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Biofilm-derived bile duct microbiota in liver transplantation: 
high-quality genomes of Klebsiella pneumoniae, Enterococcus 
faecalis, and Enterococcus faecium
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ABSTRACT We present draft genomes of Klebsiella pneumoniae (K. pneumoniae), 
Enterococcus faecalis (E. faecalis), and Enterococcus faecium (E. faecium) isolated from a 
bilioenteric catheter after liver transplantation. Genome sizes were 5.58 Mb, 2.95 Mb, 
and 2.78 Mb, with G+C contents of 57.25%, 37.6%, and 37.99%, respectively, highlighting 
biofilm-associated bile duct colonizers.
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L iver transplant patients receive antibiotic treatment and immunosuppressive 
medication to prevent organ rejection (1, 2). However, this can lead to an 

increased risk of infection. Enterobacteriaceae and Enterococcaceae are the most 
prevalent families within biliary diseases (3, 4). We describe the genetic characteristics 
of Klebsiella pneumoniae (MS-Stent-001-342), Enterococcus faecalis (MS-Stent-001-343), 
and Enterococcus faecium (MS-Stent-001-344), three bacterial isolates from bilioenteric 
catheters from a liver transplant recipient. These strains were successfully used to 
establish an in vitro model for studying infection and bacterial interactions. The catheter, 
collected post-surgery from a liver transplant patient as part of the MS-Stent study at 
Jena University Hospital, was removed, rinsed, and processed with ultrasonication to 
detach the biofilm. Subsequently, the biofilm was stored in PBS or in MAST CRYOBANK 
at –70°C. For isolation, MS-Stent-001-342 was cultured on MacConkey Agar (Carl Roh, 
Karlsruhe, Germany). Meanwhile, MS-Stent-001-343 and MS-Stent-001-344 were grown 
on Enterococcus Selective Agar (NutriSelect, Darmstadt, Germany). All strains were 
incubated for 24 h at 37°C under aerobic conditions.

Each strain was cultured in BHI medium for 24 h at 37°C. To perform gDNA isolation, 
the protocol of the PureLink Genomic DNA Kit (Thermo Fisher Scientific, 2024) was 
followed. Here, 20 µL of ≥45,000 U lysozyme (50 mg/mL) was added to each sample 
instead of the lysis buffer to increase cell lysis. Using the multiplex PCR approach, neither 
of the isolated Enterococcaceae strains contains VanA or VanB resistance genes (5). This 
approach targets vanA, vanB, vanC1, vanC2/C3, E. faecalis, E. faecium, and rrs (16S rRNA) 
with primers as described before (5).

Following the gDNA isolation, strain specification was done using 16S gene 
sequencing by EUROFINS (Ebersberg, Germany) as previously described (6), identi­
fying MS-Stent-001-342 as K. pneumoniae, MS-Stent-001-343 as E. faecalis and MS-
Stent-001-344 as E. faecium using NCBI BLASTn (7).

Whole genome short read sequencing of all three strains was performed on the 
iSeq100 platform with a 300-cycle iSeq reagent kit generating paired-end (2 × 150 bp) 
raw reads. Here, libraries were prepared using standard protocols for the Illumina DNA 
Prep Kit and the Nextera CD indexes. A long-read sequencing library was prepared with 
a one-dimensional ligation sequencing kit SQK-LSK109 (Oxford Nanopore Technologies 
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[ONT]) and NEBNext Companion Module for ONT Ligation Sequencing kit (New England 
BioLabs, USA) following each manufacturer’s protocol. Subsequently, the library was 
loaded into a FLO-MIN106 flow cell (R9.4.1, ONT) on a MinION sequencer (ONT). 
Base-calling of the fast5 reads was done using MinKNOW (v.19.10.1 [ONT]) with Guppy 
v.3.3.3 in high-accuracy base-calling mode.

FastQC was used for read quality assessment (v.0.74) (8). De novo assembly of short 
reads was performed with SPAdes (v.3.15.5) (9), while long-read sequence de novo 
assembly was done using Flye (v.2.9.5) (10). Hybrid assemblies were then polished 
using pilon (v.1.20.1) (11). Subsequently, species identification on genome assemblies 
was done using NCBI BLASTn (7). The genome assemblies were checked using QUAST 
(v.5.3.0) (12), and annotations were performed with Prokka (v.1.14.6) (13). The multi-
locus sequence types (MLSTs) of all three species were determined using MLST online 
service from Center for Genomic Epidemiology from the Technical University of Denmark 
(14). Contamination was checked with EZbio ContEST16S (15). Unless otherwise noted, 
default parameters were used for all software (Table 1).
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TABLE 1 Genomic characteristics of bilioenteric catheter-derived isolates on hybrid genomes

Characteristic Value or result for bacterial strain:

MS-Stent-001-342 MS-Stent-001-343 MS-Stent-001-344

Species-level identification 
from genome assemblies

K. pneumoniae E. faecalis E. faecium

MLST 1,630 21 Unknown
Illumina raw reads 2,229,530 2,163,742 2,402,168
ONT raw reads, average length 

of ONT reads (bp)
149,581,

6,004.0 ± 8,240.2
266,093,
5,184.6 ± 6,491.6

376,061,
3,877.6 ± 5,522.4

Average read coverage of 
hybrid assemblies

58.0 ± 12.0 105.2 ± 24.2 208.6 ± 114.5

DNA size (bp) 5,581,245 2,946,259 2,782,127
G+C content (%) 57.25 37.6 37.99
Contig count 3 5 17
Largest contig 5,321,311 2,762,364 795,579
Contig N50 (bp) 5,321,311 2,762,364 447,908
Contig L50 (bp) 1 1 3
Total protein-encoding genes 

predicted
5,118 2,757 2,700

rRNA 25 12 3
tRNA 86 61 58
tmRNA 1 1 1
Contamination Not contaminated Not contaminated No contamination 

detected
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