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Genome Sequence of the Unusual Purple Photosynthetic
Bacterium Phaeovibrio sulfidiphilus, Only Distantly Related to
Rhodospirillaceae, Reveals Unique Genes for Respiratory Nitrate

Reduction and Glycerol Metabolism
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ABSTRACT Phaeovibrio sulfidiphilus was reported to be a divergent member of the
purple photosynthetic bacteria with limited ability to metabolize organic compounds.
Whole-genome-based analysis shows that it is indeed only distantly related to fresh-
water species of Rhodospirillaceae. Unexpectedly, the genome contains unique gene
clusters for potential respiratory nitrate reduction and anaerobic glycerol metabolism.

haeovibrio sulfidiphilus is unusual in having both lamellar membrane stacks and ve-

sicular membranes, which so far is unique (1). It has limited ability to utilize organic
compounds for photosynthetic growth, consisting of acetate, pyruvate, and succinate.
It is an obligate anaerobe and has a requirement for sulfide as a sulfur source, although
apparently not using it as an electron donor (1).

Phaeovibrio sulfidiphilus DSM23193 was originally isolated from brackish water near
Nagapattinam, India (1). Cells were grown and genomic DNA was prepared by the
DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen, GmbH) culture
collection. DNA was purified using the MasterPure Gram-positive DNA purification kit
(Lucigen). Qubit and NanoDrop DNA analysis showed an absorbance 260/280 ratio of 1.81.
The sequencing library was prepared using the lllumina Nextera DNA Flex library prep kit.
The genome was sequenced with an lllumina MiniSeq instrument using 500 | of a 1.8 pM
library. Paired-end (2 x 150 bp) sequencing generated 3,390,406 reads and 257.97 Mbp
(100x coverage). Quality control of the reads was performed using FASTQC within
BaseSpace version 1.0.0 (lllumina), using a k-mer size of 5 and contamination filtering. We
assembled the genome de novo using Unicycler version 0.4.8 through PATRIC (2, 3). This
assembly yielded 31 contigs (>300 bp), the largest being 750,242 bp, and an N, value of
300,711 bp. The genome was 2,585,463 bp long with a GC content of 66.96%. The genome
was annotated using RASTtk version 1.3.0 (4) within PATRIC (2). This showed our strain to
have 2,214 coding sequences and 50 tRNAs. An EvalG genome quality analysis, using the
CheckM algorithm (5), ran during PATRIC annotation and showed an estimated 100% com-
pleteness and 0% contamination for the Phaeovibrio sulfidiphilus genome. Default parame-
ters were used for all software unless otherwise noted.

According to 16S rRNA analysis, P. sulfidiphilus is a distant relative of the freshwater
Rhodospirillaceae, such as Rhodospirillaceae rubrum, Pararhodospirillum photometricum,
and Pararhodospirillum oryzae (1). A JSpecies comparison (6) of the average nucleotide
identity (ANI) showed only 71% to R. rubrum, P. photometricum, and P. oryzae, which is
near the limit of usefulness of this technique (6). We performed a whole-genome phy-
logenetic analysis of the Phaeovibrio sulfidiphilus genome using RAXML within PATRIC
(7, 8) (Fig. 1), which shows that this species is clearly different from the Rhodospirillum,
Rhodospira, and Roseospira genera and rightfully belongs in its own genus (Fig. 1).
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Rhodopila globiformis DSM 161
Rhodospirillum sp. PB1.008
Rhodospirillum centenum SW
Rhodospirillum centenum DSM 8284
Phaeospirillum molischianum DSM 120
Phaeospirillum fulvum MGU-K5
Phaeospirillum fulvum DSM 13234
Roseospirillum parvum 9301
Phaeovibrio sulfidiphilus DSM 23193
Rhodospirillum photometricum DSM 122
Rhodospirillum rubrum F11
Rhodospirillum rubrum ATCC 11170
Roseospira visakhapatnamensis JA131
Roseospira goensis JA135

Rhodospira trueperi ATCC 700224
Roseospira navarrensis DSM 15114
Roseospira marina DSM 15113

FIG 1 Whole-genome-based phylogenetic tree of Phaeovibrio sulfidiphilus and its closest relatives. The phylogenetic tree was generated using the
CodonTree method within PATRIC (2), which used cross-genus families (PGFams) as homology groups. A total of 316 PGFams were found among these
selected genomes using the CodonTree analysis, and the aligned proteins and coding DNA from single-copy genes were used for RAXML analysis (5, 6).
The support values for the phylogenetic tree were generated using 100 rounds of the “rapid bootstrapping” option of RAXML (2). Rhodopila globiformis

DSM 161 was used as an outgroup (12). Interactive Tree of Life (iTOL) was used for the tree visualization (13).

P. sulfidiphilus was found to be strictly anaerobic (1). This can be understood from
the genome sequence in that most photosynthetic species produce the high-affinity
FixNOP oxidase, which is generally known for protection of nitrogenase but is also
shown to protect against the harmful effects of oxygen on the species as a whole
(9). P. sulfidiphilus does not have nitrogenase and does not have the FixNOP oxidase
either, explaining their strict anaerobic growth requirement. P. sulfidiphilus has a
large cytochrome ¢, like R. rubrum has (10) but also has the membrane-bound PufC
tetraheme cytochrome c like Pararhodospirillum species have (11). The genome
contains a unique gene cluster with respiratory nitrate reductase subunit genes
(narGHIJ) and two nitrate/nitrite transporters (Table 1) not found in any of the close
relatives. It also contains a unique gene family cluster for anaerobic glycerol-3-
phosphate dehydrogenase (glpABC) genetically linked to a glycerol uptake facilita-
tor protein and a glycerol kinase (Table 1). Based on these unique gene clusters, it
is expected that P. sulfidiphilus would be able to grow anaerobically on glycerol and

TABLE 1 Unique protein families identified in Phaeovibrio sulfidiphilus that are not present in
any of the related Rhodospirillaceae species in Fig. 19

Protein family ID® Description

PGF_00055324 Anaerobic glycerol-3-phosphate dehydrogenase subunit A (EC 1.1.5.3)

PGF_03080445 Anaerobic glycerol-3-phosphate dehydrogenase subunit B (EC 1.1.5.3)

PGF_07625325 Anaerobic glycerol-3-phosphate dehydrogenase subunit C (EC 1.1.5.3)

NA Glycerol uptake facilitator protein

PGF_00008537 Glycerol kinase (EC 2.7.1.30)

PGF_10329010 Fe-S oxidoreductase

PGF_04457374 Nitrate/nitrite transporter NarK/U

PGF_10490354 Nitrate/nitrite transporter NarK/U 1/nitrate/nitrite transporter NarK/U

PGF_09372748 Respiratory nitrate reductase alpha chain (EC 1.7.99.4)

PGF_00047730 Respiratory nitrate reductase beta chain (EC 1.7.99.4)

NA Respiratory nitrate reductase delta chain (EC 1.7.99.4)

NA Respiratory nitrate reductase gamma chain (EC 1.7.99.4)

PGF_05493644 Sulfur carrier protein ThiS adenylyltransferase (EC 2.7.7.73)

9 Respiratory nitrate reductase genes were found clustered with two nitrate/nitrite transporters, and the
anaerobic glycerol metabolism gene cluster contains a glycerol-3-phosphate dehydrogenase (subunits A, B,
and C), glycerol uptake facilitator protein, and glycerol kinase.

®NA, no PGFam ID was assigned in PATRIC to the annotated genes.
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use nitrate as an electron acceptor, which is in contrast to the earlier growth studies
(1), warranting further physiological studies.
Data availability. This whole-genome shotgun project has been deposited at
DDBJ/ENA/GenBank under the accession number JACZHT000000000. The version
described in this paper is version JACZHT010000000. The raw sequencing reads have
been submitted to the SRA, and the corresponding accession number is SRR12806899.

ACKNOWLEDGMENT
This work was sponsored by the Wilson Enhancement Fund for Applied Research in
Science at Bellevue University.

REFERENCES

1.

December 2020 Volume 9

Lakshmi KVNS, Sasikala C, Ashok Kumar GV, Chandrasekaran R, Ramana
CV. 2011. Phaeovibrio sulfidiphilus gen. nov., sp. nov., phototrophic
alphaproteobacteria isolated from brackish water. Int J Syst Evol Micro-
biol 61:828-833. https://doi.org/10.1099/ijs.0.018911-0.

. Wattam AR, Davis JJ, Assaf R, Boisvert S, Brettin T, Bun C, Conrad N,

Dietrich EM, Disz T, Gabbard JL, Gerdes S, Henry CS, Kenyon RW, Machi D,
Mao C, Nordberg EK, Olsen GJ, Murphy-Olson DE, Olson R, Overbeek R,
Parrello B, Pusch GD, Shukla M, Vonstein V, Warren A, Xia F, Yoo H,
Stevens RL. 2017. Improvements to PATRIC, the all-bacterial Bioinfor-
matics Database and Analysis Resource Center. Nucleic Acids Res 45:
D535-D542. https://doi.org/10.1093/nar/gkw1017.

. Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Unicycler: resolving bacterial

genome assemblies from short and long sequencing reads. PLoS Comput
Biol 13:21005595. https://doi.org/10.1371/journal.pcbi.1005595.

. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, Formsma K,

Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman AL,
Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch GD,
Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O. 2008. The
RAST server: Rapid Annotations using Subsystems Technology. BMC
Genomics 9:75-71. https://doi.org/10.1186/1471-2164-9-75.

. Parks DH, Imelfort M, Skennerton CT, Hugenholtz P, Tyson GW. 2015.

CheckM: assessing the quality of microbial genomes recovered from iso-
lates, single cells, and metagenomes. Genome Res 25:1043-1055. https://
doi.org/10.1101/gr.186072.114.

. Richter M, Rossell6-Moéra R, Glockner FO, Peplies J. 2015. JSpeciesWS: a

Web server for prokaryotic species circumscription based on pairwise ge-
nome comparison. Bioinformatics 32:929-931. https://doi.org/10.1093/
bioinformatics/btv681.

Issue 49 e01200-20

. Stamatakis A, Hoover P, Rougemont JJS. 2008. A rapid bootstrap algo-

rithm for the RAXML Web servers. Syst Biol 57:758-771. https://doi.org/10
.1080/10635150802429642.

. Stamatakis AJB. 2014. RAXML version 8: a tool for phylogenetic analysis

and post-analysis of large phylogenies. Bioinformatics 30:1312-1313.
https://doi.org/10.1093/bioinformatics/btu033.

. Imhoff JF, Meyer TE, Kyndt JA. 2020. The genome sequence of the giant

phototrophic gammaproteobacterium Thiospirillum jenense gives insight
into its physiological properties and phylogenetic relationships. Arch
Microbiol https://doi.org/10.1007/500203-020-02006-7.

. Munk AC, Copeland A, Lucas S, Lapidus A, Del Rio TG, Barry K, Detter JC,

Hammon N, Israni S, Pitluck S, Brettin T, Bruce D, Han C, Tapia R, Gilna P,
Schmutz J, Larimer F, Land M, Kyrpides NC, Mavromatis K, Richardson P,
Rohde M, Goker M, Klenk HP, Zhang Y, Roberts GP, Reslewic S, Schwartz
DC. 2011. Complete genome sequence of Rhodospirillum rubrum type
strain (S17). Stand Genomic Sci 4:293-302. https://doi.org/10.4056/sigs
.1804360.

. Duquesne K, Sturgis JN. 2012. Shotgun genome sequence of the large

purple photosynthetic bacterium Rhodospirillum photometricum DSM122.
J Bacteriol 194:2380. https://doi.org/10.1128/JB.00168-12.

. Imhoff JF, Rahn T, Kiinzel S, Neulinger SC. 2018. New insights into the

metabolic potential of the phototrophic purple bacterium Rhodopila glo-
biformis DSM 1617 from its draft genome sequence and evidence for a va-
nadium-dependent nitrogenase. Arch Microbiol 200:847-857. https://doi
.org/10.1007/s00203-018-1489-z.

. Letunic |, Bork P. 2019. Interactive Tree of Life (iTOL) v4: recent updates

and new developments. Nucleic Acids Res 47:256-259. https://doi.org/10
.1093/nar/gkz239.

mra.asm.org 3


https://www.ncbi.nlm.nih.gov/nuccore/JACZHT000000000
https://www.ncbi.nlm.nih.gov/nuccore/JACZHT010000000
https://www.ncbi.nlm.nih.gov/sra/SRR12806899
https://doi.org/10.1099/ijs.0.018911-0
https://doi.org/10.1093/nar/gkw1017
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1186/1471-2164-9-75
https://doi.org/10.1101/gr.186072.114
https://doi.org/10.1101/gr.186072.114
https://doi.org/10.1093/bioinformatics/btv681
https://doi.org/10.1093/bioinformatics/btv681
https://doi.org/10.1080/10635150802429642
https://doi.org/10.1080/10635150802429642
https://doi.org/10.1093/bioinformatics/btu033
https://doi.org/10.1007/s00203-020-02006-7
https://doi.org/10.4056/sigs.1804360
https://doi.org/10.4056/sigs.1804360
https://doi.org/10.1128/JB.00168-12
https://doi.org/10.1007/s00203-018-1489-z
https://doi.org/10.1007/s00203-018-1489-z
https://doi.org/10.1093/nar/gkz239
https://doi.org/10.1093/nar/gkz239
https://mra.asm.org

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENT
	REFERENCES

