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Abstract Achromobacter xylosoxidans is increasingly
being documented in cystic fibrosis patients. The blagxa.
114 gene has been recognized as a naturally occurring
chromosomal gene, exhibiting different allelic variants. In
the population under study, the blaoxa-11s-1ike gENE Was
found in 19/19 non-epidemiological-related clinical iso-
lates of A. xylosoxidans with ten different alleles including
1 novel OXA-114 variant.
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Introduction

Infections due to Achromobacter xylosoxidans, the most
frequent species among Achromobacter spp. isolates, have
been increasingly documented in immunocompromised
and cystic fibrosis (CF) patients [1, 8, 10, 13]. Since
accurate identification of A. xylosoxidans is difficult, in
2011, Turton et al. [15] proposed the amplification of the
blaoxa-114 gene as a PCR based method for specific
identification of this species.

Previous studies have investigated the presence of
blagxa-114 among A. xylosoxidans clinical isolates,
finding 12 variants of this gene among the analyzed isolates
[1, 5, 15].

The aim of the present study was to determine the
presence of this gene and also identify the variants that are
present among clinical isolates of A. xylosoxidans recov-
ered in our region.

Materials and Methods
Bacterial Strains

Nineteen non-epidemiological-related clinical isolates of A.
xylosoxidans, belonging to 15 different clones (data not
shown) were used. Standard biochemical tests, API 20NE
(bioMérieux), PCR amplification and sequencing of the
16S rRNA gene, and a MLST approach were conducted to
arrive to a correct identification of the species [14, 18]. The
isolates exhibited the typical multiresistance profile previ-
ously described for this species, being the third and fourth-
generation cephalosporins, fluorquinolones, and amino-
glycosides inactive against Achromobacter spp. [17].
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Table 1 Features of the

blaoxar 14 genes found in the Strain Seq}lence comparison  Nucleotide differegces/ Nucleotide differegces/ B—La'ctamgse
A. xylosoxidans isolates subject sequence (AN) synonymous mutations/ synonymous mutations/  allelic variants
nucleotide identity/ non-synonymous non-synonymous
amino acid identity mutations in each allelic ~ mutations in each allelic
(%)* variant against the closest variant against the
sequence blaoxa-114a
AX11  HM368376 0/0/0 8/4/4 Oxa-114
100/100
AX22  JX206450 2/2/0 8/5/3 Oxa-114;
99/100
AX44  HM368375 0/0/0 2/1/1 Oxa-114¢
100/100
AX56  HM368376 0/0/0 8/4/4 Oxa-114
100/100
AX69  JX206453 0/0/0 3/2/1 Oxa-114
100/100
AX72  HM368375 0/0/0 2/1/1 Oxa-114¢
100/100
AX77  HMO056041 2/2/0 3/1/2 Oxa-114,
99/100
AX81  HM368375 0/0/0 2/1/1 Oxa-114¢
100/100
AX82  JX206453 2/2/0 3/172 Oxa-114
99/100
AX90  HM368375 0/0/0 2/1/1 Oxa-114¢
100/100
AX91  HMB368375 0/0/0 2/1/1 Oxa-114¢
100/100
AX92  HMI104634 3/3/0 5/3/2 Oxa-114,
99/100
AX93  JX206453 2/2/0 3/2/1 Oxa-114
99/100
AX126 HMO056041 10/10/0 13/1172 Oxa-114,
98/100
AX144 HMO056041 3/3/0 4/2/2 Oxa-114,
99/100
AX210 HM368375 0/0/0 2/1/1 Oxa-114¢
100/100
AX247 EU188842 1/1/0 1/1/0 Oxa-114,
99/100
AN GenBank accession number AX281 JX206450 4/4/0 8/5/3 Oxa-114;
“ The percentage of identity in 99/100
each allelic variant was defined AX304 JX206450 6/5/1 10/6/4 Oxa-114,
against the most closed 99/99

sequence in every case

DNA Techniques

Total DNA was extracted using the master pure DNA
purification kit following manufacturer’s instructions
(Epicentre, Madison, WI, USA). The specific primers
proposed by Turton et al. were used to analyze the presence

of blapxa-114-1ike genes. PCR amplifications were carried
out in 50 pl volumes containing 10 ng of DNA, 10 pl of
5x PCR buffer, 0.5 pl of 10x deoxynucleoside triphos-
phate mix (2 mM each dATP, dCTP, dGTP, and dTTP),
2 pl of each primer stock solution (2.5 pmol of each primer
per ul), and sterile distilled water. Tag DNA polymerase
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(a) OXA-114,

PASTFKLATALMGADAGILQGPHEPVWNYQPAYPDWGGDAWRQPTDPARWIKYSVVWYSQ
PASTFKLATALMGADAGILQGPHEPVWNYQPAYPDWGGDAWRQPTDPARWIKYSVVWYSQ
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OXA-114,

OXA-114,

OXA-114,

OXA-114, RQLPVKAAAYELAENLFEAGQADGWRL
OXA-114, RQLPVKAAAYELADNLFEVGQADGWRL

(b)

I oxA-114m

OXA-1141

@

= OXA-114d
41 ) OXA-114b
4l oxa-114a
OXA-114)
<| OXA-114F

OXA-114h

OXA-114n

— OXA-114e

n

OXA-114x

OXA-69

OXA-9

-

OXA-18

10

Fig. 1 a Amino acid sequence comparison of the OXA-114 new
allelic variants described in this study. In bold it was represented the
oxacillinase conserved amino acid motifs (S-T-F-K, Y-G-N, S-V-V,
E-Q-L-A-F, and W-I-IS- S-L-R-I-S). The comparison was performed
using the OXA-114a as reference. The highlight letters showed
changes in the amino acid sequence compared to OXA-114a. In white

according to manufacturer’s instructions (Promega, Madi-
son, USA) was added. The thermocycler used was from
Perkin—-Elmer Cetus, Emeryville, CA, and a three-step
profile was utilized. The obtained products were detected
by agarose gel electrophoresis.

Sequence Analysis

Sequencing was performed on both DNA strands using an
ABIPrism 3100 BioAnalyzer and Taq FS Terminator
Chemistry (Taq FS, Perkin—Elmer). Sequences were
examined and assembled with Sequencher 4.7 software
(Gene Codes Corp.) and BLAST (version 2.0) software
(http://www.ncbi.nlm.nih.gov/BLASTY/).

Results and Discussion

Positive results were obtained for the amplification of
blapxa-114 in all A. xylosoxidans isolates included in this

@ Springer

letters, it was represented the amino acid substitutions inside the
conserved motifs. b Tree representing the OXA-114 variants. The
dendrogram was inferred using the Neighbor-Joining method for
OXA-114. The distances were computed using the number of
differences method proposed for Nei 2001. The alignment used for
tree calculation was performed with ClustalX

study. We also tested one A. denitrificans and one A. pie-
chaudii isolates obtaining negative amplification as was
expected. Nucleotide sequence analysis of the obtained
amplicons revealed the presence of 10 new blagxa.114
alleles, being 9 of them synonymous mutations (Table 1).
In this work, we defined as variant when nucleotide dif-
ferences are related to an amino acid change, and as alleles
when nucleotide differences are synonymous or non-syn-
onymous mutations.

In our isolates, we found the previously described
variants a, c, e, f, g, i, and, 1 [1, 5, 15], being the f variant
the most widespread (n = 6). In addition to the already
described alleles, we identified 1 novel variant. The anal-
ysis at protein level, exposed the presence of one new
OXA-114 variant, designated as OXA-1140 (Fig. la, b).
The partial sequence of the new blagxa.i14o variant has
been deposited in GenBank under accession number
JX306686.1.

Taking into account the described motifs for class D
B-lactamases, we decided to determine the presence of
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amino acid substitutions in the OXA-1140 variant [4, 5].
No substitutions were found in the S-T-F-K, Y-G-N, and
S-V-V motifs. In the novel variant identified in this work,
an amino acid substitution A169D was observed in the
E-Q-L-A-F motif of the OXA-1140 variant (Fig. la;
Table 1). Comparing the amino acid sequences of the novel
variant against the OXA-114f, the most widespread variant,
we observed 99 % of identity with 10 nucleotides
differences.

Eight OXA-114 variants were found among the isolates
included in this study, and no correlation was observed
between the presence of one variant and one specific clone,
since we observed the distribution of a particular variant in
many different clones (Table 1). This could be explained in
part due to the polyclonal behavior exhibited by A. xylos-
oxidans, being this result in accordance with those previ-
ously reported by Turton et al. [15].

As was previously described, several naturally harbored
blapoxa genes are associated upstream with an insertion
sequence, which could provide a potential promoter that
enhances their expression [6-8, 11, 16]. Searching in the
GenBank database only in the A. genogroup 2b strain
AXX-A, we could identify in the neighboring sequences
the presence of an anti-repressor regulating drug resistance
gene and an acyltransferase-3 gene, respectively. In order
to determine if blagxaiisaie genes found in the studied
isolates had the same genetic context, as the one described
in AXX-A strain, total DNA was used to carry out PCR
reactions with specific primers annealing in the mention
surroundings genes (EntF: CTGGGACATCCGCCTGTC
and EntR: CTCAAGCCGTTGACGCT). In parallel PCR
reactions to amplify the 16S RNA gene were performed,
giving positive results in all of the tested samples. When
we tested the primers combinations EntF/oxal14R2 and
EntR/oxal14F2, negative results were obtained in all
samples, suggesting a different genetic context for this
gene.

Moreover, searching neighboring sequences of blagxa
in the AXX-A strain, we did not found any insertion
sequences near the blagx s gene. But the fact that this event
is highly frequent in other species and genus [6, 7, 12, 16]
suggests that the same event could occur in A. xylosoxidans
not only modifying the OXA-114 expression if not also
allowing its dispersion.

As described for the naturally occurring oxacillinase
OXA-51/69 from A. baumannii [2, 3, 9, 16], in the present
work numerous different variants were found. These results
are in accordance and clearly exposed a great intrinsic
plasticity for the blagxs genes.

The importance of studying the different allelic variants
of this gene, contributes in the knowledge of the evolution
and variability of blagxa genes. The intrinsic plasticity
observed could evolve in the development of different

levels of activity to [B-lactams enlarging its antibiotic
resistance profile, placing this gene as a reservoir of allelic
variants. The increasing frequency of A. xylosoxidans iso-
lation in cystic fibrosis patients and also from hospitalized
patients point out the fact that this species should be con-
sidered as an important emerging pathogen that could
provide a good reservoir of resistance genes.
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