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UHFRE THBERTN S 0BEL S BOIFHEREZ2E L T2, BERENZ &I, &
NSORITIIESBCIF OV LTOTA REBNOLIREICESTIEIEY E®) I
HUTEWIEZRTENEEN TN S, EETOMEORSIL. HET 2HEOBEITK
TFTBENSESNMEEI NS, AL < ORSEHhOERENE VT ES < OF
MBI U TXOIHEICR S,

R, HASIICBRE DV BIEWEICH U CIEE < T 2 AT 1 & LTl
BT 5 BB £ TIE < TOBFENE S NTVS TRMFEEAS > (Xenobiotic
extrusion pump) | WREREFEEZEZL TWBETRTE S, ZUd. MEEICHEEL,
BALTEERBYZ T3 F—2 > THIgSANEAH T transport pump TH 3.

BLAEESBEREOFHAZDIL, FEEET AW-FEEDNIED, SERBREICH
FBNAF VAT 4T3 A\DIBAZEZLTVSY, FHEEICE > TEEEDOFTD
ETZTEBICT 5 INSHEENRED TBYHHHNAR S 7| ODFAANZLXLEHSNTT
B EVIKRERREL . £-BYitEo X 573558(L 2 EEIC UL Z ORI RER B R0
BHHOEEZS5ND, FFUL, IFEENFD [EYHHHRS 7 EDWTHAFLANIILT
fRIAT 5 Z L EBMELT,

W BT 5 AL 7= BRI FHBIRC DL TN T DB 2 P &
A, BEDEFVIHMEZRTBDOHALNZ, TITESITMEOKREBS/-D. I
SEAEMRZE ofloxacin B EMICHE. BRATMEEEKZRE Lz, IS OERKDOR
WIREE 2 ~ 1 6 (58 < 7m0 Tz, ZOMMED AN L LR E T 5, RS
SITEEDTEL TWD Z EAMBAL 72, &2 TIORMPEHAR S TEERL TS Y >
INTBEESUIEETD S, BIMTOHTFE 58 kDa DIMES > /578 (Omp58 &%)
TRV IR—IBERERD Th D LHWE S NZ, T DF VNI BO—KEFIIEERN S primer Z1E
Bl PCRIETZI DY NI E% I— R 5BETFHIH 2188, BE L7z, HEEFIN»
SE—REFZHELIZE IS, BTN KIBEIMES > /X278 TolC EHREI D 5
Niz. ZDOTAC I, KBEICBWTY 27 EPER MR SHfastc < e
C ZED M RIVEFRRL TWBHFTH D, Omps8 OREEHEEE S B < —F L T\, omp58
BETHERIBMICN L T SR 2R U, S8R o2 emBL. R
YR > TR ) AIEZD I LT, ISITHREZREI RN,
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EWVEYEE S & 25 BWPEHR I 205
BIRIIE - @kiEl (BREAXE BEH SPEERLEFER)
HEMRE  AENRTE (BREAXZE B EUERCER)
HEMEE | TRkEF (BREXE B S£UERLFER)
HEMEE  SREDH (BREXKE EBEFR SHMEREFER)
1. BM

W ETIIERRN SHBEL =SB OMEEZRE L TN, BREN ST, O
NSOHMICIIESECIFOUATOYA REBNOLDREICE S TEIEY &) 12
HLUTENWIHEERTENSENTND, E-TOMEORIL. HEFETSHEDREICK
BT aEWSBEEMERINS, flZE £< OBEETHOBRENEVIZES O
ARETHR U TR OIEITIR S,

g, BEerCBRED R R W U Cgla < itk 2853 2 & LT
BT S EEE £ Tk < TOFEENAISNTWS [RYHREAR >~ (Xenobiotic
extrusion pump) | MAERBEIZRZL TNB ETFRETES, JUd. MRRITEFEL.
BAL TERBin%w T3)LF—2E > THRgS kAT transport pump Td 2.

T & VHFEE % FAWT EtBr O 2 TNz & 25, TRV F—ikEFryz THE
HARS T OFEEDNBREICRE N, Bl FEE IR ERRRERELND 5
HNBES N EVIRENREIN, TOERFTOERESMBER TN TN S,

HxIEESBERBEORIAZDE L. HEEEAWFEEEIES, SERERICE
FENAFLAT A T—3a DADIGAZEE A TSN, FFREICE > TERFOHFTD
EERTRECT S CNSIFHEENED [BYHRHR S T OfFANZXLZHSNNTT
DT LVIARZERGES . E- BT & 5725k TTRRIC SIS T OF RS BIED
LHEDEEZSND, APETIE. FHEENED BN T 12D THTFLNIb
THREAT 5 Z 2 BERE LT

2. Hik
AEER U7-ERd. 4= THRAD b 9 8E L 7z R EFFRE Chromohalobacter sp.
< Halomonas sp. C. ¥ DEFREHIL. NB(1% beef extract, 1% polypeptone)-2M
NaCl #Wz, ZhSOERROFEEIL. 16S ribosomal RNA EfmFOMERLFRRTE &
F—H—R—=A LD T o 7,
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ofloxacin (OFLX) it HEZE 2RI, 0.4pg/ml ® OFLX Z&% NB-2M NaCl 55T 5 x
1 EDEERNT, BRMEERKEDREL .

B2 i BN T 2B/ NEBILIEBEIL. 2M NaCl L4 RBEDORYZ 5T
Muller-Hinton agar ¥t AW TAE Lz, 5x 10 EOEEARY L. £FZBREL
7o

AR OBIENL. ¥ L3 AR ZE 3 BIBE DRk 4 DR BRI Z& AT T 37
15 DB L., £XRKo Mgzl 7z,

EtBr OHIfaNDOESEENL. BGAIE T T o 7o, MECERE OMfL 2 3t A600=0.5~
1.0 IC8RE L. 37.5uMD EtBr Zh02. BhEYE 520 nm T 590nm DEOEREZRF21E
STHRIE L, £z, TRIF—HEEZIED 257-90121d. uncoupler Td % carbonyl
cyanide m-chlorophenylhydrazone (CCCP) Z A 7.

AE, FIEOAHEHT. FEEERZ AWl AWz, S8R BEZEERK
L. BRUOBEC LD SEES 28D, Y. 1% N-lauroylsarcosine Z10A. &
L ENES & IEES & Uiz, B OHIT 2.5% octylglucoside ZMNA., AL
Nz B ZIMEE D & LTz,

SDS-RU 7 7 U)IVT I RESKENSDS-PAGENL. Laemmli D5z Az,

Western-blotting 1. = hOt)VO—ZAEZANT. BEED D707

EHEIL Lowry AW TEEL .

Lipopolysaccharide (IPS)bEEE S N, &k EELL.

N-sk3%7 2 ) B2l Fiid. ABI492 protein sequencer TRE L7z, WERY X/ BEcH
/3. SDS-PAGE $#0%3%5 >\ E)NY RERERYIDED. Zhz lysyl
endopeptidase ® L <13, endoproteinase Glu-C TiH{b#. SDS-PAGE, ProBlott &
ADEEEETN, ERTF RN ROT I ) BEFIZHE LTz,

DNA D#2fElL. Maniatis 5D AEZE AV,

Y INA TVIAF—2 3>, a0=—)\1 TUF1E—a id ECLDirect
L < 1& AlkPhos Direct &% AWz,

DNA DEEEFIL. BigDye terminator cycle sequencing kit & v /e,

HEZER Omp5s8 BTN/ O—=> 3. 84507 2/ BELFIIEHRA S mixed primer
EERR L. MEkO 7 0F Y —, DNA 2882 L7z PCR TH, DNA BitR 2 BdE L.
ZNERAWTHY NS TUFA =2 a itk DERESREL 7.

PSR TD omp58 B FOFRIRNL. YUkEnT 2 REFRE—RBE> v NN
27 % —pHS15 ICHAAS. FTRBE S17-1 MRICFEERL, YT EFEEE
BAXY, FIAI R PEHEREEEREE A N T M1 2 VETERL.
DEEL Tz,

KIFE SPEREOESTL. SW I IZ AW TEREE D D1To7%
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omp58 EET BT, omp5sS BIETOHRICR ML T Y1 ¥ U HEEET 215
ALETI A3 RERBE TR L. ChehEPEEcaic L EAL, 2708 —
2 DNA _E® omp58 =T & Z OB ET OB S b olkE 2 N LT 1 i
HTERL. JH2N1 T &1 a > TRIEELTE.

1 Omp58 Fifkld, 7RI KIEE TR & 87 GST-Omp58 Bta 4 >/ A HIR
& UTHES LR LT,

3. WEER KU EE
3.1. BRANSNBEL =P EIFEE O IEENRE

EEOFEIIE A RNRERICNA. SN 16S ribosomal RNA EEF DA
BFI2HE L TiTole, &2 TH#A0, #560 Bk DWW TDRES Fig. 1 Iom Ui, fiic
#43, #160, #593 12 LI DWT BRI L7, ZHSOMHTIZ L D #40 13 Halomonas J&.
#560 1X Chromohalobacter BI\ZH¥E XN/,

3. 2. ofloxacin MiHEZEBERDHEE
BRI 5 BEL - EFREE OMBEA OFLX 1069 5 AEREIHEE

MIC)1 0.19ug/ml THo7=DT. 0.4pg/ml D OFLX ZENEREHICE 2. B
R EZE RAR(R) & 8B U Tz, B AR STHVE R B OGS HiEWE., 77 > FI(EtBr)
ICx9 % MIC % Table 1 IR U7z, £7 40 #Rid. EtBr oy L TRWBERMEER L.
D CERERVER TH 5, FEEONA F L AT 4 T—3 3 >AOFFZERI TS X
OMT LD TEEBRER TH D, THEERKIT. HRaRBYITH L TERTNE Ak 2
~1 6 fEDMMEETRL, BT 4 0BD S HBES M- EBHIIE VIR R Uz, S50k
SIERROFIAZZE X FRAERMEIC DWW THRET LIzE 2 A, Table 2 1IFRT LS
12, BAKRICSH U TERE R T RER 6 BDRIEKETH S Hexane 12 bEBELITE N
i 2R U 7z 72 B4R 40 BRIZ 560 #RIC HL, EtBr DIEA & FIHEIC Hexane % Heptane
ITH L T4 BWEZ R U7z mOEE 2N 5,

3.3. FEFWRHR > VEE OB

—RRANTHII S BTN T DT 2B T2 AN XA, (1) ZAE. WDAH
R, 5 N ELUSN DRSS DEEE L bEOTERDMETRARDIE T ARADZE
£, (2) EFDPB<ENYA POZRRICXZIEBZHOESE, BXO (3) EYHRHR
> TROEH I L DHENEDERNRE DK T ARNOER, EiNEZ 515, ZOF
T (3) OHEREIE. H505EMOMIIIEICEEL. TRIVF—2E> THRAICEAL
TEZEY =T 2GR0 —ETH S TRYHEER > Y) OFEERICES S
DT, BEANTHBEEDORWEYITZW L TUEIERT S Z LM 5N TW5, SEEE
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TEERML. B RBEOTEWESHAENE, R CANCIHEZ R T WHIOS
SAMHEERETHDOT, (3) OHEEICKDMHERORREEN SO & HEWEHEE
L. BWHER TEEERET D I & & Ui, AERE FH > FIEtBr SRz
SEk o R— L. HIFERICHAT S EtBr E280RE THIET 250 TH 2. MlamIc
#A L. DNA 2FIc#Ea U7z EtBr 13 590nm ICHWEDEERT 2. faRid. Fig. 212
=L, BEIOERETH 0. ZHAMEVWE EMIfEN EBr BN E2HL TR 2,
Bk 40R, 560R 1TV TN HEERKICH L T, EWHIRNEEZR - TN, (3) @
BREORMT TRV FT—IKEFE] THD. FNEFEND DD DEFFERETNTND
RANOBARICE L. REOREIC. TRV F—fEE X~y 785 uncoupler T
%% CCCP £z 7=bDT. P> THWEB L72< 725D T, EtBr OMifEAREIL—
Kic LB L. ZNSOBENS, SENEECEIERRIEFTELR > T OIEENTUE
XNTWB T EASEATE R, Fe. BAKRE S LERTADE, #40 130130 TX

BN TER RS TS Z Ebn D, ZHUHMBOBEE. 7 & X1 Psudomonas
aeruginosa iz E XD bEWEEEZRLTHD. EHEE ORI RIC DN TEWRT >
Ty VERLTNS,

3. 4. EHEEESY 2/ BOSHT

AR RS 5 ARMEE T, RS JUYHED 2 BEDERZFF > T,
2 FBBEO T DRI AFEEESZRIAL T, NIE JMEZDBEL. SDS-PAGE T
5 EEMF LT, R Fig. 3 IR Uz, BO 2~ 7 NRES. 9~ 1 45%t
WEELSTH B, 2 & 3133 ha—)L& L TRWE Pseudomonas BRO¥ > 7V THD
DIF. 4, 52340 BOTFERRETHIEERLR. 6, 7745560 FROBFAERSMIEZLRKRTSH
2. 9~14 bFEOLENTH S, KEITRLEESIC. 13, 14z2HEUR, Tk
ZERMETEIMENL TNDAMNTFDAE X 58kDa DINES >/ BaR Uiz, 2O
IR SV AMBOTIEERKICB N TS, FRORBRIMES Nz, £TITIOY /)XY
B % Omp58 (outer membrane protein 58kDa) L& {1}, & SIFICAITI 2 &
LU, BIRAIC. EFIBARIOEEREE S35 EE X 5N TN AIMERS LPS IZDW
TEAMFUEMN,. BEkE, MEERFE TRV, BESEMIEICEED - Thiany
ZEMHIRL Tz,

3.5. Omp58 ¥ >/ BONF & omps8 EIEF Oy O—=20

Omp58 ¥ > )7 B % SDS-PAGE 2690 L. N kw7 2 ) EERCH B RUVIERER
AEFIERRE LT, ZORERE S EITEFEEED mixed primer Z{ERR L. HBELIZHEE
IEE 7 OF) — A DNA 28802 LT PCR RIGZ TV, g X 117- omp58 BT D
_# I B 515 DNA WA EHEEL Tz, ZOWRZETO—T ELTEEES DT BK
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PaO0=—)N\1 TVFA L= 3 &t &EOD omps8 BT E25E DNA WK 245
BEL7z, COERTIL. A FENS O NV EZEI—RLTHED, Ompss ¥ >/8%%7
BOES T 2 BlFE TR TEL S BEATWZ, RMTO5FE 58,000 LD HEED
DFENNINOIL, HEEE SOBESNDIFHENES DNV BOREETH D, SNt
72 ) BEEIGERNT 5 SDS-PAGE L TOBEEDEENSEKL D EEZ HNS,

T —N—Z EOHRIEDOHEZEITD & 2EORFITEWHEMZR TS Dld/an
STEAKRGEEREF LT DT T LARHEEDIMES /37 B TolC &N & WARRIEDS
RH5N (Fig. 4A) . TolCIE. HWF >/ 7 BOMESN N SEBA L TE/=RiE
T DEEEDOIMNRITEFAET 2R TH D Z ENH SN TS (Fig. 4B) » £oT.
OmpS58 7 >/X 7 & ® TolC [k, HEFREIMEICEE T 2 ZWHRHAR > 7 DR
ThHdIEMRIFRENT,

3. 6. omp58 BILTHRIERRDVER

Omp58 % > /)XNJEMNFEE S 0 BWHEHR > T O—iERkD & U THEEEL Thah e
DIMETEDND BT, omp58 BT Z M U LB THEE RN EER T 5 Z L&
Hlze £, ompS8 BT ERNBEIFERET ¥ MUY ¥ —pHS15 ITHHIAH pHS-
omp58 FIRANT & —%Epk Uiz(Fig. 5A). N EFEFEEICESICIDERRL T,
ORI RIHE Z SDS-PAGE T/HHT L. FEMIZ Ompb8 % /N7 )N RASENI L
TWBZ EEMR LI, KIT omp58 ETOHRIMICA b LT 71 o U MIBEET %
A U7z pHS-Aomp58 N7 5 —%#EZL L (Fig. 5B). INZEMFEHEAAEZIZLD omp58
BT EBEWA Tz ompb8 B FIHERZEIER LTz, ZOBEEKRIZRSNWES D,
Omp58 & >NV EZEE> TWiah o7z (Fig. 6, lane 3). FEMNIZ Omp58 &7 /X7 EH
BYHEEAR > T E UTHIEL T 5725, TR RIE U T-BEERRIISEANIC X 0 BT
STWBIET TH S, FAEME Omps8 BEERRD OFLX IZxtd % MIC ZFR~N/=& 23,
Table 3 1279 £ DIT, BEMRIIFENIC K DEEZMEICR> TWe, ZOZENS, Omp58
& NI EIERMEICER S U, BTErE SHERIED S FEABEH R > T DAMERD Th 5 -
EDGERAE 3z,

4. SGRORE

FBORGRRFEIC & > TRYEHR > T DIERLA A S DTz o 72, WIRICFEET 5 &
FRENDTRINF—ENy TNV U TERICERZ < AH L TRER O THFIdNEER
BIATH S, ZNSEBYHHR S TONFEESEZHOMIIL., EEIINAF VAT
T—2 a3 k0B L MLEUHER) ORIEZHI LT, S SIERRI®N,
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100
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0.01

Fig. 1. Phylogenetic tree of strains reconstituted from the nucleotide
sequences of 16S ribosomal RNA genes.
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Table 1 MICs of parents and mutants.

MIC(pg/ml)
Strains
OFLX CES Cp TC EtBr
40 0.19 6.25 6.25 12.5 >1000
40R 3.12 25 25 100 >1000
560 0.39 3.12 3.12 1.56 62.5
560R 0.78 6.25 6.25 3.12 500

Abbreviations used were OFLX, ofloxacin; CFS, cefsulodin;

CP, chloramphenicol; TC, tetracycline; EtBr, ethidium bromide.
40 and 560 were parent strains and 40 and 560R were
mutants.

Table 2. Cell numbers after organic solvent treatment.

strains contfol decane octane heptane hexane p-xylene
(6.0) (4.9) (4.4) (3.9) (3.1)

40 2.0x10® 1.9x10% 2.3x10%8 2.0x10® 8.0x10°5 O
40R 2.6x108 2.0x10% 2.7x10® 2.4x10® 2.8x108 O
560 2.3x10° 2.1x10% 2.0x10% 3.3x107 1.5x10% 0
560R 2.6x10% 2.2x10% 2.1x10% 2.3x10%8 2.9x104 O

After incubation with organic solvent, the cells were enumerated by
serial dilution. The number of cells per ml of culture is described.
The log B value is shown in parentheses.
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A. 40 & 40R T
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© 77
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2
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I
é 2. 7 —{1— 40
5 “=0-== 4OR
o T T
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time(sec)

B. 560 & 560R

fluorescence(a.u.)

0 100 200 300
time(sec)

Fig. 2. Determination of cell-associated ethidium bromide.

1 2 3 4 5 6 7 8 9 10 1112 13 14

Inner Membrane Outer Membrane

Fig. 3. SDS-PAGE of membrane proteins.
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A Omp58 : ATKRQLDQAQEQFNVGLVATTDVNEAQASYD
TolC :AIYRQLDQTTQRFNVGLVAITDVONARAQYD

*k k*kkkx %k khkkhkkhkkk (k% * * k%

Omp58 : SVEAQRQAIVSNRSALEATRSGYEVGTRNIVDVLDA
TolC :SINAYKQAVVSAQSSLDAMEAGYSVGTRTIVDVLDA

* * *k k*x * * % ¥k hkhkkk khkkkkik

Fig. 4A. Sequence similarity of Omp58 and TolC.

Fig. 4B. TolC structure from X-ray crystallography.

peclplagme anlfahna
s sida]

pHS-Aomp58
12.4Kb

pHS-omp58
14.1Kb

r

Amp

i Amp’ OW

(Sse)/(H)

Fig. 5A. Structure of Omp58- expresswn vector
Fig. 5B. Structure of gene-disruption vector
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Wild Mutant Disruptant

ks

620

<— Omp58

47.5=

Fig. 6. Western blotting of Omp58.

Table 3. MIC of wild type and disruptant cells.

MIC (ug/ml)
Strains
OFLX
Wwild 0.19
Disruptant 0.045
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New application of halophilic bacteria: molecular characterization of
xenobiotic resistance of halophilic bacteria.
Masao Tokunaga, Matsujiro Ishibashi,
Hiroko Tokunaga and Mayumi Miyauchi
Faculty of Agriculture, Kagoshima University

Summary

We have isolated many halophilic bacterial strains from
natural habitats, and found that some of them exhibited high
resistance to biocides, such as heavy metals and ethidium bromide
(EtBr). We attempted to elucidate the molecular mechanisms of the
observed high resistance and to explore the possible application of
halophilic bacteria for bioremediation.

We recently isolated spontaneous ofloxacin resistant
mutants of moderately halophilic bacteria, which showed a 2 to 16-
fold increased resistance to structurally diverse compounds such as
antimicrobial agents and EtBr compared with the wild type strain.
These mutants exhibited a more efficient energy-dependent
extrusion of EtBr than did the wild type cells. These mutants also
showed tolerance to organic solvents and were found to produce an
elevated level of 58 kDa outer membrane protein. We have cloned
omp58 gene encoding this 58 kDa protein and found that the
deduced amino acid sequence of Omp58 possessed a limited degree
of sequence similarity to that of E. coli TolC. The E. coli TolC is a
periplasm/outer membrane tunnel protein of E. coli multi-drug
extrusion pump that has been extensively characterized. Disruption
of the omp58 gene rendered the cells more susceptible to several
biocides. Thus, Omp58 is the first isolated outer membrane
component of xenobiotic extrusion pump from moderately
halophilic eubacteria.
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