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acid (PPA), cinoxacin (CINX) il X LT 54,
Foa—X /o FlEHmsh, 77 LBMEBL0 7S
LB, ¥712 Pseudomonas aeruginosa 128 L T4 &
1) % A7 5 norfloxacin (NFLX), ofloxacin (OFLX),
enoxacin (ENX), ciprofloxacin (CPFX) #Bf & n T x
A
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JASaN

ZZTHENL, #MIBEO=2—% /o Al FRc NFLX
TYEIC DV T, LB & 2 &0, & 6 IZREK ST BEbR D
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BEich W T B 7z kkR i 479 B (— B & 18R, b
S URRAERR & L TIHEW P ER OB E PAO 1
LU PAO 2142 20t L L 72,

2. KR

Carbenicillin(CBPC, &7 7 4 #—), piperacillin
(PIPC, & lifb2¥), cefsulodin (CFS, #H &),
ceftazidime (CAZ, H A 77 7 /), imipenem
(IPM, £ 7 7 4), aztreonam (AZT, = — +
1), kanamycin (KM, & H # &), gentamicin
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* AT i HE BT 3-39-22
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2)  vkEhi: Laemmli' o fikiz A L 7o, 0.192
M glycine, 0.025 M Tris buffer, 0.1 % SDS & &
AT, 20 mA Ta~1088M(r- 7:

3) 4+{ni2 0.1 % Coomassie brilliant blue. 10 %
acetic acid, 50 % methanol ?}t’é,zm‘ Fin T 28R
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THLREL 72,

. #& 2

1. NFLX #4942 .42t

1984 70, 1937 F 3 TIZ 8K K
SRR EHIZ DN T

AT IE Rk T R
NFLX 2% 4 5 ARzt s

ol
— lu~{ ( 86 strains)
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Fig. 1. Susceptibility distribution of Pseudomo-

nas aeruginosa against norfloxacin
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i % Fig. TISoRd, 1984 471213 0.39 gg/ml 4 tfugs &
L 72— D50 2 0L Turz: s, wmwzu4ﬂm
W MIC 2533 @A L2 Lad Tz 1986 1. 1987

FIZWBMLL Lo A% L, s um-l PE
LRk sz, &L T 1987 F42 13 MIC ¢ 100 pg/ml
PAEO B RERE RO I BLE W85 72

MIC 3.13 pg/ml LL ORI o 58 {6 4 Table
LISRd, 1984 SR 1.2 %0 L A2 ol X 4L Ty
DIEREFAYZ 3.9 %, 16.4 %0, 214 % X 20 Y, {2 ik
BT HERUE D L ORI 2 W23 7,

2. NFLX fiftEtkoo g v 77—

1984 £ 4 H A 0 1987 £ 9 1) £ Ty NFLX i 1 #
28K L MR 3T B A M R 1 L 2o BUkR IR R
(PIPC. CFS, CAZ. IPM. AZT, GM., AMK, NFLX)
X 2aERIS), B L RSz DT, Table 2
127, NFLX itk & OvegMEpkiz 5 T, ik

Table 1.

Isolation frequency of norfloxacin-resistant

strains (%)

s . No. of norfloxacin
No of strains . . N
resistant strains (")

1984 86 1 (12%:
1985 127 5 (3.9
1986 140 23 (16 4
1987 126 27 (21.4)
Total 479 56 (11.7%)

Table 2.

Drug resistance pattern

WRT/AN

] |’l B 1005
Co B GO UM % LY e T e
Lt s el L ST WA A e I
7]‘ -/

CNFLXO PR X eV Loy 7 - o W 4
T(nl)lv Saclh NFLX P45 Loz Yoo 7 7
SN SR T, TR W0 k) NOASERR s L
E 2/ W A H\H i H\ [v9 ¥ 21 9%) AT Hh8
T o NFLXWPEH AT 42 M 190 (15
) AW W Ty 5 7295, 20 9 £ NFLX gy
Bz ounTad X 24 80 9 Bk (3890 A Hh8 W THh
2 720 NFLX el ¥ Rk o Bz b4 Bk P4 F e
ANt b, GMafPE4 54 NFLX i 11 #. 9 Bk 8 #L
(90 %) A Hh8 " Tah ), NFLX ffPEbki= Hh8 B AH*
5% & Hvnid, GM Pt NFLX fth#kiz & 5 4
NDE Kz oith, NFLX Hishmf VEvk & eZ bk & T3
Meal "4 AT D ﬂ, tL otz
3. NFLX mftE2 s
EA:HMIW:W&QI’EL% H'Mlitu TNEFNDOHKE
NFLX & 4 4% MIC /% TR L Ttz 00 =—
AALGIZ &Y, 2Oy TR D4 vk % oy
BEL 72, LRI DO THRE B2 0 K FI T &
~, & MIC %Ak ¢ NFLX fftE2 ko F L £ 1L
27 TR ML, &I A T OGBERIEDR R %
Table 4 12739, #1479z A % & nfx Ctype »8 L,
%< 230k (66.5 %) T - 72, LRARMIBIMEIL, nfx
C type 21554072 1 M9 10 7 TESIE Th - 1255,

Serotype of norfloxacin resistant and -sensitive strains

P C C 1 A G A N
1 F A P Z M F No. of strains in each serotype
P S zZ M T M K L |r T
C X A|/B|{C|D|E|F|{G/H|I]|]J|K|L|M|N]/-) Total
T 6 R 115111 1 6 24
([ ] 'YIE 1 1 3 6
® T 1 1
® ® [ ] 1 1
° ° o | 1 ] E
oo ° o ! |1 !
° ° ° . 1 R
® e O | o 1 1 2
[ J [ ® o o 1 1
o o o o O [ J 1 1
NFLX-resistant strain 41812101016 [2]3]0[0|1]3]0 (12 42
NFLX-sensitive strain 206 (212|110 [8&]6[2]0]0[0]2]0]6 37

PIPC : piperacillin, CFS : cefsulodin, CAZ ' ceftazidime,
AMK : amikacin, NFLX ! norfloxacin

[PM imipenem, AZT :

aztreonam, GNM : gentamicin,
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Table 3 Phage type of norfloxacin resistant and  sensiive stems
Drug resistimee Pl type
PlCICI T IAJG|AN Oy
pElAle ]z M FLA Al Al ala s slc el e o o el e e e E e | TOTAL
PIS{ZIMITIMIKILlalf|c|h{hib{rlafb{b|{h|{f{h|{albir it |{h|blhilialalflhih
¢ NIB|GIRID|R[B|B|B[G]|H|RB|K|HB|H GIR|[R|B|OIRIG|IKIB]G K
—t— +—— 1 o — |- - — s NS ——
" e 1 1 P2 3 1 11y 24
—t e ] g t— 14— e e e
™ ol1| |1 I 2 ! | 8
® o 1 1
. . - - 4 —
e @ ) | - 1 ]
[ ] e o 3 3
o0 e o 1 1 ]
] [ [ J o 2 2
S S . PRES
® [ 2K 2 J i | 2
+ B — 1 - -t <+ g $
° o oo0 I | 1
Rt S L - i
‘.T. o [ 2 ] [ J ol 1
TOTAL 2 1)1 11 | 4 2 [N N ] 42
e
Sensitive strain 1 1 Ty L2 03 ir{3(3jr|{z2y1f1 219 37

PIPC : piperacillin, CFS cefsulodin, CAZ ' ceftazidime, IPM

AMK . amikacin, NFLX:

norfloxacin

Table 4. Norfloxacin-resistant mutation in clinical isolates
Type* No. of strains isolated (%)
nfx A 5 (13.2)
nfx B 7 (18.4)
nfx C 23 (66.5)
nal B 2 (5.3)
NT 1 (2.6)
Total 38 (100.0)

NT : non-typable

* ~according

to Hirai®®

Table 5. Norfloxacin-resistant mutation in GU-6086,
PAO 1, PAO 2142
No. of strains isolated (%)
Type
GU-6086 PAO 1 PAO 2142
nfx A 7 (9.7) 2 (2.7 22 (68 8
nfx B 37 (51.4) 9 (12 3) 10 (31.2
nfx C 28 (38.9) 56 (76.8)
nal B 4 (5.5
NT 2 (2.7
Total 72 (100.0) 73 (100.0) 32 (100.0)

NT  non-typable

imipenem, AZT ~aztreonam. (M . gentamicin,

3933 TH 10 TH - 7:. NT non-typable) »
1 #ld, £ OERIZMOZELA. NFLX O#ttEizhm
ZTR-7 78 LRnEEN AL LIUT I /7Y
3. FRIOBEREHNET 2L, BEBRIZFOWD
LDOThHh-T12,

U BEA BB GU boxe, B ## PAO 1, PAO
M2 A, HHEN L oo - T, Bon K
DM ER I =~ (2D T, EHEEHNELLL A
7245 %% Table 51> 05F, BEHK % GU-6086 0 72
HOmEZ RO £ 1 75012, nfx A, nfx B, nfx C
DIFEM Tnfx B, nfx CH % 1L F 4137 % (514
%), 8K (389°%) X %h 5 HE#EKPAOL D73
FROMMZER_ED 2 4 75012, nfx A, nfx B, nfx C,
nal B, NT (non-typable} » 5 &R 7, nfx C »'&
L% 568 (768°%) TH#H -7, NT (non-typable)
D2HDERNEZIIL, BT 7 7 LRSS F
BLUT I /703 FROREMNRT LmRLZL
NDTH - 72 i PAO 2112 0 32 kORI E BHD
74 7503, nfx A, nfx BO 2T, nfx A»%
RN Eh oz, BEHT R GU-6086, ik PAO 1,
PAO 2142 Dmsth 2 RM 4 e+ 2 &, @iHREBIZ 94
THNEEE 2 TH - 12,

4, HESZ L o2 BEOEIL

BRIk DR RR 38 #RD 5 5 GU-1 5 GU-16
DLk & Z DM ERKDONE Y > <7 G % SDS-T

P
7.
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Table 6. MICs of NFLX resistant mutants
NIC (Gge/'mD)
NFLX PIPC cBre IS IPM GM KM e or TYI'E
GU-1 wild 078 3.13 50 3.13 313 2 400 25 200
mutant 12.5 1.56 © 25 1.56 125 6,25 100 50 1,600 nfx €
GU-2  wild 1.56 3.13 25 1.56 136 6.25 100 25 100
mutant 12.5 3.13 50 3.13 3.13 620 400 o0 100 nfx A
GU 3 wild 1 56 1.56 20 1.56 1 o6 6,20 400 0 100
mutant 12.5 3.13 50 1.56 1205 6.25 400 S0 1,600 nfx
GU- 1 wild 156 3.13 a0 3.13 0.78 125 400 iell] 200
mutant 12.5 3.13 20 3.13 1.56 115 400 50 100 nfx A
GU 5 wild 07X 3.13 50 313 156 6.25 100 25 200
mutant 25 12.5 200 12.5 1.56 6.20 200 100 400 nal B
GU- 6 wild 078 3.13 20 3.13 3.13 6.20 200 12.5 100
mutant 6.25 3.13 25 1 56 6.25 6.25 200 12.5 200 nfx A
GU-7  wild 0.78 1.56 12.5 1 56 1.56 125 100 12.5 50
mutant 12.5 1.56 3.13 1 o6 0.78 1.56 50 o 200 nfx B
GU-8  wild 1.56 3.13 6 25 156 0.78 039 50 25 100
mutant 12.5 3.13 3.13 0.78 6.25 0.39 50 50 1,600 nfx €
GU-9  wild 00N 3.13 25 1.56 1.56 3.13 100 25 200
mutant 25 1.56 12.5 1.56 0,78 1.56 50 100 400 nfx A
GU-10 wild 1.56 1.56 50 1.56 3.13 3.13 200 25 200
mutant 1275 0.78 12.5 0.78 12.5 1.56 50 50 1,600 nfx C
GU-11  wild 0.7x 1.56 25 1.56 3.13 3.13 200 25 100
mutant 12.5 0.78 12.5 0.7%8 12.5 1.56 50 50 1,600 nfx C
GU-12 wild 1.56 1.56 25 1.56 1.56 12.5 100 25 200
mutant 12.5 0.78 12.5 1.56 125 3.13 50 50 1.600 nfx C
GU-13  wild 1.56 3.13 50 3.13 3.13 6.25 100 25 200
mutant 12.5 1.56 25 1.56 3.13 3.13 100 50 400 nfx A
GU-14 wild 1.56 1.56 25 1.56 1.56 6.25 100 25 200
mutant 25 3.13 3.13 1.56 1.56 1.56 50 100 200 nfx B
GU-15 wild 0.78 3.13 50 1.56 1.56 3.13 100 12.5 100
mutant 25 12.5 100 12.5 3.13 3.13 100 25 400 nal B
GU-16 wild 0.78 156 25 56 3.13 3.13 200 50 200
mutant 12.5 0.7%8 12.5 0.78 12.5 1.56 100 50 1,600 nfx C
NFLX ! norfloxacin, PIPC " piperacillin, CBPC : carbenicillin, CFS : cefsulodin, IPM : imipenem, GM : gentamicin,

KM : kanamycin, TC : tetracycline, CP : chloramphenicol

JUNT I FERKE A BT L 72, Table 61213
BEHOEFEZHEOEL 2R 72, DNA gyrase D%
fbrEz2 5N 2 nfx A typeDLDIFTNTHIES >
T BIZEAL D RRS b 5 72 (GU-2, 4, 6, 9,
13),

D4 TIIE S » T GDRD DY), D
¥E#% Fig. 2412w L, EBH# Fig. 3127 L 72,

BREPRRIC OV T A B &, 4T &# 36 K Dalton LI
ToONES > 72278 (OmpF, G, Hic#HY) It T
BT NTRFEL YT —> THED, TFEFH 48 K~60
K Dalton D54 > 278 (Omp D (248Y) (2BIL
TIIEHREICHIELY Eo, FEIC2EMIIOEEINT,
TbblAn > FErT L0 (GU-1,5, 10,11, 12,
15,16) & 2 A&/ <> FERT LN (GU-3,7,8, 14)

HRED LTz,

K
66 2 4 |
BOjmmm e m - -
nal B ‘ nfx B nfx C
type type type
Fig. 2. Comparison of outer membrane proteins

of norfloxacin resistant mutants
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Fig. 3. Comparison of outer membrane proteins
of Pseudomonas aeruginosa strains by SDS-
PAGE
Lane S: molecular weight standards.

Lane 1: wild strain No.13.
Lane 2: mutant (nfx A type) of No.13.
Lane 3: wild strain No.14.
Lane 4: mutant (nfx B type) of No.14.
Lane 5: wild strain No.15.
Lane 6: mutant (nal B type) of No.15.
Lane 7: wild strain No.16.
Lane 8: mutant (nfx C type) of No.16.

BEBENEbIC L 2T EERK. (nfx B, nfx C,
nal B type) T35 F8&# 48 K~60 K Dalton % >
2¥2% (Omp D icAHY) i TRk & DIER D LN
A%, £ TF&# 36 K Dalton LI F Tli ok & REL 2
—>Th -7, nfx Btype ? 2 (GU-7,14) Ti3H
2lesr FoBE2E2H, ThExhn#52 KB LUr50
K Dalton % > 2278 T#h -1z, nfx C type Tid,
WIS o7 BoR A BESRBO LN, Flks
N7ENHBRT B L (GU-1,3) R LiEET
340 (GU-8) Tk <> FHtil2, DFRHIRL
24008 L (BB LN (GU-10, 11, 12, 16) 482
BNz, GU-10, 11, 12, 16 DE#KR TIZ TR E &
VINTBENE—HERTH Y, HHEEREMOXC
type) DAY > 27 BENELLIZIZE LS~ %
R L Tv7z, nal B type (GU-5,15) Tidm& s b
BEThD, #48K Dalton nFL W27 HOHB
PREH LI,

PAO itk & 1 DD ERER 2 BE¥k GU-6086 7 518
L FE R DORERKICOWTHRICHEY /7
% F~7: (Fig. 4). 2 FE# 36 K Dalton LLT 05t

Fig. 4. Comparison of outer membrane proteins
of Pseudomonas aeruginosa strains by SDS-
PAGE
Lane S: molecular weight standards.

Lane 1: PAO 4009.

Lane 2: KH4013E (nfx B).

Lane 3: KH4014a (nfx C).

Lane 4: wild srtain No.6086.

Lane 5: mutant (nfx A type) of No.6086.
Lane 6: mutant (nfx B type) of No.6086.
Lane 7: mutant (nfx C type) of No.6086.

By RIIARTSH 55, FRH4BK~60K
Dalton O RS > 727 Ric 2 DE{Lh ALz, ]
L nfx C type TLEMEK L BEEKK TR IEDH L
Nz, Z0PA L nfx Atype 3B 5 > /7 BHELL
47, nfx Btype TiRE&EL 7 > <2 BNOHENH -
7z%% nfx C type TRRELI—FEThh -7z,
m, =% %=

Norfloxacin ic#s3 2 =2 —% /o> &3, EvH
BWARZ P b iCEN- BN %205, MRSA %
FUHE7 F7RE» L RIREIC I THESEEEAL
TEY, HBRBEERZ2ET LHE—DRORENTH
%, 1984 £ norfloxacin »*KZRF I N TLEK, £
Blooa—% /v HOEMERESNMLET (S
D, SHIHLVX /o RLBARMKITLNTWS,
LELEBWTLE)) Fr ALK BRIAEANOBAR
# 45 EFig. SiciRd & 94z, 1985485 L ) NA, PPA
b ) =2—% /ooy NFLX, OFLX niERE
ML T3, —F 1984 Fici3 1% Lo
NFLX ¥k A%, 1986 4F, 1987 SEic B WU L W38
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6,000
NFLX 1 OFLX
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4,000
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C e OFLX
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NA: nalidixic acid, PPA pipemidic acid,

Gunma University Hospital

NFLX: norfloxacin, OFLX: ofloxacin, ENX enoxacin

Fig. 5.

L, FREEMOAETIRZBNARL, Mok
i PEB DA St BERITEE MBI o 5
Twb, L7z TIHLBIERDILRBUL KDL
THERIC L 5 RIRBENEREF 2 sz

MmiFERTIE NFLX ®ftEfk T 6 BeZ MEric 5 T 4,

FL&oizBR, GR, FHARYE»EL, 1277
— RT3, NFLX ik & OURCZ bR £ 1Lid 3
WEETHY, BGIALGEED ECDLERETHY), il
BORGNTRED DM A h o2, LN L
b, 1986 F LR B O rE A, BEEY D R4S
$BLDTI3 e EFEZ L0717,

BN FrAL R BRIUEAIZIE, B TERAD
PEGIZ L 2mHEBES 7 7 2 2 Mok > T{aES
I B EEEHI L E S N T ooy, EAmfERERI,
BN LE R L ADNA gyrasentt 712 = FA
DEICEDLnE, BEBAENIEIIZLEILNES
NT3, BIENDERIInIxA &L THEXN, BLE
BUYEDZTIIZ LB L DIZid nfx B,nfxC nal B % &%
ULERVBES N T B,

P oy B Dbk 2 A NFLX mif % Rtk &
TET B &, EEERPAOKEFAVIEESIIHELNL
FE R nfx A, nal B, nfx B, nfx C & [ % &%
Mg —2 2T IA T HREDIZN, FNHEIFRY
L4 TLRGIEENT, TOBSBE R HHRIZSTK
DFTRETH 5,

2 DBRKHR 2 V7o R 5 T nfx C type O
WHBAE AL £ - 720%, M5 4 7 L IRBUEC

Used quantities of pyridonecarboxylic acid agents

FLOMLEE L H - 72,

nfx C type i3 [IPM & £ OF CP 32 T MO
oz, Zofh S, 4% NFLX ittt g &
12 IPM 2 IEZ MO N & 054 bk S3ET 5 " RE
PEpormg S irz., Lo L BUE Sz hidEed 72 BRI 57 B bk
P Tix, NFLX & IPM & A HzmitE ofis 1 B L
R S YPY (A RO A

G MERRDIME 7 » v 7 HOBRKENC BV TS,
a4y 36 K Dalton LL'N Omp F, G, H 244
LAY s I BT & A Y HYE B 7 pat-
tern TH 5 7H%, 4 Fu#y 48 K~60 K Dalton @ Omp
DICHY TS » 7 RUCBIL TIE, FEIZ 2 HiM
2B, LAD S FEARTLDOE2 Kviis F
BT Lonls Ltz LrL, ERENDEEIC
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NEW QUINOLONE RESISTANT MUTATION IN CLINICAL
ISOLATES OF I’SEUDOMONAS AERUGINOSA

Hiroyuki Katoh, Hiroshi Tsuzuki” and Shizuko lyobe"

Department of Surgery 1, Gunma University School of Medicine,
3-39 22 Showa cho, Maebashi, Gunma -ken, Japan

" Department of Microbiology, Gunma University School of Medicine

We investigated the susceptibility to norfloxacin (NFLX), and serotype and phage type of clinical
isolates of Pseudomonas acruginosa. From NFLX sensitive strains we obtained NFLX-resistant
mutants and demonstrated sodium dodecyl sulfate-polyacrylamide gel electrophoresis of outer
membrane proteins of those strains.

1) Since 1986, NFLX -resistant P. aeruginosa strains have been increasing in Gunma University
Hospital parallel with increasing use of NFLX.

2) Serotypes of both NFLX-resistant and -sensitive strains were B, (; and non typable, and their
phage types mostly Hh8 (non-typable). There was no suspicion of nosocomial infection of NFLX
resistant Pseudomonas aeruginosa.

3) Four major types (nfx A, DNA gyrase type mutant; nfx B, nfx C and nal B, permeability type
mutants) of NFLX -resistant mutants were obtained from drug-sensitive clinical isolates. Nfx C type
mutants with concomitant IPM resistance were isolated easily, but the isolation frequency was
similar to that of others.

4) Outer membrane proteins of NFLX-sensitive strains from clinical isolates showed a little
difference between each other.

Nfx A type mutation did not show any change in outer membrane proteins. In nfx B type mutants,
new 50 to 52 KD outer membrane proteins were detected. In nal B type new 48 KD protein appeared.
Nfx C type mutants showed various patterns of appearance and disappearance of outer membrane
proteins.



