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Analysis of Acquired Resistance Genes in Stenotrophomonas maltophilia
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Background : Stenotrophomonas maltophilia is a gram-negative bacillus and a nosocomial pathogen
in immunocompromised patients. Trimethoprim/sulfamethoxazole (TMP/SMX) is the drug of choice
for treating S. maltophilia infection; however, resistance to TMP/SMX is increasing. In this study, we
investigated the relationship between the incidence of TMP/SMX resistance and the presence of sul

genes and mobile elements.

Methods : A total of 120 S. maltophilia isolates were collected from 3 university hospitals between
April 2007 and April 2009. Antimicrobial susceptibilities were determined using the disk diffusion
method. PCR and DNA sequencing were conducted for the detection of sul, sul2, class 1 integron,
and ISCR2 element. Repetitive extragenic palindromic sequence-based PCR (REP-PCR) was car-

ried out to evaluate the genetic relatedness.

Results : The TMP/SMX-resistant (R) isolates harbored a significantly higher proportion of sulT gene
and class 1 integron than TMP/SMX-susceptible (S) isolates (P<0.001). Seventeen of 28 isolates with
sult also had a class 1 integron, but none of the isolates without su/1 had a class 1 integron. The iden-
tified gene cassettes within class 1 integrons include aacA4, aadA1, aac6-ll, and gac. None of the
120 isolates carried sul2, glmM, or ISCR2 element. REP-PCR did not show any genetic relatedness

among the isolates.

Conclusions : In Korea, the resistance of S. maltophilia isolates to TMP/SMX is due to sulT within
a class 1 integron rather than to sul2. The class 1 integron also harbors multiple antibiotic resistance
genes in addition to sul1, and therefore it could mediate multidrug resistance in S. maltophilia. (Kore-

an J Lab Med 2010,30:295-300)
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S. maltophila ZH%5 A&l F& Al WSS Hol
= trimethoprim/sulfamethoxazole (TMP/SMX)o] YA}A|
BAZ AFEET 9loH, quinolone, moxalactam, L1l
ticarcillin—clavulanic acid 5= AFFE) 32 QloHi1], 239 2
< o] FtAlEel tiel W Hol= S. maltophilia’t 57}t
AL Qlo] g A7 =aL QAeHo,

TMP/SMX % ¥+ AJ+-21 sulfamethoxazole®] it A2
UAS JMA9] dihydropteroate synthase (DHPS) %12}
(folP 2] =10y} T DHPS §-42Ksull)2] 52 5310
dojub=dl, 7 7HA W71 Foll Al sull 344k9] g5
F Y Tt 2 Ao ® defA qUeHI2) 53] sull #
Ah= class 1integron®] 37 Wdol] §Jx|sto] A th2 =+
AdE= E7Jo] Qlo] TMP/SMX WA EH4te] $-8E Wil gl
k. sull 744 o] 9]ol| sul2 F-dA4F7F TMP/SMX W gt ¢l
o] Q= AR deA Q=] o] F+4A+= insertion element
common region (ISCR2) elemente] &J5}o] Auld 4= 9l-2-0]
B A TH13), ISCR2 elementofl+= sul2 -8} o] 2]of| phos—

phoglucosamine mutaseS encodingdh= glmM Ak}
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floR A%} & o8] f-4xke} A4 =0 o5 F-4AHY] At
& Hofdhe Aoz defA QIeH13). of=igt TMP/SMXe] o
g WS4 S, maltophilia 7 9% X&) B ol2le-& oF
718 & gleng TMP/SMXUAel et At FaskAgt
ol A= oFa] ofof] gk A7 ALY e Aot & A
TollAs SAY 339 diehdd At Are|statol| of=jE
AN 2 S. maltophilagtoll a4 TMP/SMX ]
g Z ST} ofof 2T WAfRRtel tsiAl A8zt
sholeth, E5k WA AR o 1 Hufol] THAE AR U
7 integrons¥} mobile element?] ISCE element®] TMP/SMX
WA feiakete] A dE dotr gy,
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W AkArelstatol o2 E QlFHAelA EelE F 120+
9] S. maltophilias W/Fo.2 sttt 3t W/dell el
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1) sull & sul2e| &

SHRLAHRS(PCRIT B7IHE2AE Skl sullt
sul2 GRS AT ARAIRE olv] i HE Qle
sull®t sul2 AR W 4714 %S o-8-3HtHTable DI,
YA} 5 brain heart infusion broth (Difco, Cockeysville,
MD, USA)ell HEsto] 37C oA s12HE 2e vieFeh & vk
ol © 2 BE DNA purification kit (SolGent, Daejeon, Korea)
£ ARESH] AMA DNAE F&3513lth DNA 59 (5 ul),
10X Taq buffer (2.5 uL), 10 mM dNTP mix (0.5 #L), primer
710 pmol, 0.7 U Taq DNA polymerase (SolGent) ¥ 574

Table 1. Oligonucleotide primers used for PCR amplification
and sequencing

Primer

pairs Target Sequence (5’-3") Reference
Int1F intH CAGTGGACATAAGCCTGTTC [15]
Int1R CCCGAGGCATAGACTGTA

Int2F intl2 GTAGCAAACGAGTGACGAAATG [15]
Int2R CACGGATATGCGACAAAAAGGT
Int3F intl3 GCCTCCGGCAGCGACTTTCAG  [15]
Int3R ACGGATCTGCCAAACCTGACT

LECR2 ISCR2 CACTGGCTGGCAATGTCTAG [13]
RECR2 CTTTGGACCGCAGTTGACTC

gmR  gmM  GAGTCAACTGCGGTCCAAAC [13]
glmF ACGGTATTCGTGGCAAAGCC

FloF floR TCGACATCCTGGCTTCACTG [13]
FloR ATTACAAGCGCGACAGTGGC

SulF  sull GGATTTTTCTTGAGCCCCGC [1]
Sul R CATTGCCGATCGCGTGAAGT

SuRF  sul  CCTGTTTCGTCCGACACAGA 1]
Sul R GAAGCGCAGCCGCAATTCAT

Abbreviations: F, forward; R, reverse.
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£ &dtete] & F1 25 uLY RS8N =3It} Gene Amp
PCR System 9600 (Perkin—Elmer Centus Corp., Norwalk,
CT, USA)LE 95C oA 527t BRSAIXL 3, 95CollA] 20%,
59CollA 40%, 72ColA 3024 303] & WHA7|1L, 72
‘CoflA 527t A WSAIFH. Z4H2Fe] PCR A4k ethidi-
um bromide7} 2 1% FANA 4087 X719 &5t
=S gRelalitt, $-24M2-3 DNA extraction kit (SolGent)
2 Ed 3 BigDye Terminator Cycle Sequencing Kit (PE
Applied Biosystems, Foster City, CA, USA)2} ABI PRISM
3730x1 DNA analyzer (PE Applied Biosystems)& ©|-8-5}¢]
A7l AES wAsHT

2) ISCR2 elemente| ZZE

sul2 GAR] ZA7F BelE 455 Ao 2 ISCR2, glmM
23 FloE AE3s7] H8f 71E9] AlEAE ol85to] sul
AL A wief FdRk kgl v 2 0 = PCRE 38k 3itt

(Table D[13].
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3) Integron? HE

Class 1, 2 9 39 £31= integron H&317] $J3l th% PCR
35} chTable DI sul A 24 wfel 5dgk vk
HBE ALGBEG o WG E22ATE th2 A Skof 95°C of| A 5E7t
SAIZ1 T 94Cof|A 185 59°C of|A] 18, 72°C oA 184 30
HESAIZ] AL, 72°C oA SR A% W-SAIH L ZHzhe)]
CR AAHES ethidium bromide”} 234 1.5% -2 4]
0&7F 71 g5sto] MEE gRlskgint, PCR AFiks ME9)
A7} 2F 160 bp, 788 bp @ 979 bp?l AL 2+ class 1, 2
2 3 integron & 71584 TH15].
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4) Class 1 integron2| §HAt FIME SH& &0l

Class 1 integron Wl 2AJsk= 44 7HAES] 548
elsly] sl 5 BEFA(GGCATCCAAGCAGCAAG) T 3
HzQ o] BAAAGCAGACTTGACCTGA)S Al 2 5}
PCRE 4=33tATH16]. sull A 84 wjo} 22 x4 9] vt
58N 25 uLE 95C oA 5ETF REGAIZ] F 94Cof|A] 13,
55C oA 15, 72C ol A 454 303] F2= WH-3-A7]aL, 72°C ol
A 1087 A WRSAIFT ZH2H9] PCR AYARES ethidium
bromide”} 2E3HH 1% SFAANA 4087+ H7])9F3] Hi=
S 2RIgk & A7|A Y BAE k) 5 HEYg Yt 3

HEFYO TEE AEAIR sto] dojxl Z42ke] PCR Ak
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x}RI5te] PCRS 4=83kal 97|14 E E4& k= =l 7t
AL EE0]5t= primer walking HHOE AA G714GS

A5t0] sull 0]919] §A A ES] EAE BIstgct,

4. Repetitive extragenic palindromic sequence-based PCR
(REP-PCR)E 0|88t 218tz A}

7)ol Bl AEA|(5'-TIICGICGICATCIGGC-3" and
5'-ICGICTTATC IGGCCTAC-3)E AHg-sto] REP-PCR&
AlFBFATHIT], SET-32 DNA FEH(5.0 ul), 10X Taq
buffer (5.0 uL), 10 mM dNTP mix (1.0 uL), primer 2+ 20
pmol, 1.4 U Taq DNA polymerase (SolGent) ¥ SF+5
Egsto] 50 uLe] et o AJ¥sltt. Gene Amp PCR
System 9600 (Perkin—Elmer Centus Corp) 2.2 95C oA 5
B 9RAIZ] T, 90CollA 40%, 42C oA 11, 68'CollA 7
B4 353 FE HhGA|7|AL, 68°CollA] 15683 A% RESAIH
o}, SEZAFE(10 uL)2 ethidium bromide’} 323+ 2% -5
Ao 719538 & BioDoc-14™ Imaging system (UVP
Cambridge, UK)& o|-§-3to] 2438H4ct,

’

5. H

SPSS ver 12,0 (SPSS inc., Chicago, IL, USA)& AR,
Fisher?] g8zt 45 o]4slo] P<0.055 BAZHLSR F9
g Ao 2 gl

sito] A A| oA BelEl S, maltophilia 120 #5525 T4
© 2 TMP/SMX®] thet &tA| 44 AlES st A3 WS
2 16% (19/120)°] 3L 7H=/3 82 84% (101/120)0] LY.

2. sulld} sul2 RMAL 2 ISCR2 element A&

Al A Aol A TMP/SMXl WA 191 1995 %
133H55(68.4%)°14 sull +784F7F &= ik, ¥, TMP/SMX
o S 5ol 1019 FollAle 1569714, 7%)7k0] sull +F
RS 7HAAL Qs A2 ettt sull ¥8E-S TMP/SMX
of WAel #57} Al et 953 ot sulld TMP/
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Table 2. Incidence of trimethoprim/sulfamethoxazole resistance
in S. maltophilia and relation to sult, sul2, gimM, class 1 integron,
and ISCRZ2 element

Trimethoprim/sulfamethoxazole

Pvalue*
Resistant Susceptible
N of isolates 19 101
N of isolates with sul? 13 15 <0.001
N of isolates with sul2 0 0
N of isolates with class 10 7 <0.001
1 integrons
N of isolates with ISCR2 0 0
N of isolates with gimM 0 0

*Fisher’'s exact test.

SMX WiAdo] A2 AA 7} 91-50] 1= ATHP<0.001).
M, sul2e 12095 5 o o FME AEER] U

ISCR2 element® 3= Z] ¢S TtHTable 2).
3. Class 1 integron AE

T} PCRE o]-&3}¢ integrons A& 2%, thakt3: 120
43 = 1795004 class 1 integron®] 31%3= PCR AFE0]
ARt o] YACE class 1 integron A& 913t PCR
S st A 1745 257} class 1 integron

= 7HAAL Q= Aol FRlE i), o] F 105+ TMP/SMX W
i 7 TMP/SMX eAdat2 WAdataeoll A <]
class 1 integron®] 2-4-8(52.6%, 10/19)°] H<Adw5=o 412l
HA-8(6.9%, T10DET 2 202 UERETHP<0.001: Table
2). ©1F class 1 integron®] A& 1745 25 sull A4S
7FA|3L QJek, 222 A& class 1 integron Woll= aacA4,
qac, aac6’ —II ¥ aadAl AR} FHHES0] ZHE o] )i},
SHH class 29} class 3 integron HEEX] $9tHTable 2).

ox.
£
N
9%

4. REP-PCR

A@7I17F % & 12059] S. maltophiliaS HAO.2 0]50]
22 cloneoll A R SRS 215 $Jsto] REP-PCRS
St A3k AR 02 band HEHE 2o AR Oh2 204
A= 2ol Fel= kg, 1.

LAy

S. maltophiliax= 58 2=A|%] TMP/SMXol| oF&7H2]=

HlIA e S-S Holx glovt WA W] Sk

Korean J Lab Med 2010;30:295-300

M1 89 S10 S11 812813 M1 S19 S20 S21 526 S27 S28 S29 S30 S31 M1 S35 S36 S37 S38 S85 S86

Fig. 1. Repetitive extragenic palindromic-PCR (REP-PCR) fingerpr-
ints of S. maltophilia isolates. Lanes M1 are 1-kb DNA size markers.
ZAlef QAeH, 18], & A-tollA EEd S, maltophilia®l TMP/
SMX WYAE-2 16%=2 20034 tietol|A] 22|15 S, maltophilia
o] YAEQl 25%HTHs Wokoy 200449 ofrElztel G
Al B21H S, maltophilia®] WE<Q 3.8%X = 4u] o4 &=
& Aoz Yt ol A %o wkek TMP/SMX WiaEol &
Zpol7} Qo 53] opAlotol Ao WEe] w25 SJviRith
[1, 191.

TMP/SMX] W& vt 71382 sy 1 5 sull
TR D50 ot YA RIET e Ao® oA Slck
[12]. & Aol E2ld TMP/SMX WA S. maltophilia w5
= TMP/SMX 4~ at-3 e} 4u) o] Bh-e 5ol 4] (68.4%,
13/19)7} sull F-AAE 7HA] AL Q= AL = YERHTHP<0.001).
tietellA] 28 S. maltophilia®™ TMP/SMX W % 81%
(21/26)°1 dgoh= w57t sull FAAE 7HA AL glgo] 2l
=Tt ol TMP/SMX H/gell sull 27t Holghe: ¢
mlgkct, ey 2 Aol A sull FAE B2 TMP/SMX
of S Hel 15et7F WEEGIAL, ko] Aol A= 8
7F R =T, of iRt ol Ao TMP/SMX Y| A=
Aol #etk At TR ACR AFREHL,

SHH, sull 73R XA DNAA] 871 & apA|gr 3
2 class 1 integron®] 3" Wto] = o] A3ttt watA
class 1 integron®] EA|7} #t5¢] TMP/SMX YAdol 543t
Ao il & 4 ik of=FELof A 9] HiloAE S,
maltophilia®l A class 1 ingegron®] A7} TMP/SMX| tf
S} minimal inhibitory concentration (MIC) 57} A
A7} Stk Aol BHeAH20]. 2 Aol A= TMP/SMX W
A 4F % 52.6% (1093)7} class 1 integron 7M1 Ql=
Aor yegton ole Apidatrol M FAdE6.9%)k
78l o)A 2 2| ACHP<0.001). 3 TMP/SMX WA B
ol sull ¥ dF % 76.9% (10/13)°1A4] class 1 integron A4
& B3 class 1 integrone 7FA I Y= w5+ 25 sull
FRARE 7HA] 2 Q104 sull FAAFR] A7t class 1 integron
T2 Aol e FeIsksinh
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H oLof| 4 HEH class 1 integrons-2 700 bpollAl 2,500
bp7tA] 2717} thFglom 37 weke] sull RS 7HAAL Q)
Qe ®ub olyz} aminoglycoside WA #A}el aacA4,
aac6’ Il ¥ aadA1¥} quaternary ammonium compound
W/doll TAAsk= qac A FHHIESC] 23 1o S mal-
tophilia®] thFA/doll Fa3t He-g sk 2 o2 Ukt
ot A B2)¥l S, maltophilia®l A <% class 1 integron
A% aminoglycoside WA 34X aadA2, aacA4, aadB
9 aac6’ —Ib &} chloramphenicol WAFAAR! cmIAY} qua—
ternary ammonium compound WAo| o= gac 59l
O] Qlgo] gRelE HE QITHl, 201

Class 1 integron® o2} th2 mobile elements= sul
Akt AW Qe Aoz d#fA Utk Toleman {1319 A
o] &J5}H ISCR2 elementell &3I4 sul2 A&7} S, mal-
tophilia® Au-d 4= Qlth= Zlo] ©are v} Qlof, ey &
ATollAl= 1204 F ¢ FE sul2 A 7L QA] ¢
= 202 e e ok&d ISCR2 element®} gimM 7314}
= AZEA FdTE TMP/SMX WAwFolAl sul2 §-27}
HAEHA F2L F2 sull FAAE AEE Ao Hof £eju
2}9] S. maltophilia 9/d++52] TMP/SMX WA = sull
AR ot Aoz FZbEr), ey sul2 AR ISCR2
element®] TMP/SMX W/ A¥HdE Aes] 47] HlaiAle= 5=
7HAQl A7 oS A o= bRt

S. maltophilia®] 8+ ob2] &3] Y= A gkotr, ¢
gt e fAA ARAS W ¢ Sl ol 7HA] Algskar
A=E 5= Q= 7I1eE0] BaskA =) Pulsed—field gel
eletrophoresise= ©|2{gt H4 0 & &3] AME-E= HHolx|qt,
St Au7E Fastar, gAITte] e Aejw, S9xprt 3
stk @go] itk TLEjA PCRE o838t B2 71&E0] A
L57] AFBIRAL, O 5 34T repetitive—sequence PCR
0|3l oJ7]o|= enterobacterial repetitive intergenic con—
sensus—PCR, BOX-PCR, REP-PCR 5] 3lt}. REP-PCR
= o838t S, maltophilia®l 7324 A¥dE AARE 22
Lin S{17]el &JsiA &3 A= vk glek, 2 AddolA 5 120
TFE R REP-PCRE AR 23 w2 #44 o

A2 wolm qloln, S WAL glolA WY W B4 3
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o7 o] AatE FAtolA 7| HS doTl= AR &
HA Qlt}h, Trimethoprim/sulfamethoxazole (TMP/SMX)-2
S. maltophilia 7Y 2] 94 2 &Aoo AT 2} WAE]
Z7FekaL Qlt}, o AtollAl= 339 tieh el elgd 9
AA A BelE S, maltophilias 22 TMP/SMX W
e sul A}, 12|l o]F ARk Hukeh AwE Ao
o7 integrons, ISCR2 element 52 A3Alo] slo]

12007 495 20099 49712 FHA9 339 o
Ik Akefetke] ofz)s A lA #eE F 120
S. maltophiliag-& o2 Agskect. AT sht
tol g=tAl 444 HARE 8FaL, PCRYF DNA 97
23510] sull FAAL sul2 34}, integrons 12
SCR2 elementE #H&3t1L4} 519131, REP-PCR &-3liA]
W dtrAbel o] §414 ABAlE ARSI,
ot 1 F 120 FollA 19977 TMP/SMXe| WS &
o]aL ASIch TMP/SMX W/dwta= adwtoll HIshA =&
H&2 sull $4A9} class 1 integrong 7M1 AATHP<
0.001). sull 425 7H 284 & 1777} class 1 inte—
grone 7HAaL Q1AL sull FAARE 7HA]A] G2 o= class
1 integronsr F w52 7HA| 3L QIR QFobAl sull G d=tT=ollA
class 1 integron®] ¥AE°] &A}THP<0.001). Class 1 inte—
gron® DNA 7|A8& &A% 23 sull 42k 0|9
aacA4, aadAl, aac6’—II Z18)1 qac 5 o8] WAGHA7}
A=At
ZE 1 FAAY 3329 tishE Ao Al E2E S
maltophilia®] TMP/SMX W2 &=}t th24| sul2 F7da%}
of ofgt 7= AR UGkl T2 sull A ]| QA w
A3t 718 gRelsit), E3E sull +4AAR= class 1 inte—
gron®] &JaA Hu}=EH class 1 integrons o1& AR
Hrstal glol, S maltophilia®] HHAIWAES 2 = A
& SHelskT
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