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ABSTRACT

Horizontal gene transfer has contributed to the global spread of the blanpm-1 gene. Studies

have demonstrated plasmid transfer of blanpm-1 into various Gram-negative bacterial species, but
attempts to demonstrate transfer of blanpm-1 plasmids into Pseudomonas aeruginosa and
Acinetobacter baumannii have either been unsuccessful or only observed with a donor of the
same genus. There is evidence that plasmid transfer frequency may increase when conjugation
occurs within a biofilm versus between planktonic cells. To determine whether blanpm-1 gene

coli and two Klebsiella pneumoniae strains carrying NDM-1-encoding plasmids of different

incompatibility types were mated with an E. coli J53 strain to produce E. coli J53- blanpm-1

transconjugant plasmid donors. Dual-species biofilms were then created using the E. coli J53

transconjugants and a P. aeruginosa or A. baumannii recipient strain and incubated for 24 or 72

hours. Transfer of an NDM-encoding plasmid from one E. coli J53- blanpm-1 fransconjugant into

P. aeruginosa was successful in a 72-hour biofilm, and transfer of NDM-encoding plasmids

from two E. coli J53-planpm-1 fransconjugants fo A. baumannii was successful in 24-hour
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INTRODUCTION

Spread of the blanpm.1 carbapenemase gene is a global public health concern, -

(Kumarasamy et al., 2010). The gene js typically mobile, commonly, carried on plasmids of

diverse sizes and incompatibility types that are capable of inter-species, inter-genus, and inter-

family transfer. (Carattoli, 2013). Successful dissemination of the blanpm-1 gene is more

commonly attributed to conjugational transfer of NDM-1-encoding plasmids to other Gram-

negative bacteria, rather than clonal spread (Carattoli, 2013, Johnson & Woodford, 2013).

The blanpm-1 gene is typically found in Enterobacteriaceae species, but has also been
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on mobile genetic elements that can be transferred
horizontally to other bacterial species (Johnson & Woodford,
2013). 9
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detected in a variety of pon-fermenting Gram-negative bacteria such as Aeromonas caviae,

Stenotrophomonas maltophilia, Acinetobacter baumannii, and several Pseudomonas species,

including Pseudomonas aeruginosa (Walsh et al., 2011, Zhang et al., 2013). Dissemination of

the plaxpm-1 gene in P. aeruginosa and A. baumannii isolates has now been reported globally in

both clinical and environmental samples, and treatment options have become significantly

limited (Chen et al., 2011, Chaudhary & Payasi, 2013). Many of these isolates likely acquired

the blanpm-1_gene via intra- or inter-genus conjugational transfer of NDM-1-encoding plasmids:

however, successful inter-family fransfer of the blanpm-1 harboring plasmids to P. aeruginosa or

A. baumannj]has not yet been demonstrated in the laboratory (Potron et al., 2011, Janvier et al.,
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2013, Huang et al., 2015).

Conjugation experiments using Gram-positive donors and recipients typically use surface

mating approaches such as filter mating or biofilm formation (Roberts et al., 2001, Savage et al.,

2013). However, because pili can assist in gene transfer in Gram-negative bacteria, broth mating

has been a commonly used method for conjugational transfer of NDM-encoding plasmids in

Gram-negative species (Potron ef al., 2011, Sowmiya et al., 2012, Rahman et al., 2014).
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105  hospital or natural environments (Blanc et al., 2007, Walsh et al., 2011, Nutman et al., 2016),

106  and are often found in a sessile or biofilm state (Donlan, 2002, Gurung et al., 2013). Studies have

107  demonstrated that horizontal gene transfer can occur at higher frequencies in biofilms versus { Deleted: H
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108  planktonic cells_ in Gram-negative bacterial species (Madsen et al., 2012). The high density and

109  close spatial proximity of the cells create an ideal environment for interspecies transfer of genetic
110  information (Donlan, 2002, Madsen et al., 2012). P. aeruginosa and A. baumannii are commonly
111 associated with biofilm formation (Donlan, 2002, Qi ef al., 2016), which could potentially

112 facilitate the transfer of blanpm-1 to these bacteria. The objective of this study was to determine

113 whether plasmid-borne blanpm-1 genes originating in Enterobacteriaceae species could be

114  transferred from an E. coli J53-blanpm.1 fransconjugant to P. aeruginosa or A. baumannii in a [Demed; intermediate
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116 MATERIALS AND METHODS
117  Donor and recipient organisms

118 Four NDM-1-producing Enterobacteriaceae strains with plasmids of different

119  incompatibility types carrying the blanpm-1_gene were used as the original plasmid donors: a K.

120  pneumoniae donor (EKP) carrying the blanpm-1 gene on a 100 kb plasmid (pEKP) belonging to

121 the FII, L/M, or N2 incompatibility group; an E. coli donor (EEC) carrying the blanpm.1 gene on

122 a 150 kb plasmid (pEEC) belonging to the FII incompatibility group: a K. pneumoniae donor
123 (CO-NDM) carrying the blanpm-1 gene on a 130 kb plasmid (pCO-NDM) of unknown

124  incompatibility type; and a K. pneumoniae donor (ATCC BAA-2146) carrying the blanpm.1 gene

125  on a 140 kb plasmid (pNDM-US) belonging to the A/C incompatibility group (Hudson et al.,

126  2014). EKP and EEC were recovered from environmental samples in Southeast Asia, and the
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CO-NDM and ATCC strains were isolated from clinical samples. Azide-resistant E. coli J53 was

used as a recipient for mating experiments with the original plasmid donor strains, Subsequent

rifampin-resistant P. aeruginosa and A. baumannii as recipients, E. coli J53-blanpm-1

transconjugants were used as donors to allow for comparison of transfer frequencies between

each of the NDM-encoding plasmid types, as previously described (Potron et al., 2011).

Broth conjugations into azide-resistant E. coli J53

Log phase Luria-Bertani (LB) broth cultures of each of the blanpm-1 donors and the E.
coli J53 recipient were combined in a 10:1 donor-to-recipient ratio in fresh LB. Mating-out
assays were performed as described by Walsh et al. (Walsh ez al., 2011) using LB rather than
nutrient broth. Conjugation mixtures were incubated overnight at 30 and 37 degrees C, then
serially diluted and plated on LB agar containing 0.5 ug/mL meropenem and 100 pg/mL sodium
azide.

Transfer of blanpm.1 into E. coli J53 was confirmed by PCR with a previously described
primer set (Poirel et al., 2011) and on CHROMagar Orientation™ (DRG International,
Springfield, New Jersey) containing 0.5 ug/mL meropenem. Putative NDM-1-positive E. coli
J53 transconjugants from the EEC donor were differentiated from the parent EEC strain by PCR

detection of the yja-A gene found in E. coli J53 but absent in the EEC strain (Clermont et al.,
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Biofilm conjugations into rifampin-resistant P. aeruginosa and A. baumannii
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Biofilm mating-out assays were performed using NDM-1-positive E. coli J53 fransconjugants

TcEKP, TcEEC, and TeNDM-US as blanpm.1 plasmid donors and P. aeruginosa and A.

baumannii as recipients. Using optical density measurements, log-phase donor and recipient LB

broth cultures were combined,in a 1:4 donor-to-recipient ratio, with approximately 2.5 x 107 cells
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Plasmid analysis

Genetic location (plasmid or chromosome) of the blanpm-1 gene, after conjugational

transfer was determined by a combination of Pulsed Field Gel Electrophoresis (PFGE) of S1

digested macro DNA of the various plasmid donor strains and transconjugants followed by

detection using 32P labelled blanpm-1 and blacmy-2 probes using methods described by Patzer et al
2009 (Patzer et al., 2009). Probes were prepared by PCR using primers pairs: NDMF/R
TGGCTTTTGAAACTGTCGCACC, CTGTCACATCGAAATCGCGCGA; CMY2F/R
AAATCGTTATGCTGCGCTCT, GACACGGACAGGGTTAGGAT, respectively.

RESULTS

Transfer frequencies of the blanpm-1 plasmids from the E. coli J53-blanpm-1

transconjugants fo P. aeruginosa or A. baumannii are presented in Table 1. Transfer of the /

Dlanpm-1 plasmid pNDM-US fo P. aeruginosa fromfFCNDM—US was successful in a 72-hour ) /4

biofilm, but was not detected in a 24-hour biofilm, Transfer of the blanpm-1 plasmids pNDM-US

and pEKP from the TcNDM-US and TcEKP to A. baumannii was successful in a 24-hour
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