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ments in Klebsiella pneumoniae, the beta-lactamase genes from 240 clinical Klebsiella pneumoniae isolates were stud-

ied. blacars.2, @ Nnewly characterized gene, was extensively investigated utilizing next-generation sequencing, PCR, molec-

ular cloning, conjugation, and comparative genomics analysis. We identified 11 beta-lactamase genes among the 240 clini-

cal Klebsiella pneumoniae isolates; the blacarg.2 gene exists only in one specific isolate (Klebsiella pneumoniae KP1276)

(1/240, 0.42%). The blacars-2 gene lies on a conjugative plasmid pKP1276-82, a 182,450-bp plasmid, which encodes 222

open reading frames. The plasmid has seven resistance genes, termed blacars.-2, blak uc, aadAl, aadA2, cmlAl, dfrAl, and

sul2. Among these genes, blacars.» Was identified for the first time in Klebsiella pneumoniae. Four of these resistance genes

and an int gene form a class 1 integron (int-blacars.,-aadA2-cmlAl-aadAl). Further studies show that the blacags.2, @aadA2,

and cmlAl genes are resistant to their corresponding antibiotics and the blacars, €xhibits higher resistance activities to

penicillin beta-lactams. These results reveal the possibility of horizontal transfer of the resistance genes and dissemination

of resistance among bacteria of different genera or species of Enterobacteriaceae.
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Table 1 Coverage and redundancy of the beta-lac-

tamase genes in the Klebsiella pneumoniae

genomes
a b c

blacars GU188441.1 1 8.51
blaoke-a FJ534513.1 0.99 13.24
blakpc KU176944.1 1 40.39
bla en AJ635425.1 1 21.33
blakiuc NG_041577.1 1 7.92
blapua JX495964.1 1 98.72
blasny KF585134.1 1 652.56
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blaoxa CP013657.1 1 24.31
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Table 2 Primers for the resistance genes and the cloning vectors
( ) (5-3) (bp)

CARB_SF ACTCGTATAGGTGTTTCCGTTCT 314

CARB_SR CCAATTTGTCTTAAAAAATCAGTAA

CREB-FF (EcoR 1) CGGAATTCATGCTTTTATATAAAATGTG 932 pET28a
CREB-FR (Sal I ) ACGCGTCGACTCAGCGCGACTGTGATGTAT

AadA2-FF (EcoR I) CGGAATTCATGGCGGCGTTAGACATCAT 822 pUCP20
AadA2-FR (Hind I11) CCAAGCTTTCATTTACCAACTGACTTGA

CmlA1-FF (EcoR I) CGGAATTCGTGAGCTCAAAAAACTTTAG 1276 pUCP24
CmlA1-FR (Hind I11) CCAAGCTTTCAACGATTGGGATTTGATG

#* 3 MHXBEKRHTZHMEMIC)NE L R (ng/mL)
Table 3 MIC results of the strains (ng/mL)

CTX CAZ CRO FEP ATM PIP TZP AMP CL STR CB CBTB

KP1276 64 8 128 32 64 >512 8 >512 16 >64 >512 >64
pKP1276-182/EC600 4 1 8 2 4 128 4 >512 8 >64 >512 >64
EC600 <0.5 <0.5 <0.5 <0.5 <0.5 2 2 2 2 2 8 8
CTX CAZ CRO FEP ATM PIP TZP

AMP CL STR CB CBTB

4 pKP1276-182 4R A5 HY FIUMI i 24 14 £ ) 5 B2 BE B AN 2 M A E R RIS LIRSS R
Table 4 Comparison of the predicted resistance genes encoded on pKP1276-182 with the homologous genes in
public databases

ORF (bp) (%) (%)
blacage-2 KP345882 1074 100 100
blakuc NG_041577 876 100 100
aadAl KT316807 596 100 100
aadA2 CP011317 810 100 100
cmlAL KT334335 1260 100 100
dfrAl CP013690 474 100 100
sul2 CP013690 816 100 100
1 blacars-2 aadA2
cmlAl)
NCBI GenBank PCR (ORF)
1 ( 4 ( 2) blacare2  cmIAl PCR
) 1 pET28a pUCP24(
3 (int-blacars-2- ) aadA2 PCR
aadA2-cmlAl KP345882.1 CP010391.1 )( 1) pUCP20 ( )
BL21( )

25 TAMERNRRESIEENE
& S EhhE! (PUCP24-blacars.2/BL21  pUCP24-cmlIAL/

3 ORF ( B- BL21 pUCP20-aadA2/BL21)
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Fig. 1 Structure of the blacagrs.o related class 1 integron
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Table 5 MIC results of the strains (ng/mL)

CTX CAZ CRO FEP ATM PIP TZP AMP CL STR CB CBTB

pET28a-blacars/BL21 <0.5 <0.5 <0.5 <0.5 <0.5 64 0.5 4 2 2 256 4
pET28a/BL21 <0.5 <0.5 <0.5 <0.5 <0.5 1 0.5 1 2 2 4 4
BL21 <0.5 <0.5 <0.5 <0.5 <0.5 1 0.5 1 2 2 4 4
pUCP20- aadA2/ DH5a <0.5 <0.5 <0.5 <0.5 <0.5 1 0.5 >512 2 >64 - -
pUCP20/DH5a <0.5 <0.5 <0.5 <0.5 <0.5 1 0.5 >512 2 2 - -
pUCP24- cmlA1/ DH5a <0.5 <0.5 <0.5 <0.5 <0.5 1 0.5 1 16 2 - -
pUCP24/DH5a <0.5 <0.5 <0.5 <0.5 <0.5 1 0.5 1 2 2 - -
DH5a <0.5 <0.5 <0.5 <0.5 <0.5 1 0.5 1 2 2 - -
ATCC25922 <0.5 <0.5 <0.5 <0.5 <0.5 1 0.5 2 4 2 16 16
CTX CAZ: CRO FEP ATM PIP TZP

AMP CL STR CB CBTB - -
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