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Table 1. List of the B-lactamase—producing bacteria employed
B-lactamase Strain Ref.

Class A E. coli ML 1410/RGN 823 Sawai et al. **
E . coli ML 1410/RGN 14 Sawai et al.”
K. pneumoniae GN 69 Sawaietal.”
P. mirabilis N-29 Sawai et al.*”
P. vulgaris GN 76/C 1 Sawai et al. **'

Class B E. coli ML 1410/RDK 4 Yamaguchi et al. '

Class C E. coli 255 Sawai et al.**
C. freundii GN 346 Sawai et al. **
E. cloacae P 99 Galleni et al. ™
E. cloacae 363 Sawai et al. **
M. morganii 1510 Sawai et al. **

Class D E. coli ML 1410/RGN 238 Sawai et al.”

Extended-spectrum Class A (Toho-1, ESBL) E. coli ML 1410/pMTY 010 Ishii et al. **

Extended-spectrum Class C E. cloacae GC 1 Nukaga et al. ™
C. freundii GC 3 Haruta et al. '

Production of two kinds of B-lactamases (class Aand C) C. freundii GN 346/RGN 823 This paper
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Fig. 1. Structures of the inhibitors used in this study.
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K% D72, Table2 (2 Syn-2161 DHMIEFI %77 L 720
ZDWE, Syn-2161 iR IZ 20 ug/mL # A L7 [
BEIZ CVA & J-110,441 OREHEE % EERAGIZHET L,
FNEN 10 ug/mL & L7,

3. B-77 9 ~—VAERIZHNTLEERFRMRE
75 AA~D DEERBI -T2 5 LERZNE.
coli {2 LT, &MHEHF —ERET To ABPC O MIC
#ME L7 (Tabled)o SN OHHEMKTAIEIRT T X3
KD B-F 7 %< —XOBERILFHHEILT TITHS
NTWhbe 79X AEERIIH LT, CVAIZTRTI
HERZEZRL, Syn-2161 TixF -2 BB X hi
o7z J-110,441 Tid Klebsiella pneumoniae B £ Uf
Proteus vulgaris DFEHEE S TR AL-F 7 ¥ <w—¥
EERTHEFHESRONL A, Z2OMDOT 5 A3 K
Wp-F 7 v —YAEERCTIIBE I L2V, 75 AB
HERER TIZJ-110,441 12X ) BB 2 HER B RHERE
ANz 79 ACHEERIZT T Syn—216112 & 5 5
ELRHEREVBEIN, 75 ACH-F 7 ¥~ —
PRI RTEREEREEZETH 5P, Morganella mor-
ganii DHAN J-110,441 DB % %720 7 T A D~

Ty —YIIBEIN R D) F— PR 5
BOo7I5AI FERETH Y, HEADEITITS AP
Yo 7 A ABEZEEEREERVBAON L) -T2,
Toho-1 IZbWE TS I LEME L G/ T AT S
23 FMH7 I AADESBLTH A, TIZHEEHERNTH
575 AC TIXEESDIBEL 72 Enterobacter cloacae
GC1 & C. freundii GC3 D -5 7 ¥ < — EHHEL
BEUNRMOLEREZTH DL, —F, BRSHOSER
HHETRERD - 7 5y~ —E#IzT2FHO2L DD
%< vy C. freundii GN 346/RGN 823 (& 4« 5 1K 14%
7I5ACETIAINES TAAZFTNEFNHERIIC
HETH2MP-F 7 ¥ —CPHEEOEEMEREDE T
VBT B, Tabled IZRT L H1IZ, 7T A ADESBL
TIE CVADIREFDESASNLDIZFL, 7T AC
DILEIFRMNRMERHEYEET A E. cloacae GC
1, C. freundii GC3 & 27 5 A A/CHEFEMRDC. fre-
undii GN 346/RGN 823 Tl CVA 12§\ & Z M % 7R
FTUSIHERN AR ZEZ R L7,
FNENRFHEODLp-F 7 ¥y~ —CEEREFEOH
BRIZHT 5 3FERI DR R DO#IE % Table 5 127K L7z

Table 2. Combined effect of Syn—2161 on MIC of ampicillin in bacteria producing f-lactamases
p-Lactamase ) MIC of ampicillin (ug/mL)
Strain
class Syn-2161(ug/mL) 0 5 10 20 50
non E. coli ML 1410 6.3 3.1 3.1 3.1 <1.6
A E. coli ML 1410/RGN 823 >1,600 >1,600 >1,600 >1,600 >1,600
B E. coli ML 1410/RDK 4 25 25 25 25 25
C C. freundii GN 346 800 25 12.5 1.6 <1.6
C E. cloacae P 99 >1,600 100 25 12.5 3.1
D E. coli ML 1410/RGN 238 800 800 800 800 800
ES-C* E. cloacae GC 1 >1.,600 >1,600 >1,600 >1,600 800
ES-C* C. freundii GC 3 >1,600 >1,600 >1,600 >1,600 800

*ES-C: Extended-spectrum class C B-lactamase.

Table 3. Effect of specific inhibitors on MIC of ampicillin in bacteria producing four class B-lactamases
B-Lactamase MIC of ampicillin (ug/mL)
Strain
class 0 CVA Syn-2161 J-110,441
non E. coli ML 1410 6.3 3.1 3.1 3.1
A E. coli ML 1410/RGN 823 >800 12.5 >800 >800
E. coli ML 1410/RGN 14 >800 12.5 >800 >800
K. pneumoniae GN 69 >800 1.6 >800 100
P. mirabilis N-29 >800 12.5 >800 >800
P vulgaris GN76/C 1 800 1.6 800 6.3
B E. coli ML 1410/RDK 4 25 12.5 25 3.1
C E. coli 255 400 400 6.3 400
C. freundii GN 346 800 200 1.6 400
E. cloacae P 99 >800 800 12.5 800
E. cloacae 363 800 400 3.1 400
M. morganii 1510 800 400 1.6 6.3
D E. coli ML 1410/RGN 238 800 25 800 800

The inhibitor concentrations were fixed as follows: CVA; 10 ug/mL, Syn-2161; 20 pg/mL, J-110,441; 10 ug/mL.

CVA: clavulanic acid
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Table 4. Effect of the specific inhibitors on MIC of ampicillin in bacteria producing
extended-spectrum B-lactamases or two kinds of B-lactamases
MIC of ampicillin (pug/mL)
B-Lactamase Strain
0 CVA Syn-2161 J-110,441

Toho-1 ESBL E. coli ML 1410/pMTY 010 >800 6.3 >800 >800
Extended-spectrum class C E. cloacae GC 1 >800 800 >800 >800

C. freundii GC 3 >800 800 >800 >800
Class A/C simultaneous production C. freundii GN 346/RGN 823 >800 400 >800 >800

The inhibitor concentrations were fixed as follows: CVA; 10 ug mL, Syn-2161; 20 ug mL, J -110,441; 10 ug mL.

CVA: clavulanic acid

Table 5. Summary of the inhibit(.)ry effect ?n MIC of ampicillin B5E % 470 \ KA BGE & I8 L7 (Table 6) . ATP
in f-lactamase—producing bacteria . o - .
T -bioluminescence % A\ T b MERAEARE L I1TIT
nhibitor effec _
e F—O#REHFEBON, =5 IEIFREREIL 35 BT
VA SOl AL, mERAARREONS SO 1IESATETS
Class A + + —(v)** .
72
Class B + + +
Class C + + + —(v)** % ﬁ
Class D +t - ERBIG 2B 2 BR D EERE OEAEZHRBRELE L
Toho-1 ESBL T i . T, 74 A7 EID ) SRR R L B E RN
Extended—spectrum Class C + - - ) e
Class A/C production + - - EVERL2DOH D, HENHUERBFORRIZE) 5

*The degree of effect was expressed as follows; significant effect
(++), weak effect (+),
**varied according to the species.
CVA: clavulanic acid

no effect (—).

ABPC O MICTEAM 8 D 1 U TFIE T § 2HELHE
FlRhE% ++TERL, MICHIETA 25D 1~4 50
1REDFVIRE+ ERR LIz, B, A—252D
-7 7 X —EDFDITL —EHD L DA HEHR KZ M
ERTBEIX -(v) ERLTWwD, J-110,441 TlE 2
FAABLIUVO I SACHERO —HEMCHEMNEH
RoNBH, 2753ZAAHBHVIEID, 7TAB, 75 2Z
C, REAKFAEMIRIN S ACHAVIEITAA-CH
BHEEDODENETH D,

4. ATP-bioluminescence i£iZ & % MIC #I5E 0%
1t

MEMAAREIE MICHIEEE LTHHE SRS,
HMEOHEZIHISHMAEST L. 7 7 AENORHE
ko % L LT, ATP-bioluminescence i£12 & %5 MIC

—kTHTLEBbNE, ZOREEEFMBALT, H
EH—ERETIZBT 5 ABPC O MIC fEH & #ER H #
DHET D L-F 75 v—FOBEILFHERETHET
HAEREL, MICHIEEE~NMAANSLZ LIZLD
ERBFALTOERIBTHLEbNE, BERAHIATY
L5P-TF7ILEDEIFTAB-F ¥ —YIIHT A
REW L EZOWTIE T3 ER»H Y, RKEFEORK
REMRBIEIZED, p-F 79 <—FEERICHT
LY 7% -7 7 5 AERIRYTEEE BbN B, 77,
FRIORE L ERNAER SN B384E1%, ATP-biolumines-
cence EDFAIZ & 0 BRI %2 KIBICEMHIT R TH
%o
AENETIZZ IRAAB-S 7 y~—CHEERLEY S
ADB-5 252 —EtHERDOXHNETE LR\, R7F
AIRNEIKZREND 2 FADP-F 7 ¥ <=—Fiz+ 54
V) UGBEIRZ V) F - LN S, RESRES
PHIEbo ELMBP LR ) F—F¥RIZEBL, 75
ATEMZIE T T AACHEINT VS, 2D F-F

Table 6. Comparison of the MIC values measured by ATP-bioluminescence method with those by microdilution method
MIC of ampicillin (ug/mL)
B-Lactamase . . .
class Strain ATP-bioluminescence microdilution
ABPC ABPC+CVA* ABPC ABPC+CVA*

non E. coli ML 1410 3.1 3.1 6.3 3.1
A E. coli ML 1410/RGN 823 >800 12.5 >800 12.5
B E. coli ML 1410/RDK 4 25 12.5 25 12.5

C E. cloacae P 99 >800 800 >800 >800

ES-C E. cloacae GC 1 >800 >800 >800 >800

*The CVA concentration was 10 pg/mL.
ABPC: ampicillin, CVA: clavulanic acid
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BrRdZ i, BREMPLICBIANEOEREENK
BLTVSbDEEZLNEREN, 5D/ T—
¥ a 73 CVA £ 7213 Syn-2161 DHHELRHE S5 — ~
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Classification of f —lactamases by utilizing the enzyme inhibitors

Tetsuo Sawai, Koji O’hara, Masae Ohnuma, Akio Nakamura,
Yasuyo Naitou and Kyoko Nakazawa

Division of Microbial Chemistry, Faculty of Pharmaceutical Sciences,
Chiba University, Inage-ku, Chiba 263-8522, Japan

A simple and rapid method for classification of f-lactamases in bacterial cells into classes A, B, C and
D was devised by utilizing three S -lactamase—inhibitors clavulanic acid, a carbapenem derivative (J—
110,441) and a monobactam derivative (Syn—-2161). On the basis of the combined effects of ampicillin
with the inhibitor on the MIC of ampicillin, the enzyme class in the test organisms was estimated. This
method was evaluated according to its application in 14 bacterial strains, which consisted of seven gram—
negative species. For routine assay, a liquid microdilution method for MIC determination was employed.
However, the time required for assay was reduced to one—fifth by employing an ATP-bioluminescens
method developed by Hattori N, etal. (Antimicrob. Agents Chemother., 42: 1406~1411, 1998).



