
Advances in Biological Chemistry, 2012, 2, 283-290                                                           ABC 
http://dx.doi.org/10.4236/abc.2012.23036 Published Online August 2012 (http://www.SciRP.org/journal/abc/) 

Identification of the autotransporter Pet toxin in Proteus 
mirabilis strain isolated from patients with urinary tract 
infections 

Luis Raúl Gutiérrez-Lucas1, Guillermo Mendoza-Hernández2, Bertha González-Pedrajo3,  
Carlos Eslava-Campos2, Jaime Bustos-Martínez4, Teresita Sainz-Espuñes1* 

 

1Departamento de Sistemas Biológicos, Universidad Autónoma Metropolitana-Xochimilco, México City, México 
2Departamento de Bioquímica, Facultad de Medicina, UNAM, México City, México 
3Instituto de Fisiología Celular, UNAM, México City, México 
4Departamento de Atención a la Salud, Universidad Autónoma Metropolitana-Xochimilco, México City, México 
Email: *trsainz@correo.xoc.uam.mx 
 
Received 12 April 2012; revised 18 May 2012; accepted 29 May 2012 

ABSTRACT 

Proteus mirabilis, a motile Gram-negative bacterium, 
represents a common cause of complicated urinary 
tract infections. Autotransporters are a family of se- 
creted proteins from Gram-negative bacteria that di- 
rect their own secretion across the outer membrane 
(type V autotransporter secretion mechanism). Serine 
protease autotransporters of Enterobacteriaceae (SP- 
ATEs) include adhesins, toxins, and proteases that can 
contribute to the virulence. Plasmid-encoded toxin (Pet) 
is the predominant protein in culture supernatants of 
enteroaggregative E. coli prototype strain 042 and has 
been extensively studied. Pet toxin is encoded on the 
65-MDa adherence-related plasmid of EAEC 042 strain. 
In this work, Pet protein was found in the supernatant 
obtained from Proteus mirabilis RTX339 strain iso- 
lated from a psychiatric patient suffering complicated 
urinary tract infections (UTIs). The nucleotide se- 
quence of pet gene was obtained using primers de- 
signed from E. coli 042 pet gene reported. The align- 
ment of the sequence showed 100% identity with the 
pet gene reported. Is important to note that Proteus 
mirabilis RTX339 pet gene has chromosomal location. 
The chromosomal location of the gene was established 
since no plasmids were harbored by this strain. 
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1. INTRODUCTION 

Proteus mirabilis is a common cause of urinary tract 
infections in patients with structural abnormalities of the 
urinary tract [1]. Urinary tract infections caused by this 
bacterial pathogen are common and often severe, leading 

to acute pyelonephritis, chronic inflammation, periure- 
thral abscesses, renal failure, and bacteremia. About 90% 
of P. mirabilis urinary tract infections show renal involve- 
ment, and this predilection for the upper urinary tract has 
been confirmed in animal models, which have also shown 
that this microorganism is able to invade host kidney 
cells [2]. P. mirabilis exhibits a form of multicellular be- 
havior known as swarming migration. It is believed that 
its ability to colonize the urinary tract is associated with 
its swarming motility [3]. In addition these bacteria colo- 
nize the catheter, forming a biofilm [4]. Proteus-associated 
UTIs may be difficult to treat, and the bacterium persists 
due to complications associated with this type of infec- 
tion, including bladder and kidney stone formation (uro- 
lithiasis) that can lead to the obstruction of catheters and 
the urinary tract [5]. Autotransporters are a family of se- 
creted proteins from Gram-negative bacteria that direct 
their own secretion across the outer membrane (this se- 
cretion mechanism has also been described as type V 
secretion). The serine protease autotransporters of En- 
terobacteriaceae (SPATEs) include adhesins, toxins, and 
proteases that can contribute to the virulence of different 
E. coli pathotypes [6]. Plasmid-encoded toxin (Pet), first 
described in enteroaggregative Escherichia coli (EAEC) 
strain 042 [7], is a 107 KDa secreted protein that dam- 
ages the human intestinal mucosa by inducing exfoliation 
of epithelial cells and development of crypt abscesses. 
The toxin is classified as a SPATE [8]. Pet represented 
the first enterotoxin within the autotransporter class of 
secreted proteins. It has also been reported that Pet pro- 
duces cellular damage associated with fodrin disruption 
on live HEp-2 cells [9], and in 2002, using an animal 
model study [10], it was reported histopathological evi- 
dence that confirmed the stimulation of mucus hyper- 
secretion, an increased amount of goblet cells and the 
presence of bacterial aggregates in the apical surface of  *Corresponding author. 
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intestinal epithelial cells as well as edema in the submu- 
cosa, when BALB/c mice were inoculated with the 042 
EAEC strain. 

In 2008 [11], six putative Proteus mirabilis autotrans- 
porter (ATs) proteins were identified in the complete 
genome sequence of an uropathogen Proteus mirabilis 
strain. Pta is an AT with a subtilisin-like protease motif 
described later as one of the six AT identified in the 
whole P. mirabilis genome [12]. In this work, Pet protein 
was found in the culture supernatant of Proteus mirabilis 
strain RTX339 isolated from a psychiatric patient with 
UTI, and peptide sequences were obtained and compared 
with the reported sequence described for EAEC 042. 
Gene pet of Proteus mirabilis RTX339 strain was PCR 
amplified and sequenced (GenBank acc. no. JX050262). 
This sequence was compared with the reported sequence 
for EAEC 042 pet gene. 

2. MATERIALS AND METHODS 

2.1. Bacterial Strains and Culture Conditions 

Proteus mirabilis strains were isolated from urine of 
hospitalized infected patients from a psychiatric hospital 
and from a second level care clinic from Mexico City. 
Wild-type EAEC strain 042 was used as a Pet producing 
control strain. Twenty four urine P. mirabilis clinical iso- 
lates from our collection were additionally screened. Unless 
otherwise indicated, strains were cultured in MacConkey 
agar or Luria broth (LB) at 37˚C and maintained at –70˚C 
in LB-glycerol (1:1). 

2.2. Protein Purification 

Pet protein was obtained from culture supernatants of 
EAEC 042 and P. mirabilis RTX339 strains, precipitated 
with 75% ammonium sulfate, and further precipitated 
with 1.15 and 1.75 M potassium phosphate buffer. The 
purified proteins were analyzed by sodium dodecyl sul- 
fate (SDS)-6% polyacrylamide gel electrophoresis (PAGE) 
[13]. 

2.3. Western Immunoblot 

The protein bands obtained by SDS-6% PAGE were 
transferred to a PVDF membrane [14]. Membranes were 
incubated overnight with rabbit antibodies against Pet 
EAEC 042 protein (diluted 1:500) and visualized with 
goat anti-rabbit antibodies conjugated with alkaline phos- 
phatase (Kirkegaard & Perry Laboratories, Gaithersburg, 
Md.). 

2.4. Protein Sequencing 

The protein bands were carefully excised from Coomassie 
stained PVDF membranes, distained, reduced, carbami- 

domethylated, washed, digested with trypsin and extracted 
according to published procedures [15]. The volume of the 
extracts was reduced by evaporation in a vacuum centri- 
fuge at ambient temperature and then adjusted to 20 µL 
with 0.1% formic acid. 

LC/MS/MS analysis of triptic peptides were carried 
out using a NanoAcquity ultraperformance liquid chro- 
matograph (UPLC) (Waters Corporation) coupled to a 
Q-ToF Synapt High Definition Mass Spectrometer (Wa- 
ters Corporation) equipped with a NanoLockSpray ion 
source. The binary solvent system used was 2% acetoni- 
trile in Milli Q water with 0.1% formic acid (mobile phase 
A) and 98% acetonitrile in Milli Q water with 0.1% for- 
mic acid (mobile phase B). Samples were concentrated 
and desalted online by injection onto a Symmetry C18 
UPLC trapping column (5 µm particle size, 180 µm id × 
20 mm) (Waters Corporation) at a flow rate of 5 µL/min 
with a 1% mobile phase B composition. After 3 min, the 
trap column was switched in line with the analytical col- 
umn. Peptides were separated on a BEH, C18 UPLC col- 
umn (1.7 µm particle size, 75 µm id × 100 mm) (Waters 
Corporation) using a linear gradient of 3% - 40% B over 
a 30 min period, at a flow rate of 0.3 µL/min. followed 
by a 10 min rinse of 95% mobile phase B. The column 
was re-equilibrated at initial conditions (3% mobile phase 
B) for 25 min. The mass spectrometer was operated in 
ESI positive V-mode at a resolution of 10000 full with at 
half height (fwhh). Spectra were acquired in automated 
mode using data-dependent acquisition (DDA). [Glu1] 
fibrinopeptide B solution (100 fmol/µL) was infused th- 
rough the reference sprayer of the NanoLockSpray source 
at a flow rate of 0.5 µL/min and was sampled at 30 s 
intervals during the acquisition. MS survey scans of 1 s 
over the m/z range 300 to 1600 were used for peptide 
detection followed by two MS/MS scans of 1 s each (m/z 
50 to 2000) of detected precursors. Collision energies 
were automatically adjusted based upon the ion charge 
state and the mass. The five most intensive precursor 
ions of charge 2+, 3+ or 4+ were interrogated per MS/MS 
switching event. Dynamic exclusion for 60 s was used to 
minimize multiple MS/MS events for the same precursor. 
The data were postadquisition lock mass corrected using 
the doubly protonated monoisotopic ion of [Glu1] fi-
brinopeptide [16]. 

Data Processing and Protein Identification. DDA raw 
data files were processed and searched using the Pro- 
teinLynx Global Server version 2.2 (PLGS) software (Wa- 
ters Corporation) .The default parameter settings included: 
Perform lockspray calibration with a lockmass tolerance 
of 0.1 Da. Background substract type, adaptative. Deiso- 
toping type, medium. Trypsin was set as the digest re- 
agent and one missed cleavage site was allowed. Mass 
tolerances of 30 ppm and 0.05 Da were used for precur- 
sor and product ions, respectively. Carbamidomethyl-cy- 
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steine was the fixed modification. Met oxidation and Gln- 
Asn deamidation were set as variable modifications. PLGS 
was configured to automatically output pkl files which 
were subsequently database searched by MASCOT search 
algorithm (Version 1.6b9, Matrix Science, London, UK) 
available at http://www.matrixscience.com). Mascot sea- 
rches were conducted using the Proteobacteria (purple 
bacteria) subset (2745025 sequences, Nov 2009 for P. 
mirabilis RTX334 strain and April 2012 for P. mirabilis 
RTX339 strain) of the National Center for Biotechnology 
Information non-redundant database (NCBInr,  
http://www.ncbi.nih.gov). Peptide matches with Mascot 
scores exceeding the 95% level of confidence were ac- 
cepted as correct matches. Ion score is –10*Log(P) were 
P is the probability that the observed match is a random 
event. The threshold score in the above conditions were 
56 and 57 for P < 0.05. 

2.5. Identification System (Vitek) 

Identification of the P. mirabilis RTX334 and RTX339 
strains was performed by the automated system Vitek. 
The test cards were inoculated with organisms which 
were cultured from the nutrient agar tryptic soy agar 
plates. Organisms were no more than 24 h old at the time 
of inoculation. In order to inoculate both cards from the 
same inoculum, a 1.0 McFarland suspension of each or- 
ganism was prepared in a sufficient volume of 0.45% 
sterile saline to inoculate GNI1 card. The saline was then 
divided into separate tubes for the inoculation of the in- 
dividual cards. The use of the transfer tubes, filling mod- 
ule, sealing module, and loading of the GNI1 cards into 
the reader/incubator tray were performed according to 
the Vitek operator’s manual bio-Merieux Vitek software 
version 5.01 was used [17]. 

2.6. Chromosomal DNA Extraction and PCR 

Chromosomal DNA from P. mirabilis strain was extracted 
using the Wizard Genomic DNA Purification Kit (Promega, 
Cat. A1120, Promega Corporation, Madison WI, USA), 
following the instructions of the supplier. PCR was car- 
ried out using a PCR QIAGEN Kit (QIAGEN Inc., Va- 
lencia CA). The PCR mixture was composed of 1 × PCR 
buffer, 1 × Q solution, 0.5 µM of each primer (Table 1), 
200 µM each of the four deoxynucleoside triphosphates 
and 2.5 U of Taq polymerase. The total volume of each 
reaction mixture was 25 µl, employing 1 µl of DNA ex- 
tract as the template. Using a T Personal Thermocycler 
(Biometra) the thermal cycle program consisted of an 
initial cycle of 95˚C for 4 min for denaturation and po- 
lymerase activation, 30 cycles of: 95.0˚C, 60 s; 58.0˚C, 
60 s; 72.0˚C, 120 s, and a final extension step of 5 min at 
72.0˚C. Amplified products were subjected to 1.5% aga- 
rose gel electrophoresis. Amplified DNA products of 

specific size (Table 1) were visualized by UV fluores-
cence after being stained with ethidium bromide. PCR 
products were purified using a QIAGEN QIAquick PCR 
Purification Kit (QIAGEN Inc., Valencia CA), and se- 
quenced in an automatic sequencer ABI PRISM Model 
3100 Version 3.7, for pet gene confirmation. 

2.7. Plasmid DNA Extraction 

For plasmid DNA extraction a Plasmid Mini Kit (QIAGEN 
Inc., Valencia CA.) was used following the manufacture 
instructions. 

2.8. Anti-Pet Antibodies of P. mirabilis RTX 339 
Strain 

P. mirabilis RTX339 Pet protein was injected subcuta- 
neously (using polyacrylamide as adjuvant, the band of 
Pet protein was cut out and macerated for use) to New 
Zealand White rabbit weighing between 2.5 and 3.0 kg. 
Rabbit received subcutaneous boosters of 200 mg of total 
protein on days 0, 15, 20, and 25. Rabbits were exsan- 
guinated on day 30, and the serum collected was stored 
at –70˚C until use. The Pet protein from EAEC 042 ob- 
tained by SDS-6% PAGE were transferred to a PVDF 
membrane [14]. Membranes were incubated overnight 
with rabbit antibodies against Pet RTX339 protein (di- 
luted 1:500) and visualized with goat anti-rabbit anti- 
bodies conjugated with alkaline phosphatase (Kirkegaard 
& Perry Laboratories, Gaithersburg, Md.). 

3. RESULTS 

3.1. Electrophoresis and Western Immunoblot 

SDS-PAGE (6%) electrophoresis showed the protein bands 
obtained from P. mirabilis RTX339 strain supernatant. 
Different protein bands were observed with different 
molecular weights; however, a band of special interest 
with an approximate molecular weight of 108 kDa was 

 
Table 1. Primers used in this work. 

Primer Sequence 5’-3’ 
Product Size 

(bp) 
Pm787 forward
Pm787 reverse

Pm800A forward

TCTTCCTCCTTCATTTTATTCTAC 
ATCAGCCCCTCTTGTTTCCACGAC

AATAAAGGGGTGTTTCAACCA 

787 
 

800 

Pm800A reverse CTCGATATCTTGAGTTGTATT  

Pm800F forward CTTAATGTCATACAGGCACAG 800 

Pm800R reverse GGTGAATCCGGCACCGGTAAT  

Pm650F forward GATGGCTCCATCAGCATAGGG 650 

Pm650R reverse CAGCAGGTTGTTTGAACCTTC  

U250F forward TGACTCTGCATGGATTGAGC 250 

U250R reverse
U250F forward
Pm410 reverse

GACGCATCACTCAGTACAGT 
TGACTCTGCATGGATTGAGC 

GAAGGAGTAACGGAAGTTGGC 
410 
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mirabilis RTX339 strains). The peptide sequences ob- 
tained identified a protein that has identical sequences 
when compared with those reported for Pet protein of E. 
coli 042 strain (acc. no. AF056581) [8]. Other proteins 
sequences were also identified and the results showed 
that they were reported for Proteus mirabilis HI4320 
(Tables 2 and 3). 

selected for sequencing (Figure 1). The western immu- 
noblot assay showed an antigenic reaction between the 
protein band (108 kDa) obtained from the supernatants 
and the anti-pet antibody used (Figure 2). 

3.2. Protein Sequencing 

Mass spectrometry assays were performed to identify the 
108 kDa band in both cases (P. mirabilis RTX334 and P. 

 

 

 

 Figure 2. Western immunoblot assay. Lane 1. Mole- 
cular weight marker (Precision plus protein standard, 
Bio-Rad). Lane 2. Pet protein from EAEC 042 used as 
positive control. Lane 3. Protein band (108 kDa) obta- 
ined from the supernatant of Proteus mirabilis RTX339 
strain recognized by the antibodies used. Both proteins 
were recognized by the antibodies raised against the 
Pet protein of EAEC 042 strain. 

Figure 1. SDS-PAGE (6%) electrophoresis. Lane 1. 
Molecular weight marker (Precision plus protein stan- 
dard, Bio-Rad). Lane 2. P. mirabilis RTX339 strain 
supernatant protein bands. A protein band with a mol- 
ecular weight of approximately 108 kDa was observed 
in the gel. 

 
Table 2. Identified peptide sequence with mass spectrometry for Pet protein from P. mirabilis RTX334 strain. In this case, individual 
ions scores > 56 indicate identity or extensive homology. 

Acc. no. Identified protein Score

gi|73921731 Full=Plasmid-encoded toxin pet 2702

gi|197284333 Leucyl-tRNA synthetase [Proteus mirabilis HI4320] 1227

gi|197285591 DNA gyrase subunit A [Proteus mirabilis HI4320] 413 

gi|197283930 Isoleucyl-tRNA synthetase [Proteus mirabilis HI4320] 405 

gi|197285894 Dihydrolipoyllysine-residue acetyltransferase component of pyruvate dehydrogenase complex [Proteus mirabilis HI4320] 313 

gi|197284197 Glycosyl hydrolase [Proteus mirabilis HI4320] 148 

gi|197284466 2-oxoglutarate dehydrogenase E1 component [Proteus mirabilis HI4320] 139 

gi|17973460 Inner membrane RND family protein AcrB [Proteus mirabilis] 138 

gi|197285345 
aldehyde-alcohol dehydrogenase [includes: alcohol dehydrogenase, Acetaldehyde dehydrogenase (acetylating), 

pyruvate-formate-lyase deactivase] [Proteus mirabilis HI4320] 
66 
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Table 3. Identified peptide sequence with mass spectrometry for Pet protein from P. mirabilis RTX339 strain. In 
this case, individual ions scores > 57 indicate identity or extensive homology. 

Acc. no. Identified protein Score 

gi|73921731 Full=Plasmid-encoded toxin pet 2846 

gi|197286393 Aspartate Ammonia Lyase [Proteus mirabilis HI4320] 192 

gi|226329632 Hypothetical protein PROPEN_03542 [Proteus penneri ATCC 35198] 106 

gi|326794310 4-Hidroxythreonine-4-phosphate dehydrogenase [Marinomonas Mediterranea] 82 

gi|197283930 Isoleucyl t-RNA synthetase [Proteus mirabilis HI4320] 78 

gi|51245430 Hypothetical protein DP1578 [Desulfotalea psychrophila LSv54] 72 

gi|153873585 Hypothetical protein BGP_4189 [Beggiatoa sp. PS] 71 

gi|374371354 Hypothetical protein OR16_38192 [Cupriavidus basilensis OR16] 67 

gi|114563057 Smr protein/MutS2 [Shewanella frigidimarina NCIMB 400] 67 

 
3.3. Vitek Identification 

In order to know whether the strains used were not con- 
taminated, identification with the Vitek automated sys- 
tem was performed. The results showed that the strains 
were Proteus mirabilis with a 100% identification. 

3.4. Anti-Pet Antibodies of P. mirabilis RTX 339 
Strain 

When anti-pet antibodies obtained from P. mirabilis RTX 
339 strain were used for the western blot assay, Pet pro- 
tein of EAEC 042 showed an antigenic reaction with these 
antibodies as it does with those obtained from EAEC 042. 
(Figure 3). 

3.5. PCR 

Chromosomal DNA was extracted in order to search for 
pet gene. This P. mirabilis strain does not have plasmids, 
since no plasmidic DNA was obtained. PCR was per- 
formed with the chromosomal DNA, and four set of prim- 
ers (Table 1) were designed using the peptide sequences 
obtained from the mass spectrometry results. Five am- 
plicons were obtained, purified and sequenced (Figure 
4). When submitted to BLAST analysis results showed a 
100% identity with sequences reported for the pet gene 
of E. coli 042 (acc. no. AF056581). To determine the 
prevalence of the pet gene among clinical isolates, PCR 
assays were performed using a specific primer to amplify 
a product of 650 bp for pet gene. From our collection, 24 
P. mirabilis strains isolated from hospitalized patients 
suffering from UTIs were PCR analyzed, and one strain 
JTX17 also carried the pet gene within its chromosomal 
DNA. 

3.6. Nucleotide Sequence Accession Number 

The sequence of the Proteus mirabilis pet gene has been 
submitted to GenBank under accession no. JX050262. 

 
Figure 3. Western immunoblot assay. Lane 1. Molecu- 
lar weight marker (Precision plus protein standard, Bio- 
Rad). Lane 2. Pet protein from EAEC 042. Lane 3. Pro- 
tein band (108 kDa) obtained from the supernatant of 
Proteus mirabilis RTX339 strain and used as positive 
control. Both proteins were recognized by antibodies raised 
against the Pet protein of Proteus mirabilis RTX 339 strain. 

 

 
Figure 4. Agarose gel electrophoresis (1.5%) of PCR 
products: Lane 1: 250 bp amplified product. Lane 2: 
1650 bp amplified product using Pm650F and 
PM410R primers. Lane 3: 800 bp amplified product 
using Pm800A primers. Lane 4: 800 bp amplified 
product using Pm800 primers. Lane 5: 650 bp am-
plified product. Lane 6: Molecular weight marker 
(100 bp DNA Ladder, New England BioLabs). 
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4. DISCUSSION 

Proteus mirabilis, a motile Gram-negative bacterium, 
represents a common cause of complicated urinary tract 
infections. These infections typically occur in patients 
with functional or anatomical abnormalities of the uri- 
nary tract or patients subjected to long-term catheterize- 
tion [18]. Several virulence factors have been identified 
and characterized for P. mirabilis. These factors include 
a potent urease that catalyzes formation of ammonia 
from urea and leads to urinary stone formation, a pore- 
forming hemolysin, ZapA metalloprotease which cleaves 
both immunoglobulin G (IgG) and IgA, a capsular poly- 
saccharide, four distinct fimbrial types, and peritrichous 
flagella for swimming and swarming motility [19]. How- 
ever, Escherichia coli is by far the most common cause 
of urinary tract infection (UTI), particularly in uncompli- 
cated cases. Strains causing these infections possess traits 
that distinguish them from commensal strains of E. coli 
and other pathogenic strains such as those causing diarrhea 
and meningitis. Characteristically, uropathogenic strains 
of E. coli are composed of a restricted number of O se- 
rogroups, produce hemolysin, P fimbriae, and aerobactin, 
exhibit serum resistance, and are encapsulated [20]. The 
plasmid-encoded toxin (Pet) is the predominant protein 
in culture supernatants of enteroaggregative E. coli pro- 
totype strain 042 and has been extensively studied [21]. 
Pet toxin is encoded on the 65-MDa adherence-related 
plasmid of EAEC strain 042 [7], however, we found this 
Pet protein in the supernatant from Proteus mirabilis 
RTX339 strain isolated from patients with UTIs. Fur- 
thermore, we obtained antibodies against Pet protein of 
P.mirabilis RTX 339 strain and are capable of react and 
recognize the Pet protein of Escherichia coli 042 type 
strain, which means that the proteins of both strains share 
common epitopes, besides they might have a high level 
of homology, as has been described that some molecules 
in the case of Escherichia coli have a very similar structure 
[22]. We also identified the presence of the pet gene in 
the chromosomal DNA of P. mirabilis RTX334, RTX339 
and JTX17 strains. The autotransporters are a growing 
family of proteins, members of which have been identi- 
fied across the breadth of the gram-negative evolutionary 
tree; as expected, the phylogeny of the proteins is com- 
plex. Evidence for divergent evolution among the auto- 
transporters is provided by examination of the serine pro- 
tease autotransporters of the Enterobacteriaceae (SPATEs) 
[23]. This class of proteins, called SPATEs [24], includes 
the putative virulence factors SepA, SigA, and Pic of 
Shigella flexneri [22,25,26], Sat of uropathogenic E. coli 
[27], EspP of Shiga-toxin producing E. coli [28], EspC 
of enteropathogenic E. coli [29,30], and Pet and Pic of 
EAEC [7,22,31]. Pearson et al., identified six putative 
Proteus mirabilis autotransporter proteins in the com- 

plete genome sequence of an uropathogen Proteus mir- 
abilis HI4320 strain [11]. Pta is an autotransporter pro- 
tein also found in P. mirabilis strains HI4320 that has a 
cytotoxin and agglutinin properties when tested in vitro 
using human bladder and kidney epithelial cell lines, 
confirming that autotransporter proteins could be cyto- 
toxins [12]. Since no plasmidic DNA was obtained from 
these two strains the gene is located within the chromo- 
somal DNA and this represents a difference when com- 
pared with the reported for pet gene from E. coli 042 
because it is located within the reported plasmid se- 
quence [7]. Due that Pet toxin degrades fodrin protein 
that is part of the cytoskeleton of the intestinal epithelial 
cells as reported by Villaseca, et al. [9], we suggest that 
this type of toxin could also caused alterations in the 
urinary epithelial cells as well. Pet protein has great ho- 
mology with Sat an autotransporter toxin which is also 
part of the SPATE’s family and was also found in the 
chromosome of uropathogenic E. coli, causing alterations 
to the urinary tract epithelium during urinary infections 
[22]. However, despite the complexity of autotransport- 
ers, several inferences can be made from the phyloge- 
netic study of these proteins. The influence of horizontal 
gene transfer on autotransporter distribution within the 
gram-negative bacteria is illustrated by the immunoglobu- 
lin A1 (IgA1) proteases; despite the fact that Neisseria 
and Haemophilus are located on distinct branches of the 
evolutionary tree, members of the IgA1 proteases can be 
found in both species. Members of this closely related 
group of proteins have evolved specific and distinct 
functions which are adaptive for the particular niche oc- 
cupied by the pathogen even though they possess sig- 
nificant homology (40% to 100% identity) through the 
complete protein [21]. Further studies are ongoing in 
order to investigate if this chromosomal protein is located 
within a pathogenicity island with transposable elements 
or in phages. 

Is the first time that Pet toxin has been described in 
Proteus mirabilis strains. The gene that encodes the Pet 
protein has a chromosomal location. 
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