






to be �95% (data not shown). Ki values of IMP-1 and VIM-2
for ME1071 were 0.41 �M and 120 �M, respectively (Table 2).
Km values of IMP-1 for carbapenems were �25.0 �M. On the
other hand, Km values of the VIM-2 �-lactamase for carbap-
enems were smaller than the Ki value of VIM-2 for ME1071;
however, ME1071 still shows a combinative effect with carbap-
enems for VIM-2 producers. The reason for these phenomena
is unclear, and investigations are under way. Laraki et al. (12)
and Docquier et al. (4) reported that IMP-1, VIM-1, and

FIG. 3. MIC values of 16 non-metallo-�-lactamase-producing Pseudomonas aeruginosa isolates against piperacillin (a), ceftazidime (b), imi-
penem (c), meropenem (d), biapenem (e), and doripenem (f) in the presence (x axis) or absence (y axis) of ME1071. Plot sizes and numbers in
the graph represent the number of strains.

TABLE 2. Kinetic parameters of the purified IMP-1 and
VIM-2 enzymes

Compound

IMP-1 VIM-2

kcat (s�1) Km or Ki
(�M)

kcat/Km
(�M�1 s�1) kcat (s�1) Km or Ki

(�M)
kcat/Km

(�M�1 s�1)

Imipenem 63.5 � 1.2 35.1 � 3.8 1.8 98.9 � 0.7 8.5 � 0.5 12
Meropenem NDa ND 0.2 8.5 � 0.3 9.4 � 0.9 0.9
Biapenem 44.7 � 4.7 167 � 21 0.3 12.4 � 0.3 24.7 � 0.5 0.5
ME1071b 0.41 � 0.1 120 � 3.8

a ND, not determined.
b Ki value.
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VIM-2 had high Km values for piperacillin compared with
carbapenems or ceftazidime. This result may explain the lack
of synergistic effect of ME1071 with piperacillin.

Recently, the kinetic values of other MBL inhibitors have
been reported (17). The Ki value of IMP-1 against J110,441
was 110 times lower than the Ki value for ME1071 (Ki, 0.41
�M); however, Ki values of IMP-1 against mercaptoacetic acid,
mercaptopropionic acid, SB238569, or J110,441 were 0.18 �M
to 17 �M. These data indicate that ME1071 has a high affinity
for the IMP-1 enzyme compared with other current inhibitors
for MBL with the exception of J110,441. Accordingly, the
present data suggest that ME1071 may be a useful inhibitor for
MBL-producing P. aeruginosa strains.

In summary, ME1071 is a novel MBL inhibitor derived from
maleic acid that potentiates the activity of ceftazidime and
carbapenems (especially biapenem) against MBL-producing P.
aeruginosa. Further basic studies, including animal experi-
ments, antibiotic susceptibility testing with other bacterial spe-
cies, and detailed kinetic studies using other enzymes, are
warranted in order to investigate this interesting compound.
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