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The dissemination of genetic elements encoding VEB-type �-lactamases among
Gram-negative bacteria has become a public health concern worldwide (1, 2).

Recently, a blaVEB-2 gene was detected in a novel plasmid in Vibrio parahaemolyticus, an
important foodborne pathogen causing gastroenteritis in humans (3, 4). Following our
previous study (4), we investigated the genetic features of a novel blaVEB-18 variant in
V. parahaemolyticus and Vibrio alginolyticus, both of which belong to the Vibrio harveyi
clade.

Isolates of V. parahaemolyticus VPS72 and V. alginolyticus VAS24 were obtained from
shrimp samples in supermarkets in Shenzhen, China, in 2015. These two isolates were
shown to be resistant to cephalosporin antibiotics by determination of the MICs by
the broth microdilution method in accordance with the CLSI standard (5). PCR
assays performed as previously described identified a blaVEB-type extended-spectrum
�-lactamase (ESBL)-encoding gene in these two isolates (6). The full length of blaVEB

alleles was amplified with primers VEB-F (ATGAAAATCGTAAAAAGGAT) and VEB-R
(TTATTTATTCAAATAGTAAT) and sequenced by the Sanger method. Sequences of the
blaVEB PCR products obtained from VPS72 and VAS24 showed that they belong to a
new blaVEB variant, the deduced amino acid sequence of which revealed the presence
of three substitutions (V19A, T104M, and N294D) compared with VEB-1. We designated
this new blaVEB allele blaVEB-18 (accession no. NG_051319). To check for the activity of
the novel �-lactamase, VEB-18, the entire coding sequence of VEB-18 was amplified
with primers VEB18-F (GAGAAGATCATCACCA) and VEB-R (TTATTTATTCAAATAGTAAT),
purified, and cloned into the pCR2.1-TOPO vector to obtain pCR2.1-blaVEB-18. Escherichia
coli DH5� carrying pCR2.1-blaVEB-18 and pCR2.1-blaVEB-2 exhibited similar cefotaxime,
ceftazidime, and ceftriaxone MICs of 8 to 16 mg/liter, suggesting that this variant
exhibits activity similar to that of VEB-2.

A conjugation experiment performed as previously described (7) showed that the
blaVEB-18 gene in V. parahaemolyticus VAS24 was transferred to E. coli J53 (Azr), whereas
the cephalosporin resistance phenotype encoded by the blaVEB-18 gene in V. algino-
lyticus VPS72 could not be transferred to E. coli J53. However, the gene could be
transferred to E. coli TG1 through electroporation. S1 pulsed-field gel electrophoresis
(PFGE) analysis of VPS72, VAS24, and their corresponding transformant/transconjugant
strains showed that one of the parental strains, VAS24, contained one plasmid of �240
kb, yet no plasmid was observed in the other three strains. A Southern hybridization
experiment showed that the blaVEB-18 probe could not be positively hybridized to either
the chromosome or plasmids in these strains. These data suggested that the blaVEB-18

allele may be harbored by small plasmids that could not be detected by S1 PFGE and
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hybridization experiments. Plasmids extracted from the transformant/transconjugant
strains of VPS72 and VAS24 with the Qiagen Midi kit could be visualized on regular
agarose gel with a size of �7 to 9 kb (data not shown).

These plasmids were subjected to Illumina sequencing and then de novo assembly
by SPAdes 3.5 (8). The blaVEB-bearing contigs were circularized by the primer-walking
method. The blaVEB-18-bearing plasmid obtained from strain VPS72, pVPS72-VEB
(accession no. KX539265), was found to be 7, 831 bp in length. The backbone of
pVPS72-VEB was found to be similar to that of small, broad-host-range, IncQ-like
plasmids with sizes of 5.1 to 14.2 kb (9). A BLASTn search of the nr database for the
blaVEB-18 gene cassette indicated that it is a novel gene cassette and the blaVEB-aadB
gene fragment could be found in different integrons in the NCBI database. Similarly,
pVAS24-VEB (accession no. KX575838), which harbors the blaVEB-18 gene, is also an
IncQ-like plasmid that exhibits homology with pVPS72-VEB, with IS186 inserted in a
region between aadB and repA, resulting in a 13-bp target site duplication (Fig. 1). This
event is similar to that mediated by IS186 in E. coli, which prefers to target the
palindromic sequence structure 5=-GGGG(N6/N7)CCCC-3= (10). The most similar back-
bone structure, with 86% identity to pVPS72-VEB and pVAS24-VEB, was found in an
IncQ plasmid, pMS260, in Actinobacillus pleuropneumoniae (Fig. 1) (11). It has been
reported that IncQ plasmids are highly mobilizable with the help of large conjugative
plasmids and are able to nonselectively capture resistance genes in the environment
(9). The pVAS24-VEB plasmid was transferrable in a conjugation assay; however, no
transconjugant could be harvested for pVPS72-VEB. The �240-kb plasmid in VAS24
may be a conjugative plasmid that enabled the transfer of pVAS24-VEB to other
bacteria. Although IncQ-type plasmids have been detected in various environmen-
tal niches, in various species of bacteria, and even in plants, this report is the first
description of IncQ plasmids harboring blaVEB-18 in V. parahaemolyticus and V.
alginolyticus. Because of their broad host range and wide distribution in various
bacterial species, the discovery of IncQ plasmids harboring cephalosporinase genes
would pose a significant threat to human health since they may facilitate the spread
of this ESBL gene among aquatic pathogens or the transmission of such genes from
aquatic bacteria to other pathogens.
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FIG 1 Schematic representation of the alignment of plasmids pVAS24-VEB, pVPS72-VEB, and pMS260 with similar
IncQ plasmid backbones. The two red rectangles surrounding IS186 denote the left and right inverted repeats. The
13-bp segment is the target site duplication upon the insertion of IS186. Red arrows indicate the resistance genes,
and blue arrows stand for maintenance genes in plasmids. The gray scale at the bottom right depicts percentages
of sequence homology.
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