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transglycosylase domain transpeptidase domain

327STVK  379SSN 512KTG
PBP 3 | W AN 610aa
3771 Mét - I1e[T1385] Ser —. Thrrr] OLF AT9~ HIStD
389] Leu . Phe(r] 526 Asn— Lys[L]
Deduced amino acid mutations
Group 377 385 389 517 52 i;“o‘i;; D%0 0
Met Ser Leu Arg Asn
| 109 50.7
e 3 14
' Thr 2 0.9
""" mo . s 42 195
e ys 1 05
\% Thr Lys 5 2.3
lle Thr Phe Lys 18 8.4
v His . 28 130
""""""""""""" The . HWs . 1 05
\| lle Thr His 5 2.3
lle Thr Phe His 1 0.5
Fig. 1. Schematic representation of PBP 3 and classification of H .influenzae isolates

based on deduced amino acid mutations on PBP 3. Black bands represent the con-
served amino acid motifs of Ser-Thr-Val-Ly&l STVKD Ser-Ser-Asfil SSNO and Lys-Thr-
Gli KTGO Amino acid mutations at position 377, 385, 389, 517 and 526 in the transpep-

tidase domain are indicated below.
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Table 1.0 Antibacterial activity of B -lactam agents for H. influenzae isolates with deduced amino acid mutations on

PBP 3
Drug © Geometric mean of MIC Oy g/mLO for group:

e 10 109CFP U 110 50 110 420 1V 240 v 280 vid 70
PCG 0.41 0.57 3.3 11 1.1 3.0
ABPC 0.24 0.22 14 [04.6 0.67 1.6
SBT/ABPC 0.31 0.25 1.8 057 0.86 2.2
AMPC 0.51 0.50 3.4 16 1.4 3.0
CVA/AMPC 0.50 0.44 3.2 15 15 3.3
TAZ/PIPC 0.026 0.041 0.064 [00.13 0.082 0.14
CEZ 8.1 4.6 31 290 24 18
CT™M 0.91 1.1 5.9 57 2.1 14
CTX 0.016 0.0090 0.072 0J0.75 0.046 0.25
CTRX 0.0051 0.0030 0.018 00.19 0.014 0.076
CAZ 0.11 0.083 0.13 10.39 0.43 0.82
CZOP 0.14 0.095 0.83 11 0.49 3.6
FMOX 1.0 0.87 5.6 15 1.6 4.0
AZT 0.11 0.062 0.15 015 0.51 2.0
CCL 2.7 2.3 20 88 14 32
CFDN 0.32 0.29 1.2 10 1.2 4.9
CPDX 0.081 0.11 0.31 057 0.26 1.8
CFPN 0.021 0.020 0.11 024 0.059 0.50
CDTR 0.017 0.015 0.043 0.22 0.044 0.084
IPM 0.58 0.38 1.8 027 0.50 0.50
PAPM 0.35 0.29 15 024 0.40 0.45
MEPM 0.054 0.055 0.20 J0.30 0.063 0.076
BIPM 0.70 0.58 45 [19.3 1.3 1.3
FRPM 0.52 0.50 2.7 6.2 1.4 2.2

m]

PCG, benzylpenicillin; ABPC, ampicillin; SBT/ABPC, sulbactam/ampicillin; AMPC, amoxicillin; CVA/AMPC, clavulanic

acid/amoxicillin; TAZ/PIPC, tazobactam/piperacillin; CEZ, cefazolin; CTM, cefotiam; CTX, cefotaxime; CTRX,
ceftriaxone; CAZ, ceftazidime; CZOP, cefozopran; FMOX, flomoxef, AZT, aztreonam; CCL, cefaclor; CFDN, cefdinir;
CPDX, cefpodoxime; CFPN, cefcapene; CDTR, cefditoren; IPM, imipenem; PAPM, panipenem; MEPM, meropenem;

BIPM, biapenem; FRPM, faropenem.
U0 No. of strains.
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Fig. 2.

L CEZ

Dendrogram based on UPGMC unweighted pair group method using centroid average[

cluster analysis O of -lactam agents. Geometric means of MICs for each f-lactam agent for
6 groups of H.influenzae isolates classified by amino acid mutations on PBP 3 were used as

variables.

MEPM, meropenem; TAZ/PIPC, tazobactam/piperacillin; CDTR, cefditoren; CTX, cefotaxime;
CFPN, cefcapene; CTRX, ceftriaxone; CAZ, ceftazidime; AZT, aztreonam; CPDX, cefpodox-
ime; IPM, imipenem; PAPM, panipenem; FRPM, faropenem; BIPM, biapenem; PCG, ben-
zylpenicillin; AMPC, amoxicillin; CVA/AMPC, clavulanic acid/amoxicillin; FMOX, flomoxef;
CZOP, cefozopran; ABPC, ampicillin; SBT/ABPC, sulbactam/ampicillin; CFDN, cefdinir; CTM,

cefotiam; CCL, cefaclor; CEZ, cefazolin.
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Range of increased ratios of
PBP 3 mutations groups
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Fig. 3.

Dendrogram based on UPGMC cluster analysis 0 of 3-lactam agents. Increased ratios of geomet-

ric mean MICs involved with PBP 3 mutations were determined and modified as variables for cluster
analysis. Numbers indicate the range of increased ratios(] geometric mean MICs for group II-VI di-

vided by that of group 100 for each cluster.

BIPM, biapenem; IPM, imipenem; PAPM, panipenem; MEPM, meropenem; CDTR, cefditoren; FRPM,
faropenem; FMOX, flomoxef; PCG, benzylpenicillin; ABPC, ampicillin; SBT/ABPC, sulbactam/am-
picillin; AMPC, amoxicillin; CVA/AMPC, clavulanic acid/amoxicillin; CCL, cefaclor; CEZ, cefazolin;
CFDN, cefdinir; CTRX, ceftriaxone; CTX, cefotaxime; CTM, cefotiam; CPDX, cefpodoxime; CFPN,
cefcapene; CZOP, cefozopran; AZT, aztreonam; CAZ, ceftazidime; TAZ/PIPC, tazobactam/piperacil-

lin.
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Classification of B-lactam agents based on antibacterial activity for
Haemophilus influenzae with penicillin-binding protein 3 mutations

Yumiko Sanbongi'”, Yumi Osaki'", Kumiko Maeda'", Takahisa Suzuki'",
Hiroshi Kataoka™, Takashi Ida*”, Midori Ishikawa® and Kimiko Ubukata®™

"Pharmaceutical Research Department, Meiji Seika Kaisha, Ltd.,

760 Morooka-cho, Kohoku-ku, Yokohama, Kanagawa, Japan

*Tokyo Branch, Pharmaceutical Marketing Division, Meiji Seika Kaisha, Ltd.

*Laboratory of Infectious Agents Surveillance, Kitasato Institute for Life Sciences

Haemophilus influenzae numbering 215 clinical isolates were classified into 6 groups based on amino acid

mutation in penicillin-binding protein 3, associated with B-lactam resistance. MICs of 24 3-lactam agents were
determined for these isolates, and geometric mean MICs were determined for each of six PBP 3 mutation
groups. Cluster analysis was conducted for these 24 S-lactam agents using geometric mean MICs and agents
were classified into three clusters reflecting antibacterial activity against H. influenzae including PBP 3 substi-
tuted strains. Agents with strong activity against H.influenzae, i. e., meropenem, tazobactam/piperacillin, and
cefditoren, were classified into the same cluster. Increased ratios of geometric mean MICs involved with PBP 3
mutations were determined and modified as variables for cluster analysis. From the result of this analysis,
many of B-lactam agents were classified into several clusters reflecting their chemical skeletons. Side chains at
the C-7 position may be related to the clustering of cephalosporins. Cefditoren was uniquely ranked in this
evaluation because its antibacterial activity would be barely affected by PBP 3 mutations. Cluster analysis
based on drug resistance mechanisms is thus useful for evaluating -lactam agents.



