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ABSTRACT Metformin is a major water pollutant globally. We report the complete ge-
nome sequences of two pseudomonads, Pseudomonas sp. strain KHPS1 and Pseudomonas
hydrolytica strain KHPS2, isolated from wastewater treatment plant sludge, which can
grow on metformin as the nitrogen source. Both isolates contained ;80-kb plasmids that
may contain metformin breakdown genes.

Metformin is one of the most prescribed medications in use today and has become the
most prevalent anthropogenic surface water pollutant worldwide (1, 2). Isolation of

metformin-metabolizing microbes and identification of the yet-unknown gene(s) involved
in its breakdown will enable bioremediation strategies to be explored.

Primary sludge was collected from the Metropolitan Council Environmental Services
Wastewater Treatment Plant in Minneapolis, MN, in October 2021. An aliquot of sludge
(1 g) was added to 50 mL of citrate-acetate minimal medium containing 1 mM metformin
as the only source of nitrogen. The culture was incubated at 37°C with shaking for 1 week,
after which 0.5 mL was used to inoculate fresh medium and, as a control, medium lacking
added nitrogen. The cultures were grown for an additional week. After three successive
rounds of subculturing as above, only the cultures supplemented with metformin showed
growth. An aliquot of culture (0.05 mL) was plated onto citrate-acetate minimal medium
containing 1 mM metformin solidified with 15 g L21 agar and incubated at 37°C overnight.
Several colonies appeared on the plate; these were streaked onto solid LB medium to
obtain single colonies and then grown again on minimal medium containing 1 mM met-
formin to confirm that each isolate represented a single species able to metabolize metfor-
min and not a coculture. Full-length 16S rRNA genes from each isolate were PCR amplified
and sequenced using the primers 1512uR and 8bF (3). 16S sequence analysis showed that
our isolates consisted of at least two pseudomonads. Each was cultured overnight in 5 mL
LB medium, and DNA was isolated using the GenElute bacterial genomic DNA kit (Sigma-
Aldrich).

DNA was sent to the Microbial Genome Sequencing Center (https://www.migscenter
.com/) for Illumina library preparation and sequencing and Oxford Nanopore Technolo-
gies sequencing. For Illumina sequencing, DNA was fragmented and sample libraries
were prepared using the Illumina DNA prep kit and IDT 10-bp unique dual indices (UDIs)
and sequenced on an Illumina NextSeq 2000 instrument (151-bp paired-end reads).
Demultiplexing, quality control, and adapter trimming were performed using bcl-con-
vert v3.9.3. For Nanopore sequencing, PCR-free ligation libraries were prepared and
sequenced on a MinION_R9 flow cell. Guppy v4.2.2 (Oxford Nanopore) was used for base
calling. Quality control and adapter trimming were performed using Porechop (https://
github.com/rrwick/Porechop). De novo hybrid assembly and polishing of the Illumina and
Nanopore reads were performed using Unicycler v4.9 with default parameters (4). Genomes
were rotated to begin with the dnaA gene. Assembly annotation was performed using
Prokka (5). Metrics for sequencing and assembly and a summary of the Pseudomonas
genomes are listed in Table 1. One isolate was designated Pseudomonas sp. strain KHPS1
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because its 16S rRNA sequence is 100% identical to that of Pseudomonas sp. strain A230.
The genome of the other isolate has an average nucleotide identity (6) of 97.588% to the
type genome of Pseudomonas hydrolytica, with 84.1% genome coverage, and was desig-
nated Pseudomonas hydrolytica strain KHPS2.

Since genes encoding new environmentally relevant enzymatic functions can be
shared among a microbial community via plasmid (7), we predicted that metformin
breakdown genes were located on the plasmid of each of our isolates.

Data availability. The GenBank accession numbers for the complete genome and
plasmid are CP100551.1 and CP100552.1 for Pseudomonas sp. KHPS1 and CP100553.1
and CP100554.1 for Pseudomonas hydrolytica strain KHPS2, respectively. The raw
sequence reads are available in the Sequence Read Archive under accession number
PRJNA851084.
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TABLE 1 Sequencing, assembly, and genome metrics

Metric

Data for strain:

Pseudomonas sp. KHPS1 Pseudomonas hydrolytica KHPS2
No. of ONT reads 248,489 416,048
No. of Illumina reads 3,167,247 1,765,333
Genome coverage (�) 195 99
N50 (bp) 5,061,778 5,414,044
GC content (%) 64.45 64.39
Genome size (bp) 5,061,778 5,414,044
Plasmid size (bp) 79,836 83,915
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