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Abstract

A Neisseria gonorrhoeae strain with a reduced susceptibility to ceftriaxone (minimum inhibitory concentration (MIC) = 0.5 pg/mL) was
isolated among 398 clinical isolates obtained from 2000-2001 in Fukuoka City, Japan. The N. gonorrhoeae strain was negative for peni-
cillinase production but it showed multidrug resistance against penicillin (MIC =8 p.g/mL), tetracycline (MIC =4 pg/mL), azithromycin
(MIC=0.5 pg/mL) and ciprofloxacin (MIC = 16 pg/mL). The molecular mechanisms of the multidrug-resistant phenotype in this strain were
analysed. Polymerase chain reaction and direct DNA sequencing were performed to identify mutations within the penA, ponA, mtrR, penB,
gyrA and parC genes of the gonococcal strain, which thus explain the multidrug-resistant phenotype. The N. gonorrhoeae strain contained a
significantly different sequence of the penA gene from that of the ceftriaxone-susceptible strains. Some regions of the transpeptidase domain
within this penA gene were closely similar to those found in other Neisseria species such as Neisseria subflava, Neisseria flavescens or
Neisseria perflavalsicca. This strain also included a porA mutation that is associated with high-level resistance to penicillin, mfrR mutations
that mediate overexpression of the MtrCDE efflux pump responsible for resistance to hydrophobic agents such as azithromycin, and penB
mutations that reduce porin permeability to hydrophilic agents such as tetracycline. Moreover, this strain contained gyrA and parC mutations
that confer high-level resistance to ciprofloxacin. These results indicate the emergence of a N. gonorrhoeae strain with reduced susceptibility
to ceftriaxone, which also showed a multidrug-resistant phenotype that can be explained by the presence of multiple loci mutations associated
with antibiotic resistance.
© 2005 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.
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1. Introduction

The evolution of resistance to antimicrobial agents in Neis-
seria gonorrhoeae isolates is a global problem in the treat-
ment of gonococcal infections. The gonococcal resistance
level to penicillins, tetracyclines, fluoroquinolones and oral
cephalosporins has recently begun to increase in Japan [1,2].
Therefore, a regimen of parenteral cephalosporin such as cef-

* Corresponding author. Tel.: +81 92 801 1011; fax: +81 92 873 1109.
E-mail address: matanaka@cis.fukuoka-u.ac.jp (M. Tanaka).

triaxone or spectinomycin is now generally recommended
as a first-line treatment for uncomplicated gonococcal infec-
tions, and this regimen has also been proven to show an excel-
lent clinical efficacy in Japan. However, we have recently
isolated a N. gonorrhoeae strain with a reduced susceptibility
to ceftriaxone in Fukuoka City, Japan. This gonococcal strain
was also found to demonstrate a chromosomally-mediated
multidrug-resistant phenotype. The treatment of gonorrhoea
may therefore become increasingly more complicated owing
to its resistance to a variety of antimicrobial agents, including
parenteral cephalosporins.

0924-8579/$ - see front matter © 2005 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.
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The genetic mechanisms of chromosomally-mediated
penicillin and tetracycline resistance in N. gonorrhoeae have
been investigated in laboratory mutants and clinical isolates,
and the mechanisms are thought to be due to mutations in
the three loci of penA, mtrR and penB genes [3]. Mutations
in the penA gene are associated with a reduced binding of
penicillin by penicillin-binding protein (PBP)2, which is a
very important target for penicillin [4,5]. Mutations in the
mirR gene confer non-specific resistance to erythromycin,
azithromycin, rifampicin and hydrophobic agents owing to
increased expression of the MtrCDE efflux pump system [6].
The penB mutations reduce porin permeability of the outer
membrane to hydrophilic antibiotics such as penicillin and
tetracycline [7,8]. The penB phenotype is apparent only in
strains with the MuR phenotype. In addition to affecting
resistance to penicillin, the penA, msrR and penB loci appear
to increase resistance to cephalosporins in N. gonorrhoeae.
Moreover, recent studies have indicated that alterations in
PBP1, encoded by the ponA gene, are involved in high-level
penicillin resistance in chromosomally-mediated resistant .
gonorrhoeae [9,10].

However, little is known about the molecular mechanisms
for cephalosporin resistance in N. gonorrhoeae. The aim of
this study was to determine the molecular basis for ceftriax-
one resistance with a multidrug-resistant phenotype in a strain
of N. gonorrhoeae isolated from our patient population. -

2. Materials and methods
2.1. Neisseria gonorrhoeae strains

Antimicrobial susceptibility testing was performed on a
total of 398 clinical isolates of N. gonorrhoeae that had been
obtained from January 2000 to December 2001. All isolates
of N. gonorrhoeae were collected from male patients with
urethritis attending a sexually transmitted disease clinic in
Fukuoka City, Japan. None of the isolates were either post-
treatment isolates or repeat isolates from the same patient.
The clinical efficacy of ceftriaxone or other antibiotics against
N. gonorrhoeae isolates was not known. The organisms were
identified by Gram staining, oxidase activity and reaction
using the Gonochek II test (EY Laboratories, San Mateo,
CA). The isolates were suspended in a cryoprotective medium
[11]and stored at —80 °C until they were tested. After antimi-
crobial susceptibility testing, the identities of five isolates
(GP853, GP984, GP986, GP998 and A69W) were further
confirmed using the biochemical test Vitek NHI (bioMerieux,
Tokyo, Japan).

2.2. Antimicrobial susceptibility testing

The minimum inhibitory concentration (MIC) for all iso-
lates was determined by an agar dilution technique with a
GC agar base (Becton Dickinson, Sparks, MD) containing
1% Iso VitaleX (Becton Dickinson) and two-fold dilutions of

antibiotics as specified in the National Committee for Clini-
cal Laboratory Standards (NCCLS) protocol [ 12]. Briefly, the
plates were inoculated with ca. 10? colony-forming units/spot
of each isolate with a multipoint inoculator. The World Health
Organization reference N. gonorrhoeae strains A, B, C,D and
E, and N. gonorrhoeae ATCC 49226 strain were included
as quality controls. The plates were incubated for 24 h at
35°C in a 5% CO; atmosphere. MICs were defined as the
lowest antibiotic concentration observed to inhibit bacterial
growth. The antimicrobial agents tested were penicillin G
(Sigma Chemical Co., St Louis, MO), tetracycline (Wyeth
Ledere Japan, Tokyo, Japan), ceftriaxone (Nippon Roche,
Tokyo, Japan), cefixime (Astelias Pharma, Tokyo, Japan),
ciprofloxacin (Bayer Yakuhin, Osako, Japan), azithromycin
(Pfizer Pharmaceuticals, Tokyo, Japan) and spectinomycin
(Sigma Chemical Co.). All of the antibiotics were obtained in
powder form at the stated potencies determined by their man-
ufacturers. The antimicrobial susceptibility was determined
according to the breakpoint criteria defined by the NCCLS
(121

2.3. Polymerase chain reaction (PCR) amplification and
DNA sequencing

For the PCR amplification of the penA gene, three sets of
oligonucleotide primers (1S 5'-CGAATATAAGCCCCGGA-
T-3', PA2 5'-ACAATCTCGTTGATACTCG-3' [13}; B1 5'-T-
GCCGGAATCGGATTCCT-3, B2 5-CGATGACGTGTG-
CAAAGA-3; and Cl 5-TTACGGCCTGCAATTGAG-3,
C2 5'-GGTCGGGATGCCGGTTTC-3) were used. The
ponA gene was amplified with the following primers: 5'-CG-
CGGTGCGGAAAACTGATATCGAT-3 (nucleotides 955—
978 of the ponA open reading frame) and 5-AGCCCGGAT-
CGGTTACCATACGTT-3' (nucleotides 2218-2195 of the
ponA open reading frame) [10]. To amplify the promoter
and coding regions of the m#rR gene (nucleotides 860-
1175; GenBank accession no. Z25796), primers MTR1 (5'-
AACAGGCATTCTTATTTCAG-3)and MTR2 (5'-TTAGA-
AGAATGCTTTGTGTC-3’) published by Mavroidi et al.
[13] were used. Primers PorB1 (5'-AAAGGCCAAGAAGA-
CCTCGGC-3'Y and PorB2 (5'-GAGAAGTCGTATTCCGC-
ACCG-3") were used for amplification of a part of the por
gene (nucleotides 160-917; EMBL accession no. AJ004943)
[13].

PCR amplification was performed in a reaction mixture
containing 5.0 pL of 10x Taq polymerase buffer (500 mM
KCl, 100mM Tris-HCl (pH 8.3), 15mM MgCly, 0.1%
gelatin), 2.0 pL of each of the two primers (25 pmol/pL),
1.0 pL of each of the four deoxynucleotide triphosphates
(10 mM), 0.25 pL of Tag DNA polymerase (5 U/pL) (Takara
Biomedicals, Otsu, Shiga, Japan) and 1.0 pL of template
DNA (100ng/pL). Thirty-five cycles were performed for
each reaction. Each cycle consisted of denaturation at 96°C
for 0.5 min, annealing at 56 °C for 0.5min and extension
at 74 °C for 0.5 min. The PCR amplification products were
directly sequenced using a DYEnamic ET Terminator Cycle
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Sequencing Kit (Amersham Biosciences, Piscataway, NJ)
and ABI PRISM 3100 Genetic Analyzer (Applied Biosys-
tems, Foster City, CA).

We also examined mutations in the quinolone resistance-
determining regions (QRDRs) within the gyrA and parC
genes, as described previously [1].

3. Results
3.1. Susceptibility to antimicrobial agents

Of the 398 clinical isolates of N. gonorrhoeae tested,
only one (0.3%) showed a reduced susceptibility to ceftri-
axone (MIC =0.5 pg/mL). The antimicrobial susceptibilities
of the strain GP853 with a reduced susceptibility to ceftri-
axone and of four ceftriaxone-susceptible strains (GP984,
GP986, GP998 and A69W), which were chosen as control
strains in the molecular investigations, are shown in Table 1.
Strain GP853 was negative for penicillinase production and
showed a reduced susceptibility to other cephalosporins such
as cefixime. Strain GP853 was also resistant to penicillin,
tetracycline, azithromycin and ciprofloxacin, but it was sus-
ceptible to spectinomycin. Our results suggested that the
N. gonorrhoeae strain GP853 with a reduced susceptibility
to ceftriaxone showed a multidrug-resistant phenotype for
antimicrobial susceptibility and might contain mutations in
multiple loci of penA, ponA, mirR, penB, gyrA and parC
genes, which induce microorganism resistance to various
antimicrobial agents.

3.2. Muzations in the penA gene

Mutations in the penA gene are associated with a reduced
binding of penicillin to PBP2, which is a very important tar-
get for penicillin in gonococci. Full-length penA sequences
were determined using five N. gonorrhoeae strains including
four isolates (GP984, GP986, GP998 and A69W) suscepti-
ble to ceftriaxone (MIC =0.001 or 0.004 pg/mL) as well as
strain GP853 with a reduced susceptibility to ceftriaxone. The
amino acid sequences of PBP2 of GP853 (Fig. 1B) and GP998

Table 1

Table 2
Differences in the PenA sequence between Neisseria gonorrhoeae GP853
and other Neisseria species?

Strain (GenBank accession no.) Different Identical (%)
N. gonorrhoeae LM306 (M32091) 36 187 (83.9)
N. subflava ATCC 14799 5 218 (97.8)
N. flavescens TID592 6 217(97.3)
N. perflavalsicca 1654/1659 (X76422) 7 216 (96.9)
N. meningitidis MC58 (NC-003112) 36 187 (83.9)
N. polysaccharea NCTC 11858 (X59626) 35 188 (84.3)
N. cinerea NCTC 10294 (X59540) 30 193 (82.1)

2 The amino acid sequences (330-552) that are included in the transpep-
tidase domain of PenA of Neisseria species were compared.

(Fig. 1C) are shown in Fig. 1. The PBP2 sequence of GP998
susceptible to ceftriaxone was identical to that of penicillin-
susceptible strain LM306 (GenBank accession no. M32091;
Fig. 1A). However, the PBP2 sequence of the strain GP853
did not have the extra codon (345a) and the sequence was very
different from that of penicillin-susceptible strain LM306.
Multiple substitutions of a mosaic-like structure were identi-
fied mainly within the region of the transpeptidase domain in
the PBP2 of strain GP853, which is predicted to extend from
ca. residues 260-581 {5,14]. Of the 581 amino acids (1-581)
in the PBP2 sequence of GP853, 520 (89.5%) were identical
and 61 (10.5%) were different from those in the sequence of
strain LM306.

Next we compared the amino acid sequence (330-552)
included in the transpeptidase domain of the PBP2 of
GP853 with those of various Neisseria species, includ-
ing N. gonorrhoeae LM306, Neisseria subflava ATCC
14799, Neisseria flavescens D592, Neisseria perflavalsicca
1654/1659 (GenBank accession no. X67442), Neisseria
meningitidis MC58 (GenBank accession no. NC-003112),
Neisseria polysaccharea NCTC 11858 (GenBank accession
no. X59626) and Neisseria cinerea NCTC 10294 (GenBank
accession no. X59540). Surprisingly, the sequence of this
region within the transpeptidase domain of the PBP2 of
GP853 was closely similar to those of N. subflava ATCC
14799, N. flavescens 11D592 and N. perflavalsicca 1654/1659
(Table 2).

Comparison of the antimicrobial susceptibility of a Neisseria gonorrhoeae strain showing reduced susceptibility to ceftriaxone with the minimum inhibitory

concentrations (MICs) of ceftriaxone-susceptible strains

Strain MIC (pg/mL)
CTRX CFIX PCG TC AZM CPFX SPCM B-Lactamase
Reduced susceptibility to ceftriaxone
GP853 0.5 0.5 8 4 0.5 16 8 Negative
Susceptible to ceftriaxone
GP984 <0.001 0.004 0.06 0.03 0.03 0.06 8 Negative
GP986 0.004 0.008 0.03 0.25 0.12 0.002 16 Negative
GP998 <0.001 0.002 0.008 0.06 0.0t5 0.002 2 Negative
AW 0.004 0.008 0.06 0.25 0.03 0.004 4 Negative

CTRX: ceftriaxone; CFIX: cefixime; PCG: penicillin G; TC: tetracycline; AZM: azithromycin; CPFX: ciprofloxacin; SPCM: spectinomycin.
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Fig. 1. The amino acid sequences of penicillin-binding protein (PBP)2 of (A) a penicillin-susceptible Neisseria gonorrhoeae strain LM306 (GenBank accession
no. M32091), (B)N. gonorrhoeae strain GP853 with areduced susceptibility to cefiriaxone and (C) N. gonorrhoeae strain GP998 that is susceptible to ceftriaxone.
The PBP2 sequence of strain GP853 does not have the extra codon (345a) and the sequence is extremely different from that of penicillin-susceptible strain

LM2306. The dashes indicate amino acid residues identical to those of LM306.

3.3. Mutations in the ponA gene

Alterations in PBP1 related to high-level penicillin resis-
tance in chromosomally-mediated resistant N. gonorrhoeae
have been reported [9]. We examined the sequence of the
ponA gene coding PBP1 of the GP853 strain with reduced
ceftriaxone susceptibility and high-level penicillin resistance
(MIC =8 pg/mL) according to the method published by Ropp
et al. [10]. In this study, we identified only a single mutation
of Leu-421 — Pro in the PBP1 in strain GP853, whilst there
were no such mutations in the four ceftriaxone-susceptible
strains (GP984, GP986, GP998 and A69W).

3.4. Mutations in the mtrR gene

The strain GP853 with a reduced ceftriaxone suscep-
tibility showed a decreased susceptibility to azithromycin
(MIC =0.5 pg/mL). We next determined whether N. gonor-
rhoeae strain GP853 contained mutations within the mirR
coding region or the 13 bp inverted repeat of the mtrR pro-
moter [6]. Strain GP853 had a single base pair (A/T) deletion
(—AAAGTCTTTTT) in the 13 bp inverted repeat positioned
between —10 and —35 sequences of the mirR promoter,

whilst the four isolates susceptible to ceftriaxone had no dele-
tion (AAAAAGTCTTTTT) within the msrR promoter. More-
over, two point mutations as a result of the following amino
acid substitution were identified within the mtrR coding
region in strain GP853: Gly-45 — Asp and Tyr-105 — His.
Of the four strains susceptible to ceftriaxone, only one con-
tained the Gly-45 —» Asp substitution, whilst the remaining
three had the Tyr-105 — His substitution in the mirR coding
region.

3.5. Muzations in the penB gene

Mutations in penB have been reported to be in loop 3 of
the por gene and reduce porin permeability to hydrophilic
antibiotics. They are known to play an important role in the
development of chromosomally-mediated resistance to peni-
cillins and tetracyclines in N. gonorrhoeae [7,8]. We asked
whether the GP853 strain carried penB mutations in loop 3 of
the por gene. In this study, the amplified por segment included
putative loop 3 (residues 100-128) of the Por protein [10].
Both Asp-120 and Asp-121 mutations, the presence of which
may be associated with a reduced permeability to penicillins
and tetracyclines [7], were identified in strain GP853. These
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mutations were not identified in the four strains susceptible
to ceftriaxone.

3.6. Mutations in the gyrA and parC genes

Because strain GP853 was resistant to ciprofloxacin
(MIC =16 ng/mL), we also investigated genetic alterations
within the QRDR in the gyrA and parC genes, which con-
fer fluoroquinolone resistance to the microorganism. The
GP853 strain contained a total of four amino acid substi-
tutions, including Ser-91 — Phe and Asp-95 — Asn muta-
tions within the GyrA protein, and Ser-87 — Arg and Ser-
88 — Pro mutations within the ParC protein. Of the four
isolates that were susceptible to ceftriaxone, only one strain
(GP984), with a decreased susceptibility to ciprofloxacin
(MIC =0.06 pg/mL), contained a single amino acid mutation
of Ser-91 — Phe within the GyrA protein.

4. Discussion

Ceftriaxone is a highly potent antimicrobial agent against
N. gonorrhoeae and it is recommended to be used as the
first-line agent in the treatment of gonococcal infections
worldwide. As shown previously, ceftriaxone MICsg, MICgg
and the MIC range were 0.015 pg/mL, 0.06 pg/mL and
0.001-0.5wg/mL, respectively [2]. However, we recently
isolated a N. gonorrhoeae strain (GP853) with a reduced
susceptibility to ceftriaxone in Fukuoka City, Japan, where
gonococci have been developing resistance to various antimi-
crobial agents [1,2]. Isolation of N. gonorrhoeae with either
resistance or a decreased susceptibility to ceftriaxone is very
rare [15~17]. Furthermore, to our knowledge, so far there
have been no reports or investigations that have elucidated
the molecular mechanisms of ceftriaxone resistance in clini-
cal isolates of N. gonorrhoeae.

In this study we examined the molecular mechanisms
of resistance to ceftriaxone in N. gonorrhoeae. The GP853
strain was negative for B-lactamase production and also
showed a multidrug-resistant phenotype. Therefore, the
mechanism of this gonococcal resistance to ceftriaxone is
not considered to be due to plasmid-mediated resistance but
instead due to chromosomally-mediated resistance. Muta-
tions in the three loci of penA, mtrR and penB in N, gon-
orrhoeae are well known to be associated with low-level
chromosomally-mediated resistance to penicillin and tetra-
cycline [3-8]. Moreover, recent studies demonstrated that
alterations in PBP1 owing to a point mutation in the pornA
gene were involved in high-level chromosomally-mediated
penicillin resistance [9,10]. It appears that the penA, mirR,
penB and ponA mutations that confer high-level resistance to
penicillin also increase the resistance level to cephalosporins
such as ceftriaxone in gonococci.

In this investigation we found that the sequence of some
regions of the transpeptidase domain of the PBP2 of strain
GP853 were identical to those of other Neisseria spp. such

as N. subflava, N. flavescens and N. perflaval/sicca. Simi-
lar results have recently been reported from other investi-
gations on the mechanisms of cefixime-resistant N. gonor-
rhoeae in Japan [18,19]. Ameyama et al. [18] indicated that
N. gonorrhoeae with a reduced susceptibility to cefixime
(MIC =0.5 pg/mL) had a mosaic-like structure in the penA
gene, and some regions in the transpeptidase domain of the
penA gene of the N. gonorrhoeae strain were similar to those
of N. perflavalsicca, N. cinerea, N. flavescens and N. menin-
gitidis [18]. They also showed that gonococcal resistance
to cephalosporins was transferred to a susceptible recipient
by transformation of the penA gene that had been ampli-
fied by PCR from a strain with a reduced susceptibility to
cefixime [18]. The mosaic-like structure in the penA gene
may induce a reduction in the level of susceptibility of N.
gonorrhoeae to B3-lactam antibiotics such as penicillins or
cephalosporins. Interestingly, the sequence of the transpepti-
dase domain in our strain GP853 was very similar to that of
N. gonorrhoeae with a reduced susceptibility to cefixime as
reported by Ameyama et al. [18]. Furthermore, some reports
have proposed that Neisseria lactamica plays a role in the
emergence of N. meningitidis strains with intermediate resis-
tance to penicillin by horizontal genetic exchange of the penA
genes [20,21]. Intragenic recombination of the meningococci
chromosomal gene penA with related genes of N. lactam-
ica and other commensal Neisseria spp. may have generated
mosaic genes that encode proteins with a reduced affinity for
penicillin, thus resulting in the emergence of intermediately-
resistant meningococcal strains [22]. These findings thus
suggest that the horizontal genetic exchange of antimicro-
bial resistance determinants in the transpeptidase domain
of the penA gene between commensal Neisseria species,
such as N. perflavalsicca, N. cinerea or N. gonorrhoeae,
may be one of the most significant mechanisms in resis-
tance to cephalosporins in the GP853 N. gonorrhoeae strain.
Previous reports indicated that among the multiple amino
acid changes in PBP2 of chromosomally-mediated penicillin-
resistant N, gonorrhoeae, the most important change was an
amino acid insertion (Asp-345a) into PBP2, which lowers the
rate of acylation of PBP2 with penicillin by four- to five-fold
[23,24]. However, in the present study, neither strain GP853
with a reduced susceptibility to ceftriaxone nor strain GP998
that is susceptible to ceftriaxone contained this insertion
in PBP2.

Ropp et al. [10] demonstrated that alterations in
PBP1 were involved in high-level penicillin resistance in
chromosomally-mediated resistant N. gonorrhoeae, although
an additional locus, penC, is required to achieve high-level
penicillin resistance. They identified a single amino acid
mutation of Leu-421 — Pro in PBP1 located 40 amino acids
N-terminal to the active site serine residue (Ser-461). This
mutation was found in chromosomally-mediated resistant N.
gonorrhoeae strains for which the MICs for penicillin were
I pg/mL. This point mutation in the ponA gene had a three-
to four-fold lower rate of acylation than wild-type PBP1 with
B-lactam antibiotics, and replacement of the altered ponA
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gene in several chromosomally-mediated resistant N. gon-
orrhoeae strains with the wild-type ponA gene resulted in
a two-fold decrease in the MIC [10}. We also identified the
same mutation of Leu-421 — Pro in PBP1 in strain GP853,
with MICs of 8 pg/mL and 0.5 p.g/mL for penicillin and cef-
triaxone, respectively. These results suggest that a mutation
of Leu-421 — Pro in PBP1 might be important in high-level
penicillin and cephalosporin resistance in chromosomally-
mediated resistant N, gonorrhoeae.

The MtrCDE-encoded efflux pump has been suggested to
be one mechanism by which certain N. gonorrhoeae strains
could express resistance to erythromycin and azithromycin,
and the efflux pump system may be one of the essential mech-
anisms for multidrug resistance. Mutations within the mtrR
coding region or the 13 bp inverted repeat positioned between
—10 and —35 sequences of the mtrR promoter have been
reported possibly to result in a reduced susceptibility of gono-
cocci to erythromycin and azithromycin as well as to other
hydrophobic agents [6,25,26]). Zarantonelli et al. showed N.
gonorrhoeae isolates with a decreased azithromycin suscep-
tibility (MIC = 0.25 or 0.5 pg/mL) to have a single base pair
(A/T) deletion in the 13 bp inverted repeat in the mtrR pro-
moter as well as a single point mutation of Gly-45 — Asp
within the m¢trR coding region [26). Another study demon-
strated a single base pair (A/T) deletion in the mtrR promoter

and a single substitution of Tyr-105 — His in the mtrR coding

region in a gonococcal isolate with resistance to penicillin,
tetracycline, erythromycin and chloramphenicol [13]. Our
GP853 strain also had an A/T deletion in the mirR promoter
and a double mutation of Gly-45 — Asp and Tyr-105 — His
within the m#rR coding region. This double substitution of
Gly-45 — Asp and Tyr-105 — His in the mzrR coding region
may therefore result in a more efficient pump production,
thereby increasing resistance to hydrophobic antibiotics such
as azithromycin or erythromycin compared with a single sub-
stitution of Gly-45 — Asp or Tyr-105 — His. In the present
study, although only one of the four strains susceptible to
ceftriaxone contained the Gly-45 — Asp substitution whilst
the remaining three had the Tyr-105 — His substitution in the
mtrR coding region, none had a single base pair (A/T) dele-
tion within the mrR promoter. As previously reported, these
results suggest that resistance due to a single base pair dele-
tion within the 13 bp inverted repeat sequence within the m#rR
promoter was substantially greater than that due to mutations
in the m#rR coding region [26].

The penB mutation has been reported to be a mutation
in loop 3 of the por gene that reduces porin permeability to
hydrophilic antibiotics and it is considered to play an impor-
tant role in the development of chromosomally-mediated
resistance to penicillins, cephalosporins, tetracyclines and
fluoroquinolones in N. gonorrhoeae [7). It is only appar-
ent in strains with the Mtr phenotype [8]). Gill et al. found
both Gly-101 — Asp and Ala-102 — Asp mutations in the
putative gonococcal equivalent of the pore-constricting loop
3 of Escherichia coli OmpF [8]. These mutations result in
an increased negative charge at this position in loop 3 of

por and they are responsible for reduced porin permeability
to antibiotics such as penicillin and tetracycline in gono-
cocci. The present investigation indicated that strain GP833
with a reduced susceptibility to ceftriaxone demonstrated the
Mtr phenotype and also had both Gly-120 — Asp and Ala-
121 — Asp mutations in loop 3 of Por (Gly-120 and Ala-121
of Por in N. gonorrhoeae corresponding to Gly-101 and Ala-
102, respectively, of E. coli OmpF).

In conclusion, in this study we examined the mecha-
nisms of ceftriaxone resistance in gonococcal isolates with
a multidrug-resistant phenotype. A strain with reduced sus-
ceptibility to ceftriaxone and multidrug-resistant phenotype
had mutations in multiple loci from which N. gonorrhoeae
acquired resistance to various antimicrobial agents. In Japan,
a decrease in the susceptibility to a variety of antimicrobial
agents including cephalosporins in N. gonorrhoeae isolates
has recently been occurring nationwide. Continued surveil-
lance and monitoring of antibiotic susceptibility patterns are
therefore strongly needed to detect the increasing number of
multidrug-resistant strains.
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