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strain integrity
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Abstract

integrity and define the protein’s prototype sequence.

Laboratory research with Pseudomonas aeruginosa commonly involves the prototype strain PAO1. There is continued concern
that PAO1 sublines maintained and propagated in the same laboratory or different laboratories exhibit genetic and phenotypic
variability that may affect the reproducibility and validity of research. Whole-genome sequencing and other research identi-
fied the mexT locus as a mutational hotspot, but the explication of the diverse mutations present in the various sublines and
consequences remained rather cursory. Here we present evidence that MexT sequence diversity is a predictor of PAO1 lineage

INTRODUCTION

Pseudomonas aeruginosa is a medically significant opportun-
istic pathogen that mostly affects compromised individuals.
Because of widespread multidrug resistance (MDR) the
United States Centers for Disease Control and Prevention
(CDC) listed P. aeruginosa as ‘serious’ among the top 18
bacterial and fungal threats to human health in 2019 [1]. Of
more than 50000 healthcare-associated infections in the USA,
13% (or 6000) are caused by MDR P. aeruginosa, and approxi-
mately 400 of these infections are fatal (www.cdc.gov). On a
global scale, carbapenem-resistant P. aeruginosa were listed
in 2018 as ‘Priority 1: Critical’ in the World Health Organiza-
tion’s (WHO?s) Priority List for R & D of New Antibiotics [2].

For over four decades laboratory research with P. aeruginosa
has been dominated by strain PAO1. This strain arose in Bruce
Holloway’s laboratory as a spontaneous chloramphenicol-
resistant derivative of the original PAO strain that was isolated
in 1954 from a wound infection in Melbourne, Australia [3].
Over the ensuing decades PAO1 (formerly PAO1c [3, 4]) was
distributed and adopted worldwide as the prototype P. aerugi-
nosa strain for laboratory research [3, 4]. Almost 20 years ago
a PAO1 subline (PAO1-UW) maintained at the University
of Washington became the first fully sequenced strain [5].
A concern raised over the years is that PAO1 sublines main-
tained and propagated in the same laboratory or different

laboratories exhibit variability in genetic and phenotypic
properties, which may affect reproducibility in research [5-9].
Analyses of 12 different PAO1 whole-genome sequences have
been published [8, 10], including ATCC15692, also known
as PAOIc or PAOL1 [3, 4], that was deposited in the ATCC
by Bruce Holloway (www.atcc.org/Products/All/15692; no
information on year of deposition is provided but the ATCC
description is mentioned in Holloway’s 1969 publication
[3, 4, 11]). Ten of the sequenced isolates are from various US
laboratories, the ATCC strain is an Australian isolate, and one
is an isolate maintained in a German strain collection.

It has been noted that the mexT gene is a hotspot for muta-
tions in the PAO1 genome [7-10, 12-15]. This gene encodes
MexT, a LysR-type transcriptional regulator (LTTR) that
was originally described as an activator of MexEF-OprN
multidrug efflux pump expression and repressor of outer
membrane porin OprD expression [16]. Subsequent studies
showed that MexT regulates multiple other genes, including
diverse virulence traits, in either a MexEF-OprN-dependent
or MexEF-OprN-independent manner. These include the type
three secretion system and homoserine lactone-dependent
virulence traits, such as pyocyanin, protease and rhamnolipid
production [17-19]. Of note in this context is the transition of
PAO1 with prototype MexT to a more virulent P2 phenotype
in intestinal tissues and likely other environments, and that
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the emergence of this phenotype involves diverse mexT muta-
tions [13, 14]. Recent studies showed that evolved populations
with a LasR-independent RhlI-RhIR quorum-sensing system
contain mutations in mexT [20, 21].

While mexT single-nucleotide polymorphisms (SNPs)
and other mutations have been described before in clinical
[12, 15, 22, 23], animal infection [13] and laboratory
[7, 8, 14, 18, 20, 21] isolates, only a few publications — and
among these to our knowledge only one whole-genome
sequencing (WGS) paper - discuss the presence of an 8bp
insertion present in some PAOI1 strains, including the
PAOI1-UW reference strain [7, 9, 14, 19, 24, 25]. Furthermore,
some mutants in the two-allele transposon library created
in the PAO1 strain, MPAOI, lack mexT altogether [9, 26].
This is rather surprising given the profound implications for
the interpretation of data obtained when conducting research
with such strains. Here, we present an updated mexT nucleo-
tide and MexT amino acid sequence analysis to address some
of the shortcomings of recent WGS analyses, and provide
evidence that focused mexT gene sequencing can be used as
a simple means to rapidly assess which PAOLI lineage(s) any
given laboratory may acquire, possess and propagate.

METHODS
mexT amplification and sequencing

The mexT coding sequences were PCR-amplified from puri-
fied genomic DNA (Wizard Genomic DNA Purification kit,
Promega, Madison, WI, USA) using Q5 High-Fidelity DNA
Polymerase (New England Biolabs, Ipswich, MA, USA). The
primers used were P3649 (5-GCAAGGCTTGACGGC-
GAGC), P3650 (5'-TTCCCGTTGCGACGCCTC),

P3651 (5-TCGAGTTCGGCCTGTTGC) and P3652 (5'-
CGGCATCAATAGATAGTTGGC). From the vast majority
of strains tested, P3649 and P3650 amplify the entire mexT
gene on a 1016 bp fragment (mexT plus 61 bp upstream and
40bp downstream sequences); P3649 and P3652 amplify a
487bp fragment containing 426 bp amino-terminal mexT and
61bp upstream sequences; and P3651 and P3650 amplify a
627bp fragment containing 587 bp carboxy-terminal mexT
and 40bp downstream sequences. The 487 and 627bp
fragments overlap by 98 bp. Fragment sizes are affected by
inserted or deleted sequences. The amplified fragments were
subjected to Sanger sequencing (Genewiz, South Plainfield,
NJ, USA or Eurofins, Louisville, KY, USA) using the primers
employed for PCR.

Sequence analysis

DNA and protein sequences were analysed and aligned using
SnapGene software version 4.3.9 (GSL Biotech, Chicago, IL,
USA) or online Clustal Omega software [27] on EMBL-EBI
[28] (https://www.ebi.ac.uk/Tools/msa/clustalo/). Protein
domain assignments were made using online InterPro Protein
sequence analysis and classification software (https://www.
ebi.ac.uk/interpro). Helix—turn-helix (HTH) DNA-binding
domains and HTH probability scores were predicted by the
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Impact Statement

Our studies confirmed that mexT is indeed a mutational
hotspot and that sequence information can be utilized to
quickly assess the integrity of the PAO1 lineage that a
laboratory possesses, propagates and employs in experi-
ments. MexT is a local and global transcriptional regu-
lator of diverse physiological and pathogenic processes in
Pseudomonas aeruginosa and serendipitous use of mexT
mutant strains may negatively affect research outcomes,
reproducibility and the interpretation of results.

Rhone-Alpes Bioinformatic Pole Gerland Site (https://npsa-
prabi.ibep.fr) [29].

RESULTS AND DISCUSSION
Analysis of published mexT sequences

The mexT sequences of the 12 PAO1 strains for which genome
sequences were published in peer-reviewed journals were
aligned using Clustal Omega software (Fig. 1). It is evident
that only three of the aligned mexT sequences are identical. In
comparison to these three, the other nine sequences contain
insertions, deletions or single nucleotide substitutions. These
result in four different mexT open reading frame (ORF) sizes,
ranging from 270 to 918 bp.

Functional MexT, including the one originally characterized
in the PAO1-Geneva strain (GenBank accession number
AJ007825.1) [7, 16], is encoded by a 915bp gene and trans-
lated from the start codon shown in Fig. 1 [nucleotides (nt)
2807590-2807592 of the reference sequence; GenBank
accession number NC_002516.2] and terminates at the stop
codon indicated in Fig. 1 for all full-length mexT genes (nt
2808,510-2808512 of the reference sequence).

The first sequenced PAOLI strain, the PAO1-UW reference
strain, contains an 8bp insertion in mexT [PA2492]. This
insertion (nt 2807703-2807710) is the result of a duplica-
tion of the preceding 8bp GGCCAGCC sequence (nt
2807695-2807702). When translated from this start codon,
the PAO1-UW mexT gene terminates prematurely at a stop
codon specified by nt 2807857-2807859. The resulting 267 bp
ORF encodes a MexT polypeptide of 89 amino acids (aa),
which is frame-shifted after residue 39. This truncated MexT
lacks the last 6 aa of the predicted 22 aa MexT HTH DNA-
binding domain specified by residues 24-45 (RSVIRAAE
KLFLGQPAISAALS) [29] that is present in all strains lacking
the 8bp insertion. The PAO1-2017-B and PAO1-2017-G
sublines also contain the 8bp insertion and thus encode
the same truncated MexT polypeptide (Fig. 1). It is known
that PAO1 strains containing the 8 bp insertion are unable
to express MexEF-OprN due to a non-functional MexT [7].
When this insertion is cleanly excised, e.g. in spontaneous
norfloxacin-resistant derivatives of such PAO1 sublines, it
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2017-c ATGAAC (72 )ACCCGCG(18) TCGGCCAGCC——~~~-~--GGCCAT (27)GCTGTTCGACGACCCGCTGTT (214 ) GGGATCGTC---CTC(322)CCGACAT(190)TGA 915
2017-E ATGAAC(72)ACCCGCG(18) TCGGCCAGCC— —GGCCAT (27)GCTGTTCGACGACCCGCTGTT (214 ) GGGATCGTC—--CTC(322)CCGACAT(190)TGA 915
2017-1 ATGAAC (72 )ACCCGCG(18) TCGGCCAGCC— ~GGCCAT (27)GCTGTTCGACGACCCGCTGTT (214 ) GGGATCGTC---CTC(322)CCGACAT(190)TGA 915
2017-D ATGAAC (72 ) ACCCGCG ( 18) TCGGCCAGCC— ~GGHCAT (27 ) GCTGTTCGACGACCCGCTGTT (214 ) GGGATCGTC~~~CTC (322 ) CCGACAT (190)TGA 915
2017-F ATGAAC (72 ) ACCCGCG ( 18) TCGGCCAGCC— ~GGCCAT (27) GCTGTTCGACGACCCGCTGTT (214 ) GGGATCGTC-~-~CTC (322 ) CCGECAT (190)TGA 915
2017-H ATGAAC (72 ) ACCRIGCG (18 ) TCGEGCCAGCC -~ ———-—--GGCCAT (27 ) GCTGTTCGACGACCCGCTGTT (214 ) GGGATCGTC-~~CTC (322 ) CCGACAT (190)TGA 915
2017-A ATGAAC (72 ) ACCCGCG (18) TCGGCCAGCC ———————~— GGCCAT (27)GC GTT (214) GGGATCGTC---CTC (322 )CCGACAT (190)TGA 900
2017-B ATGAAC (72)ACCCGCG(18) TCGGCCAGCC ;GCCAT (27 ) GCTGTTCGACGACCCGCTGTT(93) 270
2017-G ATGAAC(72)ACCCGCG(18)TCGGCCAGCC CCAT (27)GCTGTTCGACGACCCGCTGTT (93) 270
Reference  ATGAAC(72)ACCCGCG (18)TCGGCCAGCC CCAT (27)GCTGTTCGACGACCCGCTGTT (93) 270
ATCC15692 ATGAAC (72 )ACCCGCG(18) TCGGCCAGCC———————— ‘GGCCAT (27)GCTGTTCGACGACCCGCTGTT (214 ) GGGATCGTC] 'TC(322)CCGACAT(190)TGA 918
Orsay ATGAAC (72 ) ACCCGCG ( 18) TCGEGCCAGCC———————— GGCCAT (27)GCTGTTCGACGACCCGCTGTT (214 ) GGGATCGTC TC(322)CCGACAT(190)TGA 918
R28S Frame A39V AFDDPLs;.55 Stop L1s2 D241G
shift after insertion
aa 39

Fig. 1. cLusTAL alignment of MexT from 12 sequenced PAOT sublines. Sequence differences — deletions, insertions and single nucleotide
substitutions — are indicated by black highlights. PAO1 strain identifiers are the same as in Table 1 of [8, 10]. The 8 nucleotide (nt)
GGCCAGCC insertion found in the PAO1 reference strain (also known as PAOT-UW) and sublines PAO1-2017-B and PAO1-2017-G results
from duplication of the sequence highlighted in grey. (Note: instead of the insertion sequence indicated in this figure, BLAST alignments
indicate an 8 nt CGGCCAGC insertion between nt 104 and 112 that is the result of duplication of the same sequence found immediately
downstream and consistent with what has previously been reported [7, 14, 25]. Insertion and deletion of either sequence results in the
same outcome, i.e. the same frame shift in the insertion mutant or restoration of wild-type amino acid sequence upon deletion.) The nt
numbering at the top and in parentheses indicates the respective positions in the 915bp mexT sequences containing no insertions or
deletions. Numbers on the right indicate the lengths of mexT genes in the respective strains encompassed by the bolded ATG start and
TGA stop codons. Note that the frame-shifted mexT ORFs in the PAO1 reference strain and sublines PAO1-2017-B and PAO1-2017-G
terminate prematurely at a TGA that corresponds to bp 268-270 in the 915 mexT sequences. MexT changes at the amino acid level as
a consequence of deletions, insertions and single nucleotide substitutions are indicated at the bottom (see text for details). The origins
of PAO1 sublines and their genomic sequence GenBank accession numbers are as follows: PAO1-2017-A, R. Hancock, Univ. of British
Columbia (QZFW00000000); PAO1-2017-B, J. Burns, Univ. of Washington (QZFX00000000); PAO1-2017-C, B. Iglewski (via E. P. Greenberg,
Univ. of Washington) (QZFY00000000); PAO1-2017-D, B. Holloway (via D. Ohman, Virginia Commonwealth Univ.) (QZFZ00000000); PAO1-
2017-E and PAO1-2017-1, MPAO1, C. Manoil, Univ. of Washington (QZGA00000000 and QZGEO000000Q, respectively); PAO1-2017-F, PAO1
V, J. Goldberg, Emory Univ. (QZGB00000000); PAO1-2017-G, H. Nikaido, Univ. of California, Berkeley (QZGC00000000); PAO1-2017-H, A.
Prince, Columbia Univ. (QZGD00000000) [10]; ATCC15692, PAO1, B. Holloway (NZ_CP017149.1); PAO1-Orsay, C. Pourcel, Univ. Paris-Sud
(NZ_LN871187.1) [41]; reference PAO1 or PAO1-UW (NC_002516.2) [5].

leads to the restoration of functional MexT and thus MexEF-
OprN expression [7].

Of concern is that the start codon of the mexT gene in the
PAO1-UW reference sequence was misannotated as nt
2807469-2807471 and is thus located 121 nt upstream of the
correct ATG. The resulting ‘mexT" terminates at the same stop
codon indicated in Fig. 1 for all full-length mexT genes (nt
2808510-2808512). The 1041 nt ORF of PAO1-UW ‘MexT’
would encode a 347 aa protein. This hypothetical protein
consists of the same 269 carboxy-terminal aa that are present
in strains without the 8 bp insertion and 78 erroneous aa at the
amino terminus. The resulting hybrid protein only contains
the 10 distal residues of the HTH domain contributed by the
269 aa carboxy-terminal MexT sequences and thus lacks a
functional HTH DNA-binding domain.

When compared to other PAOI1 lineages, the PAOI1
ATCC15692 and PAO1-Orsay mexT sequences contain three
extra nucleotides (CTC), which results in the insertion of a
leucine residue after valine 131 of MexT. A separate labora-
tory research strain, P. aeruginosa strain PA14, which is a
highly pathogenic clinical burn wound isolate from the USA
[30-32], has a mexT DNA sequence that diverges from PAO1,
although its aa sequence is identical to that from several
PAOL1 strains without the additional leucine, PAO1-2017-C,
PAO1-2017-E and PAO1-2017-1, as well as other P. aeruginosa
isolates, including PAK [31, 33] and the Liverpool endemic
strain LES400 (Fig. 2) [31, 34]. Thus, we surmise that PAO1
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sublines ATCC15692 and PAO1-Orsay likely acquired the
extra leucine codon rather than the other PAO1 sublines
being derived from a more ancestral strain having lost this
codon. The presence of the CTC codon in ATCC15692 and
its absence from other PAOLI lineages strains was verified by
PCR amplification of the mexT region and Sanger sequencing
(see below).

Strain PAO1-2017-A contains a 15bp deletion that results
in loss of amino acids 51-55 from the 300 aa MexT protein
expressed in this strain. This deletion shortens the predicted
DNA-binding region, but it is unknown what effect this dele-
tion has on MexT activity.

Several of the PAO1 sublines contain single nucleotide substi-
tutions in mexT; e.g. PAO1-2017-B, PAO1-2017-D, PAO1-
2017-F and PAO1-2017-H. Even if they are located within
a known functional LTTR domain, either the HTH DNA-
binding domain or the co-inducer-binding domain (Fig. 2),
itis difficult to predict what effects these substitutions have on
MexT function. For instance, the two PAO1 sublines PAO1-
2017-D and PAO1-2017-H contain substitutions, R28S and
A39V, respectively, that are located within the predicted MexT
HTH DNA-binding domain (Fig. 2). The PAO1-2017-H
mutation A39V is known to be non-functional [18], while it
is not known if the PAO1-2017-D R28S is affected. However,
MexT proteins with aa changes affecting the HTH domain
are not necessarily inactive, since functional PAO1-Geneva
MexT contains a leucine instead of a valine at position 26
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MPAO1l MNRNDLRR%DLNLLIVFETLMHERSVTRAAEKLFLGQPAISAALSRLRTLFDDPLFVRTG 60
PAl4 MNRNDLRRVDLNLLIVFETLMHERSVTRAAEKLFLGQPAISAALSRLRTLFDDPLFVRTG 60
LES400 MNRNDLRRVDLNLLIVFETLMHERSVTRAAEKLFLGQPAISAALSRLRTLFDDPLFVRTG 60
PAK MNRNDLRRVDLNLLIVFETLMHERSVTRAAEKLFLGQPAISAALSRLRTLFDDPLFVRTG 60
— [
MPAO1 RSMEPTARAQEIFAHLSPALDSISTAMSRASEFDPATSTAVFRIGLSDDVEFGLLPPLLR 120
PAl4 RSMEPTARAQEIFAHLSPALDSISTAMSRASEFDPATSTAVFRIGLSDDVEFGLLPPLLR 120
LES400 RSMEPTARAQEIFAHLSPALDSISTAMSRASEFDPATSTAVFRIGLSDDVEFGLLPPLLR 120
PAK RSMEPTARAQEIFAHLSPALDSISTAMSRASEFDPATSTAVFRIGLSDDVEFGLLPPLLR 120
MPAO1 RLRAEAPGIVLVVRRANYLLMPNLLASGEISVGVSYTDELPANAKRKTVRRSKPKILRAD 180
PAl4 RLRAEAPGIVLVVRRANYLLMPNLLASGEISVGVSYTDELPANAKRKTVRRSKPKILRAD 180
LES400 RLRAEAPGIVLVVRRANYLLMPNLLASGEISVGVSYTDELPANAKRKTVRRSKPKILRAD 180
PAK RLRAEAPGIVLVVRRANYLLMPNLLASGEISVGVSYTDELPANAKRKTVRRSKPKILRAD 180
MPAO1l SAPGQLTLDDYCARPHALVSFAGDLSGFVDEELEKFGRKRKVVLAVPQFNGLGTLLAGTD 240
PAl4 SAPGQLTLDDYCARPHALVSFAGDLSGFVDEELEKFGRKRKVVLAVPQFNGLGTLLAGTD 240
LES400 SAPGQLTLDDYCARPHALVSFAGDLSGFVDEELEKFGRKRKVVLAVPQFNGLGTLLAGTD 240
PAK SAPGQLTLDDYCARPHALVSFAGDLSGFVDEELEKFGRKRKVVLAVPQFNGLGTLLAGTD 240
MPAO1 IIATVPDYAAQALIAAGGLRAEDPPFETRAFELSMAWRGAQDNDPAERWLRSiISMFIGD 300
PAl4 ITIATVPDYAAQALIAAGGLRAEDPPFETRAFELSMAWRGAQDNDPAERWLRSRISMFIGD 300
LES400 IIATVPDYAAQALIAAGGLRAEDPPFETRAFELSMAWRGAQDNDPAERWLRSRISMFIGD 300
PAK IIATVPDYAAQALIAAGGLRAEDPPFETRAFELSMAWRGAQDNDPAERWLRSRISMFIGD 300
MPAO1l PDSL 304
PAl4 PDSL 304 9170 HTH DNA-binding domain
LES400 PDSL 304 . . . .
PAK PDSL 304 101 p——q 293 Co-inducer-binding domain

Fig. 2. Amino acid sequences and LTTR domains of prototype MexT from four distinct P aeruginosa lineages. Amino acid sequences
from strains MPAO1 (GenBank accession number QZGA00000000), PA14 (CP000438), PAK (LR657304) and LES400 (CP006982.1) were
aligned using online Clustal Omega. Domain assignments were made using online InterPro Protein sequence analysis and classification
software. The DNA-binding domain, including the HTH specifying amino acids 24-45 (red letters), was predicted using the Dodd and
Eagan algorithm [29]. The putative co-inducer-binding domain extends from residues 101-293. Mutation of the cyan-shaded alanine 39
to a valine results in loss of MexT function. Conversely, mutational change of the yellow-shaded glycine 257 to either alanine or serine

results in constitutive MexT activation.

[7, 16]. HTH probability scores can be used to estimate the
potential impact of mutations in this domain. For instance,
PAO1-Geneva MexT (V26L) has a higher score (90%) than
its wild-type counterparts with V26 (71%). The MexT A39V
(non-functional) and R28S scores are 50 and 50%, respec-
tively. Lastly, strain 2017-F contains a D241G substitution
in the carboxy-terminal half of MexT. This area of LTTR
proteins contains the co-inducer-binding domain [35]. It is
not known what effect the D241G substitution has on MexT
function, but mutations in this domain have been shown to
confer co-inducer-independent constitutive activation of the
LTTR target gene(s) in diverse bacteria, including Salmonella
enterica serovar Typhimurium [36, 37], Acinetobacter baylyi
[38] and Burkholderia pseudomallei [39, 40]. In B. pseu-
domallei, carboxy-terminal mutations in the MexT homo-
logue BpeT allow for co-inducer-independent expression
of the P. aeruginosa MexEF-OprN efflux pump homologue
BpeEF-OprC [39, 40]. A recent study with non-clonal clinical
P. aeruginosa isolates showed that G257A and G257S amino
acid substitutions led to constitutive activation of MexT due
to co-inducer-independent oligomerization [15].
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MexT analysis as predictor of PAO1 lineage

To ascertain whether a targeted mexT sequence analysis
rather than WGS can be used to rapidly assess which PAO1
lineage(s) any given laboratory might possess and propagate,
we PCR-amplified and sequenced the mexT coding sequences
of nine PAOL1 sublines maintained in our laboratory.

These analyses (Table 1) revealed that the nine PAO1 strains
our laboratory possesses constitute eight different PAO1
sublines: (1) two (PAO1-89 and PAO1-00) contain the iden-
tical 8bp insertion and frame-shifted mexT as PAO1-UW;
(2) one (PAO1-06) contains a novel mexT frame-shift muta-
tion; (3) one (PAO1-05) contains a MexT P195T amino acid
substitution; (4) one (PAO1-96) contains MexT P195T and
I129F amino acid substitutions; (5) one (PAO1-99) contains
a MexT A202P amino acid substitution; (6) two (MPAO1
and PAO1-Caliper) possess the same DNA and amino acid
sequences as MPAOL lineages (PAO1-2017-E, PAO1-2017-1
and PAO1-2017-C); (7) and (8) interestingly, we found that
ATCC15692 has two separate sublines. We discovered upon
initial plating that the culture vial we obtained contained a
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Table 1. PAO1 sublines inventoried in Schweizer laboratory

Subline Acquired Source mexT open reading frame* ¥

PAO1-89 1989 P. Phibbs, East Carolina Univ. Same as PAO1-UW reference (NC_002516.2); mexT gene 270 bp;
frame shift after aa A39; termination after aa 89

PAO1-96 1996 M. Vasil, Univ. of Colorado HSC nt A385T>I129F and nt C583A>aaP195T (MN646028)

PAO1-99 1999 K. Poole, Queen’s Univ. nt G604C>aa A202P (MN646029)

PAO1-00 2000 W. Bitter, Utrecht Univ. Same as PAO1-UW reference

MPAO1 2003 M. Jacobs, Univ. of Washington Same as MPAO1 [10]

PAO1-05 2005 D. Hassett, Univ. of Cincinnati nt C583A>aaP195T (MN646030)

PAO1-06 2006 T. Tomofusa, Okayama Univ. Insertion of T after nt 353; frame shift after aa L118; +1 reading
frame until termination at aa 305 (MN646031)

PAO1-Caliper 2011 Caliper Life Sciencest Same as MPAO1 [10]

ATCC15692 2019 ATCC 2/10 isolates tested same as GenBank NZ_CP017149.1
8/10 tested same as GenBank AJ007825.1

*Changes are relative to the MPAO1 suggested prototype sequence.
tGenBank accession numbers in parentheses.
fNow Perkin Elmer.

heterogeneous mixture of P. aeruginosa colony phenotypes.
We therefore extracted genomic DNA from cultures of 10
randomly selected single colonies and sequenced PCR-
amplified mexT. These analyses showed that only DNA from
2 of the 10 picked yielded the expected published sequence,
i.e. the presence of an additional CTC codon, which results
in the insertion of a leucine residue after valine 131 of MexT
(Fig. 1). The DNA preparations from the other eight colonies
contained a mexT gene that is identical to PAO1-Geneva
(GenBank accession AJ007825.1) [7, 16]. The mexT gene
from these isolates contained a single nucleotide substitution
(G76C) that resulted in the aforementioned V26L amino acid
change. Once single colony-purified, the respective mexT
sequence types were stable, indicating that we started with
a mixed culture. We can exclude cross-contamination in
our laboratory, since we possessed neither ATCC15692 nor
PAO1-Geneva prior to acquisition of ATCC15692 in May
2019.

Conclusions

In conclusion, our studies confirmed that PAO1 mexT is
indeed a mutational hotspot and that sequence information
can be utilized to quickly assess the integrity of the PAO1
lineage that a laboratory possesses, propagates and employs
in experiments. This is important because MexT is a local and
global transcriptional regulator of diverse physiological and
pathogenic processes in P. aeruginosa and serendipitous use of
mexT mutant strains may negatively affect the interpretation
of research results and reproducibility. The mexT sequence
variety established by diverse studies also raises the question
of what a prototypic MexT sequence looks like. MexT of P
aeruginosa strains PA14, PAK and LES400 have an identical
amino acid sequence to MexT from several PAO1 sublines,
e.g. PAO1-2017-C, MPAO1 and PAOI1-Caliper (Fig. 2).
Lastly, using this presumed MexT prototype sequence as
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the subject we performed two separate DIAMOND BLASTP
queries against either completed P. aeruginosa genomes or
against all P. aeruginosa sequences within the Pseudomonas
Genome Database (version 18.1, 12 March 2019, www.
pseudomonas.com). In analyses performed 27 August 2019,
125/148 (or 84.5%) of the completed genomes contained
the prototype MexT sequence. Of all MexT proteins in the
database, 2321/2659 (or 87.2%) were identical to this proto-
type MexT. In both categories, MexT proteins that were not
identical to the prototype mostly had various single amino
acid substitutions, with a few having deletions or inser-
tions. The evidence overwhelmingly shows that the MexT
sequences shown in Fig. 2 specify the prototype sequence.
To further ascertain mexT’s unique suitability as a target for
assessing the integrity of PAO1, we used BLASTN to analyse
the 12 published P. aeruginosa genomes listed in Fig. 1
and its legend for: (1) mutations in 4 genes — mexZ, lasR,
mexA and mexS - that, like mexT, are frequently mutated in
clinical isolates, especially strains from chronically infected
cystic fibrosis (CF) patients [12], and (2) mutations in mexE
a MexT-regulated gene that, like mexT, is involved in the
emergence of the so-called P2 phenotype [14]. Unlike mexT,
for which only 3 of the 12 aligned mexT nucleotide sequences
are identical, which resulted in 7 different MexT protein
sequences, there were no nucleotide sequence changes in
mexZ, lasR, mexA, mexF and mexS and thus no amino acid
changes in the resulting proteins. These data instil further
confidence in our conclusion that mexT sequence informa-
tion can be utilized to quickly assess the integrity of the PAO1
lineage(s) that a laboratory possesses. And, based on these
findings, it is recommended that laboratories occasionally,
for instance after genetic manipulations, either confirm that
their strains carry the MexT prototype amino acid sequence
or perform MexT functionality testing (e.g. by assessing
mexE expression by RT-qPCR [14]).
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