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Genome of Betaproteobacterium Caenimonas sp. Strain SL110
Contains a Coenzyme F420 Biosynthesis Gene Cluster S
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To probe the genomic properties of microbes thriving in desert lakes, we sequenced the full
genome of a betaproteobacterial strain (SL110) belonging to the understudied genus
Caenimonas of the family Comamonadaceae. This strain was isolated from a freshwater lake in
the western Gobi Desert, Northern China. Its genome contains genes encoding carbon
monoxide dehydrogenase, nitrate reductase, nitrite reductase, nitric oxide reductase, and
sulfur oxidation enzymes, highlighting the potentially important contribution of this group of
bacteria to the cycling of inorganic elements in nature. Unexpectedly, a coenzyme F420
biosynthesis gene cluster was identified. A further search for F420 biosynthesis gene homologs
in genomic databases suggests the possible widespread presence of F420 biosynthesis gene
clusters in proteobacterial genomes.
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The enzyme cofactor F420 is a naturally occurring deazaflavin
derivative. So far, F420 has been proposed to play important
roles in the cellular metabolism of methanogenic archaea
[3] and the mycobacteria of Actinobacteria [2, 22]. The
lower redox potential of F420 than NADP may enable it to
reduce many recalcitrant molecules that are widely
distributed in polluted environments, such as picric acid,
malachite green, and aflatoxin [6, 23]. F420 biosynthesis
pathways have basically been elucidated in Archaea [13-16]
and in Actinobacteria [4, 5]. However, the study of the F420
biosynthesis pathway in bacteria other than Actinobacteria
has received little attention. To improve our understanding in
this respect, we sequenced the genome of a novel
betaproteobacterium strain, SL110, and report the finding

of a F420 biosynthesis gene cluster as well as other potential
capabilities predicted from its genome sequences.
As part of a project that aims to protect and preserve the
microbial sources in many endangered and vanishing
desert lakes in northern China, we isolated a novel strain
from the surface water of the freshwater Swan Lake on 15
December 2011 (42.005 N, 101.585 E, approx. 900 m a.s.l.)
located at the northern margin of the Badain Jaran Desert, a
part of the Gobi Desert. This light-pink isolate, named
SL110, was purified from a 1/2 strength R2A agar plate
(Difco). The 16S rRNA gene phylogeny placed it into the
genus Caenimonas of the family Comamonadaceae of
Betaproteobacteria (Fig. 1). The family Comamonadaceae is
a phylogenetically coherent but physiologically heterogeneous
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Fig. 1. Phylogenetic tree of 16S rRNA genes from cultured
members of the family Comamonadaceae.
To the right is the summarized current status of genome sequencing
in each genus.

group of prokaryotes encompassing over 15 genera [10]. Its
members are regularly isolated from water, soil, and
polluted environments [24]. So far, the genus Caenimonas
comprises only two type strains; Caenimonas koreensis [21]
and Caenimonas terrae [17]. Twenty complete genome
sequences and 48 shotgun genome sequences are available
in this family (NCBI Genome database records up to Jan.
2014; for their taxa distribution refer to Fig. 1). However,
genome sequences from Caenimonas have not yet been
reported, which limits our abilities to assess the physiological
potentials of the members of this genus.
To elucidate the genomic features of the Caenimonas
bacteria, the genomic DNA of strain SL110 was extracted
using a genomic DNA purification kit (Tiangen, Beijing,
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China) and then subjected to the construction of a 300 bp
DNA library, followed by sequencing on an Illumina HiSeq
2000 platform at Meiji Biotech Inc., Shanghai, China.
Approximately 2.04 GB of raw data of 101-bp-long pairend reads were generated. A total of 7,718,442 reads were
subjected to the processing of end trimming (quality score
<20) and filtering by quality (90% positions with quality
score ≥20) using the Galaxy server [12]. Finally, 6,821,277
(88.4%) high quality reads were de novo assembled into
contigs using the Velvet program (ver. 1.2.08) [25].
Annotation was performed with the online server RAST
[1]. The final genome assembly data have been submitted
to GenBank under BioProject PRJNA235880 (Accession No.
JANU00000000). Raw Illumina reads were deposited at
the NCBI Sequence Read Archive under BioSample
SAMN02586129 with the accession number SRR1137869.
The associated 16S rRNA gene sequence from the assembled
SL110 genome was deposited in GenBank under accession
number KJ210008.
The draft genome consisted of 74 contigs, with the N50
value as 151,450 bp and the N90 value as 37,954 bp. The total
genome contained 4,721,438 bases with 4,359 open reading
frames and 46 tRNAs predicted. The G+C content was
63.4%. One complete rRNA operon was identified on the
longest contig (Contig13, 429,022 bases). Its 16S rRNA gene
showed 98.8% sequence identity to that of Caenimonas
koreensis strain EMB320T. Various enzymes that are closely
related to an aerobic lifestyle were identified, such as
catalase and superoxide dismutase (Table S1). The genome
contains an operon coding for flagella biosynthesis genes
and a set of genes encoding twitching motility proteins
(Table S1), suggesting that this strain has a strong mobility
and may be able to switch its lifestyle between free living
and attachment to particles. The genome contains genes
encoding enzymes that are related to inorganic elements
cycling in nature, including carbon monoxide dehydrogenase
(CO utilization), nitrate reductase, nitrite reductase, and
nitric oxide reductase (NO3- → NO2- → NO → N2O, a
denitrification process), and sulfur oxidation proteins
(sulfur assimilation) (Table S1). These findings highlight
the potentially important contribution of the Caenimonas
bacteria to the inorganic carbon, nitrogen, and sulfur
cycling in the environment.
We compared the SL100 genome with all other genomes
available in the family Comamonadaceae and found that
one distinct feature in SL110 was the presence of a
coenzyme F420 biosynthesis gene cluster (Fig. 2A). In the
SL110 genome, all essential genes for F420 biosynthesis were
identified (Fig. 2B, Table S2). So far, only one study
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Fig. 2. F420 biosynthesis pathway elucidated in Archaea and Bacteria and the distribution of F420 biosynthesis gene clusters in
Bacteria.
(A) Distribution of F420 biosynthesis genes in the SL110 genome. For enzymes encoded by each gene, see Table S2. (B) F420 biosynthesis pathway
elucidated in Archaea and Actinobacteria. (C) Comparison of F420 biosynthesis gene clusters from Alphaproteobacteria, Betaproteobacteria, and
Actinobacteria.

conducted by Selengut and Haft [22] has addressed the
possible distribution of F420 biosynthesis genes and the
genes encoding F420-dependent enzymes in the genomes of
prokaryotes other than Archaea and Actinobacteria. In that
pioneer study, the authors found the co-clustering of F420
biosynthesis enzymes and enzymes using F420 in the
alphaproteobacterium Phenylobacterium zucineum HLK1
and suggested horizontal gene transfer (HGT) as a
probable cause. Here, we further searched the fast growing
NCBI whole genome and reference genome databases with
the aims to explicitly explore the distribution of F420
biosynthesis gene clusters in bacterial genomes and to find
phylogenetic evidence for the HGT of F420 biosynthesis
genes among bacterial taxa.
We found that 39 alphaproteobacterial genomes and 7
betaproteobacterial genomes contain a complete set of
homologs of cofCGHED genes that encode the four key
enzymes involved in the F420 biosynthesis pathway (2phospho-L-lactate guanylytransferase, cofC; 7,8-didemethyl8-hydroxy-5-deazariboflavin synthase, cofGH; deazariboflavin
derivative 2-phospho-L-lactate transferase, cofD; coenzyme
F420 L-glutamate ligase, cofE; see Fig. 2B, Table S2).
Phylogenetic analysis of concatenated CofCGHED protein
sequences showed that proteobacterial sequences formed a
tight cluster independent of Actinobacteria and Archaea
(Fig. 3). Surprisingly, this proteobacterial cluster contains

one actinobacterium, Rubrobacter xylanophilus DSM 9941,
and a gram-positive thermophile, Thermobaculum terrenum
ATCC BAA-798 (Fig. 3), strongly signaling the occurrence
of horizontal transfers of F420 biosynthesis genes between
Archaea/Actinobacteria and Proteobacteria. In addition,
F420 biosynthesis genes organized into a gene cluster in
many proteobacterial genomes, similarly as observed in
Actinobacteria (Fig. 2C), suggesting that they may have
retained their original functions. Indeed, we found that the
protein sequence of SL110 CofD (Fig. S1) and of CofGH
(Fig. S2) contains almost all key amino acid residues
previously identified in Archaea and Actinobacteria [9, 12].
Bacterial genes in the same metabolic pathway are often
organized into gene clusters or operons in bacterial
genomes [7, 20], probably facilitating their co-regulation
or horizontal transfer among different taxa [8, 18, 19].
Nevertheless, direct experimental evidence for the horizontal
gene transfer of F420 biosynthesis gene clusters between
Proteobacteria and Actinobacteria is needed to prove the in
vivo presence and functioning of F420 biosynthesis enzymes
and products. As the first step, this work provides strong
genomic and phylogenetic evidence for the presence of a
coenzyme F420 biosynthesis pathway in various alphaand beta-proteobacteria, shedding new insights into the
distribution and possible evolutionary origins of F420
biosynthesis genes in Proteobacteria.

November 2014 ⎪ Vol. 24 ⎪ No. 11

1493

Li et al.

References

Fig. 3. Phylogenetic analysis of key F420 biosynthesis genes.
The aligned protein sequences of each gene were concatenated and
subjected to the inference of neighbor-joining and maximum likelihood
trees using the ClustalW program embedded in the MEGA 5.0 package.
Bootstrap values over 50% are shown on the tree. Betaproteobacterial
species are highlighted in bold.
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