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Escherichia coli is the major causative agent of human cystitis. In this study, a preliminary
molecular analysis carried out by PCR (polymerase chain reaction) demonstrated that 100%
of 31 E. coli strains isolated from patients with recurrent UTIs (urinary tract infections)
showed the presence of the curli fimbria gene (csgA). Curli fimbria is known to be associ-
ated with bacterial biofilm formation but not with the adhesion of human cystitis-associated
E. coli. Therefore, this work aimed to study how curli fimbria is associated with uropathogenic
E. coli (UPEC) as an adhesion factor. For this purpose, the csgA gene was deleted from strain
UPEC-4, which carries three adhesion factor genes (csgA, fimH and ompA). The wild-type
UPEC-4 strain and its mutant (AcsgA) were analyzed for their adhesion ability over HTB-9
(human bladder carcinoma), Vero (kidney cells of African green monkey) and HUVEC (human
umbilical vein) cells in the presence of a-D-mannose. All the wild-type UPEC strains tested
(100%) were able to adhere to all three cell types, while the UPEC-4 AcsgA mutant lost its
adherence to HTB-9 but continued to adhere to the HUVEC and Vero cells. The results suggest
that curli imbria has an important role in the adhesion processes associated with human
UPEC-induced cystitis.
© 2016 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is
an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Urinary tract infections (UTIs) are among the most frequent
human extraintestinal infections. Escherichia coli is the pri-
mary agent of UTIs, and the bladder and periuretral tissues
represent 95% of all primary UTI sites. E. coli belongs to the
Enterobacteriaceae family and is present in the natural micro-
biota of humans and other homoeothermic animals. The
E. coli associated with UTIs are denoted uropathogenic E. coli
(UPEQ).13

The adherence of UPEC to uroepithelium cells establishes
the initial occurrence of the pathogenesis of a urinary tract
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infection (UTI).**> Adhesion is generally mediated by fimbriae,
which are filamentous appendices localized on the bacterial
surface, generally of protein nature, which promote specific
binding to receptors on host eukaryotic cells (uroepithelial
cells, erythrocytes and urinary glycocalyx), being also capa-
ble of biofilm formation over abiotic surfaces such as plastic
catheters.*

Thirty-one E. coli isolates from patients with recurrent
cystitis, kindly supplied by Dr. Ulysses de Oliveira (FCM, UNI-
CAMP), were analyzed for a number of genes associated with
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UPEC adherence through polymerase chain reaction (PCR) fol-
lowing the methodology described by Blanco and colleagues,®
such as type 1 fimbriae (fimH), curli (csgA), P (papC), antigen 43
(flu), F9 (f9) and protein membrane A (ompA). It was observed
that all the UPEC strains analyzed in the study presented the
curli imbria gene (csgA), and also the genes OmpA (93.3%),
fimH (87.1%), f9 (32.3%), papC (25.8%) and flu (19.4%).

Then, after the molecular characterization, we attempted
to verify whether curli fimbria acts as an adhesion factor asso-
ciated with human cystitis. Type 1 fimbriae and P fimbriae are
known as the main UPEC adhesins,”® however the role of curli
fimbria among UPEC remains unclear.

Curli fimbria is a fibrous surface protein that is impor-
tant for biofilm development by E. coli and Salmonella, and its
presence is associated with severe human infections.’ Fim-
bria interacts specifically with host matrix proteins such as
fibronectin, laminin and plasminogen to initiate adherence to
and colonization of the host.'%?

Curli fimbria presents chemical affinity to Congo red dye
according to Hammar et al,'® and this property is used
to phenotypically characterize curli fimbria presence in the
adhesion test!*.

The ability of these UPEC to form biofilm on abiotic sur-
faces was assessed by the methodology previously described
by Wakimoto et al.'> using 96-well polystyrene microplates
(Falcon Becton Dickinson, USA). Briefly, 5 pL of UPEC cultures
was inoculated into 195 pL of DMEM containing 0.45% glucose
and applied to 96-well polystyrene plates (BD Falcon, USA),
being incubated for 24 h at 37 °C. Each sample was stained for
five minutes with 0.5% crystal violet and washed four times
with PBS (0.01 M, pH 7.4), and 200 pL of 95% (v/v) ethanol was
added. Quantification was measured at 570 nm using an auto-
mated plate reader (Biotek). Of the 31 strains tested, 28 (90.3%)
were considered able to form biofilm in vitro by presenting an
OD570 > 0.2.15

UPEC adherence assays were performed over confluent
monolayers of 10° HTB-9 (human bladder carcinoma), Vero
(African green monkey kidney cells) and HUVEC (human
umbilical vein) cells as previously described by Scalestsky
et al.’® These cell cultures were grown in Dulbecco’s modi-
fied Eagle medium (DMEM; Gibco-BRL) containing 10% bovine
calf serum (BCS) using 24-well plates with coverslips (Falcon
Becton Dickinson, USA). The UPEC strains were grown in 3mL
of TSB for 18 h at 37 °C. Monolayers of Vero, HTB-9 and HEp-2
cells were inoculated with approximately 3 x 108 bacteria/mL
(Tube 1 of MacFarland’s scale) and were incubated at 37°C
for 3h. Then, the assay supernatant was diluted to 10~® and
applied over MacConkey agar plates. After overnight incuba-
tion, the plates were used for colony counting and for colony
forming unit (CFU) determination.!” All the strains analyzed
in this study were able to promote cell adhesion over the HTB9,
Vero and HUVEC cell lineages.

Thus, to verify if curli fimbria is an adhesin of UPEC associ-
ated with human cystitis, UPEC-4 (csgA, fimH, ompA), among 31
UPEC strains, was selected to obtain a null mutant for this gene
using the technique described by Datsenko and Wanner.'®

We designed the primers CsgA F: 5-ACAACGTTAATTTCC-
ATTCGACTTTTAAATCAAT CCGATGGGGGTTTTACGTGTAG-3
and CsgA_R: 5'-CCCGAAAAAAAACAGGGCTTGC GCCCTGTTT-
CTTTAATACAGATGATGTAATGGGAATTAGCCATGGTCC-3 to
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Fig. 1 - Quantitative adhesion of wild-type UPEC-4 (csgA*)
and the mutant (csgA~) to HTB-9, HUVEC and Vero cells.
Dilution 10—2.

amplify a chloramphenicol resistance cassette from the
pKD3 plasmid. The PCR product was inserted into a UPEC
strain containing the pKD46 plasmid. Mutants were selected
on MacConkey agar supplemented with chlorampheni-
col and confirmed by PCR using the detection primers
CsgADT_F: 5'-TGCCAGTATTTCGCAAGGTG-3' and CsgADTR:
5-TTGCTTCGTCTGACTTTGCC-3'. Further, the UPEC-4 csgA
null mutant was phenotypically confirmed on Congo red
agar plates,'® as the mutant cells did not present red color, a
characteristic of the wild-type strain. So, the deletion of the
curli gene in UPEC-4 was confirmed.

The wild-type UPEC-4 was able to promote its adhesion
over HTB-9, HUVEC and Vero cells in the presence of D-
mannose. However, the UPEC 4 mutant did not adhere to the
HTB-9 cells but continued to adhere to the HUVEC and Vero
cells in the presence of p-mannose (Fig. 1). These results sug-
gest that the adherence observed was induced by curli fimbria
and/or ompA, as D-mannose inhibits type 1 fimbriae. However,
there are no literature reports of ompA being able to promote
adhesion to HTB-9 cells or to HUVEC cells, but ompA does
adhere to VERO cells.?’ As HUVEC and Vero cells do not present
receptors to curli fimbria, this adhesion of UPEC-4 in particu-
lar must have been promoted independently of curli fimbria,
as it was genetically suppressed.

These results suggest that curli fimbria is an adhesin factor
of uropathogenic E. coli (UPEC) responsible for human cystitis.
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