
Klebsiella pneumoniae carrying multiple alleles of Antigen 43-encoding gene of Escherichia coli 

associated with biofilm formation 

 

Martina Tambassi,a# Elena Passarini,a,b Ilaria Menozzi,a Melissa Berni,a Chiara Bracchi,a Alessandra 

Dodi,a Luca Bolzoni,a Erika Scaltriti,a Marina Morganti,a Giulia Ferrarini,c Laura Sordi,c Mario Sarti,c 

Simone Ambretti,d Stefano Pongolinia 

 

a Risk Analysis and Genomic Epidemiology Unit, Istituto Zooprofilattico Sperimentale della 

Lombardia e dell'Emilia-Romagna (IZSLER), Parma, Italy 

b Department of Chemistry, Life Sciences and Environmental Sustainability, University of Parma, 

Parma, Italy 

c Clinical Microbiology Unit, AUSL Modena, Baggiovara, Italy 

d Microbiology Unit, IRCCS Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy 

 

Supplementary material  

This file contains: 

Fig. S1 

Table S1 

Table S2 

Supplementary methods 

  



 

Fig. S1. CPS cluster of KP47 and KP16 strains. Sequence of CPS cluster of KP47 was aligned to that 

of KP16 control strain. CPS genes are displayed in blue, genes belonging to the insertion in wbaP 

gene are displayed in green. 

  



Table S1. Primers used for qRT-PCR reactions. 

GENE SEQUENCE (5’-3’) 

flu1 
FW: CTGAATGGCGATGTGGTCAG 

RV: CCCTGACCGGTGAAGTTAC 

flu2 
FW: GTGATACCGGGCAGTTTGTTC 

RV: GCCGGCATAAACCACAGTG 

flu3 
FW: CATTTCACCTCCTCACGCAC 

RV: ATTGTTCTGCGCCATATCCG 

wza 
FW: ACGTGGTTGAACTCCCAGAT 

RV: AGTACGTCACCAACCCCAAT 

wzy 
FW: GGAACAATGTGGACCGGTTT 

RV: ACCCAATCACCATCATCATCA 

rpoD 
FW: CAACCGTATCTCCCGTCAGA 

RV: GGCTCTTTGGCGATCTTCAG 



Table S2. List of complete genomes carrying at least one flu gene and related information about the 

position on the genome, size and allele number (with % of coverage and identity) for each flu gene 

detected. 

 



Supplementary methods 

RNA extraction. For the stationary phase condition, strains were incubated in 3 ml of LB overnight 

at 37°C with shaking and RNA extraction was performed on 100 µl of bacterial culture. For the 

exponential phase condition, overnight cultures were diluted at OD600 0.1 and, after 100 min of 

incubation at 37°C with shaking, 1 ml of culture was used for RNA extraction. For biofilm-planktonic 

and biofilm-sessile phases, strains were inoculated in 3 ml of LB broth and incubated overnight at 

37°C with shaking. The following day cultures were diluted as for the biofilm formation assay and 

incubated for 24h at 37°C in a 96-well polystyrene plate with round bottom. Concerning planktonic 

cells, 100 µl of bacterial culture per strain were collected for RNA extraction, whereas biofilm cells 

were washed twice with 200 µl of PBS and resuspended in 100 µl of PBS by scraping the bottom of 

the well with pipette tips. For each strain, biofilm-forming cells were collected from eight wells to 

obtain enough cells for RNA extraction. Bacterial cultures were transferred in 1.5 ml tube and 2 

volumes of RNAprotect Bacteria Reagent were added (QIAGEN). After vortexing and incubating at 

room temperature for 5 min, samples were centrifuged for 10 min at 5000 x g, the supernatant 

discarded and enzymatic lysis of the pellet was performed for 10 min at 37°C with 1 mg/ml of 

lysozyme (Sigma-Aldrich) in Tris-EDTA. The extraction was carried out using Nucleospin Macherey 

Nagel RNA extraction kit following manufacture’s protocol. Both in-column and in-solution DNase 

digestion was performed. RNA was precipitated by mixing with sodium acetate (0.1 Volume, 1M, 

Thermo-scientific), ethanol (2.5 Volumes, 100%, Sigma-Aldrich) and glycogen (1 µl, 20 mg/ml, 

Invitrogen). After overnight incubation at -20°C, RNA was washed twice with 750 µl of 100% ice-

cold ethanol and resuspended in water. RNA concentration and purity (A260/A280) were determined 

with a Synergy H1 Hybrid spectrophotometer (BioTek) equipped with Gen5 software. RNA 

extraction was done from three independent biological replicates. The extracted RNA was reverse 

transcribed using High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems).  

qPCR Primer design and details. Primers for flu alleles were designed to be allele specific. For this 

purpose, the three alleles were aligned by ClustalW 2.1 [1] and point mutations specific of each allele 



were found. Allele specific-primers were designed such that the last and the second or the third to last 

base at primer 3′ end were positioned at SNPs sites and checked for quality through Primer3 version 

4.1.0 [2]. To determine qPCR reaction efficiency, a standard curve for each primer pair was run in 

triplicate. Relative quantification of gene expression was done by Pfaffl method [3] and statistical 

analysis was done with the Student’s t test (P ≤ 0,05; two-tailed, unpaired). Amplicons of flu alleles 

were Sanger sequenced to confirm PCR specificity. 

Isolation of a spontaneous translucent KP16 mutant. It was previously observed that K. 

pneumoniae strains can exhibit opaque, capsulated colonies with translucent segments, corresponding 

to spontaneous mutants which produce less capsule than the wildtype strain due to accumulated 

insertion sequences, point mutations or small insertion–deletion mutations on CPS genes. The ability 

of capsulated colonies to produce translucent segments is dependent on the incubation time (> 24 h) 

[4]. Therefore, to isolate a spontaneous KP16 mutant with impaired ability to produce capsule was 

isolated from translucent segments of KP16 colonies generates by streaking, KP16 strain was streaked 

on Luria Bertani (LB) agar and incubated at 37°C until bacterial colonies with translucent segments 

were observed. A KP16 mutant (KP16Δc) was isolated by streaking a translucent colony segment on 

LB agar to obtain single colonies and re-streaking a single colony twice more. KP16Δc was then 

Illumina sequenced to find the mutation responsible for reduced capsule production. KP16Δc reads 

were assembled by Unicycler 5.0 [5] and KP16 and KP16Δc assemblies were aligned by MAUVE 

2.4.0 [6]. The alignment was observed at the CPS cluster level to find point mutations, indels or other 

insertions in CPS genes. We found that KP16Δc carried a single-base deletion generating a frameshift 

mutation in wbaP gene.  
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