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#1& B-lactam AT x5 2% FR K 5 B K A5 B8 0D /RS2 ME AR AT

——B-lactamase gEAR - MIC DBifF—

E EZ-RES T ABEEET
HBREEFRHEY

(FEAn 57 £ 7 B 15 BRAH)

Disk-agar diffusion ¥ B EESRERTRBRIC L H, FEERABEE 100 % B-lactamase
FZOBEL, D5 bikz TEM B (35 #) % X 08 Chromosomal # (56 #) ¢ B-lactamase
EEHKD MIC fEX ROBEHKEIRRIT X b BH L1,

Y=aX+a'X'+ ¥

Y : MIC
X : TEM # B-lactamase jE4:
X' : Chromosomal %! P-lactamase &%

a,a',b' : TEM #I, Chromosomal Bliz%f3 2 & AEWE OERIE
B-lactamase ¥E#: X hEH L7 MIC fEi1X £ 8 T R » 7= B-lactam H4EHHE (Cefuroxime,
Cefoxitin, Cefamandole, Cephalexin, Cephalothin, Cephaloridine, Cefazolin, Ampicillin %

X T¢ Carbenicillin) @ MIC f& X < AHBI L7,

WHE, BH 0 B-lactam ¥ 4 & OB&KIZH X E L
, ThoFERAOBZBHETORZEARZ PAB IV
HENORBIIEMELSE L h 22 5 5, Lhd B-
lactam $AF OFERBEED ERLE, T BoHm
BELL, BREEBELMBE LTV 3,

B-lactam FAEK O FEfHERTSH 5 B-lactamase
DEHREEICSOWTiL, BxDHFEIrAL h TV %
P, FEIEM CHERKIERO SR YERNCRET 3
CRE#ETHD, TITEELR TRV 5\ T, B-
lactamase OEBEHRELEXME T, L b ERNCHT
T& % Disk-agar diffusion % BIR L1, 2 5 1wk
REEOBERC X VA—HEEREE Y TTREEFRNC
#\ Tk, B-lactamase g4 FEE MIC f5E o [ i 24
WAEBER D Z LR RE L,

FRECHCTE, BRIV BLRCERBRLA VT
BohrcstHo MICEE, EBicX vEsh MIC
BLOMBELMERL, BRICEBRTSC L2 Rut,

I. #8 &5 &%

1. (EREK
B-lactamase FE £ EE ¥ #E & LT E.coli ML 1410
(RGN 823)», E.coli NIHJ JC-2Y, * o {1 i3Espk4>
BEKIBEE 100 BRE(EM L1,

2. {ERAKEHF IR disk
L7357

Cephalothin(CET &8, 930 ug/mg, HHHHE)

Cephaloridine(CER X%, 910 pug/mg, H A AE
)

Cephalexin(CEX LB%, 930 ug/mg, EARK)

Cefazolin(CEZ L W%, 944 ug/mg, FHEREZIE)

Cefamandole(CMD & B, 964 ug/mg, E ¥ #HH
)

Cefoxitin(CFX & B%, 938 ug/mg, #H—H¥K)

Cefuroxime(CXM LB%, 971 ug/mg, HAAXESE)

Ampicillin(ABPC & B%, 904 ug/mg, BEREST
E )

Carbenicillin(CBPC +B%, 792 ug/mg, &7~
4 #=)

f#f disk % CXM, CFX, CMD iz-o\ Tt EH¥FHK
HWF disk (£ 8mm) ¥ HVTHBL, {izBRERL
2T 1E disk (30 ug/disk) % Fv #z, Cloxacillin
X disk oZaz vy, MCIPC L85 L7,

3. BRARBEMLERE (MIC) ofiEE

B ALY S EHERIC ¥ U Tl » foht, HEE
BXbY 7 E v TR (R TEER H 10
cells/ml #HR LEME L7,

4. PB-lactamase D FHH

BEEEBOBRFIZE MY 7+ v 7 r aT—RHR
LB A RIS T 10 B4R L, 37°C, 4mAERE
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BEHEODL, BEE% 5°CItk\ T 3,500x g, 15 40hE
OB X b D, EDEEE M/15 ) » BRIEH It
(PH7.0) T LcDb, FEZERICHERE L 20 kHz
BEF R 73 (Ultrasonic 350 G #I, Ultrasonic #f,
z—7, ®E) TKAT 2 0MEER L, MEERRE
3,500x g, 15 HRELEOSBEEL, LiB%% B-lactamase
ﬁﬁ%i?&& L‘fCo

BEREEORRIL I 78 a— FEMZ X h, Cephalo-
ridine ZE (100mM) % 30°C iz C 1 B 1 o
mole T HEFEY Llunit & L7,

2 vy BOFEREIL Lowry T X o7,

5. PB-lactamase DEBEHREDOHRE

RS BEABE D F-lactamase O HEHRMDORE
(%, Disk-agar diffusion ¥z & » 7Y, 374 CER
FHE T 2.5 units OMBEFRI %, EREIC 45°C 128k L7-
1.2% $eX 7~ (M/20 v B #E %, pH 7.0) 100 ml
IZRMLI Zhd HERER (16x24cm) i L,
JRZH disk(CXM, CFX, CMD, CEX, CEZ, CER, CET,
ABPC,CBPC X0 MCIPC) %1+, h & LT%EX
LicEE, 37°C, B MMERRIC X ¥, X5 B
subtilis ATCC 6633 o g F 10%spores/ml # & ¥¢
Cephaloridine F&F 52 # (polypeptone 0.5%, 7 =
vBrrYva 1%, W= 2 0.3%, NaCl 0.5%,
%X 1.2%, pPH 6.5) % 40ml B L, 37°C, 18 it
ﬁaﬁi%ﬁ L7

BERAIAETD B-lactamase FIGH O BIEHAY
Hiltey, HERRE LTRIEL, - 0ERELEE B-
lactamase TORRIEH < & — v & HERE Ui (Fig 1),
Disk-agar diffusion ¥z X b, E.coli ML 1410(RGN
823) XU, E.coli NIH] JC-2 fikoBE L F—i
BREET R 7 1 — A %RT B-lactamase % Th¥h
TEM #I, Chromosomal & # Lo

6. EFERNCLD MIC EOREH

Bohte B-lactamase FEHA S MIC D BEHULF

hZhkRiz X - b,
TEM # ; Y=aX+b = «coccrvrerrrnnannns (1)
Chromosomal #l ; Y/=a' X'+ b cvreeeeeervennnnn. (2)

e’ L, X, X' : TEM #, Chromosomal # @3-
lactamase o {% # (units/mg protein), Y, ¥': B-
lactamase gE4E o MIC & (ug/ml), a,a',b,b' :
TEM #I, Chromosomal B i=%t3 2% &k W EDE
M,

K (1) kwsd 5 bfEx TEM BIEERYEE Lt
HROMUETH ), BES OXBEE, TEM HE
FREEDHFEH)H 2 5HF, Chromosomal 7¢ B-lacta-
mase #HfELOLEL LBV Ehb, (1) KD b

Fig.1 Stability profile of various B-lactam anti-

biotics against standard B-lactamases produced
E.coli
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The relative inhibition zone shows a relative
rate of inhibition zone diameter of enzyme
containing plate to that of enzyme free plate

Table 1 Least-square line constants of TEM-like
and chromosomal B-lactamase producers in
Escherichia coliV

-lactamase| : Chromosomal
\5\1 typeiLeas;I:I;:(i\g;lrlek?inea)} LeaT_t—sg)uare
; (Y=aX+0) | (y1_gxr 4
Drug ~ g | b [ & | %
CXM 0.044 524| 691 6.16
CFX 0.033 7.38 8.00 8.41
CMD 0. 82 3.61| 2.26 1. 69
CEX 0.057, 11.5 | 111.7 4.41
CEZ 0.73 | —3.08 5.37 1.83
CER 0. 89 9.41 9.47 3.21
CET 0.57 | 25.3 |114.4 5.96
ABPC | >100 — | 450 | 581
CBPC >100 — 543 10.8

a) Least-square line was calculated from the
formula; Y=aX+b, where “X” is specific
B-lactamase activity using cephaloridine as
the substrate(units/mg protein), “Y” is MIC
value of agar dilution method inoculated at
10¢ cells/ml(pug/ml).
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Fig.2 Distribution of B-lactamase activities in TEM- and chromosomal-type
B-lactamase-producers of E.coli

B-lactamase Activity No.of Percent ?f strains
type ©/mg protein | strains 29 ﬂ‘O 69
1 4 4
TEM 4 16 17
type 6 64 9
n=35
64 -254
0.013-0.025 3
Chromoso- 0.025-0.050 | 11
mal type | g 050-0.10 | 33
n=5 0.10 -0.20 8
0.20 1

Fig.3 Correlograms of MICs between calculated and experimentally measured

B-lactamase-producers of E.coli
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A Calculated from formula (1),
B : Calculated from formula (3),
See the text another explanations.

 (2) R Y 2#RAL,

Y=aX+a' X b eeeeeennns e (3)

ﬁ (3) %gALfCO

in TEM-like
>1001
[ cER A / [ CET A /
x7 X - x %
r x S0 o s
i S N e
o TR )
I & wn 12.5F
L 3.13F
s 0.78}
e 1 A 1 . I — 1 1 1 L 1 1 T S
0.78 3.13 12.5 50 >100 0.78 3.13 12.5 50 >100
r B >100r B
- { % 50F L.
X7 ax %
I 7 ‘ 4
+ v 12.5F R X’b
:hx,-- x <.0 3 FH
- ;} lm -
F 3.13f
3 0.78F
1 1 1 I 1 L 1 1 1 A i " L 1 1 J -
0.78 3.13 12.5 50 >100 0.78 3.13 12.5 50 >100

Experimental MIC(ug 'ml)

Y=aX+)b
Y=aX+a X' +b

TEM #, Chromosomal FE¢sEaE w5 ER
EM a,a,b,b' Dz Table 1 DfEH BV o
feds (3) RBADOKE, TEM Hps w i KT 0
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Fig.4 Correlograms of MICs between calculated and experimentally measured in TEM- and
chromosomal-type B-lactamase-producers in E. coli.
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Cross (X):TEM-like 8-lactamase producers
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Chromosomal E¥F%iEMIxE\y TEM BESEE o e
Sh, SRERETER D, AEREER L MIC &
DHEBEA R (r=0.90), TEM HEg# L AHBDEL (r
=0.45) CEXY o MICfE X b (2) X% FEH L,
Chromosomal BEREEREDHEY T -1
II. & =

1. BRSO BEAME D B-lactamase EEAR

Disk-agar diffusion ¥z X b B RE O¥8H LI EER
SEERIBE 100 %o 5, TEM BEgREAK 35 4k
X% Chromosomal FIESEREERE 56 bk O B FEAR
% Fig.2 iwR L1z,

B-lactamase DHMfIBPREDREM H DL & 12,
TEM RIEEEE £ TS, 3.4~108 unit/mg protein T
55D R L, Chromosomal EIEFFEE£EKTIZ 0.013
~1.5 unit/mg protein X {EWMEX R Lo

2. TEM HEEgFeLk MIC [EOFHEE L KRIEL
73

TEM HEsEEAM OB« DEKICS W T, 0 B-
lactamase FEAEMSEEXZ AW MICEZEH L
R % Fig3 wWiRli, TEM #2iric RYF-7c
(1) XX bEHL: MIC {E% Fig.3 DAIZRL, X
51z Chromosomal %! [B-lactamase % pnsk L7 (3)
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KL VHEM LA MIC % Fig.3 OBRR/RL, ERIC
X Rz MIC {HE HEHTic -1,

A\ 7-9F#K CET, CER, CEX, CEZ, CMD, CFX,
CXM, ABPC,CBPC © 5%, (1),(3)KDEDHEER
CEZ,CER,CET % Fig. 3 @R Lt (1) XTixk MIC
EDEVRIRC I\ CEHEE L EREOThH R bhic
%%, Chromosomal BEEFRI X5 MIC HIEYX fTie-ie
(3) ROFBAR X b XOHRFTEMEERBEOE W —FK
Rl

3. TEM #, Chromosomal EIg¥5k &4#k MIC o
FTEME & RER{EDHES

TEM HEEsREART (1) KX b (3) RoFrE
RfEL OHBINEC LB Li-DT, TEM Bk
0% Chromosomal FE¢KEAEKDET 91 #hizo\\T(3)
AKX DBEH L MIC g &8z X bR MIC &
EERHNIERY Fig 4 WiRLi,

Fig 4 moBonin X 51T, £/ L1 £%4 ABPC,
CBPC, CEZ, CER, CMD, CET, CEX, CXM, CFX =&
REERRD D OHEMOERINXL, £HEWELE D
BEAED plot H 2+1-5x MIC fELIDERZH7 L
Tk b, TEM #, Chromosomal B L3 (3) Ric X
CHEETHZ ERTEDLRI,

IIr. % =

B-lactamase gL L B-lactam 4 # o MIC &
ERFODOHBIEA DD Z LA TN, BK
DEREBICOWTOBTAh »ioted, BBV T
WTARGEE 100 £k £ F 4 ¢, B-lactamase g A& L
MIC 25, HAEHZ LTEBREYRDBZ L2k,
= DB T LT,

SENZ DERROFARE S LRBERTH 1D, &
iz TEM FIEgFEpEA k% Ay, Chromosomal Bt &
TEM BEFROWELEETIRT, FlkBRR:Y
=aX+a'X'+b" RER LIck Z 5, F#RD Y=aX+b
REDD, ILICERMEEO—KEXRDI,

DT EpD, BEO B-lactam HAF ORI & —
Vi, XOEOEAT S B-lactamase DBk L OBk
L, 7ok ziX TEM BEgEL kT, ABPC,CBPC
OREMMILE &b, BRE KL T, CER,CET,
CMD 2ifif#h{b3 %o X Bz Chromosomal BSR4
Bk, CEX, CET, CEZ, CER DO {LIERIS R I
o

U EDOREN D, i, BOEETIHEOLEER
HARRETEIVL, BH D MIC E)OBERELENE
HTE20R%56F, +TXTOEHO MIC {ErRES
BLEI L, oFEH D MIC HEoBENTHETHS
EELILRI, SbRIE, KBEOBEI, BREOK

BEREZRELAEL T, 368 @ 38 o0
MIC f#in 5, BEEROBEEOHER XVMLOEH O MIC
EOEHLTETHS Z LR LI,

ZoZ ki, RERTHWAEAKRECRLT, oy
B\ T, EEXhB B-lactamase Tk IKER L X
23T EROERAVERTETH Y, BEZ Lok
HADETHA 5, FOBK, KBE TD B-lactamase
DB A3, TEM #lts X ¢ Chromosomal FEEK L 3
B-lactam FARKIIC X 5 FHERAFNEZ LA LBDORT,
BEFRROERIHLBENAES TH -1 LA LS. aureus,
Proteus, Pseudomonas 75 &% { OHEME T, B-lacta-
mase OFHRIEENAMON TN Z LB, AER
EREYER TR, ENRFEEEORHILE
Thb, ChOBRMETORATFHR, REthhkr
ROELGH, BERFEBFTIRADELEL, th
LOMARKEDOHRARXIEKT 50 LPHFEINS,

BRA KT IS5 B-lactamase & i} L O
iz B-lactam HAFOEKEACEELT, F—c b-
lactam HAR| OB LRI M OBHANT E THS
Z &, B, FHMEEEOEB W LS disk KRSl
RBRO 7V — 7L BROBHYE2 5L E X bh
%o
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CROSS RESISTANCE TO B-LACTAM ANTIBIOTICS BY USE
OF THE B-LACTAMASE PRODUCTION—MIC
REGRESSION LINE METHOD IN ESCHERICHIA COLI

Hikoyn Tsujy, Yumiko Muto and Sachiko Goto
Department of Microbiology, Toho University, School of
Medicine, Tokyo, Japan

By use of disk-agar substrate profile method, one hundred clinical isolates of Escherichia coli were
classified into B-lactamase groups.

The isolates of the groups of TEM-like and chromosomal-like B-lactamase producers, 35 and 56
strains respectively, were calculated their MICs from the least regression line:

Y=aX+a'X'+b'

where Y: MIC, X: TEM-like B-lactamase activity, X': chromosomal-like B-lactamase activity,
u, a', b': constants for each antibiotics.

The calculated MICs show good relationship to experimental MICs for the [§-lactam antibiotics
used, cefuroxime, cefoxitin, cefamandole, cephalexin, cephalothin, cephaloridine, cefazolin, am-
picillin and carbenicillin.



