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Abstract

The present study focased on MexCD-Opr] elflex pump and its regulatory gene
el i multidreg resistant (MDR) clinical isolates of Prevefomonas seruginoss
collected from Kerala, South India, Semi-quaniilative reverse tansription-PCR
technique was employed 1o ditect hyperexpression of the efflux pump gene,
mexl® Amplicons from ax# gene of isolates hyperoxpressing the elflux pump
were sequenced for mutational and phylogenetic analysis Among 29 [Bolates of
MDR P sermginost, inoreased mead? transcripiion was detected in 1003% of the
tsodates when compared with 2 serminosa reference strain, PAO (MTOC-2541)
Various synonymous and non-synonymoeus mutations in ofxf egulatory: gene
sequinces were detisted. Notably, mulations detected in the strains desiprate Paf
and Pa7 have been found to be novel and are hitherto unreported in GenBank
data baze. The genctic divergence and homogeneity of the n&f regulatory gene
sequences of merC TS operon were deardy appicent-in the phylogrom gener
ated employing similar sequences retrieved from the public database.
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1. Introduction

MexCD-Opr] efflux pump of resistance-nodulation-cell division saperfamily,
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normally quiescent in wild-type sirain of 7 seruginosa, does not contribute Lo
intrinsic antimicrobial resistance. This pump s capable of extruding a variely of
antimicrobial agents, biocides, organic solvents, dyes and determents: The
mextD-oprf operon is regulated by repressors such as NixB and EsrtZ The nfelf

-gene encading repressor protein, Nizl, is located upsiteam of the structural

genes mex( Dopy/ with an intergenic regolatory region [acilitating divergent
transcription. Mix# shows similarity (o proteins of the Lacl-Galk family. 1t binds
i a sile composed of two 39 bp repeats within the aforementionsd mtergenic
sequences between mfef and mexC which pegatively regulates mextT-apr/ as
well as i1x own expression. Mutations within 2468 gene negatively impact NixR
repressor activity leading to hyperexpression of mexCP-oprl and strains har-
bouring such defects are known as nfr# type mutants | 1] 121 Esr(, a second
regulator of MexCD-Opr), encoded by a gene £A44596, 15 located downstream of
mextCD-oprf operon. EsrC orepresses transcription of mexC-opr/ only under
“envelope stress” [membrane-damaged) condition and is dependent on NixB
I3]. The present study was undertuken to analyze mutational and phylogenelic
relatedness of pfxH regulatory zene in MDE isolates of #-aerusiness hyperex-
prissing MexUID-Opr] efllux pump.

2. Materials and Methods
2.1. Bacterial Isolates

OF a lotal of 144 MDR gram-negative bacteria, collected during the period
2{112-2016 from various dlinical laboratories in Kerala, 29 isolates of £ acrugi-
posa (designated a5 Pal - Pa29) were incloded in this study along with o reler-
ence P acruginosa MTCC-3541 (Microbial Type Cuolture Collection) strain,
PAD.

2.2. Random Amplified Polymorphic DNA (RAPD)

Random Amplified Polymorphic DNA (RAPD) typing was performed with
RBa-D5 primer (GenBank aceession. no. AM911680) according o manufactur-
er's instructions: Images of DNA banding patterns obtained after agarose pel
elecirophoresiz were analyzed using the PyElph software [4] o prepare dendro-

-arams using unweighed pair-proup method arithmetic mean (UPGMA) method.

2.3, Semi-Quantitative RT-PCR

Semi-gquantitafive RT-PCR using primers (Furofine Genomics India Pv lid,
Bangalore) for penes such as rpst and mexd? [ 5] [6] were performied as described
by us in a related study |71 The RT-PCR reactions were performed using a mi-
picycler (MI Research, USA) ina reaction wolume of 25 yl containing 125 plof
2x Emerald GT master mix (TaKaRa Inc, Japan), 0.25 yM of each primer and
0.5yl of cDNA. Amplification products were analyzed on 1% (w/v) agarose gels
to detecl the presence of the expected amplicons and compare the band intensi-
ties with those from the reference strain P aeruginoss MTCC-PAO.
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2.4. PCR Amplification and Sequencing of the nfxB Gene
and lts Phylogenetic Analysis

The regulatory nfxB gene primer [8] was used for DNA amplifications and se-
quencing. | 71. The ampliconic sequences were analyzed with NCBI BLAST toal
{https/ Iwww.nebinlm nikugov/) by comparison with sequences of the reference
strain, P aeraefoosa PAOL, etdeved from the GenBank database, The phyvlo-
pram’ construction, employing n/xB gene sequences obtained in this stody in
combination with similsr sequences retrieved from public datshases, was carried
oul by Bayesian inference using Markov Chain Monte Carlo method [9]. The
IModel Test saltware | 10] used [or the analysis of nucleatide sequence evalution
with respect to each gene war based on Akaile Informuation Criterion (ATC).

2.53. Nucleotide Sequence Accession Numbers

The nfx# gene nucleotide sequences obtained in the present study were deposited
in the GenBank datebase under the lollowing sccession mumbers MH346508-
MH346510,

3. Result and Discussion

The RAPD prodiles generated in our shdy were found 1o be distinctive and re-
producible (Figure 1). The dendrogram showed two major clusters—aA and B, in
which major cluster A was found tes be siidividid into two sub-tasters Al amd
A2 (Figure 2). The mexi) was significantly overexpressed in three isolates such
as Pab, Pa7 and Pal 3 (Figure 3), solates with elMlux pump aciivity were found 10
be included in the sub-chuster A1 of RAPD dendrogrom. Of them. Pa7 and Pail
helonued 1o a single clade, whilst strain Pag was found grouped oo another
clade. Mutation analysis of 2/x# gene revealed point mutations, T 3 C ar 234"
position in Pag, T 3 € at 349 position in Pa7 and C 3 T at 14" position In Pal3
(Tabie 1). Notably, mutations detected in Pab and Pa7 izolstes have bern found
i be novel and are hitherto unreporied in GenBank data hase, whilst the muta-
tion detected in Pald has already been reported eartier {11]. Phylogram (Figurs
4} was constructed using three ofxf gene sequences of MexCD-Opr] overpro-
ducers—Pa6, a7 and Palld and nine other selected sequences of P aeruginosa
isolate retdeved from the GenBank database including the reference strain,
aeruginosa—PAO] (GenBank accession no. AENMU91. I). For this analysis,
Pseudomeonas chlororaphis (GenBank accession no. CPOLI11001) was taken as

R 0 R

Figure 1. RAPD profiles of reference strain PAO (MTCC) and MDR £ eermgingss dinical {solates
Lane denoted S represenis 100 bp DINA ladder.,
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Flgure 2. RAPD dendrisgram showing clonal refatedneis amongst P! sermginoin
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Figure 3, Semi-guantitative Bf-PCR. Lane denoted M pepresents 100 bp DNA ladder.
(xther lanes show P gerpodnose MTOC reference strain PACO snd clinical 1solates: (a) Bx-
pression of houscheeping gene, rpsf in PAO and three isolates, Pa7, Pab and Pat3. (b)
Expression of mexl?in PAQ and three isolotes, Pa?, Pag and Pall,

Table | Summary of genctic analyses of mutations in o gene of £ seruginoss dinical

isnfntes.
aftF mutstion
Luclates
Huclentide Aminsarid
4 = ) curing -+ Sering
TG -

i A GG AT > O™ A T TS CC T =BT G =
4
i Y 45 Meerine » Proline
_— MosT Serine > Pheayllinine
BEs TG 3 AT G -

"= reprasents w0 amino joid change.
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Figure 4. Bayesian phylogenetic tree reconstructed employing afrF ampliconic sequences
from £ aarsminos sokites. Scals bar dennles probability of nudeotide change. Amalyiis
was run for 100,000 genemations. Clade oe=dibility values are shown at each node. £
chilororapdis {Gentlank socession no. 101 1110.1) wos used as the outgroup,

the outgroup as this'sequence showed beller sequence similarity with a higher
queTy n:ﬁwmgt. GTR weas selected s the best fit model of seguence evolution on
the basis of AIC. Potential scale reduction Tactor (PSRF) and cstimated sample
sizg (ESS) value were observed as 1.0 and above 100 respectively. Analysis was
run for 1,000,000 generations and clade credibility values epresented at each:
node were found to be 0.5, Bayesian phylogenetic analysis revealed that the se-
quence from Paé exhibited similurity with isolales reported from Taiwan (Gen-
Bank accession no. (P004061.1), Mexico (GenBank sccession no. CP021999.1)
and Braxil (GenBank accession no. CPO21380.1). Pal3 isolate showed similarity
with thit reported from Tamil Nadu with GenBank accession no, CPO08739.2
[11] whilst Pa7 was found to be similar o 7. aeruginoss sequences deposited
from North America with GenBunk accession no, CPO12901.1 [ 12].

4. Conclusion

Antiblotic resislance is a stark reality across the world including the Indian sub-
continent. Antimicrobial selection pressure and spread of resistant organisms
arc ithe main leading factors Tor the emergence of resistance. The present study.
has been successiul in unraveling vital information on the mutational variations
ol nfx# regulatory gene sequences of MexCD-Opr] efllux pump present in £
aeruginost. Occurrence of genetic similarities of nfx# gene sequences among the
Isolates used in this study as well ue with thow previousy reported from other
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countrics warranis the need for implementation of strict control measures (o
prevent spread of resistance genes.
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