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Stenotrophomonas maltophilia £ - k& 3 % £ 3% |+ (MDR) 2 # {4 g
ERBEE AR R I FUEEREY O S EFEFRENF
FRE R A RA - B S EREM LA

#3141* — % chloramphenicol #<2 % #té:E $]2 S. maltophilia % % &
th KJOIC 2 2 3] « iz ta R # )tk KIOIC *% 1 % chloramphenicol 2 %
7 4kt > Ao 44 ¥ quinolone #E - tetracyclines e £ 7 Fuit o £ 4
BT A R % Atk KIOOC 4piss 2 itk KJ # aminoglycoside 542
F2 gt A o d @ E PCR (QRT-PCR) g % P R % Ftk
KJO9C 2. smeU1-V-W-U2-X operon 7 i & # I3 % o R % 7tk KIOOC
2 SMmeVWX 5 & B4 i I FTiF 4 S 1S § it % % Btk KIOOC e %
MR T R 2 AR Rk s BT R ¥ F R KIOOC 2 SmeVWX 5 £
g iR ARG 4 S ERE 2 £ 3 ¢ & smeUL-V-W-U2-X
HFE G - B LysR R e i A ) smeRv > T fEd @ik £
AT R R BT R AT TR FL A EY SmeRv &
smeUl-V-W-X-U2 A Flehi & 2 ° PiFEtfreand d o &R 2 Fik K

SF T A4k SmeRv - BN f AR  ARFRI



KJOOC % F 7 » PIELF- Bp AL Apehdd o 27 L8- 7 f2
smeU1-V-W-U2-X A %]¢ & - B A F % ¥ AR KIOC ¢ #ririgend ¢
) 5 KIO9CASmMeU1~KI09CASmMeVW - KJO9CASmeU2 ~ KIO9CASMeX
ERYHK - LEET R LA KIOC 2 smeUL A ¥ 5 &g 4
Al A3 % @ 2 R % EK KIIC 5 osmeV-W & Fl 4 s ¢ B
SmeVWX % & & % ﬁ%l & T i # chloramphenicol -~ quinolone #g fvr
tetracycline #f % 4~ ) et i o 5 7 3B - 5 & F smeU2 {r smeX # F14t
FUE PP chd ¢ o4 B smeU2 o smeX & F] & KI09CAS EFHtk (
th KI0OC 2 smeUL-V-W-U2-X A FIh1% % % FHk) ¢ @& < £ 4 k3=
o L& - BRI SmeU2 ehd & vl SmeVWX 5 & 4 55 1 §T
WRARDERT 43 L& 7R RFFKRKIOC 5 smeX 2 F1E ik

B # By 593k R % Atk KIO9C # aminoglycoside #f it < 2.7 5 o



Abstract

Stenotrophomonas maltophilia is an important opportunistic pathogen
characterized by the phenotype of multidrug resistance (MDR).
Overexpression of the resistance nodulation division (RND) efflux systems is
a critical cause of the MDR phenotype in gram-negative bacteria. A
chloramphenicol-selective S. maltophilia.  MDR mutant, KJO09C, was
characterized in this study. In addition to chloramphenicol, KJ09C was
cross-resistant to quinolones and tetracyclines. Surprisingly, mutant KJ09C
increased aminoglycoside susceptibility compared to wild-type KJ. The
results of gRT-PCR demonstrated that SmeVWX pump was overexpressed in
mutant KJO9C. Inactivation of smeU1-V-W-U2-X operon of mutant KJO9C
restored the antimicrobial susceptibility of KJO9C to the level as that of
wild-type KJ, indicating that overexpression of SmeVWX pump contributes
to the MDR phenotype of KJ09C. A LysR-type transcriptional regulator
gene, smeRv, divergently located upstream of smeU1-V-W-U2-X operon. The
results of transcriptional fusion assay showed that the SmeRv plays a positive
role in the overexpression of smeU1-V-W-X-U2 operon, and that SmeRv has a
characteristic of negative autoregulation in wild-type background and positive
autoregulation in KJO9C background. To elucidate the role of each component

of smeU1-V-W-U2-X operon in the resistance, a series of mutants were

constructed, including KJO9CASmeU1, KJ09CASmeVW, KJ09CASmeX,

and KJO9C A SmeU2. The results showed the smeU1 of KJO9C had no effect



on antibiogram resistance, and inactivation smeVW of KJO9C abolished
SmeVWX pump activity for extrusion of chloramphenicol, quinolone, and
tetracycline. To further clarify the role of smeU2 and smeX on the antibiotics

resistance, smeU2 and smeX overexpression mutants were constructed in
KJO9CAD5, including KJO9CAS5L2::SmeU2 and KJO9CA\5L2::SmeX. The
role of SmeU2 seems significant only when the SmeVWX pump is

overexpressed. The smeX overexpression of KJO9C is responsible for the

decreased aminoglycoside resistance of KJO9C.
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1.1.1 Stenotrophomonas maltophilia 4 %

PSSt elag) ﬂ ¥ 2 f7 < 5424 ) Stenotrophomonas maltophilia (S.
maltophilia) & & &k 35t @ Ak pF > B EFaE 4 - 5 Pseudomonas
maltophilia ( Hugh & Ryschenkow, 1961 ) ™ sk i s & = %
Xanthomonas maltophilia (Sutter, 1968) @ o & 3]i7 % & A 3 4 3 & $ v
e hiEH o ERFFEIA AL BTN DNA Bolis#8 { £ 5
Stenotrophomonas maltophilia  ( Palleroni & Bradbury, 1993) B! -

S. maltophilia &t § § #E2iaf et 3 A & 7 ¥ mEs o

F_&

BRiZF e EkEY - ZFRHEFUETRELIIRZFRARA 7 UAIH
SEF (silverlined catheters ) » 2 4 &8 & # i€ 4~407C > @ Boif & ch2
LR Y 35C .

S. maltophilia = ¥4 5 A A Y » - A EEar § £ £+ 32t
R A RFRY ATEY BAR S MT dun A RS R
Gl FomtAesz FE p ARM L o 2 F]5 2 F P > S maltophilia
g%ﬁ“ﬁ FEEA o Ao P AVEA RS  LEIORIEE 28k
RE NI TFIEFBRE S R F 2 LB > AR ALK A 5

AT 2mk T AP RER c ERFAALERERLE B g
< O e A B 4 (Maningo & Watanakunakorn, 1995) e — a7

3% % 0 S. maltophilia #7 & 2 %2 ¢F F-d s > ¥ iy § B E B -’,Lmy]ak )
2



- 5 ¢ & ehxcgp F15 (Windhorst, et al., 2002) 1o . maltophilia %+
P 4 & EfE 4 > e B-lactam ~ aminoglycoside ~ macrolide #f - i&
i ¥ S. maltophilia &f®sk /e + — E 2§k < R 4E o

B »> S. maltophilia %= 3 - B % F A $S. maltophilia Ftke = = 4
A 7188 T B o - & 5 S. maltophilia R551-3( http://www.ncbi.nlm.nih.gov/) -
G+Ccontent % 66% - & 5| > & % 4,544233bp ; ¥ - k5 S. maltophilia
K279a (http://www.sanger.ac.uk/Projects/S_maltophilia/ ) (Crossman, et al.,

2008)®! » G+C content % 66.32% - B 5| > £ % 4,851,126 bp -

1.1.2. S. maltophilia &= |4 4 #&

i A A s S. maltophilia p @ e m fEIE M A] o A u4e

(1). 27 Afa i3 bifnd 22t  wwwF g 224 p-lactamase -
¥ o kg B-lactam find E ks B4R @ S, maltophilia it 49
F ¥ B-lactam % % 2§ (Richmond, and Sykes, 1973) -
p 4 S maltophilia & ®i¢ 13 &7 4 ¥ 4 4 p-lactamases>
4w % L1 B-lactamases f- L2 B-lactamases 2 4] (Krueger, et al.,
2001) ¥ - L1 p-lactamase &_i 4% i 47 3] (Zn**-dependent) fix 2 -

# -k f% penicillins ~ cephalosporins f= carbapenems > ie 7 s -k i
3



2). .

(3).

4). =

monobactams - L2 B-lactamase -#_#& cephalosporinase » ¥ -k f%
aztreonam - ¥ ¢t > S. maltophilia % ¢ A F 4 5 F ¥ H
s LB LT s A4 B AFLA 2 apk 2 > i E_ aminoglycoside
acetyltransferases 4 ( Lambert, et al., 1999) !, f erythromycin
inactivating enzyme ( Alonso, et al., 2000) M-

wEamie pp T ALY FoATPRLR B iR 4e B-lactam #f i
2 F R REIL & LY it F 2 wF2 penicillin binding
protein (PBP) 5 & » i&a Frd| At mre BEch S = > 1uid 5] WA
ek o @ dmF T 518 13 4% e PBP shi i 412 % &% o PBP
L& Er > Fa A4 B (Livermore, 1995) Yo

EPERp L mre el B > # Fd F L N Flhe e R (F
* o % S. maltophilia % & fF 152 Fac 22 % o Pe 5Lt porin @
w4 & % 4 » e o 2n (Valdezate, et al., 2001) M.

B imre Wb B M Eskeh £ g I JT (efflux pump)
B o 42 % — BN FmPe PN ZRP] 5 H %ﬁ“ pump F7 3| fm Pz 5o
¢k 3% (Li, et al., 2002; Zhang, et al., 2001)"* %% o gt % v ) 5
F£ ATP & B2 @ * 4h-49 82+ £ i (gradient) > 42 F i w78
REDD A RO RE FHA O TRFER AR R

Fleamd o AP L #rUE S EFF R L B R



F B LB 2 TRl oo

113.% £ %% j 2§79 (Multidrug efflux pump )
F2 3 RN EREERM AR D RS R g
WE RS THFREEF AW P 2 B2 B ENT ERBERR G

Lo [l e b g #4“@§$mwwdm’fﬁﬁﬁmﬁfﬁ

VL» N I-Ll—lm} ) ]%}%' E:] 2 ﬁ%ﬁﬂ:ﬁ;ﬁ: /:“E ,3’_%-&7‘ f;.__);‘; fg’a%‘ig)\ ilj‘gm
Fg]]\ "'Km#—"—} %iﬁﬁlﬂ':}”r E—ﬂ‘/’l‘%m’ iﬁ‘;?@ﬁ‘:"‘g—f'f‘”*ﬁﬁ “L'Jf;”

B i 3| mie WOk 3R @ mﬁ-] B4 E TR AR T L A

Wt F 5 £ 4R (Multidrug transporter) it cHfif i 38 6

el
i
T
k=
i)
»
\\YB"
i
Lo
“ﬁﬂ%‘t
ﬂn’\
1,\ RS
J=4

+ %5 (Schweizer, 2003) [ :

(1). % £ &3 %]’%*" Mg s i H 4 e MES 2% (major facilitator
superfamlly)u)rq.\’“ CmAR NG 25T prlagd gt
I HE o L RIE- id 400 B ARAAES o F 128 14
B U T3 3 B 45~50kD > B % 71 f2 MFS sy
P o B B e g mﬁﬁ#mm,]% MR A SRR B

(4-Bl- )



).

(3).

(4).

).

£ @i%%i’é’ﬁ%%ﬁu ¥ ATP i & & ki ABC 7%
(ATP-binding cassette family) > » )?w‘?\“\m ARG IS EEE
MORFEATP G 2 kR o e B REFELF 77 12 BB SER > F
me s ABC 725~ FEf FHREN b ke 2B ES
voepkda hiE (ArBl- )

ifi%#*@ﬁ%ﬂ?ﬂﬂi%ﬁ; = ® 4 g RND 3%
(resistance-nodulation division) » ,T.}‘u{jf;»;fsm%ﬁp\ Fh3 I HEE

ERPFEAEE T NI o AL H 2 TR 2 SmeVWX § £

B4 0 B B R (A )
5 E i iE @?J a3+ 5 # 4 c0 SMR 72%(small multi-drug

resistance) - « ,f%;’\ R G F P TREE R
I 3o Hodm e I E 39 AR E /) 0 4 100~120 B £ ARA A
¥ D 4 BERANERL R gy mﬁf-’g*' Foe iz
g AR (4@l - )

SEFFERW A YRS L H S o MATE 3% (multi-drug and
toxic compound extrusion) >~ ff{j&;ﬁmﬁp\ I3 IAFTEE R
PEREANAE S A o P RE- BT 12 BEWR P TR A

R E SR ES Y Er Rl A N E



division) % i%#ﬁ%ﬂqﬁf;; o

1.1.4. RND-Type % £ ¥ B ¥ (RND-type efflux pump)

Tk P HF2 FE2HEF RIS EAMA T o BF Ly AL RS
)I*KRND Type HF 723% - 5% % 7 RND-Type §iff 7% 8.2 & fjF <
1414 4% <0 fluoroquinolone 2. #i&+ 4 B (Jalal, et al.,, 2000) M7 e 13
k& 7 3 3> RND-Type i il R sau-d4 % (4e ciprofloxacin,
chloramphenicol, carbenicillin 4= tetracycline ) £t 11 I fm ¥z 5eh > {7 12
% (4 ethidium bromide) ~ % #| (4 sodium dodecylsulfate) -~ ij 3
) (4etriclosan) ~ 7 #73 & (4o p-xylene) ~ F {5g 95 FLfo (5 bfendr 4]
FE D F ARk Hid 2o s RAL e R £ Rk d o
RND-type H it %% & d & p 3 b — JF & df o & 7 ¥ 3
(energy-dependent transporter) ~ *k %= 3-v & (outer membrane protein
[OMP]) frid 4% %% ¢H9-3-0 o9gk & 30 ' (membrane fusion protein)
FofE TR G EFFERWSIE o B2 Wt S
G B IR R Rk RS - R § 50 &
B dee TR TR M ) T e b o RND-Type % i;ﬁ«fn@?} iR
o AERL G A AN wEL > A AR

SRR



RND-Type 5 £ &4 i 1 §Tif #rie & = & Menip il B fh Flenie

-

F+ % 5 - operon %) i 0 F 5 & RND-type operon } 5 € 7 — A F14_
PARFE ZBE AT 2 LB A T2 B0 ¢ B RND-type

operon z_ % I o

1.15. S. maltophilia 2. RND-type % £ %4 8 2 §Tif

S. maltophilia £.& fF “ Faiits > § B ALK MT 25 4 > LiRk
TARPRARY AP EF R oL G S ERER - AT E K S
maltophilia z A F]# = > T/ > # R F 8 % # & < nodulation cell
division (RND) % ﬁ_%%#nﬁ%l DFF AT~ B 5 smeABC~smeDEF~smeGH -
smelJK ~ smeMN ~ smeOP ~ smeVWX 4= smeYZ ( Crossman, et al., 2008 ) © »
izd operons ¢ % 3 3 B operons Z 3 ¢Fad-e A F]. smeAB-smeC -

smeDE-smeF {= smeVW-smeX + # &2 5 & &4 5 1 §IF 7 i 3

w

BONEG oos Far g H G - = SR B

% S. maltophilia » ¥ it 7~ 2 RND-type % £ £ 4 ﬁ%:’: I
6 % RND-type % € &F o Nflf R AR P55 A AT - » 5] 5
smeABC % smeYZ 1 7% two component regulatory system » smeDEF -

smeGH 2 smeOP ' *73 TetR A|#& & 42 %]+ > smeVWX  #5 LysR

A A F F) S o’z;f{'j]-‘ﬁ,i‘i EEsEiR ﬁ?ﬁ—&r’f

8



(1).LysR #4542 5]+ ¢ LysR-type # & 2k i N 7 )=
#7kz R4 helix-tun-helix shmotif B 4> 7 & aea Hr A 71+ 0%
2R REL A C #Henns Pl 5 co-inducer-binding 7 domain
% VBB ESSLE o % § e LysRtype #&RA P R0 £
- FF ek d o L PAFRRFIF e > T
#1p £ end 3 (Henikoff, et al., 1988)1" o A7 5 %+ 2 2 47 3o
SmeRv 7= &3t #57) o

(2). TetR A& 7715 ¢ TetR-type @& irdy 2 CH7V A H
7R A4 helix-turn-helix fmotif 2+ = 2 50 47 AL 51 ¢ 52

NI TRELE o % 5 TetR-type #4530 3 kv £ % - repressor

o

4 4 o & S, maltophilia Ftx® > SmeDEF » SmeGH = SmeOP
%3 E%ﬁﬁ%:’:ﬁi?ij AR v oe s dl e

(3). Two component & # 4% £+ ]+ : Two component regulatory system
(TCS) &_+d histidine protein kinase (HPK) 12 %  response
regulator(RR) = f3-v 2= o HPK g2t b e e B
AR R T RREREA LT A B o RRS a3t mie oo
£ HPK mife i A g g > Eit 8 RRs & 5 A Fl# 7]+
BE it F e o BET DNA F A A Fadgss o & S
maltophilia Ftx# > SmeABC {r SmeYZ ¥ 5 & %4 i & §Tif 2 ¢

9



fiplt 5 EEFEDFF L kY o Re v SmeABC 2 5 £ E
¢ - aminoglycoside #g ~ B-lactam #g 4~ fluoroquinolone

* g e SMeABC gy ) FifF & sLendk ;€ X 3| two-component |k

#.2. SmeSR #3443 (Li, etal, 2002) " - SmeDEF 5 £ # 44 & §lif &

Lm Ry AR 4p 91 smeDEF operon 4 3R & < $|ih— A #7%-9 SmeT

S Er e smeT A F1A 4 5 i 15 smeDEF operon jt ¢ i & 4 . > i ¥

¢ 5 HHd F e 12(Gould, and Avison ,2006 )™ 5 @ p % # SmeGH -

SmelJK ~ SmeMN ~ SmeOP ~ SmeVWX v SmeYZ % 7 & # 4~ i g i

BILEM A d AP o AT T W i ATEE DR ¥k KIOIC i A £

R SMEVWX 5 & #4811 5 i S4B pL I enbd 4

1.1.6. Pseudomonas aeruginosa 2. MexEF-OprN % € & #& 1 §T ¢

B T 3 4R ¢ 4p 1S, maltophilia 2 SmeVWX 3 & %3 &1 ]
i# 2 P. aeruginosa 2 MexEF-OprN % £ # 4 @?J I VI IRV I
(Crossman, et al.,2008) ® - &P aeruginosag® £ $ 111 > RND %
2 5 EEF AT 0 A 5 L MexAB-OprM (Li, et al,, 1995) P

MexCD-OprJ (Poole, et al., 1996 ) 1?1« MexEF-OprN ( Kéhler, et al.,1997 )

10



221 MexGHI-OpmD ( Aendekerk, et al., 2002 ;  Sekiya, et al., 2003 ) %24
MexJK-OprM ( Chuanchuen, et al.,2002 ) '« MexMN ( Mima, et al., 2005)
%1, MexPQ-OpmE( Mima, et al., 2005 )1+ MexVVW-OprM( Li, et al.,2003 )
271 . MexXY-OprM  ( Masuda, et al., 2000) !« TriABC-OpmH ( Mima, et
al., 2007 ) ¥ 4eMuxABC-OpmB %Ii# (Mima, etal., 2009) B «
MexEF-OprN % ;a_‘_%?#ﬂﬁi%] M - e ERFAEGFERET T £
AL 4 E ™ (Maseda, et al., 2000) BY ., H 5550 e 4 M2 g
MoE B iBIE F I B W 2 P oaeruginosa RND-type 7% & Zé#nﬁ%] IR
7 e o e §_% P aeruginosa i & # 2. nfxC-type R &tk® > M £ %
Bfmﬁg?l 21 {TJf #r i #-quinolones #g ~ chloramphenicol = trimethoprim % %

#4414 (Kohler, etal.,1997) .

% LysR Al #E & i F1F MexT #3230 & 33 o mexT & Fliz3t
mexEF-oprN operon * 75 » & &2 mexEF-oprN 2k F]4p e 77 w38 {7 ff 4% o
A A9 MexT chif & 4 £+ 34 % mexEF-oprN operon eh# if » & g

OprD ¢4 i (Ochs, etal., 1999) B4 .

11



BRRA b X wmER AR A - BN S L R Rip 0 A o
ERERY A ET LR wAAL R A AL B

S. maltophilia 4+ ¥ 25 fF SIEBEF - - AL & Dlep & 4 7
H A3 43F 5 st 3 HET & M4 (4 B-actam #g ~aminoglycoside ~
quinolone... % ) > F]t > ¥ ¥ E X TRAE IS F E P & 2 F F1 L hFE

AT R 7 A RE BORTRA A B s RIEFEHRELS A2 R
%2 S. maltophilia ¥ E4 £ § o2 3 ARy @ 4 § 4
A BERZFE FREEwFAP EF R AR EHTR T 240
AL FREE L ATI BB A2zt R LG REBZ IR G o
et oo 1 - B k&R 4 £ chloramphenical & & iE A F 2% % AT HE2 S
maltophilia Fjtk KJ £ & - % %k KIO9C » & il & g & 135k 7 &

KJOOC Ath L 5 % €4 B MR % o

P 5]:'1 Foo Flet 0 BRE- HIF KIOOC FikA 2 F £ EP AT 2
iigﬁﬁﬂﬁﬁﬁiiﬂﬁwﬂ’iﬁﬁﬁﬁaimﬁi%%ﬁmﬁ
FaF - BRI EREFRY D REATRRL A o 2h R ETRE LD
= S. maltophilia g 7 & & * g4t F 7 ap € 3142t 2

FAErLmz T o

12



yoR B3

¥- 8 PRy

s

AT 2% - IR AL % 3 )k & 2 chloramphenicol 2 % &
E 3 - MDR % % Ftk KIOOC » I ] * gRT-PCR frfid % g <X 8% &
FEP R ¥R KIOC FiE R £ IR SmeVWX =% ¢ £ %E#?véig?] IR
( multidrug efflux pump ) - & #+>+ S. maltophilia K279a 2. SmeVWX %
A jéé;f%ﬁi%] DFF A P F s 47 o & F 1 * promoter-xylE transcription
fusion assay i v% k= smeRv A& F1£7 smeU1-V-W-U2-X operon z_ &
371-bp 2z intergenic region p smeRv #k F]¥# smeUl-V-W-U2-X operon 2z
= ish s g Bl
A T2 2% 2 3R> 4533 smeULl-V-W-U2-X operon # = - B 2
F] R % F)tk KIOOC ¥ #idsii sk ¢ o4 H pKIASmeRv ~ pKIASmeUT -
pKJASmeVW ~ pKIASmeU2 12 2 pKJASmeX 2 48 » #2151 % 3 754
(gene replacement )= w2 » #-51 % % 2- 4 Fldeletion: 253 KJ09CASmeRv
KJ09CASmeU1 ~ KJO9CASmeVW ~ KJ0O9CASmeU2 17 2 KJO9CASmeX %
¥tk 4% gRT-PCR = 2 & 47 E'L'rﬁ*'l",fﬁk?]i H7T A% 2. RNA £ 31
¥ > ¥ H Ap g2 parent strains KIO9C % & 2 Fk(wild type) KJ i {7

Pl F R KRB o sttt I B R A IR K bid-smeUl ~ smeU2 e smeX

13



A T A A R k& F smeUL-V-W-U2-X operon # & — i L %] & % % Fik

KJO9C # #irigend & o

o8 AR

221 *#m2 HERB AL FRE ARSI L 1o

222PCR 31+

B arig i PCR 313 B 7 f 524 25 B ¢ stock solution

concentration % 100 Mm ; & working concentration = 10 uM -

2235 % 4

AF %Y s & A p MDBio, Inc. ( %P Sambrook et al.

Molecular Cloning: A Laboratory Manual #73&§* 2. fie = ) -

1. Luria-Bertani broth (LB) == 1 &2 gk ? 2

10 g tryptone

5 g yeast extract
10 g NaCl

pH: 7.0£0.05

2. Luria-Bertani agar (LA ) : Luria-Bertani broth = i» # %g “} 4c » 1.5% agar.

14



3. Mueller Hinton T Agar: & 1 &= k¥ 2

2 g beef extract

17.5 g acid hydrolysate of casein
1.5 g starch

17 g agar

224 R %KE %

AR S F AT Y 0% pb g Difco Laboratories & Accumedia
manufacturers, Inc. @ H s chf* F &2 5 WA H A E Merk, J. T.
Backer Company - Severva Frvafeinrobiochemica ~ Boehringer mannhrim
GmhH Biochemical -~ Pharmacia ~ Sigma Chemical Company ~ Biosolve %
poafosk Z R o ] pr e 2 B v iEA EpE p TaKaRa Shuzo Co. Ltd. ~ New
England Biolabs ( NEB ) - promega company 4= Bethesda Research

Laboratories - T4 DNA ligase L% p promega Co. -

225 s %

TR ARA E PP sigma 2 F > Y RBFRVTFTRESFFRE > I

;IJ *v/\ %\, 3 o

15



220 BB EHTBR
1. 548 DNA $4 B2 3%
4 P~ 54 DNA 2z HjisE | * alkaline lysis method i& {7 » #7 % ;& &[4 T
(1) Solution T :10mM EDTA (pH8.0) > 50 mM Glucose 2 25 mM
Tris-HCI (pH8.0) -
(2) Solution I : 1% SDS 2 0.2 N NaOH -
(3) Solution II : 3 M potassium acetate (pH 4.8) % 5 M glacial acetic
acid o
2. A d Bde B2 E|
(1). STE buffer : 10 mM Tris-HCI » 100 mM NaCl 2 1 mM EDTA (pH
8.0)-

(2). Proteinase K (10 mg/ml) -

3. Agarose gel 7 A 2. &%
(1). TAE running buffer : g £ fic %] 50X k & ¢ TAE buffer - 2~ 242¢
Tris base - 57.1 ml galacial acetic acid > 100 ml - 0.5 M EDTA
(pH8.0)>4c-k 3 1L - * E%%cf}iﬁ‘%i 05X k& 5 40 mM

Tris-acetate - 1 mM EDTA (pH8.0) -

16



(2). 6X loading dye : ;3| ® 7 0.25% xylene cyanol - 30% glycerol >
0.25% bromophenol blue -

(3). Staining buffer : >4 2 ¥ Le x b F2 Fag K > L4 r 5 ul
ethidium bromide (EtBr)~1 ml 1 mM EDTA (pH 8.0) % 200 pl
RNAse A > & fs L 4v 4 KT 88 5 150 ml > e (7R & o *+ i
2P 5% 3 0.5 pg/mlethidium bromide -

4. C230 (Catechol 2,3-dioxygenease ) & HHiRIzE #7 2 354
(1). Sodium phosphate buffer, 0.1M pH 7.5 g - fie @]
Solution A : 27.2 g KH,PO, per liter (0.2 M)
Solution B : 45.6 g K,HPO, per liter (0.2 M)
2% & £ 2 solution A 39 ml e solution B 61 ml 2t &) > & 2 pH

B s 7.0 Bfoded BrFRI BWAE S 200ml T A oo
(2). Assay buffer
B~ 200 ml 0.1 M pH 7.0 sodium phosphate buffer> 4+ 60 ml 2

3 -k > 4~ 40 ml acetone > fie %] = 400 ml assay buffer -
(3). 0.1M catechol

F=B~ 1.1 g catechol /3 2 100 ml assay buffer» & # = > & {3 f# o

B RG ACLRE Y .

17
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FZ 9 Rk

2.3.1 Fifgsius £ & s

=
\"1‘

‘i FF
-9 % * EtRas £ 207§ 42 % b Luria-Bertani agar (LA) Hfis 4 A

S BN TCIE RIS A1 wE ACHRE 5T 2 3 E -

2. £ ¥z

AP T KRB A7 7 &t F kR o Luria-Bertani
broth (LB) B &ik® ITCRITHERES - RFATLILER » &2
+ ¥ 8P 7 (log phase )2~ 0.7 ml o & 4e ~ 0.3 ml 87% & F glycerol >
MEBIFRONRE R Y X AR PR IRRGEE R FfE AR

Ep o 3223-80CH * o

2.3.2 X F 7T A& ¥ (agarose gel electrophoresis)

F=P~if € 2 agarose powde 4¢ » 0.5X TAE buffer © » 1 * B g 4v
% 2 A f% > agarose Hk R R EcA $72. DNA FE X/ Z_o — 4k #
kR 4% 0.8%~2.0% (w/v) - 3 agarose i3 % "% i§ 2 50°C~60°C ¥ #-2

» 5, 4E L 445 (comb) = ¢ agarose i i i P 1S 1 B4R

19



w0 agarose gel @] iF o

#-agarose gel ¥ *t-R TV A KR 0 T4 » 0.5X TAE buffer 1 #
ZiE gel 21k o s s 72 DNA # %2 6X loading dye 2 5: 178 & 2.
WBR 3 18 0 4e ~ agarose gel s (well) poo BECT R > 11 5V/em
T REFT A AR PFEFALDNA YERERS T Foga Rl ¥

agarose gel % *% 7 ethidium bromide (0.5 pg/ml) 4 2 ¢ % ¢ 10~15 »

o R BN b E g P B DNA s enfe ¥ 3 22 DNAmarker - 4t

122 DNA ¥ Bihd [ 2 ER o

2.3.3DNA 2 %l &

1.5 % DNA 2_ 4 B~

3 F FHZEERE E 3 mliR G R AT o TARR e ~ £k
B2 42 3 M AL S CRIRRE A > RFAT2 £E R >
4 £ ¥ F (log phase )B~1! » 2% 2 1.5 ml eppendorf # > 12 12,000 rpm

54 4dg.o 3 ",ﬁ% 7t 8 e~ 100 pl solution T 7% 7% ¢ FME € AT ¥ -

BB FEY 5440 % 4~ 200 ul solution I3 % » 8 et T 5] % #k
Sts o Bk 50482 (51 4 » 150 ul solution TMiA7% » + T % #k
SfSE BTk 64 4o 2% 12 12,000 rpm g 10 A 4o - FR BT

Frereppendorf ® o £ 4e ~ 1:1 2 phenol/chloroform 2 vortex ;2 & 323
20



5 12,000 rpm & 5 & g {s Bt ik 2 ¥ — eppendorf ¢ o & A7 fie=t o 12
B s Rk EFE SR 4o~ 22 2 chloroform 12 vortex R &£323 0
12,000 rpm &t 5 4 48 0 B~ b i 3 e eppendorf ¢ e » = B A2 95
QIFpE > * vortex ;R £33 (e E Ak 10 A4 o & {8 £ 2 12,000 rpm
e 10 240 FRUFRE 1S ik DNA S BFRHEE 8% B2 4 4
FoRwIAE* o
2. 29 %8 DNA 2 & B~

BEBRR AT ImMR AR A RAY CTCRIMRRE A ALFBNE
i B a4 K & (logphase) # 1.5 ml eppendorf ¢ > 12 8000
rpm &L 5 A4 0 2 s b ik s £ B~ FlAR DRSS b A sES 0 2k )
#ik o 4v x> 1ml 2 IX STE buffer » ¥ vortex i g##8 £ A7/ % > 12 12,000
rpmdgs 5 2480 EAF - K H I 3 » SL4e ~ 200 ul 1X STE
vortex 353 o fFE M 4 » 40 ul 109 SDS > B F T § % eppendorf »
PIBFoHFHFE 65C 30 A4 IR {5 4 » Proteinase K(2 mg/ml)
20 pl( final conc. 40 ng/ml )*t 37°C 1% 3~4 /| P> F % 4c » 400 ul 1X STE
buffer *z+ #84% -4 » 1:1 +* ]2 phenol/chloroform * vortex /& & =23
212,000 rpm s 5 4 4818 P~ ik 2 ¥ - eppendorf ¢ o €47 ¢t S
TRk EFE o £ 4 » 2 & 2 chloroform * vortex iR £33

21



212,000 rpm o 10 & 48 B~ Gk 1 ¥ - eppendorf ¢ 4e » = B REA
2. 9500iFpE » * vortex ;R £353 2 B3k 10 A48 0 B fS A1 F tip £5 )
Ad MW £ Av» RFE HF K200 w3 0 2 65C A # 30 4 42 “,ITT

DNase t& » B3 4CH3G 4 * o

3.DNA % Kz w4z

DNA % g ew dz ig # GeneMark DNA Clean/Extraction Kit» #-& 4 3
IDNA P EAVEERMT AL N EBrid 10 4450 305 4R
B R F 7 B Up R E BT k3 x eppendorf ¥ 4c ~ 700 pl
Binding solution % >3z B 65C 15 A4 - pFa F T E 4K E 5 R
it o LB R D Kit “74 B2 Spin column @ > ¢ Spin column
T £ Collection column > ¥ 12 12,000 rpm .o 1 & 4sfs £ 4e » 700 pl
Binding solution # 12 12,000 rpm &g~ 1 4 48 o 3% % 4 » 700 pl Washing
Solution 12,000 rpm &t~ 1 4 48 > €45 ¢ Fx = =0 o 2§ 12 12,000 rpm &

%

&

o 35 A E R >3 %o EF 4 Spincolumn 3+ £{F 3 4

¥
N

RS > Bts 4o~ i B & F2 33k Spincolumn ¢ o 3B fea 41
412,000 rpm #rew 5 44k > TEw A H o vt iE 2 DNA i3 3t 4

C%)}r o

22



o

%ﬁ@immﬁ ﬁ‘*’ﬁob)){ﬁ? i}‘mifﬁr//‘/xi "f‘—’""er‘Pi,-»);)@m.

B ieim DNA 2 F o F s cnDNAER 9% 1ug/50 ul » @ £ s ps

¥ B ]ZK@:}'& m“qﬁjﬁam F’% BL 5 = oo ?é’wq’f /33-:»‘*5?‘% /\"l”\ *%%’ %J'r%;zlj °

5.DNA %t 4 & & (ligation)

TER PG RG pE7 B JL S 0 £ 8 F 324N DNA P o
23 o F e » i 2E &0 ligation buffer = 1 ul T4 ligase »

£33 18 B 16CT iv%

234 % & prie g F B (Polymerase chain reaction, PCR)

B~ 1/10 X %8 4% 7 DNA § faficte - 4e > 1/10 X 84 <9 dNTP mixture

(dATP, dGTP, dCTP, dTTP) ~ 1/10 X %2 #% 5210 X Taq buffer 1 2 4 %]

1/10 X #8 A% B % k& 1 umole sh ~ F w313 » v 1/10 X # 4 5 DMSO

£ 1 ul 2 Tag DNA polymerase 2.5 U/ml> & {5 4v & 72 37 K 31388/ 5

20 ul = 41* TECHNE/England TC312 i& (% & ol & 7 fis o 3% 6% * &

7

- FEE94°C > 10 ~ 48 > 2 4= DNA A& # %+ (denaturation); £ ré&

SFPFER9AC 1 4 S (50C~65C) LI BRE L a4 515
23



¥4 DNA & 734 i * (annealing); 72°C »0.5 4 455] 5 4 4% (4L PCR
amplicon * & &R @ %) 217 DNA 2 £ i* (extension) > s & BE 4

25 ) 35 a5 RS F ZIF B T2°C > 10 ~ 487 DNA L 2 8 £ o

2.3.5 Escherichia coli 2% iz tm?¢ (competentcell) 2 # %l

#-E.coli 7jtk (DH50 & S17-1) # &> 3mlLB 22 &g ® » ¥ 37
CRIMRRE A 2162 500ul /s 20mILB ¢ > 37TCRFR % -
2% 3 O.Dgoo ¥ 5 0.8~0.9 P » #-Fige *+ 8000 rpm 4°C ™ 4w 5 A 4bic #
A e 2 b o 4o 915 ml 2 12FE 4 5 4C2 0.1 M CaCl, i FRE
A H P 5 3B kig 30 A48 0 2 (5 E 12 8000 rpm 4°C T e 10 A4 o )
iE] R F R Bt e » Iml uags 5 4C2 0AMCaCly 0 4453 6 T F
AOEH o AT 2B E e ¥ A ~ 87% R i 7 Jd (Glycerol)

IhHERS 15% iR E 2 -B0CT B -

24



2.3.6 B ix w2 2 #2351 * (transformation)

B~ 100 pl 2z 2% iF smPz 4e » if & 2 DNA & 588 > 3tk FiT 10 4 48
6o Peak o 42°Cokip g ? e F 4 ki (heatshock) & fis 2 4~ 48 ¥
FREB TR S 504 ARis4r S00ul LB 2t 3TCRIFR % 5 2
PR BBERFRENZEFI L FORALERAAY B TCIHER
S % ook AR PA F § lacZ AT - B 4~ 50 pl IPTG (20
mg/ml) % 50 ul X-gal (20 mg/ml) 353 % 4.2 R & 42 22 £ A7 1§

"I & 0 EFEY &3 (Blue-white selection) o

2.3.7 & & i®* (conjugation)

B L 0 #-recipient g (S. maltophilia ) £ donor Fj& (E. coli S17-1)
A w2 3ml e LB broth »t 37°C R 7T 8 & K 12-14 /] = > @ {53 recipient
)i 22 donor ik £ 02 1.5 ml & w4 ~ p 7 20 ml LB = & 4 #g( flask)

PONBTCRIRAIFARE NS ODs » 0.7~08 F o EHFH#-73 FHig A

W) iE] ~ Hes g 0 12 8000 rpm B 5 4 48 f o8 L4~ 2mlLB
broth w 7% 48 - 7% 15 #-recipient : donor 12 4 112 vt HR £ 1.5 ml 2

_—

MEREFHCE X RERLES o L 28000 rpm s 5 4 4E 0 2k )

Firts o 4o b B AILB broth 8 AR A AR & o Bofl MR R H MR £

25



b3

\vmb’

7
~

LA g2 % A 2 & /<0 nitrocellulose membrane *+ > & 12

oEt

37°

n\'y

[FAEd o AR LT 22 Ftk 7 F tetracycline (30 pg/ml)
norfloxacin (2.5 pg/ml) ¥4 % 13§ #5332 % A (LB agar plate ) & {7 &% o
“7 18 e 72 R (transconjugant ) = 7 7 ¢ k B 482 S. maltophilia Atk -

-r

B 2 isogenic R WPk TG E T AT EF 2 A A

ik

F A
(transconjugant )£ :&— # 2 7 3 10% sucrose 77 LB % #3532 % A(LB agar)

BFEHE > 21891 PCR {o DNA T kfra # & Frft o

2.3.8 #-#A ¥ pKJASmeRvpKJASmeUl~pKJASmeVW » pKJASmeU2

11 2 pKJASmeX

1. pKJASmeRy : 2 S. maltophilia KJ 4 3tz % ¢ 48 5 i > {1

PCR(5!+ % SmeRv-F/ SmeRv-R) #-Ftk KJ 2 smeRv & 7] 7 £ (2 PCR
A4 % 1308-bp) ~ £ 4F W -:F 7 7] pEX18Tc vector ¢ » ¥ - & & 548
pKJISmeRv: ¥ #-H DNA £ 7] % B 25 M FE % Frtt o £ 3 pKISmeRv
TR Pstl 4] pF 55 self-ligation @EJ_(M%? 294-bp smeRv £ 7] % £) »

- & 2748 pKIASmeRv (4rf 4) o
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2. pKJASmeUl: 2 S. maltophilia KJ 4 3@tz % ¢ 4 5 #icd > {1 *PCR
(3% 5 SmeUl-F/ SmeUl-R) #-ptk KJ 2 smeUl A %57 & (24 PCR &
P % 1359-bp) ~ £ 4F W ¥ ¥ 7 3] pEX18TC vector ¥ » F- & &Y
pKJISmeULl:> ¥ #-H DNA A& F] 5 & 25 M FE Frtd e & pKISmeUl
R Pstl *24] = 5 self-ligation ed@ (# ] " 173- -bp smeUl A 7] 5 £) »

#- & 251 pKIASmeUl (4@ 5) -

3. pPKJASmeU2: 7 S. maltophilia KJ ~ 3tz % ¢ 1 5 #icd= > {1 *PCR
(31+ 5 SmeU2-F/ SmeU2-R) *#-pAtx KJ 2 smeU2 7 %] 7 & (2 PCR & 4
5 1132-bp) <~ & 4F W # & 7 3] pOKI12 vector » » - & & 48
POKSMeU2 » = i3 DNA A F ¥ B %A AL %HE L fEf o £ #-E 0
£ pOKSmeU2 1 * Hincll / Stul(partial) *+]f= 5 self-ligation /%@EJ_(M%
103-bp smeU2 £ F] % ££) > 7 - £ & F 4 pOKASmeU2 - # {5 #-
pOKASmeU?2 748 ¢7 pEX18Tc vector 4 |1+ Xbal/Sacl > Xbal/Sacl *2+4]

fofedlis » 73LE F k0 3£ 258 pKIASmeU2 (4R 7) ©
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4. pKJASmeVW : 12 S. maltophilia KJ 4 #tAth2 4 ¢ #8 % #4 > fi*
PCR (5! + % SmeU1-F/ SmeU1-R) #-Ftk KJ 2 smeUl # %% £ (s PCR
A4 5 1359-bp) ~ & 4f ® ¥ iF 7 7] pEX18Tc vector #» » - & & {4l
pKJISmeU1- 1z S. maltophilia KJ ~ 3tz 4 ¢ 48 5 4 » 1 *PCR (3
% SmeU2-F/ SmeU2-R) #-Ftk KJ 2. smeU2 & %] & £ (¢ PCR &2 4 &
1132-bp) = & 4F @ # iF 5 ¥| pOK12 vector #» > & - G
pOKSmMeU2 - ® #-H DNA A F* R ZAE UmiFHd T it o %74
pKISmeUL & pOKSmeU2 4 %) 12 #2441 i Xbal/Sacl » Xbal/Sacl 32 » i&{
ILE F 1,@-(%}% 4500-bp smeV f= smeW A F] 3 E) > #F 3£ 2 F A

pKJASmeVW (4r[) 6) -

5. pKJASmeX : 12 S. maltophilia KJ 4~ 3t Fta2 % ¢ 48 5 45 > {1 * PCR
(31 + % SmeX-F/ SmeX-R) #-Fjtk KJ 2 smeX A& F] & £ (2 PCR A 4 %
1591-bp) + & 4F ® & ¥ 5 3| pEX18Tc vector # - ¥ — & = 7 4 pKISmeX-
2 #-H DNA AF PR TAE R Rl o B2 W A2
pKJISmeU2 ¥ pEX18Tc vector 4 %] 12 Pstl/Xhol > Pstl/Sall 24| fi# g g2 18 >
AL F 0 @5 € A pKISme2C - B 1 # pKISme2C 4t &
pKJISmeX ~ w4 * Smal/EcoRI = ECORV/ECORI "4 |fe @ > 17~ & 2

B 48 pKIASmeX (4@ 8) -
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2.3.9 KJ09CASmeRyv ~» KJ09CASmeU1 ~» KJO9CASmeVW ~» KJ09CASmeU2
2 KJ09CASmeX % #tx2 EF A mER

F1#* # & i¥* (conjugation ) #-& = & §8 pKJASmeRv ~ pKJASmeUTI -
pKJASmeVW ~pKJASmeU?2 17 2 pKJASmeX i# » S. maltophilia & % %
tk KJO9C ¢ » # i S. maltophilia &% % %tk KJOOC 4 & H8 AL 7|2 &
o F A8 7 B R 3 # (double homologous recombination ) 1 &
KJO9CASmeRv ~ KJIO9CASmeUl ~ KJO9CASmeVW ~ KJO9CASmeU2 14 %
KJO9CASmeX % %4k » 2 {841* PCR v DNA %A kfx 8 T Frit (4o

Bl 9)

2310 FEP-E %R E prad 4~ & (Colony PCR)

1. #% % ~ %1 7 (E.coli)

# 4 PCRtube ¢ 4 ~ dNTP2 pl> 315 (primer-F, primer-R) & 2 ul >
DMSO 2 pl > 10X Taq buffer 2 pl » Taq polymerase 1 ul > # 14 + & /2 4t
SRR B S 20ple 2 15 JU* & FT #KIEPFE & PCR tube p Bt
Who2Ri5:27 PCR F Jigo F &% 8 P~ PCR A 4 & {7 agarose 7 i - EtBr

Fd fo o BIRRE R ERES DNA FE L] o
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2. ¥ h & 7 pE% ¥ ¢ [ (S. maltophilia)

# % PCRtube ¢ 4t » dNTP 4 ul> 35 (primer-F, primer-R) & 4 ul >
DMSO 4 pul » 10X Taq buffer 4 pl > Taq polymerase 1 ul » ¥ b » & & Fk
£ B~ 200 pl & 2 3+ k72~ 1.5 mleppendorf @ » 1% & 7 #isB
7 7% & eppendorf s oK P AR S 0 2R 1S - eppendorf B tAZ F A R
FBET 15 ~ 48 - £ 4 eppendorf r2 12,000 rpm #r.w 20 4 45 o 2. {8 B~
pellet + = 2_ ik 20 ul 3 ¢ % 45 9 PCR tube » i & {4 44 5 40 pl > &

{61217 PCRF ok &= & >~ PCR A 47 i& {7 agarose & A frEtBr# ¢ i »

3{3
Ne]

‘/‘\"tb ]‘JATHE‘_‘?% DNA J‘L‘F);‘\ /J~ o

2311 #u2 2 B X L#E%

1. Agar dilution test
& * Mueller-Hinton 1l 32 & £ » 2 3§ 3 iRz (agar dilution method )

BT oo TER ECRATEE Y IR Rt A 2 Bk 0 4§ R 5 McFarland 0.5 #.3 %
R f1* 5 2448 % (multipointinoculator) #-# #4835 7 7 F ¥ & k
Biid 2o % A o 4 £ 4w E_ chloramphenicol ~ quinolone #
(nalidixic acid = moxifloxacin) ~ tetracycline #g (tetracycline = doxycyline)
% aminoglycoside %7 (kanamycin ~ gentamycin - tobramycin) » k& & § [l
5 1~2048 pg/ml - @ & — &AE%F § 1.0x10* hjEEdc (10%spot) - &
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FICrAE2 24 e EDed 4 £ 57 %ﬁt 3R % F R
chloramphenicol ~ quinolone #g (nalidixic acid §= moxifloxacin) ~ tetracycline
#  (tetracycline 4= doxycyline) 2 aminoglycoside #g (kanamycin -

gentamycin {= tobramycin)d# % chd i<drd])k & (minimum inhibitory

concentration )

g £ e ¥ Mueller-Hinton 1133 % & - #AT# 2 1f 33 & 2 FiR AR 5
0.5 turbidity McFarland » * ,é»ﬁl;]mfﬁ, ﬁ‘s,gzﬁ’»ﬁrﬁl@mm,.z E=IER/ ST el
Mueller-Hinton Il 32 % A+ > » =45 F (AB BIODISK = @ 4 #) Etest
strip > e AE S HRZTFIRAEZI-GH R R AR > BFNITCH

%24 ] BERRE R 2 B BERk A AL A 2 drg B2

2312 rEz i RE g F B (QRT-PCR)

#-37°CHe * 32 % 2 Fie #4831 5ml 2 A7 LB broth - v Fiz kR
ODyso » 0.15 B4p3g & » S5 2 /) FF3g & 12 > B~ Iml 2 /g * PureLinkTM
Total RNA Purification System # 21 RNA > ¥ ¢k » & 50 ug s RNA 3 ¢
i 7 e 1U < RNase-free DNasel i # 15 & 45> 121 3 “ﬁf DNA z zF -
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Ris £ 260nm fr 280nm z_wx sk B k&R RNA e R &k R > § 12
2% ¥ 3% 748 (agarose gel ) & & kBl T RNA ch=z - F i * MMLV
Reverse Transriptase 1% Strand cDNA Synthesis Kit #- 1ug & DNA 7 5 2
RNA # = cDNA > mH % gRT-PCR 2z % o 50ug e qRT-PCR ¥
R ES Y 75 25pg 2X Smart Quant Green Master Mix » & ~ & % 351
+ % 0.5uM {1000 & HfE 51 CDNA = @ PCR 2 F Jiuif 87 S5 1
~ P95 C 15 04 s £ U H S P 95C 2 15 45485 60C 0 1 ~ 48 >
FoEe (7 40 B /TR 0 2841 ABI Prism 7000 SDS software 3% iz #1 i 2
Bdp T4 o QRT-PCR #7% 2 313 7|34 — o ARG s #rFpl2 AF4 M
A2 & f1* comparative ACt method /2 rRNA £ %] % internal control &

5 H cDNA

Ik

o A BPRHFTEZEH T RS BIpEEEH TIDE o

2.3.13 C230 (Catechol 2,3-dioxygenease) &g

BRI AR 3mMILB s A 0 § STCRTHRRRE -
21511 O.Dusp=0.15 i B FFiRAdk AR 820 37C B4 47 B
F R AT O.Duso ¥ 5 0.8~0.9 FF» #-Fire >+ 8000 rpm 4°C ™ g 5 4
s b R -

- § 32 Fj8 1 C230 buffer ##F 2 @ & ipl £ 2 © #cis > B~ 480 pl

IR ®Ewd g (cuvette) ¢ o gt FiR LA R RS blank st 375nm it &
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TH kR R R o R84~ 20pl 2 0.1 Mcatechol 3232 £ 0 2
TEIAKREREF P EFLATORENAIS T H AL BRI E
AP W AIEE L TR0 Fa - ki BB REPET L 3 A4 o o
® 2w sk @ % it 2 extinction coefficient # #c (¢A375 = 20,500 M-1cm-1)
¥ B & &4 substrate (0.1 M catechol) #-kfzeng o FHHE = 1U 3

# /48 1 nmole substrate #%-kKjz#7% & 2. 2% £ - 5. {& C230 specific

aCtiVity(U/O.D.450nm> U O.D450 ﬁ’g‘ v g ’ﬁ 7 v ﬁf‘:% /’é”k{(U) % T2 e
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Y% A1 8%

Fo & fr I RHESF 0 FEIFRRBL S ERFEHR PR

#-S. maltophilia KJ FAtx% %7 7 50 pg/ml chloramphenicol - LB
medium * 32 %3 37°CP - G 48 | S - JEFE 0 KB T
& ¢ % KJ09C -

FI#* Fid F R X MRk & S, maltophilia KJ & 2 Ftkg KIO9C % %
BB At £ 2 AR e % AT APt R 2 FEk K> KJ09C
® % Ftr ¥t chloramphenicol - quinolone #E 2 tetracycline #F42 % 2
MIC &5 P & + = 3k % ; aminoglycoside #g e % 22 MIC &R

%R 5 @ ¥ erythromycin w2 %22 MIC &R 2 & (404 4) -

- & 5 £4FEHR ¥ KIOC ¢ SmeVWX efflux system i & %

FEERE il R BT R THEL S ERER R R B

W+ 2. RND-type % € &4 & 1 {1 & si(efflux pump) # 5 8 & % b

_\)

#. % (Pumbwe, etal., 2006) - % 5 3 f2 S. maltophilia KJO9C % %tk
frh et £ MR % § F §.4 > RND-type % £ &4 J“‘ g am

MR A LTI o Bl o A w448 2 it cn RND-type % £ 4 Fl
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4 3v2_ RND-transporter 78 #]12 ¢F %3-v L F]3K 2+ primers> & 1] % T pF
# PCR(QRT-PCR )i®& & 2 itk KJ 2 R 1R KJIOOC - ik 71 2 F12. RNA
o k% &+ S. maltophilia KJO9C % % 1k smeW fr smeX 2k ]z ACt
B4 ] 5 12.3340.6 f- 13.36%0.5 4p ¥+ wild-type KJ k7 18.21+0.8 fr
18.00+0.9 ‘,'5'3’)3 PR T MR eI % (4o 5)0 Br & KJIO9C Fte® H smeW

2 smeX AFlzZ ZAMERAERE FHk K ? 5 o

¥ = & P-lactam g2 $2 % 2L SmeVWX pump h

EE TR T o =y v)l?cr‘ 3% %S, maltophilia KIFtk? 7 2% 7 < p-lactam
St % 3% % 4 menp-lactamase A FL14¢L2 (Hu, et al., 2008)B4 » 1z &
¥ av i fr S, maltophilia KJO9C % % & ¥fB-lactamag cidn s 2 m?‘ﬂ o Fpt
AuHEA K 2 KIOC Fthz L1 2 L2 eopl% % % ik (deleted
mutant) > KJALIAL2 4= KIJO9CALIAL2 -» i % KIALIAL2 v
KJO9CALIAL2 i {7 P-lactams w2 % g % [1:8% - 2 % 7+ KJALIAL2

2. B-lactams MIC & 22 KJOOCALIAL2 ¥R 2 B 4p 3T > & o7 B-lactamzg 4.2

% 25 SmeVWX pump e o
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¥z & SmeU1-V-W-U2-X operon 15 5] 4 #%

~F &7t * 0 S, maltophilia KJ Fthe& @ = B 2 S. maltophilia
K279a (Crossman, et al., 2008) DNA & 7|4 & 40 b & (> 97%) « ]t » &
# 3 1 S. maltophilia K279 Ftkz A FIE 7 5 & > 4157 SmeVWX
AT AL Flo & 47 5 % I SmeVWX pump £ 34 &7 RND-type efflux pump
oo AATFIREE P F I 4L smeV > smeW 2 smeX A F A E- b
2 Fl¥r e = o operon ¥ o SmeV ~ smeW % smeX L Flordk 2 v
& 5] 5 2 RND-type efflux pump 2 %fg¢ & 35 (membrane fusion
protein ) ; p %#& & F-v  (inner membrane transporter ) et %-%-v  (outer

membrane protein ) - % poozo > By - B 5 short-chain

dehydrogenase/reductase (SDR) &k 74 W] = & SmeV A F|1 %5 (& & 5

v

3

smeU1)fe izt smeW fe smeX AL F]2_ & (& & 5 smeU2) (4-@l 2) -
2 % SDR A F|#r#F2 SDR Fv H 3v B 7|5 21.1% 4k A& -
AosmeUl A F 54 - B> LysR 352 &R m AT %2 & ¢
% SmeRv - SmeRv # F]2_ 4 _» ¥ smeU1l-V-W-U2-X operon 4_w fp & » *
z_ 3 — 371-bp > intergenic region (IG) -
#- S. maltophilia K279a Ftk & smeUl # ¥ #r & ¥ o1 putative
short-chain dehydrogenase/reductase #-v 2 "=k B 7|8 B i FfE2 v

Ve BE R S| RO e et AT enE R 0 S maltophilia K279 Ejtk
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smeUl 2k #)#ri#& ;%0 putative short-chain dehydrogenase/reductase #-v #2
Xanthomonas campestris pv. campestris str. ATCC33913 @tz dauE z 7]
“7 3% ¥ aklaviketone reductase 3-v B 74 e R BB 0§ 52%:fp e R o
& H i Ff&< putative short-chain dehydrogenase/reductase 3¢ #p ¢ & =
£ % 24~51% z_ & > & %] 5 Xanthomonas sp. : 27~51% ; Streptomyces sp. :
27~40% (44 6)

#S. maltophilia K279a Rtk & 5 SmeV 2 "Lk /i 71 &
S. maltophilia K279a A2 # = RND-type efflux pump % & 3¢ {3
B R v MR R PR R o BT A 7 enE R e 0 S maltophilia
K279 pFth s gk £ v SmeV £ Xanthomonas campestris pv.
musacearum NCPPB4381 2. XcampmN_010100017039 £ #]#1i#& :#7RND
multidrug efflux membrane fusion protein 3-v % 7[4p fF & &8 > 7 80%¢i
iR - £ S, maltophilia K279a a2z & & RND-type efflux pump % g
L3 AR AR 26-34%; S H U FAORE B0 R R A
46~79% z_F&F > & %] & Pseudomonas sp. : 49~50% ; Klebsiella sp. : 66~58%

(drd 7)

#-S. maltophilia K279a @tk W& 3-9 SmeW 2 "zl ik &
S. maltophilia K279a Atk 2- £ # RND-type efflux pump sp 5503 38 F-v {r
B A2 0 AR T ot B YT A 7 enE kY 0 S maltophilia
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K279 ptr e "4 & -9 SmeW & Xanthomonas campestris pv.
musacearum NCPPB4381 2. XcampmN_010100017034 £ #]#1i#& :#7RND
superfamily protein MexF 3-v B 7|4p e R &3 > 3 8l%:hip e & o
£ S. maltophilia K279a 2. & # RND-type efflux pump 7 p %538 & F-v
tple R X B 22~40% 5 & B B FAAS ) HHEE -0 4p P R S 5 & 59~82%
Z_ B > & %] & Xanthomonas sp. : 81~82% ; Klebsiella sp. : 78~79% ;
Burkholderia sp. : 60~71% (4-# 8)

#-S. maltophilia K279a pF#krsmeU2 =1 33+ putative short-chain
dehydrogenase/reductase F-v 2 '=fhfi B 7|2 B s A2 F-o MR A 7
Pt e BTy A 4T ePE AT 0 Somaltophilia K279a Ftk smeU2 2k Fl#7
##% :¥h putative short-chain dehydrogenase/reductase #-v 22 Xanthomonas
campestris pv. vasculorum NCPPB702 z. XcampvN_010100007935 zk F]#1
##& 2¥-enshort chain dehydrogenase 3-v B 7 [4p e BB 05 17%4p e & o
& H i Ff&< putative short-chain dehydrogenase/reductase v #p ¢ & =
£ 1. 38~68% 2z >4 w] 5 Streptomyces sp.:40~57%; Burkholderia sp. :
41~50% (4r% 9)

#- S. maltophilia K279a pFtker?hsg-v SmeX 2 ¥l ph A 7| &
maltophilia K279a 7tk 2. # ## RND-type efflux pump 7t 530 {rH i 37
faz 30 RARE F A e TG A T 0E R 0 S maltophilia K279a
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FtReh -9 SmeX &2 Xanthomonas axonopodis pv. citri str. 306 2 oprN
A Fl#r g a0 outer membrane protein -9 B Fiple BB F 0 3 74%:4p
fFR -¢2 S. maltophilia K279a k2 H # RND-type efflux pump ¢h 53
voAp e A& X & 30~32% ; & B i FfEc SmeX F-v 4P R+ X & 36~55%
Z2_ R » & 4] 5 Pseudomonas sp. : 42~55% ; Burkholderia sp. : 36~39% (-
% 10) -

hdrd 7P 0 B B 4 Xanthomonas cempestris pv.
campestris F th ¥ F - F £ £ $ ﬁi%l 2 % s MexEF-oprN
( dauE-mexE-mexF-Xcc1441-oprN ) sk 2 22 S, maltophilia K279a k2
3 Jmﬁi%] JFF % 5L SmeVWX (smeUl1-V-W-U2-X) e 4. 5 4p i1 2

A operon ¢ L ApHt ke IR0 G ARk R o (4o 2)

$I 8§ SMEVWX § EEF RO AR L HIr iR b

v

= 1 3 & S. maltophilia KJ @& # = KJ09C = % tk 2
smeU1-V-W-U2-X operon ¥+ 3 iﬁ%b‘_m?? » & w41 *  homologous
recombination = ;' :#- KJ 4= KJO9C 2z smeU1-V-W-U2-X genes knockout >
BB 2 REFARA B H 5 KIAS fr KJ09CAS - 3% ¥ # KIAS Fr
KJO9CAS ¢+ H 4 %/ 2 parent strains KJ 2 KJ09C it (744 % g % M3

% o %% o (1) S. maltophilia KIAS % % Aiktp 3 R 2 Ftk K 2
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chloramphenicol ~ quinolone #g (nalidixic acid = moxifloxacin) ~ tetracycline
#  (tetracycline 4= doxycyline) 2 aminoglycoside #g (kanamycin -
gentamycin {= tobramycin) 2 MIC & X 3 B & % v > K 7
SmeU1-V-W-U2-X & % % S. maltophilia p # ¢ e (intrinsic
resistance) iX 3 P & & }I?e - (2) #- S. maltophilia KJO9C &tk 2
smeU1-V-W-U2-X genes knockout (KJO9CAS) & #73 B4 % 2. MIC &
TE AR ITERE AR K- tha MIC & (4% 4) B SmeVWX FT

iR A RAS 2 KIOC % 14 5 € BRI 4 hdo i & 73 o

%2 8 #HEerHR A 7]l smeRv & smeUl-V-W-U2-X genes ¥ #r$rigend &

AT DY R FE- B LR AT DA RE A L T
global 4= 3-v Je#BiTeha #- v 342 (Ma, et al., 1996) B . 4
smeU1-V-W-U2-X genes 2 }+ ?575 — 3t LysR 7% 2 @ &3 7 A 7
smeRv > & & il FAT A 30 € 4 SmeULl-V-W-U2-X 2 & st 4
RAamB e 2 TRF L HE 1 TE TR PCRFR B2 A KI 2 R
1k KJO9C 2. smeRv A FIeh RNA £ » ¥ 5 1 38— # 7 f2p 4 4
F] &= smeUl-V-W-U2-X genes ¥ #tixg 4 & > f* KJO9CAsmeRv
knockout ® ¥ At 2 R 2 FHRE 2 FR X MR % SR Hx (1)

d gRT-PCR % % & 7+ S. maltophilia KJO9C % % k- smeRv £ F]2_ ACt
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B & 11.14+0.5 4p ¥+ wild-type KJ Fthe 17.4440.8 5 P & "8 IR %
(4% 5) Ao ¢ A ¥l & smeU1-V-W-U2-X operon i& & # 3.7 KJ0IC
Be 2 AMEF PR GRE - (2) # S maltophilia KIOOC Ftk2
smeRv # %] knockout i » KJIO9CAsmeRv [tk 2 #ipl:Eied % o MIC &
TE BT E R AR K- 2 MIC & (4ri 4) K7 #8030 A 7
smeRv # smeU1-V-W-U2-X operon i & # Jen KIO9C % %4 ¥ 75— B

DAk d o

% = & SmeRv-smeUl-smeV-smeW-smeU2-smeX operon 3# #* 3% & 5.

% 7 7 f%2 smeRv 4 F]&2 smeU1-V-W-U2-X operon 2z 371-bp z
intergenic region p smeRv 2k F]£2 smeU1-V-W-U2-X operon 2_ gz 3 134
¥ 3% 4 * promoter-xylE transcription fusion assay i 1% K3 p F
2 fred + AR oo & G HEH Panery & XYIE A& Fl2 # Eop £ OF M
PRK371RVyyie & Pgreus £ XYIE A& F]2 g4 & F# pRK371ULye  #-
A M E S R 2 AR K 2 R %R KIOIC » KIASmeRv
KJOOCASmMeRv # 4 54 & F 8 7 b FAia? C230 Flhahi mME
d C230 EfAtrenig k&7 (1) KIASmeRv (pRK371Rv,yg)2. C230
F1EE & 58%6.1 Uc/ODysonm 48 $17% Fjtk KJ (PRK371Rvye) 7 5+0.7

Uc/ODysonm i 12 EF & % »t 10 B < &7 342 A F] smeRv & 2 Fx KJ
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PRNEEL e p AR aed (dod 11)0(2) & KI09C #F BT o
KJO9CASMERV (PRK371RVyye) 2. C230 st id 5 21£1.9 Uc/ODysonm
A8 %43+ KJ09C(p371SmeRVyyg) 5 305241 UC/OD sonm i 14 & 1 & 4 o &g 7%
¥4 FlsmeRv & KJOOC Fth e HiF F 2w p AR pend § (drdk 11) 0

(3) el 2 Ftk KJ 0% B 7 » KIASmMeRV (pRK371ULyye) % % k2 C230
&1 5 3+0.7 Uc/ODysonm 10 $1>% R 2 Fjtk KJ (PRK371UL,ye) 9 1+0.4
Uc/ODysonm i 1802 7 PP A chiddr g i o L i8- #HFEF smeUl-V-W-U2-X
operon & 2 Ftk KI 2% £ 3 (4o 11)-(4) & KI09C # F T~ >
KJO9CASMERY (pPRK371UL,ye) 2 C230 i#{fe 5 2+0.5 Uc/ODysonm 16 %+
% KJOIC(p371smeULxylE) 51 25+3.1 UC/OD sonm %1 8 11 A 14 © &1
KJOOC EFjtk# SmeUL-V-W-U2-X & sLchif B & R & 3 47 3o

SmeRv %4 (4edk 11) -

F_&

Lwm R 2 /]§J< * R E 3 1 RND-type efflux pump operon © >
H ¢bag -9 A FF fb 2 ¢ promoter( Zhao, et al. 1998 )% % 7 2=z SmeX
‘had-v R_F #&7 promoter > #-smeX A F] ¢ 5323 bp 22 DNA B fe
XyIE fk FIH 5 - HESR & 78 PRK323SmeXyeo #t A8 » R 2 Atk
KJ 2 % %tk KJIO9C ~ KIASmeRv %2 KJO9CASmMeRvV I 4 47 f& 45 & 7
Wa7kEtk? C280 FHaEi g - d C230 FH A7 % B -
(1) /4 Ftk K % B 7 » KIASmeRV (pRK323SmeXyie) % & th 2
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C230 /#1418 & 620.7 Uc/ODgsonm 48 ¥ 2 Ftx KJ (PRK323SmeX,ye)
11440.4 Uc/OD450nm & (872 3 P A s (2 it (4e i 11)0 Bgor smeX
AT 5 323bp B P LG FEF B (2) il & & R KI0OC ¥ A
T »KJO9CASmMeRv (pRK323SmeXyyg) 2. C230 % 14 i 5 5+0.4 Uc/ODgsonm
10 ¥+ KIO9C(pRK323SmeX,yig) 7 5+0.5 UC/ODusonm it B IX 5 P & &9

s (4o 11) - B & KIO9C 0% F 7 > smeX 5 323 bp & &

NS R

¥ N8 R¥HRKIOC ¢ smeRv A& F1&r smeUl A& FIF intergenic ¥ 38 i

_-‘-‘J\

F ERHREE

= 0 & i R % )tk KI09C 2 smeU1-V-W-U2-X operon i & %
LE_F H_F] 5 smeRv & 7122 smeUL & F] R intergenic % # p e 3 % &
7 R%EE - J1* PCR BE Atk K] 2 KIOOC # smeRv z F]£& smeUl
AFIF 371 bp ch%® i » TAESFET © AR K 2 KI9C «371-bp IG
region DNA E 3| = > 4p FF > #7120 R % & KJO9C 2. smeU1-V-W-U2-X operon
i B & IR T 25§ smeRv £ F]¥7 smeU1 F I intergenic % £ R ¥ 2k

g X i R o
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3

F 1 & A 47 R % Ftk KIO9C 2 smeU1-V-W-U2-X operon =ik F] a2
y KEASE b 3R
0 L i&- 97 f2 smeUl-V-W-U2-X operon ® & - B F1 & R %
R KJO9C ® #r4x»;7e & & - 1% homologous recombination = 3¢ 4 w|#-
KJOOC Fth® 2 smeUl »smeVW ~smeU2 % smeX zk %]4 %] knockout
( KJO9CASmMeU1 ~ KIO9CASmMeVW ~ KIO9CASmeU2 ~ KIO9CASmeX ) 41
* gRT-PCR :*fz KJ09C & f- knockout % 3¢ gtk #7# 'J“,f AFZ H TR
712 RNA % & > & 22 # 4p ¥4k 2. parent strains KJIO9C 2 KJ & {7424
Z R X E% e %7 ((1)KI0ICASmMeUL F k2 smeV ~smeW - smeU2
% smeX 7 F]2. ACt & 4 %] 5 14.18+0.9-12.82+0.6~11.05+0.8 4= 12.88+0.5
1 ¥ KJ09C A ta« 13.07+0.8 ~ 12.33+0.6 ~ 10.24+0.7 ~ 13.36+0.5 2 7
P A it (dok 5) 3P smeUl £ 7] deletion % smeU1-V-W-U2-X
operon T 5k Flenk 3L G polar effect sk g0 it R R X EHK Y
1 KJO9C » KIO9CASmeUL R % F#k2 chloramphenicol ~ quinolone
# (nalidixic acid - moxifloxacin) ~ tetracycline #g (tetracycline Fr
doxycyline) 2 aminoglycoside #§ (kanamycin~gentamycin = tobramycin) 2.
MIC Eix 5 PP B %t (4o 4)- (2) KIOOCASMeVW k2 smeU2
fr smeX & F12. ACt & 4 %] & 11.04+0.9 - 13.94+0.7 4p ¥+ KJIOOC Ftx
9 10.24+0.7 §r 13.36+£0.5 ;2 3 P &g e it (4o 5) P smeVW A F)
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deletion %t smeU1-V-W-U2-X operon T 2 F]eh 325 polar effect
oo i R L MEEHKD 0 Ap#RAT KIOIC > KIOICASMeVW % % 7
t&x 2. chloramphenicol ~ quinolone #g (nalidixic acid = moxifloxacin) -
tetracycline #g (tetracycline - doxycyline) 2. MIC & 5 P & ¢ *% T k4R
£ wild-type KJ F#- $k 2. MIC & & aminoglycoside #g (kanamycin -
gentamycin = tobramycin) 2. MIC & 4p 3> KJO9C Fta AL 7 P &F ch%g
it (4rd 4)> &7 SmeV-W it % 1 efflux pump %+ chloramphenicol -
quinolone #g (nalidixic acid §= moxifloxacin) -tetracycline g 2 % 7 ?iﬂ ’
iz ¥+ aminoglycoside #g (kanamycin - gentamycin = tobramycin) iz " i 5
g Xﬁm?‘}gk o (3) KJO9CASmMeU2 Atk 2. smeX & FlenACt & & 15.99+0.9
10 # KIO9C F1a113.3620.5 5 + = ek % (4o 5) - P smeU2 &
F] deletion ¥t smeU1-V-W-U2-X operon ™ L F]e4 3.3 polar effect cr3n
Foo did F R X PR P 0 ApRT KJ09C » KIO9CASmMeU2 R % Fth2
chloramphenicol ~ quinolone #g (nalidixic acid §= moxifloxacin) ~ tetracycline
% (tetracycline - doxycyline) z= MIC &3 ™ "% iz & +&4k I & wild-type
KJ F#k- #k2 MIC & » = aminoglycoside #g (kanamycin ~ gentamycin fr
tobramycin) 2. MIC & 4p #+>+ KJOOC G| 5 PP Ag e "2 (4o 4)o (4)
0 > KJ09C » KJO9CASmeX R % fF#h2- chloramphenicol ~ quinolone ¢
(nalidixic acid = moxifloxacin) ~ tetracycline #g (tetracycline = doxycyline)
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2. MIC &3 P & ™ "% fe A4 T &7 wild-type KJ FHR- 2 MIC & >
e aminoglycoside #g (kanamycin ~ gentamycin = tobramycin) z MIC &
10> KIOOC FAtaR] 3 P &gent A Tk 2 R 2 Atk KI- tk2 MIC &

(4ot 4) ¢

% L& smeUl ~ smeU2 §r smeX A FJi B £ ¥ (& i B

d bt % 4 R > KIOOCASmeU2 ) +k 2. aminoglycoside #f
(kanamycin ~ gentamycin = tobramycin)2. MIC & 4p ¥+ KJ0O9C k7
P g e '8 o 2 KJO9CASmeX 2z aminoglycoside #g <57 MIC & B k48 &
2R Atk KI- 2 MIC @0 3 7 8- % £ 7 smeU2 {- smeX # F4f
FLEP AT F e oo K smeU2 2 smeX A Fl i KIO9CAS Ftk
( smeU1-V-W-U2-X operon deletion mutant of KJO9C) * :F & < & £ Ik
R HI R o R S BosmeUl A F4e » g o R A B AR LA E
FI* w AF S E 4T b ampR-L2 3 r e R L 22 (Lin, et
al.,2000)P1 . A ks ey P F L2 AF)T &d B-lactam #Eid %
2% o & AmpR 3-v h§lf T 4 B £ (Lin, etal.,2009)F7. m)p
#irgn~ £ & enf F]4 1 *  double cross-over 7 3N in-situ B~ L2
A~ % #3 ﬁ.‘nfﬁi 7t KJO9CA5L2::SmeUl ~ KJO9CA5L2::SmeU2 Fr

KJO9CASL2::SmeX »  %f KJO9CAS £yt k7| R R FtRE 742 B X
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Mg 4 4 %% 87 (1) 30 ug/ml cefoxitin 7% %™ - S. maltophilia
KJO9CASL2::SmeUl % % )tk 2 chloramphenicol~quinolone #g (nalidixic
acid = moxifloxacin) ~ tetracycline #g (tetracycline f= doxycyline) %
aminoglycoside #g (kanamycin ~ gentamycin f= tobramycin) MIC & 4p #**
KJO9CAS Ftkz MIC 82§ P &g cnsg it (4o4 4) g smeUl & 7]+
T2 IREATRIRIE i B8 (2) KIO9CA5L2::SmeU2 %
% Atk MIC i 4p >t KIOICAS k2 chloramphenicol ~ quinolone #g
(nalidixic acid §= moxifloxacin)~tetracycline #g (tetracycline = doxycyline)
% aminoglycoside #f (kanamycin ~ gentamycin - tobramycin)z. MIC &
ALF PR (dok 4) Bon smeU2 A %] KIO9CAS % T
< B AIREARER AL F LG B e (3) KIOOCASL2::SmeX %
% Atk MIC & 4p >t KIO9CAS Ftk2 chloramphenicol ~ quinolone #g
(nalidixic acid §= moxifloxacin)~tetracycline #g (tetracycline = doxycyline)
2. MIC &L 73 P & <% it > & aminoglycoside #f (kanamycin -
gentamycin f- tobramycin) 2z MIC & 4r3 = #g& ™ *% > &0 H fH smeX
AT~ & & MpFra ik KIOOC itk aminoglycoside #g4n2 & et < 1%

P o (4rd 4)
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B kot FoR g 2 B e S Ay gk
s FAABEE ORI RTLRE L2 B R AL Eh R Bk 4
Fl¥g - S. maltophilia & rep £ & g %Lii%:[lia”p{?] vd AT G SRR
BRG] R EREE S A4S D P ARRRE - Py B
Fl* 42 £ &FE - RFHKRKIOC * &7 H ZiF & 4 3R - RND-type:
SmeVWX 3 & £ i IfIF > 1 i@ 4F 4 SmeVWX § & £ 45 1§18

B £ E S 2 'E‘)*Jc

S. maltophilia 2. SmeVWX % & &4~ g 1 §IiF LA FIR A 77 3 R
ptsmeV ~ smeW % smeX 2k F]A &z 3t - 5ip 2K F] 47 e S choperon® 0 ¥ g
operonz_ t 755 — A_w 4Bk 2 A A FISmeRv o @ Ful g 5 2 2 L
short-chain dehydrogenase/reductase (SDR) &4k ] » & W] &_ix & smeV £
¥ b PFesmeUl L Flie i3t smeW 4o smeX zk F]2- fF erismeU2 2k #] (4e
B2) o &2 SDRA F#r#k#2 SDR 3¢ H 3-v B 5|4 21.1% 4l
& -¥2 P aeruginosa 2. % £ ﬁ;%#?vﬂi;-l 31 FT i MexEF-OprN( mexE-mexF-oprN )
(Kohler, etal., 1999) B 7% % 2 | > P, aeruginosa 2. mexEF-oprN

operon X 3 ;= §# 5 SDRz Z %] - P. aeruginosa 2. mexE-mexF-oprN
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operon z_ b ¥4 G- I A F] mexT 0 @ g i Flehd_ s e g g
operon4_w 4p = - S. maltophilia 2. 3 #7 & FlsmeRv #f#& ;¥ 2 F-v
SmeRv £ P. aeruginosa 2. MexT #¥; 3w 3 21.2%p i & 3 fe= §
ﬁ%%ﬁﬂzﬁiﬁi smeV ~ smeW % smeX # F]#riFz v 2 A E R
2. mexE ~ mexF % oprN #r#F2 30 & %W 5 519 ~ 569% % 489 4

iz & (Crossman, et al., 2008) 1o & #r4 A45¢ » BB Hix A A

Xanthomonas cempestris pv. campestris Fjta® » 3 - % £ &

‘%ﬁ

ELEE

StMexEF-oprN (dauE-mexE-mexF-Xccl441-oprN) &% % 2 S, maltophilia
R #ﬂﬁ%l DR 2L SmeVWX( smeU1-V-W-U2-X )enie # 4k 5 4p iz o
® % operon ® HAp ¥R A FlArE F -0 A W5 44.5% ~ 73.5% ~
80.4%~69.8%F-71.4%:=4p 1 & - Xanthomonas cempestris pv. campestris 2
P& F 4 N FTF 8 StMexEF-oprN (dauE-mexE-mexF-Xcc1441-0prN) fe
S. maltophilia z_ SmeVWX ( smeU1-V-W-U2-X) % fai%?#»ﬁ%] R - g,
PEYF - ALw AR F A F] XCel437 v SmeRVo A i i 4 A F
¥ 3¢ 8062 hip ik o e AP o grd ¥ A5 Xanthomonas

cempestris pv. campestris 2. MexEF-oprN % € % 3 j FipAnBE 4R 4 o
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tsmeUl-V-W-U2-X operon 2.} #75 - i3t LysR RI&2 #4524 47
A& FlsmeRv > @ ¥ p A ¥ A ¥ smeU1-V-W-U2-X operonF 371 bp
intergenic region (IG) % # % £ o @ 5 7 7 f% smeRv 4 7] &
smeUl-V-W-U2-X operon 2. R 371-bp 2. IG R, smeRv 2 7] &
smeU1-V-W-U2-X operon 2z fx# &+ e3d ¥ = 3% 5 4] * promoter-xylE
transcription fusion assaysi# vt kTG BB 2 b F LI o BEFIL A
Bt ARKIP A4 A FISmeRY 27 F f o p A B Ipeand ¢ o L gF kg -
i LySR 7oz 4 2 A Flendd 4 4pe= & (Henikoff, et al., 1988)1*81 . .
d % By 2o smeUL-V-W-U2-X operon &k 2 FIRKIE 2 & e 41

wh 2 A ? SmeRv # smeUl-V-W-U2-X operon % 3R > 37 —

repressor 14 ¢ o @ HEMDRZ% %4k KJI0OCH § ™ 24 ¥ 4L F] smeRv #r

I FEFELIw p ADLFHES > oA

(=t

i Rl TR T
SmeU1-V-W-U2-X % seenf B 4 3% F & A 4230 SmeRve#e4 o513
Fm s B E A g 1}% P. aeruginosa 2. MexEF-OprN % € %%“,fnﬁi%] ik
oy % B 4p e e (Kohler, et al., 1999) B8 . p. aeruginosa
MexEF-OprN % i%’%%ﬁ%ﬂ: - koA LEET £ LMD

AP aiBR £ nixC-type R P o 5 £ E5

i
T

L F
i~ ¥4 mexEF-oprN operon * #- >t LysR A|# 4% ¥ %15 MexT
A Ed R ot e R 5 2Bt LysR-type @& i
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73

A e &~ (ligand) fa#% 7 > & ¥ % activator &

repressor 4 ¢ (Maddocks, and Oyston, 2008) % Fjut » 344 SmeRv
R4 Jﬁ%ﬁ KJ e04 8 = FfeMDR % % £ KJ09C A BT RF A oen
44 T

RND-type FI i 7% &_d ¢

A d AP - Jf R B i S

-~

(energy-dependent transporter) ~ ¢k %Z3-v & (outer membrane protein

[OMP]) frid 4% %% “b 030 o9gk & 39 F (membrane fusion protein)

FZ R Frrldz EMe S £ E

promoter ¥ b p ke A IRm B H U G0 FHeA) A

-

)

etal., 1998 *o F]pl s A 4 2% % 7 3= SmeX ¢H 3 F-v £ E #F promoter -

HEA smeX AT ERE YK J:%%‘d C230 & Atrod Fobis 5 b

o SmeX A F] P FR S PRI PR I E T R LR F P

SmeX fA- fengEhE 4 £ iEid

E 24 meho 2F smeUl-V-W-U2-X

g Sed IRpE o SmeX £ T g2 SmeV 2 SmeW s 2 g R B
g AR T ARy TR s B T2 A B

iE Frad oo

-~

=t

o
v
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fI* one stepein= 2 > RF % A AKRKIE 275 BRARIRE £
2_chloramphenicolers % A ¢ » #& - g F PR FHKRKIOC > T d Fa4
FRXEFFRE R AHRKIp BT F R R FIHRKIC i 53 4o
chloramphenicol ~ quinolone #g (nalidixic acidf=moxifloxacin) - tetracycline
#  (tetracycline = doxycyline) = %t aminoglycoside #g  (kanamycin -
gentamycin{ctobramycin) fhded FFrp g X P A Ik o 50 7 R4
& 1 7| OMDR % % $AKJ09C 2. smeU1-V-W-U2-X operon == — i 2 7]
it 2P w2 &4 > 41* homologous recombination = 3¢ 4 %] -
KJOOC Fth @ 2 smeUl - smeVW »smeU2 % smeX z F]4 % knockout
( KIO9CASmMeU1 » KJO9CASmeVW ~ KJ0O9CASmMeU2 ~ KIO9CASmMeX ) -
RN SRV =i
(1). smeUlz Flsknockoutts 7 7 ¢ BT FA Fleni R (4od 5 2
KJOIC 4r KJIO9CAUL) » { H it 2R % sk » Hid %0
MICE ¥ ;2 4 P Bgeng it (4r# 4 2 KJO9C fr KJIO9CAUL) «
$omE MDRZR % #KJ09C2 smeULZ F1{rKI0C Ftk % £ 1%
e S R ) i R
(2). smeVW £ Flknockoutis + # ¢ BT A Flend B (4045 2
KJOOC {v  KJO9CAVW) - = & KIOOCAVW {F t #
chloramphenicol ~ quinolone % tetracycline #g4v2 % g X M85 o
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(3).

MICE #r# R 1 & h4 RBEKIApTS R chdicE » & $
aminoglycoside#g (kanamycin ~ gentamycin{-tobramycin)$<4 % 1
MIC & i3 pPagengit (4rid 2 KIO9C = KIO9CAVW)e
BB B WP F smeVW A Fl i B £ IR £ chloramphenicol -
quinolone % tetracycline #g i % ehifd + 2 5 B > e iy T
aminoglycoside #p+i2 % et X (2 225 PP A p B o
smeX 2k Flknockoutts ¢ i€ KIO9C#+ chloramphenicol ~ quinolone
tetracycline g4z % g X MW A R e fr A = 2R R I R 2 A
HKI- gkeMICE  (4- 44 2. KI09C = KJIO9CAX) » 2 i 3a i
TR0 SmeX— 2 42 3 7 # i o SmeVWE-d ¥ i § 3 2 v oened
g kA A = @%ﬁﬁv‘é—ﬁ]& JECA LA T S o) 18
d P aeruginosasnit|+ EE L Fo AL w2 )I;Je #r4F % P. aeruginosa
2_MexAB-OprM (Li, et al., 1995) 1 4 SEEF RN R
5 OprM + 12 £ 42 MexJK ( Chuanchuen, et al.,2002) 1 « MexVW
(Li, etal.,2003) ¥"1« MexXY % % ﬁ;&fq‘%@?l J1 41 (Masuda, et al.,
2000) Pl = £ n ME
5 ¢k > smeX 2k Flknockout?é > aminoglycosidezg (kanamycin -
gentamycin{rtobramycin) FMIC & R xR & R 2 FixKI- % o
MICiE » i & 1 ¥ ¢ = ¥raminoglycosidesg w4 % g < £+ 2
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Jo FIF oy Ak p At ebared SmeXiE AR Ao B - Hd A
th KJIO9CASL2:X z B % Mgkt % (40k4d) #@nzmF o
KJO9CASL2:X k&A1 * L &9 3 “7% Meh ampR-L2 # 47
S 33 (Lin, et al.,2009) BT st £ B £ moeni F1 ¢
double cross-over 37 sVin-situ P~ L2 A F]#7i8 3 ORI o
KJO9CASL2::X & ¥+ chloramphenicol ~ quinolone #g -~ tetracycline
2t 2R XERFEKMICE TG P DR i
aminoglycoside #4v2 % 2 MICE 273 < g R T % (4okd)o
W6 R 4 I SmeX F-¢ 22 KJO9C ¥ aminoglycoside #4i? % o
TR 2 R F]F o 20 o 3-w SmeX ¥ 1T 5 aminoglycoside #E$4
4 Er wmFAMP 0E 0 $FR Y aminoglycoside #F it & it

T % o

4). smeU2 & Flknockout s € B2 58T 25 smeX A Flenk B (4ri5 2
B

KJO9C Hr KJIO9CAUZ)» & frdnd % = Hid& @ % 3 KI09CAU2
7 ¥ ¥+ chloramphenicol ~ quinolone % tetracycline #g+4w2 % 7
B IRA k4R I % 0 e ¥t aminoglycoside #Eiid & 2 g%
Mgt KJOOC 4§ & (4o 4 22 KIO9CHe KJ09CAUZ) »
B %o r FsmeU2 & FIF ALk pF 58 SmeVWX 5 E F 4

3 {17 ¥ chloramphenicol ~ quinolone % tetracycline #g+w4 %
54



2t 42 iF R 4 IR SmeX #tid = ghaminoglycosidesf i £ R X
F A e S U A AR %R AT IR ampR-L2 B e
i % 2% 2 (Lin, et al., 2009)P7 4 smeU2 A #141]* double cross-over
o7 5Vin-situ B L2 E}ﬂi"%é B-lactam #pdd % 2 FE T <
E A IR smeU2A 5] i&— 4 & ;5 smeU2 A F|#riFihd d - g%
IR “p%]"f% KJO9CASL2::U24%+chloramphenicol ~ quinolone %
tetracycline #fp v 2 2 2 MICE X 5 P g en® it » @ F 30
aminoglycosidezg #2 4 coMICE ™ iX 5 P B % 1t o 0T & 71 F
SmeU2 %+ KJ09C Fuf & it en@ 8 & 8 & SmeVWX @i%%i»ﬁ%]
DR ERARE A5 A& FEBHT G OMU2 FRAR > X
A% KI09C Ffdy AT F ke Bt 2 i de 0 — B AL anice o
% MDR % % #k KJ09C ¥ smeU2 £ ¥] #¢ #& ¥ 2. short-chain
dehydrogenase/reductase (SDR):fi% % 3-v /% ¥ 2 47 SmeX F-v
ik d oo m BAFIS 2 SmeX Fv Far i C kg e (1)
SmeVWX % & ;«%Hwﬁi%] 3 JTiF ehiE 1 #chloramphenicol ~ quinolone
% tetracycline sg#e4 Z £ 41 > # 1 KJIO9C #tchloramphenicol -
quninolonesg 2 tetracyclinesg w2 % Fult + = o o (ii) 3 & SmeX
#- aminoglycoside i » w F W p H2xF > ® ¥ KJ09C ¥
aminoglycosidesg 44 % g X £+ 2 (4r-@10) -
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$73% 8

-%;;

*ET W A1 - B k&R P4 % chloramphenical &% I - R ¥tk
KJOOC » #d #id Z g % (g F oyt KI0OC Atk 5 5 £ #FP 2R
% > it 33 # chloramphenicol ~ quinolone #¢ % tetracycline #g+w4 % » 2 %
aminoglycoside #7472 % 2 jg s {4t 2 - 1% gRT-PCR~ #{% % % Ftk
(deletion mutant) % 24 2 B X M 3% E P M R¥HR KIOIC A8 & % R
SmeVWX iz & % & & % @?] F i ( multidrug efflux pump ) -
SmeVWX % & &4 5] Ff A4 5 @ 5 F] smeUl- smeV~ smeW-~smeU2
% smeX # ¥ = - operon- ¥ gt {2 £ L L - Bt LysR ok
A AL FlsmeRy I » A 35 o

A 47 R % F R KIO9C 2. smeU1-V-W-U2-X operon =2k 7] 472 4 |+
Pz k4 0 B R (1) smeUl A Flir KIOOC Ftk F £ i # E 4
fd A < 5 (i) smeVW K Tl & 4 32 chloramphenicol ~ quinolone
% tetracycline #g4# % chyir + 2 5 B > w2 aminoglycoside #g i
Feng L A PR adp B (i) smeX A TFIER AR E FR
KJO9C %t aminoglycoside #gd2 % #ut ™ *% ;5 (iv) smeU2 A FliE R 4 B
Vi g 5% SmeVWX § & Fi4m g & §Tf e i4 o 4 chloramphenicol

quinolone % tetracycline #g4w2 % £t 1> {F KJO9C #F chloramphenicol ~
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quninolone #g % tetracycline s 2 Fft + 2 o ¥ ¢b > smeU2 X Flif &

T3

# ¥ A € B & SmeX #- aminoglycoside iz » RPN FrE o @

KJO9C #+ aminoglycoside #g#4 % g Xt F 2 o
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TABLE 1. Bacterial strains and plasmids used in this study

. . . Source or
Strain or plasmid Genotype or properties
reference
S. maltophilia
KJ Wild type, a clinical isolate from Taiwan 34
KJAS S. maltophilia KJ smeU1-V-W-U2-X operon deletion  This study
mutant
KJ09C S. maltophilia KI MDR mutant This study
KJO9CALI1AL2 S. maltophilia KJO9C L1 and L2 genes double mutant This study
KJO09CAS S. maltophilia KJO9C smeU1-V-W-U2-X operon This study
deletion mutant
KJO9CARv S. maltophilia KJO9C smeRv deletion mutant This study
KJ09CAUI S. maltophilia KJO9C smeU1 deletion mutant This study
KJO9CAVW S. maltophilia KJO9C smeV-smeW deletion mutant This study
KJ09CAU2 S. maltophilia KJO9C smeU2 deletion mutant This study
KJ09CAX S. maltophilia KJO9C smeX deletion mutant This study
Escherichia coli
DH5a F- ¢80dlacZAM15 A(lacZYA-argF)U169 Invitrogen
deoR recAl endAl hsdR17(r’ mi")phoA
SUpE44)" thi-1 gyrA96 relAl
S17-1 recA pro thi hsdR with inte grated 40
RP4-2-tc::Mu-kan::Tn7; Tra+TrrSmr
plasmids
pPEX18Tc sacB oriT, Tcr 41
pRK415 Mobilizable broad-host-range plasmid 42
cloning vector, RK2 origin; Tc'
pX1918GT Plasmid containing the xylE-gentamicin resistance 43
cassette; Amp' Gm'
pAS pEX18Tc vector with a 1982-bp DNA fragment This study
of S. maltophilia KJ, containing the partial 5'-terminus
of smeU1 gene and a partial 3'-terminus of smeX gene;
Tc'
pKJARvV pEX18Tc vector with an internal-deletion smeRv gene; This study
Tc'
pKJAU1 pEX18Tc vector with an internal-deletion smeU1 gene; This study

Tc'
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pKIAVW

pKJAU2

pKIAX

p37 l RVXy|E

p37lU lxy|E

p323XXy|E

pPEX18Tc vector with a 2426-bp DNA fragment This study
of S. maltophilia KJ, containing the smeU1 gene,

partial 5'- terminus of smeV gene, and partial 3'-

terminus of smeW gene and smeU2 gene; Tc'

pEX18Tc vector with an internal-deletion smeU2 gene; This study
Tc'

pPEX18Tc vector with an internal-deletion smeX gene; This study
Tc'

pRK415 vector with a 371-bp intergenic region This study
of smeRv and smeU1 genes and a transcriptional

fusioned-xylE gene; smeRv::xylE fusion construct

pRK415 vector with a 371-bp intergenic region This study
of smeRv and smeU1 genes and a transcriptional

fusioned-xylE gene; smeU1::xylE fusion construct

pRK415 vector with a 323-bp upstream This study
of smeX gene and  a transcriptional fusioned-xylE

gene; smeX::xylE fusion construct
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TABLE 2. The primers used in this study

Primer name Sequence 5'—3' Length  Purpose
SmeRv-F GATGGTACCGCCACGCTGCTGAC i
1308 Cloning
SmeRv-R  CAGAATAAGCTTGCCGCTGCTTTCC
SmeU1-F CGATTAAGCTTCGGCAATGAAG .
1341 Cloning
SmeUl-R  ACGTTCTAGAGTGGTATTGGGG
SmeU2-F GATGATATCCATCGCGTTCATCGCC i
1074 Cloning
SmeU2-R  TGACAGAGCTCGCCAGCACCAG
SmeX-F GGCTCTAGAGAAATCAGCGAAG .
1591 Cloning
SmeX-R AGAAGAAAGGTACCGAAGCCAC
SmeBQ-F  CGCCATCTCGCTGCTGTTC
198  gRT-PCR
SmeBQ-R ATGCCGTTCTTCGCTGCC
SmeCQ-F  GCGATGCCAACAGCGAGACC
190  gRT-PCR
SmeCQ-R GTCGCCACTTCAGCCACCAG
SmeEQ-F  TCCTGCCCAACGAAGACC
203  gRT-PCR
SmeEQ-R CTTGACGAACGCCATGCC
SmeFQ-F  CCCGAGCATCTCGCTGAC
207  gRT-PCR
SmeFQ-R  AAGCCCACCTGGATCGAC
SmeHQ-F  GGCTACTCGGCGATCAAC
207  gRT-PCR
SmeHQ-R CAGGCACAGGAACACCAC
SmeJQ-F GTCAGCCACCAGCAGCAG
192 gRT-PCR
SmeJQ-R CAGCAGCCACACCACGTC
SmeKQ-F  AACTCCGACCCCAGCGAC
191 gRT-PCR
SmeKQ-R  GCGATCATCGAGATCACCGAC
SmeNQ-F  CAAGACCTCCACTGCCAAC
198  gRT-PCR
SmeNQ-R  AACAGCCAGATCACCGCC
SmePQ-F  GTCAGCCAGTTCCTGTCC
191 gRT-PCR
SmePQ-R  TACTCCATCGTCGCCACC
SmezZQ-F  TGTCCAGCGTCAAGCACC
218  gRT-PCR
SmeZQ-R  GCCGACCAGCATCAGGAAG
SmeRvQ-F TCGACGAACGCACGCACC
213  gRT-PCR
SmeRvQ-R CCCGCTGATGACCGCCAAC
SmeU1Q-F CGGCGAGACCTCGATCAC
201  gRT-PCR
SmeU1Q-R CAACCATCCAGCAGCGAG
SmeVQ-F  GCGTGACAGCGAACTGCC
219  gRT-PCR
SmeVQ-R TCATCGATCAGCAGCGCC
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SmeWQ-F

GCCCACACCATCTCGTTCCC

221  gRT-PCR
SmeWQ-R TAGCCGTTGCCGTTGCCC
SmeU2Q-F GGTCGAGCAGGTACGCCAG

153  gRT-PCR
SmeU2Q-R ACCGCCACCAGCGCATAG
SmeXQ-F  TACGACCGCCGCAAGCAACC

219  gRT-PCR
SmeXQ-R CAGCTCGAAGTAGTTGCGTGCC
DNA-F  GACCTTGCGCGATTGAATG

75  gRT-PCR
rDNA-R ~ CGGATCGTCGCCTTGGT
415-F CGACGACACCCGAAAAAAG

281  gRT-PCR

415-R

CATTAGCAACATTATCGCACAG

61



TABLE 3. Antibiotics used in this study

Antibiotics Solubility Storage Abbreviation

Type .
concentration

Chloramphenicol
Nalidixic acid
moxifloxacin
Tetracycline
Doxycyline
Kanamycin
Gentamycin
Tobramycin
Erythromycin

Fluoroquinolones
Fluoroquinolones
Tetracycline
Tetracycline
Aminoglycosides
Aminoglycosides
Aminoglycosides
Macrolides

ethanol
water

ethanol
water
water
water
water

ethanol

25 mg/ml

100 mg/ml

5 mg/ml
50 mg/ml
25 mg/ml
15 mg/mi
50 mg/ml
10 mg/mi

-20C
-20C
-20C
-20C
-20C
-20C
-20C
-20C
-20C

CHL
NAL
MXF
TET
DOX
KAN
GEN
TOB
ERY
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TABLE 4. Antimicrobial susceptibilities of S. maltophilia KJ, its chloramphenicol-selected
mutant KJO9C and their derived deletion mutants

MIC (pgml™)
Quinolone  Tetracycline  Aminoglycoside

strain CHL NAL MXF TET DOX KAN GEN TOB ERY
KJ 8 8 0.094 16 1 256 1024 512 64
KJ09C 128 256 0.25 64 2 64 256 256 64
KJAS5 8 8 0.094 16 1 256 1024 512 64
KJO9CAS 8 16 0.094 16 2 128 512 512 64
KJ09C ARV 8 8 0.094 16 1 256 512 512 64
KJ09CA UL 128 256 0.38 32 2 64 512 128 64
KJO9CAVW 4 4  0.047 16 0.5 64 256 256 64
KJ09C A U2 27 64 019 32 2 32 128 128 64
KJO9CAX 32 32 0.064 32 2 512 1024 512 64
KJ09C A5 8 8 0.09 16 2 128 512 512 64
KJ09C A\5L2::U1° 8 8 HmEeT 35 2 128 512 512 64
KJO9C A5L2::U2° 8 & WON2§ J16 2 256 512 512 64
KJO9C A5L2::SmeX? 4 4 0064 8 1 8 32 8 64

CHL, Chloramphenicol; NAL, Nalidixic acid; MXF, moxifloxacin ; TET,
Tetracycline; DOX, Doxycyline; KAN, Kanamycin; GEN, Gentamycin; TOB,
Tobramycin; ERY, Erythromycin;

®The Mueller-Hinton agar contains 30 pg/ml cefoxitin in addition to the antibiotic
indicated.

63



TABLE 5. The ACt value of the genes of RND-efflux pumps for strains KJ, KJ09C
and its derived mutant, determined by gRT-PCR

/\Ct value

Gene KJ KJO9C KJO09CARV KJI09CAUL KIOICAVW KIICAUZ KIOICAX

smeB 16.97+0.5 15.28+0.8
smeC 12.88+0.7 14.2+0.7
smeE 20.17+£0.6 18.16+0.9
smeF 12.73+£0.511.04+0.8
smeH 14.34+0.4 14.13+0.6

smeJ 17.10+0.6 17.63+1.1

smeK 14.54+0.5 14.28+0.6
smeN 17.64+0.6 16.85+0.8
smeP 22.20+0.9 21.88+1.4
smeZ 11.76+0.5 12.57+0.8

smeRv 17.44+0.8 11.14+0.5 18.56+0.6 11.08+0.8 10.01+0.5 11.75+0.7 11.88+0.5
smeUl 17.11+0.912.01+0.4 17.35+0.8 16.01+0.5 12.51+0.6 11.54+0.5 11.51+0.4
smeV 17.56+0.6 13.07+0.8 18.56+0.3 14.18+0.9 16.78+0.7 13.13+0.6 13.97+0.6
smeW 18.21+0.8 12.33+0.6 18.07+0.7 12.82+0.6 18.07+0.7 13.94+0.5 13.83%0.7
smeU?2 18.53+1.010.24+0.7 17.85+0.7 11.05+0.8 11.04+0.9 20.95+1.1 11.77+0.5
smeX 18.00+0.913.36+£0.5 17.57+0.9 12.88+0.5 13.94+0.4 15.99+0.9 18.68+0.9

*The differene of Ct (critical threshold cycle ) values between the gene assayed and 16S
rDNA.
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TABLEG6. Comparison of the SmeU1 of S. maltophilia K279a with other homologues

Strain No.of Similarity Identity
/ protein aa (%) (%)

Stenotrophomonas maltophilia K279a
: : 256 100 100%
/ putative short chain dehydrogenase

Stenotrophomonas sp. SKA14

256 99 98%
/ aklaviketone reductase ’
Stenotrophomonas maltophilia R551-3
i 256 99 95%
/ short-chain dehydrogenase/reductase SDR
Pseudoxanthomonas suwonensis 11-1
) 262 63 50%
/ short-chain dehydrogenase/reductase SDR
Xanthomonas gardneri ATCC 19865
i - 255 68 51%
/ short-chain dehydrogenase of unknown substrate specificity
Xanthomonas campestris pv. campestris str. ATCC 33913
. 272 69 52%
/ aklaviketone reductase
Streptomyces violaceusniger Tu 4113
. 254 45 27%
/ short-chain dehydrogenase/reductase SDR
Haliangium ochraceum DSM 14365
. 225 46 33%
/ short-chain dehydrogenase/reductase SDR
Arthrobacter chlorophenolicus A6
. 244 49 33%
/ short-chain dehydrogenase/reductase SDR
Bordetella petrii DSM 12804
. 251 42 32%
/ short chain dehydrogenase
Roseiflexus sp. RS-1
. 292 47 33%
/ short-chain dehydrogenase/reductase SDR
Streptomyces roseosporus NRRL 15998
. 293 48 39%
/ short-chain dehydrogenase/reductase SDR
Streptomyces roseosporus NRRL 15998
; i 282 45 27%
/ putative oxidoreductase
Streptomyces pristinaespiralis ATCC 25486
. 276 49 39%
/ short-chain dehydrogenase/reductase SDR
Streptomyces roseosporus NRRL 15998
. 272 49 40%
/ short-chain dehydrogenase/reductase SDR
Streptomyces roseosporus NRRL 11379
. 272 48 40%
/ short-chain dehydrogenase/reductase SDR
Mycobacterium smegmatis str. MC2 155
244 40 27%

/ short-chain dehydrogenase/reductase SDR
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TABLE7. Comparison of SmeV of S. maltophilia K279a with other homologues

Strain No.of Similarity Identity
/ protein aa (%) (%)
Stenotrophomonas maltophilia K279a
. . . i 391 100 100
/ putative multidrug efflux protein, HlyD family
Stenotrophomonas sp. SKA14
. . . 410 99 99
/ RND multidrug efflux membrane fusion protein
Stenotrophomonas maltophilia R551-3
. . 408 99 99
/ RND family efflux transporter MFP subunit
Xanthomonas gardneri ATCC 19865
. . 396 89 78
/ RND family efflux transporter, MFP subunit
Xanthomonas campestris pv. campestris str. ATCC 33913 306 90 80
/ RND multidrug efflux membrane fusion protein
Klebsiella variicola At-22
A . 391 82 68
[ efflux transporter RND family, MFP subunit
Klebsiella pneumoniae
. : . 391 81 66
/ RND multidrug efflux membrane fusion protein OgxA
Pseudoxanthomonas suwonensis 11-1
' . 399 85 73
/ efflux transporter, RND family, MFP subunit
Enterobacter sp. 638
. . 391 83 70
/ RND family efflux transporter MFP subunit
Pseudomonas stutzeri A1501
. . . 409 70 50
/ RND multidrug efflux membrane fusion protein MexE precursor
Pseudomonas aeruginosa PAO1
. ; y 414 69 51
/ RND multidrug efflux membrane fusion protein MexE precursor
Pseudomonas aeruginosa 39016
. . . 414 69 51
/ RND multidrug efflux membrane fusion protein MexE precursor
Burkholderia sp. 383
. . . 414 69 52
/ HlyD family secretion protein
Burkholderia sp. TJI49
. ) 388 68 53
/ RND family efflux transporter MFP subunit
Pantoea vagans C9-1
. . 384 82 69
/ RND efflux system, membrane-fusion protein
Klebsiellasp.1 1 55
391 82 68

/ RND multidrug efflux membrane fusion protein OgxA
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TABLES8. Comparison of SmeW of S. maltophilia K279a with other homologues

Strain No.of  Similarity Identity
/ protein aa (%) (%)
Stenotrophomonas maltophilia K279a
: . . . 1056 100 100%
/ putative drug resistance membrane fusion protein
Stenotrophomonas sp. SKA14
) 1056 99 99%
/ RND transporter, HAEL family
Stenotrophomonas maltophilia R551-3
o ) 1056 99 98%
/ hydrophobe/amphiphile efflux-1 (HAEL) family transporter
Halomonas elongata DSM 2581
- .. 1052 90 82%
/ transporter, hydrophobe/amphiphile efflux-1 (HAEL) family
Xanthomonas campestris pv. campestris str. ATCC 33913
: 1056 90 82%
/ RND multidrug efflux transporter MexF
Xanthomonas gardneri ATCC 19865
. : 1057 90 81%
/ hydrophobe/amphiphile efflux-1 (HAE1) family transporter
Alcanivorax sp. DG881
) 1064 89 81%
/ RND transporter, HAEL family
Marinobacter algicola DG893
(% 1067 90 80%
/ Hydrophobe/amphiphile efflux-1 HAE1
Pseudoxanthomonas suwonensis 11-1
e o039 89 79%
/ transporter, hydrophobe/amphiphile efflux-1 (HAEL1) family
Klebsiella variicola At-22
Bt ! 1050 89 79%
/ transporter hydrophobe/amphiphile efflux-1 (HAEL) family
Klebsiella pneumoniae 342
. . . 1050 88 78%
/ RND family multidrug efflux permease protein OgxB
Escherichia coli
: : 1050 88 78%
/ OgxB integral membrane protein
Burkholderia ambifaria IOP40-10
—_ .. 1057 84 71%
/ transporter, hydrophobe/amphiphile efflux-1 (HAEL1) family
Burkholderia cenocepacia J2315
: . : : 1057 83 71%
/ putative quinoxaline efflux system transporter protein
Klebsiella pneumoniae
. . . 1050 88 78%
/ RND family multidrug efflux permease protein OgxB
Acidobacterium sp. MP5ACTX8
058 84 71%

/ transporter, hydrophobe/amphiphile efflux-1 (HAEL1) family
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TABLE 9. Comparison of the SmeUz2 of S. maltophilia K279a with other homologues

Strain No.of  Similarity Identity
/ protein aa (%) (%)
Stenotrophomonas maltophilia K279a
: : 258 100 100%
/ putative short-chain dehydrogenase/reductase
Stenotrophomonas sp. SKA14
. 245 99 98%
/ short chain dehydrogenase
Stenotrophomonas maltophilia R551-3
. 245 98 93%
/ short-chain dehydrogenase/reductase SDR
Xanthomonas campestris pv. vasculorum NCPPB702
] 243 87 77%
/ short chain dehydrogenase
Xanthomonas axonopodis pv. citri str. 306
] 243 88 76%
/ short chain dehydrogenase
Xanthomonas gardneri ATCC 19865
. : : 243 87 75%
/ short-chain alcohol dehydrogenase like protein
Pseudoxanthomonas suwonensis 11-1
. 243 82 68%
/ short-chain dehydrogenase/reductase SDR
Streptomyces sp. AA4
245 74 57%
[2-hydroxycyclohexanecarboxyl-CoA dehydrogenase
Streptomyces ambofaciens
: 237 58 44%
/ putative ketoacyl reductase
Streptomyces ambofaciens ATCC 23877
: 237 58 43%
/ putative ketoacyl reductase
Burkholderia xenovorans LB400
: : . 245 66 50%
/ putative short-chain dehydrogenase/oxidoreductase
Burkholderia gladioli BSR3
. i 241 56 43%
/ short chain oxidoreductase
Burkholderia xenovorans LB400
: : 257 62 43%
/ putative short-chain dehydrogenase/reductase
Candidatus Solibacter usitatus EIlin6076
. 250 70 53%
/ short-chain dehydrogenase/reductase SDR
Gluconacetobacter diazotrophicus PAI 5
: : 265 70 46%
/ putative short-chain dehydrogenase
Caulobacter segnis ATCC 21756
. 243 65 49%
/ short-chain dehydrogenase/reductase SDR
Beutenbergia cavernae DSM 12333
244 67 50%

/ short-chain dehydrogenase/reductase SDR

68



TABLE 10. Comparison of SmeX of S. maltophilia K279a with other homologues

Strain No.of  Similarity Identity
/ protein aa (%) (%)
Stenotrophomonas maltophilia K279a
. . 472 100 100%
/ putative outer membrane efflux protein
Stenotrophomonas maltophilia R551-3
. . . 473 99 98%
/ NodT family RND efflux system outer membrane lipoprotein
Stenotrophomonas sp. SKA14
. 473 99 98%
[/ outer membrane efflux protein
Xanthomonas axonopodis pv. citri str. 306
. 474 83 74%
/ outer membrane protein
Xanthomonas fuscans subsp. aurantifolii str. ICPB 10535
. 474 83 74%
/ outer membrane protein
Burkholderia sp. H160
. . = 489 53 37%
/ RND efflux system, outer membrane lipoprotein, NodT family
Burkholderia sp. 383
. : 507 54 39%
/ RND efflux system outer membrane lipoprotein
Pseudoxanthomonas suwonensis 11-1
. . . 482 75 66%
/ RND efflux system, outer membrane lipoprotein, NodT family
Caulobacter segnis ATCC 21756
. ! . 469 71 55%
/ NodT family RND efflux system outer membrane lipoprotein
Pseudomonas syringae pv. aesculi str. 2250
) 465 67 51%
[/ outer membrane efflux protein
Pseudomonas syringae pv. syringae 642
yringae pv. syring . ! 465 67 50%
/ RND efflux system, outer membrane lipoprotein, NodT
Pseudomonas entomophila L48
. . 471 66 49%
/ multidrug efflux RND outer membrane protein OprN
Achromobacter piechaudii ATCC 43553
. . 513 65 46%
/ multidrug efflux RND outer membrane protein OprN
Bordetella bronchiseptica RB50
. 487 61 44%
/ outer membrane component of multidrug efflux system
Bordetella parapertussis 12822
. 487 61 44%
/ outer membrane component of multidrug efflux system
Delftia acidovorans SPH-1
477 61 45%

/ RND efflux system outer membrane lipoprotein
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TABLE11. The determination of C230 activities of the KJ, KJO9C, and their derived

mutants containing different transcriptional fusion constructs.

strain C230 activity (Uc/ODys0nm)
KJ(p371smeRvyye) 5+0.7
KIARV(p371smeRVyye) 58+6.1
KJO9C(p371smeRVyye) 30541
KJO9C ARV(p371smeRVyye) 21+1.9
KJ(p371smeUl,ye) 1+0.4
KIARV(p371smeUl,y) 3+0.7
KJO9C(p371smeUl,ye) 25+3.1
KJO9C ARV(p371smeUl,ye) 2+0.5
KJ(p323smeXyyie) 4+0.4
KIARV(p323smeX,yie) 620.7
KJO9C(p323smeXyyie) 8:9.5
KJO9C ARV(p323smeXyyie) 5+0.4
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Fig.1. The organisation and operation of antimicrobial efflux
pumps of Gram-negative bacteria.

OM, outer membrane; PP, periplasmic space; CM, cytoplasmic
membrane; MFS, major facilitator superfamily; ABC, ATP-binding
cassette family; RND, resistance-nodulation division; SMR, small
multi-drug resistance; MATE, multi-drug and toxic compound
extrusion
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Fig.2. Comparison between smeRv-smeU1-V-W-U2-X operon
of S. maltophilia and its homologues.
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Fig. 3. Construction of pKJADS.
The 1359-bp DNA fragment containing smeU1 and partial smeRv
genes gene was obtained by PCR amplification using primers
smeU1-F/smeU1-R. Hindlll and Xbal restriction sites were used to
facilitate the cloning into vector pEX18Tc to yield plasmid
PEXSmeUl. The 1591-bp DNA fragment containing smeX gene
was obtained by PCR amplification using primers smeX-F/smeX-R.
Xbal and Kpnl restriction sites were used to facilitate the cloning
into vector pEX18Tc to yield plasmid pEXSmeX. A 1330-bp partial
smeX gene was retrieved from pEXSmeX, and inserted into the Pstl
and EcoRlI site of pPEXSmeUL1, generating plasmid pKJA5S .
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Fig. 4. Construction of pKJASmeRYv.

The 1308-bp DNA fragment containing smeRv gene was obtained
by PCR amplification using primers smeRv-F/smeRv-R. HindllI
and Kpnl restriction sites were used to facilitate the cloning into
vector pEX18Tc to yield plasmid pEXSmeRv. Plasmid pEXSmeRv
was digested by Pstl to delete a 294-bp internal fragment of the
smeRv gene, generating plasmid pKJAsmeRv.
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Fig. 5. Construction of pKJASmeUL.

The 1359-bp DNA fragment containing smeU1 and partial smeRv
genes was obtained by PCR amplification using primers smeU1l-
F/smeU1-R. Hindlll and Xbal restriction sites were used to
facilitate the cloning into vector pEX18Tc to vyield plasmid
PEXSmeULl. Plasmid pEXSmeU1 was digested by Pstl to delete a
173-bp fragment internal to the smeUl gene, generating plasmid
pPKJAsmeU1.
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Fig. 6. Construction of pKJASmeVW.

The 1359-bp DNA fragment containing smeU1 and partial smeRv
genes was obtained by PCR amplification using primers smeU1-
F/smeU1-R. Hindlll and Xbal restriction sites were used to
facilitate the cloning into vector pEX18Tc to vyield plasmid
PEXSmeU1l. The 1132-bp DNA fragment containing smeU2 gene
was obtained by PCR amplification using primers smeU2-F/smeU2-
R. EcoRV and Sacl restriction sites were used to facilitate the
cloning into vector pOK12 to yield plasmid pOKSmeU2. A 1132-bp
smeU2 gene cassette was retrieved from pOKSmeU2, and inserted
into the Xbal and Sacl site of pEXSmeU1, generating plasmid
PKJASmMeVW . 76
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Fig. 7. Construction of pKJASmeU?2.

The 1132-bp DNA fragment containing smeU?2 gene was obtained
by PCR amplification using primers smeU2-F/smeU2-R. EcoRV
and Sacl restriction sites were used to facilitate the cloning into
vector pOK12 to yield plasmid pOKSmeU2. Plasmid pOKSmeU2
was digested by Stul and Hincll to delete a 103-bp internal
fragment of the smeU2 gene, generating plasmid pOKAsmeU2. The
1029-bp DNA fragment retrieved from plasmid pOKASmeU2 was
used to clone into vector pEX18Tc to yield plasmid pKJASmeU2.
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Fig. 8. Construction of pKJASmeX.

The 1591-bp DNA fragment containing smeX gene was obtained by
PCR amplification using primers smeX-F/smeX-R. Xbal and Kpnl
restriction sites were used to facilitate the cloning into vector
PEX18Tc to yield plasmid pEXSmeX. The 722-bp DNA fragment
retrieved from plasmid pOKSmeU2 was cloned into vector
PEX18Tc to yield plasmid pEXSmeU2c. A 770-bp smeX-containing
DNA fragment was retrieved from pEXSmeX ,and inserted into the
Smal and EcoRI site of pEXSmeU2c, generating plasmid

PKJASmMeX
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Fig. 9. Double cross-over recombination between exotic plasmid
and the chromosome of host bacteria ( KJO9CA5 as a
representative).

Conjugation was carried out between E. coli S17-1(pKJA5) and S.
maltophilia KJO9C. Transconjugants was firstly selected on the LA
medium containing 30 upg/ml tetracycline and 2.5  ug/mi
norfloxacin. The double cross-over recombinant was obtained by
further selection on the LA medium containing 10% sucrose.
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Fig. 10. The possible role of SmeU2 in SmeVWX pump module.
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Abstract

Stenotrophomonas maltophilia is an important opportunistic
pathogen characterized by the phenotype of multidrug
resistance (MDR). Overexpression of the resistance nodulation
division (RND) efflux systems is a critical cause of the MDR
phenotype in gram-negative bacteria. Whole genome analysis
revealed that S. maltophilia harbors as many as eight possible
RND efflux systems, including SmeABC, SmeDEF, SmeGH,
SmelJK, SmeMN, SmeOP, SmeVWX, and SmeYZ. A
chloramphenicol-selective S. maltophilia MDR mutant, KJO9C,
was characterized in this study. In addition to chloramphenicol,
KJO9C was cross-resistant to quinolones and tetracyclines.
Surprisingly, mutant KJO9C increased aminoglycoside
susceptibility compared to wild-type KJ. The qRT-PCR assay
demonstrated that SmeVWX pump was overexpressed in
mutant KJO9C. Inactivation of smeVWX pump of mutant KJ0O9C
restored the antimicrobial susceptibility of KJO9C to the level as
that of wild-type KJ, indicating that overexpression of smeVWX
pump contributes to the MDR phenotype of KJO9C.

Results
1.Selection and susceptibility of the chloramphenicol-
selective multidrugs resistance (MDR) mutants, KJ09C

A spontaneous chloramphenicol-selection mutant, KJ09C,
was isolated by selecting strain KJ on the LB medium containing
50 pg/ml chloramphenicol. Compared to its parental strain KJ,
the KJO9C mutant showed an MDR profile with cross-resistance
to chloramphenicol, quinolones, and tetracyclines. Notably,
KJO9C was more susceptible to aminoglycosides, whereas its
susceptibility to erythromycin was not affected (Table 1).

Table 1. Antimicrobial susceptibilities of S. maltophilia KJ and its
derived mutants

MIC (ng/ml)
Antimicrobial
KJ KJ0o9C KJ09CA5

Chloramphenicol 8 >256 8
Quinolone

nalidixic acid 8 >256 8

norfloxacin 16 >256 16
Tetracycline

tetracycline 8 64 8

deoxyclcline 1 8 1
Aminoglycoside

kanamycin 256 128 256

gentamicin 512 256 512
Macrolide

erythromycin 64 64 64

B o

2. Overexpression of SmeVWX efflux system in the MDR
mutant KJO9C.

The multidrug-resistant nature of mutant KJO9C is
reminiscent of the overexpression of multidrug efflux system
of resistance nodulation cell division (RND) family. Genome
analysis revealed that S. maltophilia encodes as many as
eight possible RND efflux systems, including SmeABC,
SmeDEF, SmeGH, SmelJK, SmeMN, SmeOP, SmeVWX,
and SmeYZ. Therefore, qRT-PCR was used to evaluate the
transcript expression of each efflux pump. The smeV, smeW,
and smeX transcripts were elevated in stain KJO9C
compared to those in strain KJ. The SmeVWX pump was
thus considered as responsible for the MDR phenotype of
the mutant KJO9C.

3. Sequence analysis of the SemS1-V-W-S2-X efflux
pump

The sequence analysis surrounding the SmeVWX was
performed using the genome sequence of S. maltophilia
K279a as a reference. Unlike other gram-negative tripartite
MDR efflux pumps, the SmeVWX pump consisted of a
membrane fusion protein (SmeV), an inner membrane
transporter (SmeW), an outer membrane protein (SmeX),
and two additional annotated short-chain
dehydrogenase/reductase (SDR) genes which located
upstream the smeV gene (designated as smeS1) and
between smeW and smeX genes (designated as smeS2),
respectively (Fig. 1). A putative LysR family transcriptional
regulator gene, designated as SmeRv hereafter, was
transcribed divergently from smeS1-V-W-S2-X module and
located 371 bp from the smeS1 gene start codon.

smeR,, smeV smeW sme

> el ey 0>

smeS1 smeS2

Fig. 1. Genomic organization of smeRv-smeS1l-smeV-
smeW- smeS2-smeX RND-type regulon of S. maltophilia.

4. The role of the SmeS1-V-W-S2-X efflux pump in the
acquired resistance of KJ09C

To assess the contribution of SmeS1-V-W-S2-X pump
activity to the acquired antibiotic resistance of KJO9C, an
unmarked deletion mutant of smeS1-V-W-S2-X pump,
KJO9CA5, was constructed in strains KJO09C. Strain
KJO9CA5 showed MIC values returned to the level of wild
strain KJ (Table 1), indicating smeS1-V-W-S2-X pump is the
major determinant contributing to the MDR phenotype of
KJ09C.
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