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ABSTRACT The genome of the green sulfur bacterium Prosthecochloris sp. strain
HL-130-GSB, isolated from a cyanobacterial mat obtained from Hot Lake, a saline
meromictic lake in Washington, USA, comprises 2,437,774 bp in a single contig. The
genome is predicted to encode 2,565 proteins and contain 47 tRNA genes and 2
rRNA operons.

rosthecochloris sp. strain HL-130-GSB is a slightly thermotolerant, anaerobic, pho-

toautotrophic green sulfur bacterium (GSB; phylum Chlorobi, family Chlorobiaceae).
Strain HL-130-GSB was isolated from a microbial mat obtained from Hot Lake (Wash-
ington, USA; 48°58'23"N, 119°28'35"W), a shallow, meromictic salt lake dominated by
MgSO, (1, 2). The mat sample HL6812-130 was obtained from a depth of 55 cm,
beneath the chemocline at a water temperature of 24°C on 8 June 2012. The strain was
isolated using Pfennig’s medium supplemented with “Hot Lake salts,” containing 0.4 M
MgSO,, 0.08 M Na,SO,, and 20 mM KCl, as well as 0.05% (wt/vol) Mg/NH,-acetate mix
(1:1) in agar shakes in the light at room temperature. Growth was observed up to 45°C.
Two rRNA operons were present in the genome; the 16S rRNA genes were identical and
shared 99.5% nucleotide identity to those of Prosthecochloris sp. strain CHP 3401, which
was isolated from a hypersaline lake in Spain (3). This strain is considered to represent
an undescribed species with sequence similarities of 96.9% to three closest type strains,
Prosthecochloris aestuarii DSM 271 (4), Prosthecochloris vibrioformis DSM 260 (5, 6), and
Prosthecochloris indica JAGS6 (7).

Purified genomic DNA from Prosthecochloris sp. strain HL-130-GSB was sequenced
using a PacBio RSIl instrument in one single-molecule real-time (SMRT) cell that yielded
927,499,821 bp (91,952 subreads) and was assembled with the HGAP3 (8) workflow in
the SMRT Analysis 2.3.0 package (https://github.com/PacificBiosciences/smrtmake). The
assembly used for genome analysis contained a single contig with a length of
2,437,774 bp, with an average G+C content of 52% and mean coverage of 260-fold.
Both the G+C content and genome size are similar to those of other phototrophic
Chlorobi (9).

Annotation using RAST (10) predicted 2,565 protein-coding genes, 47 tRNA genes,
and 2 rRNA operons. AmphoraNet (11) identified all 31 phylogenetic marker genes,
which confirmed the phylogenetic assignment of this organism to the Chlorobiaceae.

Consistent with the photoautotrophic growth characteristics of this and other GSB,
the genome encodes a type-1 photosynthetic reaction center (pscABCD), the bacteri-
ochlorophyll a-binding Fenna-Matthews-Olson protein (fmoA), and chlorosomes
(csmABCDFHIJX), as well as the diagnostic enzymes for the reductive tricarboxylic acid
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(TCA) cycle (aclAB, kor, and por). The strain contains photosynthetic pigments bacteri-
ochlorophyll (BChl) a, ¢, and d (12) and carotenoids of the chlorobactene series. All
genes necessary for the biosynthesis of these pigments (bchDEHIJM, bciABC, bchBLN,
bchXYZ, bchCFG, chlG, bchKQRUV, crtBCPHQU, and cruACD) are present. The presence of
genes encoding nitrogenase (nifABDEHKNV) indicates the ability to fix dinitrogen (13,
14). The genome contains genes for dissimilatory sulfur oxidation (sqr, dsrABCEFHJKLM-
NOP, and 2 genes encoding PSRLC3 [13]) but lacks genes for assimilatory sulfate
reduction. Thiosulfate utilization was not observed, and a sox-type gene cluster for
thiosulfate oxidation was absent (13, 15). Similar to other, mostly marine, GSB, strain
HL-130-GSB contains genes encoding an Na*-transporting electron transport complex
(rnfABCDEG), an Na"-transporting NADH:ubiquinone oxidoreductase (nqrABCDEF), and
a multisubunit Na*/H™ antiporter (mnhABCDEFG) (13). The presence of numerous
genes for oxidative stress response (e.g., cydAB, nox, roo, bcp-1, bep-2, tpx-2, sodB, and
msrA) is consistent with observations for other members of this group of strictly
anaerobic bacteria (13).

under the accession no. CP020873.

ACKNOWLEDGMENTS

Accession number(s). The genome has been deposited at DDBJ/EMBL/GenBank

This contribution originates from the GSP Foundational Scientific Focus Area (FSFA)

at the Pacific Northwest National Laboratory (PNNL) under a subcontract to D.A.B.

This work was also supported by grant DE-FG02-94ER20137 (to D.A.B.) from the

Photosynthetic Systems Program, Division of Chemical Sciences, Geosciences, and
Biosciences, Office of Basic Energy Sciences of the U.S. Department of Energy.

REFERENCES

1.

Volume 5

Anderson GC. 1958. Some limnological features of a shallow saline
meromictic lake. Limnol Oceanogr 3:259-270. https://doi.org/10.4319/
10.1958.3.3.0259.

. Walker KF. 1974. The stability of meromictic lakes in central Washington.

Limnol Oceanogr 19:209-222. https://doi.org/10.4319/10.1974.19.2.0209.

. Vila X, Guyoneaud R, Cristina XP, Figueras JB, Abella CA. 2002. Green

sulfur bacteria from hypersaline Chiprana Lake (Monegros, Spain): hab-
itat description and phylogenetic relationship of isolated strains. Photo-
synth Res 71:165-172. https://doi.org/10.1023/A:1014915900644.

. Gorlenko VM. 1970. A new phototrophic green sulfur bacterium—

Prosthecochloris aestuarii nov. gen. nov. spec. Z Allg Mikrobiol 10:
147-149. https://doi.org/10.1002/jobm.3630100207.

. Pfennig N, Triiper HG. 1971. Type and neotype strains of the species of

phototrophic bacteria maintained in pure culture. Int J Syst Bacteriol
21:19-24. https://doi.org/10.1099/00207713-21-1-19.

. Imhoff JF. 2003. Phylogenetic taxonomy of the family Chlorobiaceae on

the basis of 16S rRNA and fmo (Fenna-Matthews-Olson protein) gene
sequences. Int J Syst Evol Microbiol 53:941-951. https://doi.org/10.1099/
ij5.0.02403-0.

. Anil Kumar P, Naga Radha Srinivas T, Sasikala C, Venkata Ramana C,

Siling J, Imhoff J. 2009. Prosthecochloris indica sp. nov., a novel green
sulfur bacterium from a marine aquaculture pond, Kakinada, India. J Gen
Appl Microbiol 55:163-169. https://doi.org/10.2323/jgam.55.163.

. Chin CS, Alexander DH, Marks P, Klammer AA, Drake J, Heiner C, Clum A,

Copeland A, Huddleston J, Eichler EE, Turner SW, Korlach J. 2013. Non-
hybrid, finished microbial genome assemblies from long-read SMRT
sequencing data. Nat Methods 10:563-569. https://doi.org/10.1038/
nmeth.2474.

. Davenport C, Ussery DW, Tummler B. 2010. Comparative genomics of

green sulfur bacteria. Photosynth Res 104:137-152. https://doi.org/10
.1007/511120-009-9515-2.

Issue 24 e00538-17

. Overbeek RA, Olson R, Pusch GD, Olsen GJ, Davis JJ, Disz T, Edwards RA,

Gerdes S, Parrello B, Shukla M, Vonstein V, Wattam AR, Xia F, Stevens R.
2014. The SEED and the Rapid annotation of microbial genomes using
subsystems technology (RAST). Nucleic Acids Res 42:D206-D214.
https://doi.org/10.1093/nar/gkt1226.

. Kerepesi C, Banky D, Grolmusz V. 2014. AmphoraNet: the webserver

implementation of the AMPHORA2 metagenomic workflow suite. Gene
533:538-540. https://doi.org/10.1016/j.gene.2013.10.015.

. Orf G, Collins A, Niedzwiedzki D, Tank M, Thiel V, Kell A, Bryant DA,

Montano G, Blankenship R. 2017. Polymer-chlorosome nanocomposites
consisting of nonnative combinations of self-assembling bacteriochlo-
rophyll. ACS Appl Mater Interfaces, in press.

. Bryant DA, Liu Z, Li T, Zhao F, Garcia Costas AM, Klatt CG, Ward DM,

Frigaard N-U, Overmann J. 2012. Comparative and functional genomics
of anoxygenic green bacteria from the taxa Chlorobi, Chloroflexi, and
Acidobacteria, p 47-102. In Burnap R, Vermaas W (ed), Functional
genomics and evolution of photosynthetic systems. Advances in pho-
tosynthesis and respiration, vol 35. Springer Netherlands, Dordrecht, The
Netherlands. https://doi.org/10.1007/978-94-007-1533-2.

. Imhoff JF. 2014. The family Chlorobiaceae, p 501-514. In Rosenberg E,

Delong EF, Lory S, Stackebrandt E, Thompson F (ed), The prokaryotes:
other major lineages of bacteria and the archaea. Springer, Berlin,
Germany. https://doi.org/10.1007/978-3-642-38954-2_142.

. Frigaard N-U, Bryant DA. 2008. Genomic insights into the sulfur metab-

olism of phototrophic green sulfur bacteria, p 337-355. In Hell R, Dahl C,
Knaff D, Leustek T (ed), Sulfur metabolism in phototrophic organisms.
Advances in photosynthesis and respiration, vol 27. Springer Nether-
lands, Dordrecht, The Netherlands. https://doi.org/10.1007/978-1-4020
-6863-8_17.

genomea.asm.org 2


https://www.ncbi.nlm.nih.gov/nuccore/CP020873
https://doi.org/10.4319/lo.1958.3.3.0259
https://doi.org/10.4319/lo.1958.3.3.0259
https://doi.org/10.4319/lo.1974.19.2.0209
https://doi.org/10.1023/A:1014915900644
https://doi.org/10.1002/jobm.3630100207
https://doi.org/10.1099/00207713-21-1-19
https://doi.org/10.1099/ijs.0.02403-0
https://doi.org/10.1099/ijs.0.02403-0
https://doi.org/10.2323/jgam.55.163
https://doi.org/10.1038/nmeth.2474
https://doi.org/10.1038/nmeth.2474
https://doi.org/10.1007/s11120-009-9515-2
https://doi.org/10.1007/s11120-009-9515-2
https://doi.org/10.1093/nar/gkt1226
https://doi.org/10.1016/j.gene.2013.10.015
https://doi.org/10.1007/978-94-007-1533-2
https://doi.org/10.1007/978-3-642-38954-2_142
https://doi.org/10.1007/978-1-4020-6863-8_17
https://doi.org/10.1007/978-1-4020-6863-8_17
http://genomea.asm.org

	Accession number(s). 
	ACKNOWLEDGMENTS
	REFERENCES

