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Involvement of 1S26 Element in the Evolution and Dissemination
of blasyv.:. and blaspv.i:

Jungmin Kim, Haeng-Seop Shin' and Dong-Taek Cho!

Department of Microbiology, College of Medicine, Dankook University,
Department of Microbiology, School of Medicine, Kyungpook National University’

A clinical isolate of Klebsiella pneumoniae X7746 produced the extended-spectrum S-lactamase
(ESBL) SHV-12. A 6.6 kb BamH]I fragment containing the blasuv..2 gene of K7746 strain was
cloned into pCRScriptCAM vector resulting in the recombinant plasmid p7746-C1. The restriction
map of 3.6 kb inserted DNA and sequences immediately surrounding blasyv.1, of p7746-C1 were
homologous to plasmid pMPA2a cartying blasuvz.. In addition, both blasyv.az and blaguvo, were
expressed from a common hybrid promoter made of the -35 region derived from the left inverted
repeat of 1S26 and the -10 region from the blasiry promoter itself. The results indicate that blasuy.i>
and blasyv.., may have evolved from a common ancestor in the sequential order of blagyy.,, first,
followed by blasuy.1,. Furthermore, by the PCR mapping method using primers corresponding to
the 1S26 and blasyy, the association between 1S26 and blasyy was studied in 12 clinical isolates
carrying blasuv., 27 clinical isolates carrying blasuv.iz, and 5 reference strains carrying blasuv.i
to blasuyys. All 39 strains carrying blasuvz. or blasyv.i: were positive by the PCR, providing
confirmative evidence that IS26 has been involved in the evolution and dissemination of blasuv.z.
and blasyv... But 5 reference strains carrying blasuv.a to blasyyvs were negative by the PCR.
Therefore, we concluded that the molecular evolutionary pathway of blasuv.. and blagyv., may
be different from that of other blasuy.gser, €-8., blasnva, blasyys, blasyva, and blasyys.
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AR T blagn® 2AA 3l 1526

A7 ddH e A g 2 o2 49433
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2. Cloning of blasv.12 gene
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Ea Az A AHEE A A4 e Hindlll,
Bglll, Stul, Scal, Clal, Xhol, Pvull, Smal, Pstl,
EcoRl, BamHI, Sall, Kpnl, Hpal, Xbal, Styl, Bgll,
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Figure 1. Restriction map of BamHI fragment (6.6 kb) including blaguy.12, and IS26 of pK7746-Cl1
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FH AVIMES 7T R FEF AT B4 AR
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7} EL S 18} wheba] p7746-Cl clone
blasuviz F+RAA7F 58 3.6 kb region¥} pMPA2a
clone®) blasuva FAA7E £3E 3.6 kb regiond
A9 LY A2 HZHH

blasuy AR} 4379 1S269] EA & £49 T
& QTN E Bnd vt Yo} Lee 572 pBWH
77 plasmidol| A aphA7 -F-A A9} blasuva. F-A 2]
A K-l 1S26 transposase A Z}71 94 X] §F operon
(IAB)S 17319 2.1, IAB operon?] promotery=
Y 271 1S26 element2] IRS (inverted repeat)=. ©|
F0]Z hybrid promotero] ™ aphA7 - A} operon
3} blasuva. A} operono] @82 A ol A
2z} operon®] il promoterv= 4:-4l ¥ 31 hybrid I1S26
promoter’} A ¥ IAB operono] A H Y-S AL
2 B338l4t} &, Naas 5'9& P. geruginosa T3
2] pPa-1 plasmidoll Al SA] blasuv. FARY] A4
o} 1S26°] Q1A 3k 2.9 kb 4+<] DNAL] 714 B o)

45 46 60 61 75 76 90

pK7746-C1(SHV-12) CAGCATCTCCTGCAG CTCACGGTAACTGAT GCCGTATTTGCAGTA CCAGCGTACGGCCCA CAGAATGATGTCACG CTGAAAATGCCGGCC

pMPA2a (SHV-2a) - -

prK105 (SHV-11)  ===--=-mmmmmoms mmmmmommmmoome oo
ACTTTCTTATACTT C-ATC--ACGGCCT- ----- TGA-GTCAA- —--AAAATAGCGTGC

AF124984 (SHV-1)

91 105 106 120 121

1S26-1R.
165 16 180

135 136 150 151

pK7746-C1(SHV-12) TTTGAATGGGTTCAT GTGCAGCTCCATCAG CAAAAGGGGATGATA AGTTT---ATCACCA CCGACTATTTGCAAC AGTGCCAA-CGCCGG

Tnp26. start

pMPAZa (SHV-2a) == =-mmmmmmcmmw oo oo

pmK105 (SHV-11)

-35

AF124984 (SHV-1) TTAGGCAGGGCT-AG ATATTGATTATTC-G AAATAAAAGATGAAA AATGATGAAGGAAAA AAGAGGAATTGTGAA TCAGCAAAACGCCGG

-10

225 226 240 241 255 256 270

pK7746-C1(SHV-12) GTTATTCTTATTTIGT CGCTTCTTTACTCGC CTTTATCGGCCTTCA CTCAAGGATGTATTG TGGTTATGCGTTATA TTCGCCTGIGTATTA

-35
181 195 196 210 211
-10
pMPA2a (SHV-2a)  —==~-m--momoem —mmooomoooeee oo
puK105 (SHV-11)  —===-mommmmmmes mmomomooooooooe oo
AF124984 (SHV-1) -------m-=--oms —ommommoommoos oo
271 285 286 300 301

blagw start

315 316 330 331 345 346 360

pK7746-C1(SHV-12) TCTCCCTGTTAGCCA CCCTGCCGCTGGCGG TACACGCCAGCCCGC AGCCGCTTGAGCAAA TTAAACAAAGCGAAA GCCAGCTGTCGGGCC

pWPAZa (SHV-28)  ==-=--mmmmmoms momeesmoooooos ooooe
PIK105 (SHV-11)  =mmm-nmmmmmmoms —oomoooomooome oo
AF124984 (SHV-1) ----~n-mmmmmmoe mmemoooooooooe —mooeoe

_____________________________ | P

Figure 2. Continued
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Nuesch-Inderbinen 5?0} X 313 pMPA2a clone2]
3 299 5Y9TS Bl .o, promoter §
A] native blasuv.2, promoter] -10 sequenceol] 1S26-
IR f-2) 2] -35 sequence’} Eall 2 hybrid promoter
9E B3t} blasuva. BTto] ofvEl A2
Ahamed 509l ©] 3] Shigella dysenteriaecl| X £-)
H blaswva FAAFE] FINIHE BAAME -10 se-
quence ‘37 9 G0 blasvaTt FAM3] A gl
-35 sequence”} Podbielski S20] K 113t blagiy2.]
-35 promotere} U3t Bttt £ QT4
Al B3l p7746-C19] blasuvaz S A] -35 promoter se-
quence (5'-TTGCAA)7}- blasﬂv.zalg)-q' blas}[v.nl).q 31
3} BU ST blasuva™, blasuv2'"9} blasuy.s™2)
-35 promoter sequence (5'-TTGATT)S+ @t
(Fig. 2). o] ¢} %] blasuvai, blasuv2.9 blasuv.122]
bla A QA 37 9 18269 A9 A

361 375 376 390 391

AL promotery} T A E A& blasuva, bla
suv-2} blasuv120] AT A2 T H 24
DAA R FAHARE AY3| AAL g
blasuv FAAe] A7 E EXNM T blasuv-u,
blasuv2.9} blasuv.2 blasuya9] 35 otw] =4} leu-
cinee] glutamine© 2 X $5) & @714 Q) o)
Z 3530z Bgsta P, 19973 Nuesch-
Inderbinen 599 o)&] &0 2 ¥EA blasuv-u
S AL blasuvaol] 35 o9 =49 glutamine ¥
o7t A7t o 3le, blasuva A AE blasava
A =}9] 238 o}n|=Abo] serineL 22) Wo] (bla
suv2)ll 35 o}w| =49 glutamine ¥ o|7} H 7}
o] A3, blaspvaz SRR blasuva A AHe] 238
olu] ;= Ab serine ¥ o], 240 o}m] ;= At lysine H o)
(blasuv.s)oll 35 o}uj = 4t2] glutamine W o] 7} A7}
o] St} blasuv.ii, blasnv229} blasuv.12] 359 o}

405 406 420 421 435 436 450

pK7746-C1(SHV-12) GCGTAGGCATGATAG AAATGGATCTGGCCA GCGGCCGCACGCTGA CCGCCTGGCGCGCCG ATGAACGCTTTCCCA TGATGAGCACCTTTA

pMPA2a- (SHV-2a)
puK105 (SHV-11)

AF124984 (SHV-1) =-=-m-nmmmmmmmn mmmmmoomommoos eooo

451 465 466 480 481

495 496 510 511 525 526 540

pK7746-C1(SHV-12) AAGTAGTGCTCTGCG GCGCAGTGCTGGCGC GGGTGGATGCCGGTG ACGAACAGCTGGAGC GAAAGATCCACTATC GCCAGCAGGATCTGG

pMPA2a (SHV-2a)
pEK105 (SHV-11)

AF124984 (SHV-1) =--mmmmmmmomos moomoooooooo cooooos

541 555 556 570 571

585 586 600 601 615 616 630

pK7746-C1(SHV-12) TGGACTACTCGCCGG TCAGCGAAAAACACC TTGCCGACGGCATGA CGGTCGGCGAACTCT GCGCCGCCGCCATTA CCATGAGCGATAACA

pMPA2a (SHV-2a)
poK105 (SHV-11)

AF124984 {SHV-1) -=--rmmmmmm=mom mmmomoocomomeo e

631 645 646 660 661

675 676 690 691 705 706 720

pK7746-C1(SHV-12) GCGCCGCCAATCTGC TGCTGGCCACCGTCG GCGGCCCCGCAGGAT TGACTGCCTTTTTGC GCCAGATCGGCGACA ACGTCACCCGCCTTG

pMPA2a (SHV-2a)  ------------m-- - G---mmommmmm s o

puk105 (SHV-11)  —-—--=-------== - G-mmmmmm oo mmme

AF124984 (SHV-1) ------r-----moc - Am-mmmmmmmen memeeee
721 735 736 750 751

765 766 780 781 795 796 810

pK7746-C1(SHV-12) ACCGCTGGGAAACGG AACTGAATGAGGCGC TTCCCGGCGACGCCC GCGACACCACTACCC CGGCCAGCATGGCCG CGACCCTGCGCAAGC

pMPA2a (SHV-2a)
pokK105 (SHV-11)

AF124984 (SHV-1) =--=s=mnmmsmmms —ocosmmoocooe oo

Figure 2. Continued
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811 825 826 840 841

855 856 870 871 885 886 900

pK7746-C1(SHV-12) TGCTGACCAGCCAGC GTCTGAGCGCCCGTT CGCAACGGCAGCTGC TGCAGTGGATGGTGG ACGATCGGGTCGCCG GACCGTTGATCCGCT

pMPA2a (SHV-2a) = —=~—-m-mmmmmmee oo ---

puK105 (SHV-11) -- R

AF124984 (SHV-1) -=---mmsmmmmmms meococmmoos oo

901 915 916 930 931

945 946 960 961 975 976 990

pK7746-C1(SHV-12) CCGTGCTGCCGGCGG GCTGGTTTATCGCCG ATAAGACCGGAGCTA GCAAGCGGGGTGCGC GCGGGATTGTCGCCC TGCTTGGCCCGAATA

pMPA2a (SHV-2a)  ——--memmmmmmmm oo e
PIKI05 (SHU-11)  =m==m-mmmmmmmme —oomomeooo o
AF124984 (SHV-1)  ==mmmmmmmmmmoom moeococmmeo o

991 1005 1006

1020 1021

1035 1036 1050 1051 1065 1066 1080

pK7746-C1(SHV-12) ACAAAGCAGAGCGCA TTGTGGTGATTTATC TGCGGGATACGCCGG CGAGCATGGCCGAGC GAAATCAGCAAATCG CCGGGATCGGCGCGG

PMPAZa (SHV-23)  ~-mmmmmmmmmmm s oo
PUKI05 (SHV-11)  —-mmmmmmmmmmm mmmomemmoe cooeoe
AF124984 (SHV-1) =-mmmmmmmmsomm —momommomeeoe oo

U
mm G mm e e e
O

1125 1126

1081 1095 1096 1110 1111
pK7746-C1{SHV-12) CGCTGATCGAGCACT GGCAACGCTAAGCCG GCGGTGGCCGCGCGC GTTATCCGG
blasw end
pMPA2a (SHV-2a)  —==---mmmmmmemm oo
pmK105 (SHV-11)  —=-mommmmmmm oo oo
AF124984 (SHV-1) -—---=mmmmmmmme oo C---

Figure 2. Nucleotide sequences of the flanking and coding regions of the blagyy.i2, blasivz.t; blasuvii,
and blasyy..*>. The boxed sequence correspond to the left inverted repeat (IR.) of IS26, the -35 and -10 pro-

moter sequences are those described by Podbielski et al.'”).

0] =4t Mol & Podbielski S0 2] active site
7Zbold Aoz HausHdxn dAz FHAHG
A WA 78 S YOIA E SHV-13} SHV-
11, SHV-2¢} SHV-2a, SHV-58} SHV-12& A 2 &
Areke] EAR) 9% FEE A Bt
.8, o] Mol blasay FAAe] LA sk Q)
#9345 244 A3e) WA F287
K. pneumoniae®] chromosomal Blactamases Z2] 3}
U9l blaren?9] 359 ofu] AT} FU3M, bla
Len12] promoter & A] blaren.1 9] A H-ol] 18260} A+
Ad=jo} A A H hybrid promoter2A] blasuv-11,
blasuv-2.9} blasuv-122] promoters} 54 3t} o] =
blasuv.i, blasuyv-2.9} blasuv-127} blasuv.1°] oFd bla
il A FAHAE 75 AT Yo,
FHO 2= blasuva FAZL] AR 1826 mobile
element7} 4 =B A blasuv1°] FYHA S 7H5
AX WA F& ok ol"E Aol blasv,
blasuy.2%} blaspv.ine B LT SA A 2 24
blasuv.1l A G238S o} At Hol7l H71E bla
suva/F A E Q31, blasuv2,9lA4] E240L o}n| =4k

Hol7} AR blasuv129] €42 JFHAS A
o= yztech

39, Lee 527} Podbielski E!*¢]| 2] &) bla
suv-222] hybrid promoter= =l -$- 733 3} promotor<]
Aoz By, Podbielski 9 ¥ & SHV
-29} SHV-2a E 4 A 9] cefotaximeo)] o & 7}
2] 222 $A18A ZB5 promoter x}o]ol] 2]
SHV-2a 2} 7 o] SHV-2 2H4 dFo) v] 3] ce-
fotaximeo] W3k MIC7} 6] 2 & 4 Yg&2 B
313 v} glrh SHV-12 9 A) SHV-59} 71483 5
2 9] o] B0} 3}x) ¥k SHV-12 AFA] F39] ce-
ftazidimeo] 1} aztreonamol] ) 3+ MIC= SHV-5 4+
Ay FF vl B8R 5. p7746-C19] blasuv-12
2] promoter 9 A] Podbielski 5'29) blasuy.22] pro-
motor®} FA5}7] Wl Eof] SHV-129} SHV-S 4448
T3¢ MIC zto] gA] F H4 9] promoter A}o]
o 93 Aeo® dyd 4 & A 2} SHV-12
A #FE 733§ hybrid promoterol] 2] 3k SHV-
12 B4 #LdEH o = ceftazidimeo] L} aztreonamel]
i gk MIC7} SHV-5 A4 5ol Hl3} 22 R
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Figure 3. A diagram of the evolutionary relation-
ship between members of the SHV family of Blac-
tamases. The small numbers between boxes indicate
the position of the amino acid substitution respon-
sible for the change in characteristics of the indivi-
dual enzymes. Three bla genes of blagyy.iy. blasyy.o,,
and blagyv.y, have the same amino acid substitution
of L35Q and are expressed from a common hybrid
promoter made of the -35 region derived from the
left inverted repeat of IS26 and the -10 region from
the blagyy promoter itself. Therefore, blasyy.11. bla
suv-2s, and blasyy.;; were probably evolved from a
common ancestor in the sequential order of blagyy.11
first, blasyy.,. second and then blasyy.;,- While bla
SHV-2+ blasﬂv.g, blasﬂv_4, and blasﬂv_s have no IS26 se-
quence in the upstream noncoding region, suggesting
that blasyv., and blasyy.,, have a separate evolu-
tionary development.

2 A4
2. Association between blasyy and 1S26

7191 A blasuvaz FAAS] AF &l 1526
insertion sequence7} 4} H oA -] &<l H )
w2} blasyy AL A 7 slel glo] A 1826
insertion sequence®] 7|9} QH-& <olW 12} SHV-
1, SHV-2, SHV-3, SHV-4, SHV-5 24 ®2 23,
SHV-2a A4 914+ 2] 3 123, SHV-12 A4 9
& B F 2758 W o R 1526 HrAEAte ZE
2 Q) primers} blasuy F- A Apol] 43 H A Q) primerE
o] &3t} PCR mappingZ At ch. 1 A3
SHV-2a9} SHV-12 AFA) 9] A} B2l 43 39F 1
Foll A= K7746 59 5D 35HA 394 bpe] PCR
AFE-S 39131 1), SHV-1, SHV-2, SHV-3, SHV-
4, SHV-5 34 & dFolA = PCR 4HEo] &
Z 5} 2] g9kt}. IS26 transposase AHAY A z}ol] &
o] <l primerg AF&% ETHE PCR A @M%
SHV-1, -2, -3, -4¢} SHV-5 24 B& @39 A%
<4 A#E Vel o], blasuva, blasuv-, blasuv.s,

blasuv, blasav.s FrARAE S blasuvatt blasuva¢}
£ 2 blaswve] A FH F Gl 15269 4
Qo] ZAHA Bgo] FAANAT o] & 1526 mo-
bile element”} blasuv2:} blasavz A ALS] EA}
A Ago= T8 & Ao blasuvz, bla
suv.3, blasuvalt blasuv.s FRAAEL] EA4 73
e MYSEA ERES AASHe 2 ZA, bla
suv-22} blasuvoe THE blasuy A R} o} WAy &3
Q1 FAt GE SHeAol WE S AAMEln
sich.

o] & blasuvaat= blasuv2©ll 35 o}u] x=4te] gluta-
mine ¥ 0]7} A7t o] FAYE A, blaswv-nes bla
suvsol] 35 o}m] ;= 4te] glutamine W o} 7} H 715 o]
A H AL Aolgts AF7A 9 F350] FRH
UeS BAFE F2% dIoltt. ArlaA 4
oy upot é‘o] blasuv2.%} blasuv12= blasny.113%
FYE F A blasuvas — blasuvza — blasnvaz
9] ’E‘)‘ii 73_3_7—]'5] ﬁ%ol 7‘]9] Q'/é]%]'tq, blasuv1
£ 1826°) blasuv19) coding region BFE A F-o)] Af
PHEA o Y70 HWo| 2 A58k blasuva] 35
¥ o}n] =4} leucineo] glutamine 2.2 X3 ¥ bla
suv11®] FHAHUAL A o2 Q7T 47 o) A F
3t %0l blaena oAl HAH Y-S 7Hed S WA
& 4= gloh

AZ2H 22 blasuv.2®} blasuva2= THE blasuy-
ESBL %62}% %—, blasﬂv,z, blasuy.s, blas}{v.49—]- bla
suvs)BE OhE BEAA 238 A28 53t B4
HAS o2 A, o)A} 2} E R F
&3] Fig. 39l blaswve] 2 E7 Fe & wrAdst
< blasuv FAAY] ExA 23 2d & A A5}
1t

o1 del A7 A FPehe] B o) FhoA
&3] 2|5 SHVE ESBLZA SHV-2a9} SHV-
127} =A< AL otvlE blasuv-2.9} blasuvaz
FRAAF S A ErE A Z oAl blasyv.ol Al
E240L o}u| =4 ol 7t A7 blaswv28) &A=
231 = A& B ol T2 blasuvese. FA A}
€ UE EAA M3 ARdA FHREAs g7
A AZ YZAEG = B A= 93 2

FZ A S E blasuvza, blasuv-129} 1S26 mobile
elment®] A E AH T ZH oA WA &
AAe} EAA 718he} Fatol]l glojA] IS element
9] F9 AL AVIsE e, & A7 23
1826 FA R} FR A primer} blasuy -7 Ztel]
/38 2 9l primerE ©]-&% PCR mapping 4y &
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A4 B FA blasvast blasuy122] EAZE bla
suv-1, blasuv., blasuy.s, blasuva\} blasuys$} 788}
o AL+ YE F4T POl L+ UL A
oz gzaY,

2 B

B QTN E FRAA g 29 Bese
SHV-ESBL o} Q] SHV-12 &2 A4 88 Abe]
DA FAE F3357] 9)5te] SHV-12 A4
A3 ®el 73 (K pneumoniae K1746)E )4} 2.
E blasuv.a: FAZY 7 FH R E cloningdlo]
HFAAL A= E 2433l sequencing2 A A} 3k Th
T3}, SHV-1, SHV-2, SHV-3, SHV4, SHV-5 AF&)
®F A5, SHV-2a 24 94 ¥l 353 123, 1
2]31 SHV-12 4ty At B2l d5 2735 e
Z A7)9) K7746 T3 Y3t TZZ blasuy F
AR} EASeR & A g3 2e 23
g Ak

1. K. pneumoniae K7746 @52 A2 2 bla
suv-12 A 2] cloningS A|X=3% 23 6.6 kb
BamH1 A¥ o] A48 p7746-Cl plasmid & 3} 53}
i},

2. p7746-C1 plasmid®] A3t §4 X =& ZHA 3}
Aon, bla FHAe} 2 FH G714 Q £ A
blasuy..; FA ALY vl 2 /5ol insertion sequence
1S26°] A3, o] FAHUAT

3. blasuv-29F I H9 71 L i G
A Ee] 45A 7 A Nuesch-Inderbinen %-0)
B 513 pMPA2a clone?] blasivz: S A AE £ 85t
3 FA 7N FY el WEH 2, p7746-
C1 cloneq] A3+ &4 X = GA] pMPA2a clones]
7ML S 7€ E F5F A AL N5
FLEo] FAH A

4. 1826 transposase - 22} blasuy.: A&}
242} $H A9 primer® o] &3ho] PCR mapping S
A& 23} SHV-2a5} SHV-12 44 FFE 395
BFo A K7746 5% TL T PCR A E0] &
%9121} SHV-1, SHV-2, SHV-3, SHV-4, SHV-5
A XFE FFoHE PCR 24 23 E Ve
At

olde] ARz A oA £3] ®elH & SHV
¥ ESBLEA] SHV-2a%} SHV-127F 45 & AL
o} vl blasuv2.9} blasuvaz FAX7E BY 8 234
812 7 2o A blasuv29 4] E240L o}n] Al ¥ o]

7H A7HR blaswvand) €A 2 DIHEA G B of
Yl & blasyvess, ARG} G E BAE A
3 ARAA A7 W Rolgtm & £ Y&
Aot = B AT e blasuv-a, blasav1$}
I1S26 element2] A WA S FHET =N T4 W
4 %272 BA2 Azfst Fato] SI1A IS el
ment®] F 84S A 7] 8 o}
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