4(4) 8 (16) 0.004=16 (0.5-16)
AZT 03 4 0.063->8 05(4) 4 (8} 0.031-8 (0.25-8)

MIC, minimum inhibitory concentration; ND, not determined

Parenthetical values are MICs of 17 strains with reduced susceptibility to cefixime and ceftriaxone isolated in 2006
*Antimicrobial agents: PCG; penicillin G; CVA/AMPC, clavulanic acid/amoxicilling CTRX, ceftriaxone; CDZM, cefodizime; CFIX; cefixime;
CFTM, cefteram; AZM, azithromycin; SPCM, spectinomycin; TC, tetracycline; LVFX, levofloxacin; AZT. aztreonam

*MIC data from Ameyama’’
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Amino acid sequences of PenA in strains with reduced
susceptibility to cefixime and ceftriaxone

Of the isolates in 2006, the PenA sequences of 17 strains
with reduced susceptibility to cefixime and ceftriaxone
(cefixime MICs 0.125-0.25 pg/ml, ceftriaxone MICs 0.031-
0.125 pg/ml), 2 B-lactamase-producing strains, and 3 cefix-
ime-susceptible strains (cefixime MICs 0.004-0.008 pg/mi)
were determined. For a detailed analysis, 8 isolates in 2006
were selected from the 22 strains described above. These 8
strains were selected on the basis of three points: their sus-
ceptibility to cefixime and ceftriaxone, their B-lactamase-
producing activity, and the amino acid sequence. Of these
8 strains, 5 strains (NG-109, -110, -118, -121, and -122) were
PenA mosaic strains, NG-120 was a PenA nonmosaic strain,
NG-127 was a cefixime-susceptible strain, and NG-128 was
a P-lactamase-producing strain. Figure 1 shows the full-
length sequences of PenA of LM306 (wild-type strain),’®
NG-3 (isolate in 2000),” and NG-109, -110, -118, -120, -121,
-122, -127, and -128 (isolates in 2006). The MICs of the
above 8 strains isolated in 2006, and the NG-3. and
ATCC19424 against various antimicrobial agents are shown
in Table 3. Figure 2 shows the full-length sequences of
PenA of 3 clinical strains (NG-3, -109, and -120) and those
of various Neisseria species, including N. meningitidis MCSS,
N. polysaccharea NCTC11858, N. cinerea NCTC] 0294, N.
perflava/sicca 165411659, and N. flavescens NCTC8263.

As a result, strains of NG-109; -110, -118, -121, and -122
have PenA mosaic structures which are similar to those of
N. meningitides, N. polysaccharea, N. cinerea, N. perflaval
sicca, and N. flavescens (Figs. 1 and 2). These PenA mosaic
structures were mainly ‘observed in the transpeptidase
domain of PenA. PenA mosaic sirains (NG-109,-110, 118,
-121, and -122) had almost total concordant alignment. The
MICs of cefixime and: ceftriaxorie for the NG-109 strain
were the highest (cefixime MIC 0.25 pg/ml, ceftriaxone
MIC 0.125 pg/ml) among the strains isolated in 2006. The
PenA sequence of the NG-109 strain corresponds to that of
the NG-3 stiain isolated in 2000 (cefixime MIC 0.5 pg/ml,

ceftriaxone MIC 0.063 pg/ml)" except for the replacement
of Gly-83 with Val.

The PenA sequence of NG-120, -127, and -128 had an
insertion of extra aspartate (Asp-345). and 4 PenA mosaic
strains (NG-3, -109, -110, and -118) had another insertion
of an extra asparagine (Asn-573). In PenA nonmosaic strain
NG-120, the amino acid sequence of PenA was identical to
that of NG-127 except for the replacement of Ala-501 with
Val and Pro-551 with Ser. The mutation of Ala-501 to Val
was detected in PenA nonmosaic strain NG-120, but not in
various Neisseria spp. In addition, -lactamase-producing
strain NG-128 did not show a PenA mosaic mutation.

The active-site serine residue (Ser—X-X-Lys) of PenA
as well as the Ser-X—~Asn and the Lys-Thr—Gly motifs were
conserved in clinical isolates in 2006 and various Neisseria
spp.” (Figs. 1 and 2).

Overview of structures and mapping of mutations

The penA monomer consists of two domains: a PBP dimer-
ization domain (residues 71-221) and'a PBP transpeptidase
domain (residues 263-557)." Figure 3 shows the stereo view
of the modeled structures of N. gonorrhioeae PenA of the
penicillin-susceptible strain LM306 and the mosaic strain
isolated in 2006 (NG-109). The segment colored yellow
indicates B-lactam binding site Ser-310. In Fig. 3A, the seg-
ments of Ala-501 to Val and Pro-551 to Ser mutations of
nonmosaic strain NG-120 are depicted in green and light
blue: This mutation of Ala-501 to Val was located near the
B-lactam-binding region, but Pro-351 to Ser was not. In
PenA mosaic strain NG-109, mosaic structures from other
Neisseria spp. are depicted in red in Fig. 3B. These muta-
tions were located in loop: regions. Compared to wild-type
PenA; NG=109 mosaic PenA shows: substantial changes
throughout the entire structure of PenA, including the PBP
dimerization/transpeptidase domain linker region. In addi-
tion, the conformation of the B-tactam-binding pocket. the
active site area; also changed its conformation.

Table 3, MICs of various antibiotics for N. gonorrhoeae ATCC19424 and clinical isolated strains

Antimicrobial MIC (ug/ml)
agents

ATCC19424° NG=3? NG-109 NG-118 NG-110 NG-120 NG-121 NG-122 NG-127 NG-128
PCG 0.004 2 4 2 2 1 I 1 0.063 64
CVA/AMPC ND ND 1 1 2 0.5 1 0.5 0.063 1
CTRX 0.00025 0.063 0.125 0.063 0.063 0.063 0.063 0.031 0.004 0.008
CDZM 0.00025 0:125 0.125 0.063 0:125 0:125 0.031 0.063 0.008 0.004
CFIX 0.001 (UNS 0.25 025 0.125 0:125 0.125 0.125 0.008 0.016
CFTM 0.004 0.5 1 0.5 1 0325 0.25 0.25 0.016 0.031
AZM ND ND 0.25 0125 0.25 0.031 0.25 0.125 0.016 0.25
SPCM. 2 4 16 16 16 8 16 16 4 16
TC ND ND 1 i 4 i 1 1 0.125 16
LVFX <0.004 8 - 16 4 4 4 8 4 0.008 2
AZT 0.008 8 4 8 4 0.5 4 4 0.125 0.063
B-lactaniase” = - - = - = - - = +
PenA type’ NM M M M M NM M M NM NM

ND, not determined

SMIC data fiom Ameyama’’
®B-lactamase: —, negative; -+ positive
“PenA type: NM, nonmosaic; M, mosaic
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Fig. 1. Amino acid sequences of PenA of N. gonorrhoeae. The amino
acid sequences of PenA of (A) the penicillin-susceptible strain LM306,
(B) the B-lactamase-producing strain NG-128 isolated in 2006, (C) the
cefixime-susceptible strain NG-127, (D)-(I) strains with reduced sus-
ceptibility to cefixime and ceftriaxone isolated in 2006, and (J) the
mosaic strain with reduced susceptibility to cefixime isolated in 2000
(strain NG-3) are shown. The insertion of an extra aspartate (Asp-345)
is shown in NG-120, -127, and -128, but not in other strains. The inser-
tion of an extra asparagine (Asn-573) is shown in NG-3,-109,-110, and
-118, but not in other strains. The replacement of alanine with valine
(Ala-501 to Val) is shown in only NG-120. Active sites of serine residue
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(Ser-X-X-Lys, Ser-X-Asn, and Lys-Thr-Gly) -conserved motifs are
indicated by underlining. The amino acid residues colored in red indi-
cate mutations from other Neisseria spp., blue indicates specific muta-
tions which are not in other Neisseria spp., purple is a previously
reported mutation of Asp-345 with reduced affinity of gonococcal
PBP2 to penicillin,” green is a specific mutation Ala-501 to Val of
nonmosaic strain NG-120, and light blue is specific mutation Pro-551
to Ser of nonmosaic strain NG-120. Dashes indicate amino acid resi-
dues identical to those of LM306, periods are blanks, and asterisks are
stop codons
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Fig. 2. Amino acid sequences of PenA of N. gonorrhoeae and other  1654/1659, and (I) N. flavescens NCTC8263 are shown. The active sites
Neisseria spp. Amino acid sequences of PenA of (A) the penicillin-  of serine residue (Ser-X-X-Lys, Ser-X-Asn, and Lys-Thr-Gly)-
susceptible strain LM306, (B) the mosaic strain with reduced suscepti- ~ conserved motifs are indicated by underlining. The colored amino acid
bility to cefixime isolated in 2000 (strain NG-3), (C) the mosaic strain  residues are indicated as in Fig. 1. Dashes indicate amino acid residues
isolated in 2006 (strain NG-109), (D) the nonmosaic strain isolated in  identical to those of LM306, periods are blanks, and asterisks are stop
2006 (strain NG-120), (E) N. meningitidis MCS8, (F) N. polysaccharea  codons

NCTC11858, (G) N. cinerea NCTC10294, (H) N. perflava/sicca

or the enhancement of MtrCDE efflux pumps.”*"* It has
been reported that in Japan, N. gonorrhoeae with reduced
susceptibility to cefixime has been isolated from areas unre-
N. gonorrhoeae is a major pathogen isolated from patients lated to the urethra, such as the pharynx.*” It is known that
with sexually transmitted diseases. N. gonorrhoeae strains  the source of infection is the diversity of commercial sex,
with reduced susceptibility to cephems evolved by the such as oral sex.

acquisition of B-lactamases target modifications (alteration In 2001, N. gonorrhoeae strains with reduced susceptibil-
of PBPs) and alterations of the outer membrane transport ity to cephems or fluoroquinolones were isolated in
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Fig. 3. The stereo view of
modeled structures of N.
gonorrhoeae PenA of (A) the
penicillin-susceptible strain
LM306 and (B) the mosaic
strain isolated in 2006 (NG-109).
A yellow-colored segment
indicates B-lactam binding site
Ser-310. In A, the segment
colored green is an amino acid
residue of Ala-501, and that
colored light blue is an amino
acid residue of Pro-551. In B,
mutations are colored as in
Fig. |

201

Fukuoka, Japan.”* It was reported that these strains had
multidrug resistance against such drugs as penicillin G, tet-
racycline, azithromycin, and ciprofloxacin. In the last few
years, various guidelines for the appropriate use of antimi-
crobial agents against gonococcal infections have been
established worldwide.”"" Therefore in this study, in order
to survey the tendency of such resistance, we compared the
results of susceptibility testing between strains isolated in
2001 and 2006. In isolates of 2006, MICss and MICys
against cephems were increased by two- to four-fold, but
not against quinolone, aminoglycoside, and monobactam
(Table 2). These showed that the resistant level of N. gonor-
rhoeae strains with reduced susceptibility to cephems was
slightly elevated.

Our recent studies have indicated that the strains with
reduced susceptibility to oral cephems had mosaic struc-
tures in PenA which were similar to those of other Neisseria
spp.”” In this investigation of the relations between muta-
tions of PenA and the MICs of cephems, the PenA sequences
of wild-type strain LM306' and various N. gonorrhoeae
strains isolated in 2001 and 2006 were determined and com-
pared with the other Neisseria spp. (Figs. 1 and 2). We per-

formed homology modeling of N. gonorrhoeae PenA of

wild-type strain LM306 and PenA mosaic strain NG-109 to
research the impact of the mosaic mutation of PenA.

It was reported that the most significant change for
reduced susceptibility against antimicrobial agents was an
amino acid insertion of Asp-345 into PenA, which was
shown to make a major contribution to reducing the affinity
of gonococcal PBP2 to penicillin by 4-5-fold in 1990." In
isolates from 2006, this insertion was found in PenA non-
mosaic strain NG-120, cefixime-susceptible strain NG-127,
and B-lactamase-producing strain NG-128. It is suggested
that this mutation is a generality in the clinical isolates
of cefixime-susceptible strains and PenA nonmosaic
strains.

From a comparison of these three strains, in the PenA
nonmosaic strain NG-120, two additional differences, Ala-
501 to Val and Pro-551 to Ser, were found. It was reported
that the mutation of Ala-501 to Val was associated with
reduced susceptibility to cefixime and other oral cephems. ™
The mutation of Ala-501 to Val was located downstream of
the conserved Lys-497-Thr-Gly motif. Modeling studies of
PenA suggest that this mutation of Ala-501 to Val is located
near the binding site, although a mutation of Pro-551 to Ser
is distant (Fig. 3A). This result indicated that the mutation
of Ala-501 to Val may contribute mainly to the reduced
susceptibilities to penicillins and other -lactam antimicro-
bial agents in PenA nonmosaic strains. In addition, it was
considered that these were not horizontal transfers but
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