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Study on resistant mechanism of two clinical strains of Enterobacter aero-
genes to ertapenem

ZHANG Xiao » SONG Shi-duo , QI Wei ,WANG Shu-xiang , GUO Wen-zue ( Tianjin Institute
of Infectious Diseases , The Second Hospital of Tianjin Medical University , Tianjin 300211,
China)

[Abstract] Objective To study resistant mechanisms of two clinical strains of Enterobacter aerogenes (Ea293 and
Ea2880) to ertapenem. Methods The minimum inhibitory concentrations (MICs) of antimicrobial agents were de-
termined by microbroth dilution method, drug resistance of strains to imipenem, meropenem, and ertapenem were
determined by K-B test; carbapenemase was confirmed by modified Hodge test, carbapenemase genes(KPC, IMP-1
group, IMP-2 group, VIM), broad-spectrum and extended-spectrum B-lactamases genes (TEM, SHV, CTX-M-1
group, CTX-M-2 group,CTX-M-9 group) were amplified by polymerase chain reaction (PCR), and sequences were
analysed; Outer membrane protein (Omp) was analyzed by sodium dodecylsulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and the coding gene OmpE36 was amplified by PCR. Results  Antimicrobial susceptibility test
showed that Ea293 and Ea2880 were all resistant to ertapenem. Among amplified 4 carbapenemase genes and 5
broad-spectrum and extended-spectrum genes, only blaSHV and blaCTX-M-9 group ESBLs in Ea2880 were posi-
tive, BlaSHV DNA sequence was SHV-11 type. SDS-PAGE showed that compared with ertapenem-sensitive isolate
Eal1885, ertapenem-resistant isolate Ea293 and Ea2880 lacked the protein band with 42kD which might be the outer
membrane protein gene OmpE36. OmpE36 was amplified by PCR, Ea2880 appeared the excepted bands, but Ea293
didn’t. The similarity of DNA and amino acid sequences of OmpE36 of Ea2880 with the standard Enterobacter aero-

genes ATCC13048 from GenBank were both 87%. Conclusion The resistance of clinical strains of Enterobacter
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aerogenes Ea293 and Ea2880 to ertapenem might be associated with the loss of outer membrane protein gene

OmpE36. Furthermore, Ea2880 might be associated with production of CTX-M-9 group ESBLs.

[Key wordsj Enterobacter aerogenes ; ertapenem; Carbapcncmascs; CXtCHdCd*SpCCU‘le B*lactamascs s genes; outer

membrane protein gene; sequence analysis;drug resistance, microbial
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Table 1 Primer sequence, location and length of product in PCR

FIpRE PP G 3D N E SN BE (bp)

KPC F CGGCTTGCTGGACACAC +261~ +277 612
R TTGACGCCCAATCCCTCG + 855~ +872

IMP-1 4 F ACGGGCGGAATAGAGTGG +301~ +318 397
R TAACCGCCTGCTCTAATGT + 679~ + 697

IMP-2 2 FGTTTTATGTGTATGCTTCC +16~+34 724
R AGTTACTTGGCTGTGATGGT + 720~ + 739

VIM F GGTGAGTATCCGACAGT +91~+107 608
R GCTTCCGGGTAGTG + 685~ + 698

TEM F TTTCCGTGTCGCCCTTAT +15~+32 630
R GCAACTTTATCCGCCTCC +0627~ + 644

SHV F TCTCCCTGTTAGCCACCCTG +26~ 145 593
R CCACTGCAGCAGCTGCCGTT +599~ + 618

CTX-M-14 F ATTAGAGCGGCAGTCGG +117~+133 587
R CCACAACCCAGGAAGCAG + 686~ +703

CTX-M-2 4H F ACGCTACCCCTGCTATT +46~+62 581
R TGTGCCCGCTGAGTTTC + 610~ + 626

CTX-M-9 4 F ATGGTGACAAAGAGAGTGCA +1~+20 870
R CCCTTCGGCGATGATTCTC +852~ + 870

R2 12 FHURE LY AT E G R MIC (pg/ml)
Table 2 Minimal inhibitory concentration of 12 kinds of an-
timicrobial agents to clinical strains of Enterobacter

aerogenes (ug/mlL)

o MIC
HEZY) Ea293 Ea2880 Ea1885
LVX 1 4 <0. 06
CIP 1 >3 <0. 06
FEP 64 =64 <0.5
CAZ 64 64 <0.5
OFX 2 4 <0. 06
AMK 32 8 <0.5

PFP 256 =256 16
CTX 32 =64 <0.5
CFP 64 =64 <0.5
CRO 32 =64 <0.5
SCF 32 =64 <1
GEN 4 64 <1
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Eal1885;3:Ea293;4. ATCC 25922)

1 PSRRI R Hodge 1086
Figure 1 Modified Hodge test for clinical strains of Enter-

obacter aerogenes
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Figure 2 PCR results of B-lactamase genes for clinical

strains of Enterobacter aerogenes
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Figure 3 SDS -PAGE map of out membrane protein in clini-

cal strains of Enterobacter aerogenes
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Figure 4 PCR result of outer membrane protein gene
OmpE36 in clinical strains of Enterobacter aero-
genes
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CTGCAGTATCAGGGT AAAAACGGCAGCGTCAGCGGCGAAGGCGCTCTGTCTCCTACCAAC
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CTGCAGTACCAGGGT AAAAACGGCAGCGTGAGCGGCGAAG—————~ ATCAGACCAAC
AACGGTCGTACCGCCTTGAAACAGAACGGCGACGGTTACGGTACTTCTCTGACCTATGAC

R R I A T T

AACGGTCGTGACT TCCAGAAACAGAACGGCGAAGGCT TCGGCACCTCCGT AACTTATGAT
ATCTATGATGGCATCAGCGCTGGTTTCGCATACTCTAACTCCAAACGT CTTGGCGACCAG
T TEEEEEEEEE TR P e e P ek
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LT LT N ERREE |1
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5 PEEJHFFEIG R Ea2880 SHEMERE ATCC 13048 SMETE 15 F OmpE36 #4055 Xt
Figure 5 Partial DNA sequence alignment of outer menbrane protein gene OmpE36 of Ea2880 and ATCC13048
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Figure 6 Partial amino acid sequence alignment of outer membrane protein gene OmpE36 of Ea2880 and ATCC13048
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Figure 7 Transmembrane segment map of Ea2880(A) and
ATCC13048(B)
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