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R7>5 A3 F :pNV13 1z X % carbadox iRz 2T

X B E —-KX R B —
BHOKEE B ERLRERN

(FRfn 57 £8 A4 BZAP)

REFE R AR bHHE Ui Carbadox(Cdx) M E%HE T 5 R plasmid : pNV 13% i~
T Cdx Ttk DV THRA Lico PNV 13 1w k% Cdx Dfb2agfE fiw B+ % &3t ¢ i3,
Escherichia coli C #f8X@ & Liciha, #ERKH D Cdx OFRRIN B75nm {41 »HEL
ek (360 nm fHE) TORRMED bhic, ZhbOEiL L-cysteine DA X H{E
#Ehtz, Fic E.coli C pNV 13 7 68 BEEMFHEER R Y i\ /o NADPH BTRIERT,
L-cysteineffZE F ¢ Cdx OBTMRD bhtc, Ll E.coli C kD rh Tk Cdx OBTIXR
Bhhish ot i, E.coli C pNV 13 » EDTA MEL7- L Z0FED Cdx x5 ittt
EOETRREDLhY, ooz int pNV 13 1t k3 Cdx BAROETEEBITE S hi, &
¥ E.coli AB1157(rect) #k3s X U'F AB 2463(rec™) #k% AT pNV 13 o5 E D DNA i§
BIEEECE 2 BB OWTRE LicA, rec BEECIIEBERRLLWLD EEL bhi,

thHozkkb pNV 13 k% Cdx MitE#ks & U T 1t NADPH k7 Cdx BLEFITE
F@ D periplasm RCHFIICHE TS 2 LICBETS b0 EHEEI T,

Carbadox(Cdx) i, quinoxaline-di-N-oxide 1t &
HO—2>THLERMEHT, BERC KV TRBESTF
OEAKE LT 1969 ELURBEKAM LR RCERA I AT
WBL, FhAHFOBEBEO—2L LT, AR O EKAT
% % olaquindox (0dx)® % quindox (Qdx)¥ & [A &
Z, BRET T yVERVWiEIRERT oL abh Ty
5% LaLl, Thuo{tAHORENRADO BFEL K
AEFKT s E O HBERAS X 0% OB
DV TERTHLRAES V.

BT, FEHEH, REEERKBES» S Cdx itk
YRIETHEEIR, TOMENRT A I FEERTH
Stz EHHE LY,

zrc&E, Cdx MUHE*HF T 2R7 723 Ko
—2ThHB pNVI3O L HWT, OB >WwT
KE LD THET %0

I. MH&LUFE

1. #RART TR I Vi XUHEREK

FR KB ED b &h, Cdx, streptomycin(SM),
spectinomycin (SPC) ¥ X U ampicillin(ABPC) it #
MEEETS PNV BO LA, BEERC 13, E
coli C, E.coli ML 1410, E.coli AB 1157 & L% E.
coli AB 2463 % i\t

2. BEREA

HE# & LT Cdx, SM, SPC, ABPC, kanamycin
(KM), Odx % X O Qdx %, # - ZREBENEY

B & L T 4-nitroquinolin-N-oxide (4 NQN), N-
methyl-N-nitrosoguanidine (MNNG) % X ¢¢ myto-
mycin-C(MT-C) %\ e, Cdx i3, 4 &E®D 1IN Na
OH THME LD bR MK THTED BB FRLT
B\ io, ¥7c 4NQN ¥ X U8 MNNG 3, dimethyl-
sulfoxide THML, MO H DEFLTNT REHEY
KERCTHEMR LI,

3. FEHOBZEAMIT BT % REE ¢

EHIOES B E T © % 41, ethylenediamine-
tetraacetic acid(EDTA) I X 2 LEH DO BI2 O
HELRT, T pNV 13 % BFT5 E.coli C
(E.coli C pNV 13) #% Trypticase soy broth(BBL)
T 37°, 18~24 ERAEHL, B FMHIC B L,
37°, SEFHIREIER LI b OV IR & L T, BE
B, EOHEE Lco b, EDTA-Tris buffer (EDTA
0.001 M, Tris 0.01M, pH 7.5) && E{E#L, 37° T
10 HERIE S o £ O HEDICKEEBERERTH
WL-D%, Cdx % 1.56 ug/ml &% 3% DHL %X
PR B Lico R % 37°, 18~24 B Gas pack
system(BBL) TR, RE LI REHY WEL
too MHBEBRE LTI, E. coli CizoWTR—#ET
MELIDBRE LIic %R BT RIE Lo

4. DNA {3 X0 EDBEICEIT 5 RRE

Cdx,Odx 3 X7t Qdx @ DNA a3, Brfkt
tEx T 5 E.coli AB 1157 # (rec*) 3 X U'RAHEXR
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BERK E. coli AB 2463 #k (rec™) % HWT, %K
HORANREEILBE (MIC) DHBTRE LI, ¥7c
pNV 13 2% Cdx i© X5 DNA $#EOEECHE T 5
PEMCOVTE, PNV 13 2#RETH rect f, H &
O rec- R EAEERIC X DIFHL, AEKRCH TS
Cdx % Xt DNA #EBtxREFIo MIC o ik X
hHELIo

5. Cdx DibapEancBId s RBk ¢

(1) EEERHRTo Cdx DBRIEDEIL

pNV 13 ofEEE & LT E. coli C T, E. coli
C pNV 13 % Trypticase soy broth 100 ml T 37°,
18~24 EyfIEEHEE 5°, 4,000 rpm 15 H5RiE O LR H
Lo KW TAREEBERERY ACRAKOBRIFET2HE
%taLioD b, Cdx 25 ug/ml & L-cysteine 0.1% %
AEsic 4535 Trypticase soy broth 2 ml 726 I
Cdx 25 pg/ml © 2% &8T5 AT L h L hWEEE
Uio ERERIKPIT 10 HREBEEL, KWT37° T
20 AR LV 40 N E K, % ethanol 6 ml &0
% 5°, 4,000rpm 15 HfEhEOLL, 0 EEY BXER
FERELE LT, MBBKE © B E 3, BIESYRER
(B3 124 B) % A& 400nm » 5 280nm ¥ TE
ELl, MEROXRF o~y PCi%, Trypticase soy
broth ¥7#-1% 0.1% L-cysteine 47 R#EH% ethanol
TRRCAB LIS DX AV,

(2) BHEERERKC LS Cdx ORT

7. BEEFEE D fER : E.coli C pNV 13 % Cdx 1
ug/ml 4 % High-phosphate-glycerol medium (pH
7.1)%, 200 ml ¢ 37°, 16 BERE] BE# & 5°, 4,000 rpm
15 AERLLTER L, KEARBEEBEAER * A
VEARDOERIET 2 ERE LI-0b, FALEARER 15 ml
RERE LT, EFEERL, BEEHFE(Tomyseiko,
K.K. UP 200P) ' 20kHz 10 B L 7= D b,
£, 17,000 G 20 HEOL, * O LY BERAEE
BRRE L, —F, BEEAEREERK T, Neu 5%
DHECELTHB LI, Tiebb, ARCHEL, &

BEABRER C20EI%E#&H L E.coli C pNV 13 %
1M NaCl, 1m MEDTA 4; & 0.03M Tris-HCI (pH
7.3) 80 ml CHEEHEL, 21° 5 KRG 1, KCHE
FlEs % 4,000rpm 15 HRIEOEEL, SRERZGK
15ml W EEF#ELT, 4, 5 HHREBEEY 2 v 7%M%
oo XD 4°, 17,000G 20 HREL L 20 EEXRE
EAEHEBEHRER E Lz,

4. Cdx DETKIER : Cdx OREIGIE, nicotinamide
adenine dinucleotide(NADH) % X U' nicotinamide
adenine dinucleotide phosphate(NADPH) % F \7:
2ODRIGHRI L h EfE L1,

NADH K5 : NADH 386 n mol, ethanol 172 n mol,
alchohol dehydrogenase 18 ¥ifiz, ATP 20 umol, Mg
Cl, 32 umol, Cdx 200 ug ¥ X O'EifkhiHEEEFR K 500
ul 2L, 0.13% L-cysteine 47 0.067 M phosphate
buffer(pH 7.2) %71} L-cysteine %[\ 7-[F buffer
CTRE 4ml &L, &% 37, 30 AHRIESE
DB, £4 1ml #F b, Zhi ethanol 4ml %
nx 4° 7,000rpm 15 HRHEOLLED EiE % 375nm
TRE LYo KBAEROMBF -~y FTIE, 0.06M
phosphate buffer ¥ 7= 1% 0.13% L-cysteine & 7 [
buffer % ¥ ethanol ME LI DX AT,

II. %2 8% K #

1. EHOEBZAE~DOFE

Cdx DEFEN~OEBHCE2 S PNV 13 O
B L-BsUL, Table 1 WRL7, T 7thb, Cdx
SRR b ks EDTA AEds LOCAEE O E.
coli C pNV 13 DAEE X HET 5 &, A& A 1.5X
10° 8, #%EH 7.8X10° ETHH, WHEEWC FlicE
BRHREHh 5T, ok DNV 13 EHF LR E. coli
C i3, EDTA ;B L 34&Biffic Cdx 1.56 ug/ml TX
DREEMREIEZ hico

2. Cdx =% DNA #E#EMHE pNV 13

Table 2 1, rect #¥ L0 rec” HRiwc x4 35 Cdx,
0dx, Qdx 3 X0t KM o MIC #fF&tEs X0 Ktk

Table 1 Effect of EDTA treatment on viable cell count

EDTA

Viable cell count on agar plat containing?®

Strain tested

treatment? None Cdx?¥ 1.56 pg/ml of Cdx
E. coli C(pNV 13) Before 2.0x10° 1.5x10°
After 1.4%x10° 7.8x%108
E.coli C Before 8.9x108 <2.0x10!
After 1.5%x10° <2.0x10!

1) Cells in the early exponential phase were tested with ethylenediaminetetraacetic
acid (EDTA)-Tris buffer (pH 7.5) at 37° for 10 minutes.

2) DHL agar was used. 3) Carbadox



444

CHEMOTHERAPY

APR. 1983

Table 2 Minimum inhibitory concentration of quinoxaline-di-N-oxide compounds in rec*
and rec™ Escherichia coli

Aerobic condition Anaerobic condition
Compounds
RectV Rec™@ Rec*/Rec™ Rec* Rec™ Rec*/Rec-
Carbadox 259 0.78 32 0.78 0. 025 32
Olaquindox 100 1. 56 64 6. 25 0.1 64
Quindoxin 100 3.13 32 1.56 0.05 32
Kanamycin 3.13 3.13 1 3.13 3.13 1

1) Rec*: E.coli AB 1157(recombination-proficient strain)
2) Rec™: E.coli AB 2463(recombination-deficient strain)

3) pg/ml

Table 3 Change of carbadox minimum inhibitory concentration by plasmid pNV 13 at

anaerobic condition

Rec* strainV Rec™ strain?
Compound

None plasmid pNV 13 None plasmid pNV 13
Carbadox 0.789 | 12.5 0.025 0.78
4 NQO* 3.13 6. 25 0.1 0.2
MNNG?® 200 200 25 25
Mitomycin C 1. 56 1.56 0.1 0.1
Kanamycin 3.13 3.13 3.13 3.13

1) Rec* strain : E.coli AB 1157(recombination-proficient strain)
2) Rec™ strain : E.coli AB 2463(recombination-deficient strain)

3) pg/ml
4) 4NQO : 4-nitroquinolin-N-oxide
5) MNNG : N-methyl-N-nitrosoguanidine

ERETCHBERN LIRETH D, /s KMz, DNA
BEBERBE Lo Cdx © 7 B AT 5 ST
T» MIC i3, rec* #T 0.78 ug/ml, rec™ ¥ 0.025
upg/ml THy, £DO MICHORIZ 32: 1 THoto
F¥7-zho DNA Bz, AR Lk Odx &
JU Qdx THLREDOMETORED Cdx O Th Lz
RBETH -1, BT hb¥EHD DNA 8 # #i3,
HFRETTLIRD LR,

Table 3 1%, pNV 13 #{&HF L1 B4 D LMEEHIC
THHEHET CORZHRER LD TH S, Tibd
rec HkTix, PNV 13 #RETHC Lwkh Cdx @
MIC iz, 0.025 uzg/ml A5 0.78 ug/ml ~ X2y 32 £
DERM, Ficrect BkTH 0.78 pg/ml 225 12.5 ug/
ml ~&# 16 5D MIC D ERRRARC D 6 h
oo

—%, FEFCHER L7 4 NQN, MNNG % X 0t MT-C
Tk PNV 13 BRI X5 £FHD MIC {Hc BFEExk
RIZdbhiehotc,

3. Cdx ofb2fyisa

Fig.1 Absorption spectrum of carbadox treated by
E.coli C(pNV 13) or E.coli C.
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Table 4 Effect of NADH and NADPH on the reduction of carbadox in the extract of E.coli C
(pNV 13) and E.coli C with or without L-cysteine

(pNV 13)_! E.coli C (pNV 13) ‘ E.coli C )
NADH, L-cysteine 29.4 (84. 0%)[‘ 26.6 (76.0) 25.7 (73.4) ’ 21.9 (62.5) 35.0 (100)
NADH 32.2 (71.1) 28.5 (62.9) 35.0 (77.0) 40.5 (89.4) 45.3 (100)
NADPH, L-cysteine 31.1 (64.8) 25.7 (53.5) 27.5 (57.3) 46.0 (98.0) 48.0 (100)
NADPH 26.6 (57.8) 28.5 (62.0) 46.0 (100) 46.0 (100) 46.0 (100)

The carbadox concentration was expressed as pg/ml.

The initial concentration of carbadox used

was 50 pg/ml.  The carbadox concentration was determined as described in method after incubation of

30 min.

a. EEERHDO Cdx DRKEDEL

Fig.1 13, E.coli C pNV 13 3 X U* E.coli C 5%
b Cdx OBNEDOLE(LE L-cysteine FFFET &
FREEE T CRRCRHE LD TH 5, ¥7 L-
cysteine FZEFD E. coli C pNV 13 # A RIGHRY
2% &, Cdx DBRBINT % 375 nm {20 T
Rit 20 4T Creifkl, Ffcic 360 nm F:2D R
DAMHE LI, —F, PNV 13 JERED E.coli C D
BAYLB L, RICHMORBL L b 375nm & 360
nm ORA AR B L7, K L-cysteine JEFLE
Fen E.coli C pNV 13 RIGHREARB &, RIG 20 &
T3 375 nm fHEDO BRI RD b oyt B [ O £
Lidic 360nm DRIRDZBDOLN BT ETe-
t:o 4175, PNV 13 JEEAD E.coli C TRHRIG 40 4
T4 375nm FHEDRINAZED bIIciET Th o1,

b. EfkmiEEERC X5 Cdx D&

E.coli C pNV 13 3 X U° E. coli C i 1B i 8E
BABEE RS L OB EEABARRER Y AV A&
ERIERTO Cdx OEAEFERIL Table 4 iZRmLiclsH
Th%, NADH RIGHRTIE, BHFEAER L U REE
ABREEFR L b Cdx BOETARDL I, LA,
tht Cdx BOE T2, THEER% Bk \» 7o ethanol,
alchohol dehydrogenase » & isxBRTd RBDHRIT,
Lihio Tz hbRBToREE Cdx % 100% &%
& HRIEHRTO Cdx BEIL 62.5~89.4% &L 7gh,
E.coli C pNV 13 pipiiEgH ¥ X U° E. coli C f3kD
ThEDEZBHETII >,

—7%, NADPH FIERici\ T3, BETEAEME
REO Cdx BB ENBD DRI,

Tibb, E.coli C pNV 13 OHEEERY Aok
T3, Cdx OBER Y 60% WIET L 7oA, E. coli
C mEDXhTix Cdx BERDETIRDbhich -
o ¥t h 6D RIGIE, L-cysteine 72 Z8 TTORER
Bbhic, Lhl, BEEAEMEERERKR T, E.coliC

BXROZThicd Cdx BIFEDETHERD bk,
1. = B

Suter B, =hta V7 =UvAHICL) B KX
BEOMEZERESY VT Cdx % 4 ¥y quinoxaline-
di-N-oxide {LEMDOIEABF X RIIL, AiL&H D
di-N-oxide 0 &ITEABRTHET S shEhr FIEH DK
ETHAHD EFERLTLAHIY, Fi Beuvtivy 51, A1k
EHOFE L DNA BEH L ORI EEBIE O »
HTERBEL T B, [E KT YosHIMURA BT,
Cdx # X0* Odx ©» DNA 8{iitss, E.coli NIHJ gk
DBFWAEMEEFC X H» NADPH FETTREHIN
BT ERBELTVAEY, Thb—#DHEL, quino-
xaline-di-N-oxide (L&D HiE HIBLIZ di-N-oxide
MOBTEVHEELREUXYRL TB I EERLTW D,

—F, BARCHEETS Cdx ME@Ec X5 Cdx it
HEEECBL T, ThETESISFRATS -k ©
OB fE, Cdx MEHESRE IR - c/cdTH D,
Lo LR, EES Kk AB#E» S Cdx it ek
FIRIHTH & LB, AL EERER Y 7 A 1 FXR
THoteZ EXRELKY) T TAEHARTFAI FO—
S>THSH pNV 13 1o k5 Cdx ek Lic s
=%, pNV 13 #®HFL % E.coli C 3, L-cysteine
HETCE T Cdx #ZEHHMT D & &b, HRK
thoo Cdx HRBINPEROBEMALLHLM Ligotss &
DT EhD, BIEBRTEMNVECRETT Cdx & @0
(L ~EILRIG R PNV 13 &F E.coli C
CEWTHEET S ENERINI,

ke, HtmHEBEREREY BVCRETRGARTEHLR
EREIUTOZ ExR%ELTWA, NADH Ric s\
i3, E.coli C pNV 13 X0 E.coli C L 4 BFHE
MEBTEShEBRRSBEREAED T h & 3 ER
Bo Cix BERDOETYRLIL C &, ¥ Ecoli C
pNV 13 & E.coli C LR TG EREX R D Tt
W Emb, ThbDBRTEFZL PNV 13 hhb b
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7c< E.coli C E/ROEEEZTH b, periplasmic enzyme
LLTHEETH LD EEL b, —#, NADPH %
T, L-cysteine 4FDRT E.coli C pNV 13 O 8
BEABRER L B Cdx & BT 5 2%, E.coliC
Dxh T3 Cdx ORTIXFD Lhigd 1o

—%, BERAEBEERTE, E coli C BROHE
Fcd Cdx OBTENED bR, Zh b OERNID
pNV 13 #@&35 - &ic X b, NADPH.L-cysteine
D Cdx BEEES, Fick 5XED periplasmic
enzyme & LCHETHZ EMNRIhk, 2D &I
Cdx OEH, periplasm py¢ NADH {k#F BLER
=iz T NADPH kB THRTL HETTH L LR
y, FOFER E.coli C pNV 13 i1 Cdx BT BRTE
35 kO By T e B ke Cdx LS
LD EEL LI,

L# L, =o NADPH (k#EBETEEEN, &K E. coli
C @ cytoplasmic enzyme & LT 7L, PNV 1B ©
X b periplasmic enzyme 2/ B DA, F fcilEolc
REEDLOMIBED LEZARTTHD, ThHITD
Wik, HRABRO BRI Y &0 I HMTEE
KEPREVNSEULETHD ERBbhis

iz, quinoxaline-di-N-oxide {b&4 D DNA g
Mz o\ T i, Omra 59, Yosmmura B! 3 X OF
BeumiN 5 O#&EHNH D, EEEBRE K X O frame
shift HOTERFEHWETH B Z LBMbR TV %, SH
pNV 13 A8 » DNA #BEBECESLEL T\WaHh
EOWT B LA, PNV 13 244 Uic Bk & bk
x5 Cdx @ MIC @At rect #rds X0t rec” ¥
TERFR 16 fEE 00 32 L REDNT L D
rec #EEL BEEHEN VLD EE L DR

o35, PNV 13 & X hIEEEA~O Cdx OF@EN
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STUDIES ON THE MECHANISM OF CARBADOX RESISTANCE
WITH R PLASMID (pNV 13)

Kenicar OumaE and SHoicHr YoNEzAwA

National Veterinary Assay Laboratory, Kokubunji, Tokyo 185

Studies were made on the mechanism of carbadox (Cdx) resistance by using R plasmid (pNV 13)
which encoded Cdx-resistance substance and was detected from Escherichia coli of porcine fecal origin.

The chemical modification of Cdx with pNV 13 was investigated. = When E.coli C was used as a
host, the specific adsorption (at about 375 nm) disappeared from the culture fluid and another absorp-
tion appeared at a new wavelength (at about 360 nm).

These changes were induced distinctly by E.coli C pNV 13 and stimulated in the presence of L-
cysteine. Also in the presence of L-cysteine, the reduction of Cdx was noticed in the system of
NADPH reduction with a crude enzymatic fluid obtained from E.coli C pNV 13 by treatment with
osmotic shock. It was not noticed, however, in the fluid obtained from E.col: C.

On the other hand, when treated with EDTA, E.coli C pNV 13 showed no decrease in Cdx resis-
tance, indicating that the mechanism of reduction of Cdx permeability in pNV 13 might be negative.
Moreover, the E.coli AB 1157(rect) and E.coli AB 2463(rec™) strains were used to examined the
effect of pNV 13 on the ability of the repair of damage of DNA. No effect was found, however, on
stimulating it, pNV 13 was not related to recombination-proficient.

In conclusion, it was presumed that the mechanism of Cdx resistance by pNV 13 might be derived
from NADPH-depended, Cdx-reducing enzyme contained in the bacterial periplasm newly.



