Pharmacogn. Commn. 2018; 8(4): 153-157

d peer reviewed journal in the field of Pharmacognosy and Natural Products

ommn.org

Original Article

Pseudomonas laurentiana sp. nov., an Mn(lll)-oxidizing Bacterium
Isolated from the St. Lawrence Estuary

Mitchell Henry Wright'23, John George Hanna', Derek Anthony Pica II', Bradley MacLean Tebo'

'Division of Environmental and Biomolecular Systems, Institute of Environmental Health, Oregon Health and Science University, Portland, Oregon, UNITED STATES OF

AMERICA.

“Department of Research and Development, First Choice College, Gold Coast, Queensland, AUSTRALIA.

3School of Natural Sciences, Griffith University, Brisbane, Queensland, AUSTRALIA.

ABSTRACT
Introduction: An aerobic, Mn(lll)}-oxidizing, Gram-negative, motile bacterium
(strain GSL:010T) was isolated from deep waters of the St Lawrence Estuary
(Canada) and subjected to a polyphasic taxonomic study. Results: Cells were
mostly curved, motile rods (1.75 2.2 x 0.5 — 0.7 um) with growth observed at
10 =37 °C (optimum at 30 °C), pH 5 — 10 (optimum at 70 — 7.5) and with 0 - 3%
(w/v) NaCl (optimum at 0.5%). Phylogenetic analysis based on 16S rRNA gene
sequencing revealed strain GSL-010" as a member of the genus Pseudomo-
nas, most closely related to the type strains of Pseudomonas plecoglossicida
(98.9%) and Pseudomonas japonica (98.6%). The major cellular fatty acids
of strain GSL-010" are a combination of C._. w7c and/or iso-C,.. 2-OH, C

16:1 16:1 16:0
and C,o, w7c. The G+C mol content of the chromosomal DNA is 59.7%. The
DNA-DNA hybridization values between strain GSI-010" and P plecoglossicida
(32.0%) and P japonica (34.4%) confirm the assignment of the bacterium to a

new species. Conclusion: On the basis of phylogenetic analysis, DNA-DNA hy-

INTRODUCTION

Diverse both genotypically and phenotypically, well-known as causative
agents of food spoilage' and as opportunistic pathogens,” the genus
Pseudomonas comprises over 191 species that are found in a wide range
of terrestrial and aquatic ecosystems. Many Pseudomonas are capable
of specialized processes, including the enzymatic oxidation of soluble
Mn(II) to insoluble Mn(IIL,IV) oxides. This process has been extensively
characterized in P, putida strains GB-1 and MnB1*® with very few studies
focusing on Mn(III) oxidation. However, a recent re-evaluation of the
previous Mn paradigm, which focused solely on the cycling between
solubleMn(II)andinsolubleMn(IILIV),hasoccurred. Thiswas triggeredby
recent observation of significant concentrations of soluble ligand bound
Mn(IIT) complexes (Mn(III)-L) in oxic, suboxic and some anoxic waters.*”
Thus, the isolation and investigation of Mn(III)-L oxidizing bacteria,
particularly those from environmentally significant genera such as
Pseudomonas, will provide a deeper insight into the role of bacteria in
the overall cycling of Mn(III) in aquatic systems.

METHODS AND RESULTS

During a research cruise investigating the formation of Mn(III)-L
complexes in the St. Lawrence Estuary, one bacterial strain, designated
GSL-0107, was isolated from deep (338m) waters sampled from Station 23
(48°42.032”N, 68°39.171”W). Isolation was achieved by selecting colonies
positive for Mn(III)-citrate oxidation (as determined by the forma-
tion of dark brown oxides) on Minimal Media A (MMA) agar plates
containing 100 uM Mn(III)-citrate at 30°C, pH 7.5 for 5-7 days in
the dark (MMA: 0.238g (NH,),SO, I, 0.0602g MgSO, I"', 0.0488g
CaCl,.2H,0 I'', 0.0204g KH,PO, I'" and 0.0284g Na ,HPO, I"* before
autoclaving, with sterile 4.5 mL 20% glucose, 200ulL 5x Trace Ele-
ments Mix,* ImL 3.7mM FeCl,.6H,0 and 20mL 1M HEPES (pH 7.8)
added after autoclaving). The strain was purified by repeated streaking
on Luria-Bertani agar (LB: 10 g tryptone 1", 5 g yeast extract I}, 10 g
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bridization and physiological and biochemical characterization, strain GSL-010" is
clearly a unigue bacterium and since it was isolated from the waters of the St.
Lawrence estuary, the name Pseudomonas laurentiana sp. nov. is proposed.
The type strain is GSL-:010" (=JCM 32154 =NBRC 113027" =KCTC 623927).
Key words: Manganese(lll), Mn(lll)-L, Pseudomonas, Pseudomonas
laurentiana, Pseudomonas sp. nov., St. Lawrence Estuary.
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NaCl I}, 15 g agar I'!, pH 7.5) and then routinely cultured in LB broth
shaken at 120 rpm for 24 h. Strain GSL-010" was stored at -80°C in LB
supplemented with 20% (v/v) glycerol. As reference strains, P. plecoglos-
sicida NBRC 1031627 and P. japonica IAM 150717 were obtained from
NITE Biological Resource Center (NBRC). The ability of the strains to
oxidize Mn(ILIII) were determined by observing Mn(IV) oxide forma-
tion during growth in MMA liquid media containing 100puM of Mn(II)-
chloride, Mn(III)-citrate or Mn(III)-desferrioxamine B. The presence of
Mn(IV) was detected using the Leucoberbelin blue assay as previously
described.”!® The ability of strain GSL-010" to form and remove of
Mn(IIT)-L complexes has only recently been investigated and published
by the authors.”® The isolation of strain GSL-010" highlights the first
instance of a bacterium obtained through the observation of Mn(IV)
oxide formation from Mn(III)-L oxidation. The results of phenotypical
and physiological characterization are given in Table 1 and in the species
description.

Purification of genomic DNA was achieved using the Wizard" Genomic
DNA Purification Kit (Promega) as per the manufacturer’s instructions
and confirmed as previously described.”® The 16S rRNA gene was amplified
with the primer set 27F (5-AGA GTT TGA TCC TGG CTC AG-3’) and
1492R (5- CGG TTA CCT TGT TAC GAC TT-3’) using the GoTaq’
Green Master Mix (Promega) as previously described.’? The 16S rRNA
PCR amplicon was sequenced using primers 27F, 1492R, 785F (5-GGA
TTA GAT ACC CTG GTA-3’) and 518R (5’-GTA TTA CCG CGG CTG
CTG G-3’). Sequencing was achieved by capillary electrophoresis DNA
sequencing and was performed by the OHSU DNA Services Core
(Oregon, USA) utilizing the 3730x] DNA Analyzer that was purchased
with funding from NIH Shared Instrumentation Grant S10 OD010609.
Individual sequences were analyzed using BioEdit 7.2.6," corrected
manually and assembled to form a contig that was 1424 bp in length. The
16S rRNA for strain GSL-010" was uploaded to GenBank (KY471137)
and sequence similarity assessed using EzTaxon-e," with sequence
similarities of 98.9% to P. plecoglossicida NBRC 103162 and 98.6% to
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Table 1: Differential physiological characteristics comparing strain GSL-010"
with the type strains of P. plecoglossicida and P. japonica. All data was gener-
ated in this study unless specified otherwise.

Characteristic 1 2 3
Habita e
Ty ge (Japan)
ey T B @
Te'(':f; ::::)r ‘E :g;'ge 10-37 (30) 16-37 (30) 16-37 (30)
NaCl optima (%, w/v) 0.5 2.0 0.5
Mmm‘:‘;vl;aa (% 3.0 5.0 3.0
pH range 5-10 5-10 6-10
pH optimum 7-7.5 7.5 7
Utilization of:
Sucrose + = 4=
Tartaric acid + - +
Xylose + - i
Ascorbate - - _
Xanthine - + _
y-hydroxybutyric acid + = —
Succinic acid - & +
L-Phenylalanine = a +
6@ C‘Z'l::z'l";"))f DNA 59.7% 62.8%" 66.0%"
Oxidation of:
Mn(II)-chloride + - +
Mn(III)-citrate + = 4=
Mn(III)- . ~ .

desferrioxamine B

Strains: 1, GSL-010%; 2, P. plecoglossicida NBRC 103162%; 3, P. japonica IAM
15071". All strains are positive for activities of catalase and assimilation of
D-glucose, D-fructose, lactose, yeast extract, tryptone, formate, L-arabinose,
peptone, casamino acids, succinamic acid and phenylacetic acid. Data taken from:
a, Nishimori et al.® b, Pungrasmi et al.”

P, japonica IAM 15071". Construction of the neighbor-joining'® dendro-
gram was achieved using MEGA version 7.0.25'¢ and is seen in Figure 1.
Bootstrap analysis (1000 replications) was employed to determine the
stability of the tree topology."”

Electron microscopy was performed at the Multiscale Microscopy Core
(MMC) with technical support from the OHSU-FEI Living Lab and the
OHSU Center for Spatial Systems Biomedicine (Oregon, USA). Cell size
and morphology were examined after two days of growth in LB broth
through negative staining, imaged at 120 kV on a FEI Tecnai™ Spirit
TEM system (Figure 2). Visualization of strain GSL-010" indicated that
cells are curved-rods with lophotrichous flagella. Gram-staining was
performed as per standard procedure' and determined that strain GSL-
010" is Gram-negative. Growth in MMA was tested at different tempera-
tures (4, 10, 16, 23, 30, 37, 45 and 55°C) after 72 h at pH 7.5. The effect
of pH (range 4.0-12.0, with intervals of 0.5 pH units) was assessed using
MMA after 72 h at 30°C. NaCl (w/v) at increasing concentrations (0,
1,2,3,5,7.5, 10, 15 and 20%) was tested in MMA at 30°C, pH 7.5 and
measured after 72 h. The following electron donors were tested for their
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Pseudomonas enfomaphila L48T (AY907588)
Fseudomonas mosselii CIP 1052587 (AF072688)
Pseudomonas monteilii CIP 1048837 (AF064458)
Pssudomonas tzivianensis BCRC 177517 (EU103629)
| Pseudomonas fulve AJ 21287 (AB046996)
100 lF’seudomonas parafulva AJ 21297 (AB060132)

Pseudomonas pleccglossicida NBRC 103162T (BBIV01000080)

Pseud Japonica IAN 150717 (AB128521)

I iana GSL-010" (KY471137)
70 Pseudomonas graminis DSM 11363 (Y11150)
455,_: Pseudomonas lutea OK2™ (AY384537)
Pséud i IH5T (AY152673)
Pseudomonas umsangensis Ps 3-107 (AF488450)
Fseudomonas bastica a390" (FM201274)
Pseudt hel is OHA11" (HG40537)
P. hlororaphis JF3835T (FJ168539)

Pseudomonas koreensis Ps 9-14T (AF468452)

81 P: iensis CCM 7280" (AY970952)

Pz !
Figure 1: Neighbor-joining tree depicting the phylogenetic positions of
strain GSL-010" and representatives of some other related taxa, based on
16S rRNA gene sequences. Numbers at nodes show the levels of boot-
strap support based on data for 1000 replicates; only values that >50%
are presented. Bar, 0.0020 nucleotide substitution rate (K ) units.

nuc’

ability to support growth: D-glucose, D-fructose, lactose, yeast extract,
tryptone, formate, L-arabinose, peptone, casamino acids, succinamic
acid, tartaric acid, xylose, ascorbate, xanthine, y-hydroxybutyric acid,
succinic acid, L-phenylalanine and phenylacetic acid. The ability of each
strain to oxidize Mn(II), Mn(III)-L citrate or Mn(III)-desferrioxamine B
was determined through the formation of dark brown oxides after 120 h,
using MMA broth containing 100 uM of relevant Mn source at 30°C, pH
7.5. The ability for strain GSL-010"

Fatty acid analysis, DNA G + C mol% content and DNA-DNA hybridization
were performed by the identification service at the Deutsche Sammlung
von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Ger-
many). Cellular fatty acid methyl esters were extracted and analyzed
by saponification, methylation*** and separated using GC-FID and a
Sherlock Microbial Identification System (Microbial ID; Delaware, United
States). Strains were grown under identical conditions (LB-medium with
incubation for 48 h at 30°C) before submission to the DSMZ. Distinct
differences were observed in the fatty acid composition of GSL-010"
compared to those of P. plecoglossicida and P. japonica (Table 2). The cel-
lular fatty acid profile of strain GSL-010" was characterized primarily by
summed feature 3 (40.43%), C,, (32.29%), C,,, w7¢c (8.30%) and C ,,
2-OH (4.18%). The DNA mol% GC content was also determined through
the disruption of cells, which were then hydrolyzed and the resulting
deoxyribonucleosides measured using HPLC.?"*? Published genome se-
quences representing a G+C range of 43-72 mol% were used as standards
and G+C values were calculated as per the method of Mesbah et al.>* The
genomic DNA G+C content determined for strain GSL-010" was 59.7%,
which was lower than the values reported for P. plecoglossicida (62.8%)
and P, japonica (66.0%). DNA-DNA hybridization was achieved initially
through cell disruption using a Constant Systems TS 0.75 KW (IUL In-
struments, Germany) and the DNA was purified by chromatography.®
Hybridization was performed as previously described* as modified by
Huss et al.* using a model Cary 100 Bio UV/VIS-spectrophotometer
(Varian; California, United States). The DNA-DNA hybridization values
between strain GSL-010" and P. plecoglossicida NBRC 103162" (32.0%)
and P, japonica IAM 150717 (34.4%) was significantly below the <70%
threshold recommended for defining a new species.*%
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Figure 2: Negatively stained electron micrograph of Pseudomonas
laurentiana GSL-010". Bar, 500 nm.

CONCLUSION

Based on the summary of genotypic and phenotypic results, we describe
a novel species of the genus Pseudomonas represented by strain GSL-010"
and for which the name Pseudomonas laurentiana sp. nov. is proposed.

Description of Pseudomonas laurentiana sp. nov.

Pseudomonas laurentiana (lau.ren.ti.ana. N.L. fem. adj. laurentiana [italic
type] pertaining to Lawrence Estuary); the isolation source of the type
strain.

Cells (curved-rods) are strictly aerobic and stain Gram-negative. Cells
are 1.75 - 2.2 ym in length and 0.5 - 0.7 pm in width and are motile with
lophotrichous flagella. The optimum temperature for growth is 30°C;
growth occurs at 10 - 30°C but not at 4°C or 37°C. The optimal pH for
growth is 7 — 7.5; growth occurs between pH 5.0 — 10.0. Growth is
observed in the presence of 0 — 3 % NaCl (but not in > 4 %) with an
optimal concentration of 0.5%. Testing for catalase is positive. Assimilation
of D-glucose, D-fructose, sucrose, lactose, yeast extract, tryptone,
formate, L-arabinose, peptone, casamino acids, y-hydroxybutyric acid,
tartaric acid, succinamic acid and phenylacetic acid was observed;
however, ascorbate, xanthine, succinic acid, maleic acid, L-asparagine,
L-methionine or L-phenylalanine could not be utilized as sole carbon
sources. Mn(IV) oxide formation was observed in cultures containing
Mn(II), Mn(III)-citrate or Mn(III)-desferrioxamine B. The major cellular
fatty acids are a combination of C,,,07c and/or iso-C, 5, 2-OH, C and

C,,, w7c. The DNA-DNA hybridizétion values between strain GSE;UOIOT
were: P. plecoglossicida (32.0%); and P. japonica (34.4%).

The type strain GSL-010" (=JCM 32154" =NBRC 113027" =KCTC
623927) was isolated from deep waters sampled from the St. Lawrence

Estuary. The genomic DNA G+C content of the type strain is 59.7%.
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Table 2: Differences in cellular fatty acid composition of Pseudomonas lau-
rentiana GSL-010" and phylogenetic neighbors.

Fatty Acid 1 2 3
Saturated fatty acid
C10:0 0.11 - -
C12:0 2.66 1.62 1.23
C14:0 1.76 0.41 0.23
C15:0 0.42 0.23 0.20
C16:0 32.29 25.73 25.48
C17:0 0.13 0.13 0.18
C18:0 0.18 0.24 0.39
Unsaturated fatty acid
C16:1 w5c 0.11 0.08 0.09
C17:1 w8¢ 0.10 0.12 0.10
C18:1 w7c 8.30 15.12 17.94
Branched fatty acid
C17:0 cyclo 1.13 2.50 1.39
C18:1 11methyl w7¢ 0.35 = =
Hydroxy fatty acid
C8:0 3-OH = 0.08 0.15
C10:0 3-OH 3.83 6.49 8.04
C11:0 3-OH = 0.04 =
C12:0 2-OH 4.18 5.83 1.23
C12:0 3-OH 3.66 4.22 4.32
C12:1 3-OH 0.07 0.78 0.61
Summed Features*
2 = 0.09 0.24
3 40.43 35.92 33.65
7 0.17 - -

Strains: 1, Pseudomonas laurentiana GSL-010; 2, Pseudomonas plecoglossicida
NBRC 103162 3, Pseudomonas japonica IAM 15071".

*Summed features are groups of two or three fatty acids that cannot be separated
by GC with the MIDI system. Summed feature 2 consists of C,, 3-OH and/or
iso-C,; Summed feature 3 consists of C,,07¢c and/or iso-C,  2-OH; Summed

feature 7 consists of C ;| w6c and/or C ;| cyclo w10c.

ABBREVIATIONS
MMA: Minimal Media A.

REFERENCES

1. Dogan B, Boor KJ. Genetic Diversity and Spoilage Potentials among Pseudomonas
spp. Isolated from Fluid Milk Products and Dairy Processing Plants. Appl Environ
Microbiol. 2003;69(1):130-8.

2. Déziel E, Gopalan S, Tampakaki P Lépine F, Padfield KE, Saucier M, et al. The
contribution of MvfR to Pseudomonas aeruginosa pathogenesis and quorum
sensing circuitry regulation: multiple quorum sensing-regulated genes are mod-
ulated without affecting /asRI, rhiRI or the production of N-acyl-l-homoserine
lactones. Mol Microbiol. 2005;55(4):998-1014.

3. Okazaki M, Sugita T, Shimizu M, Ohode Y, Iwamoto K, Vrind-de JEWD, et al.
Partial purification and characterization of manganese-oxidizing factors of Pseu-
domonas fluorescens GB-1. Appl Environ Microbiol. 1997;63(12):4793-99.

4. Caspi R, Tebo BM, Haygood MG. ¢-Type Cytochromes and Manganese Oxidation
in Pseudomonas putida MnB1. Appl Environ Microbiol. 1998;64(10):3549-55.

5. Geszvain K, McCarthy JK, Tebo BM. Elimination of manganese (Il,11l) oxidation
in Pseudomonas putida GB-1 by a double knockout of two putative multicopper
oxidase genes. Appl Environ Microbiol. 2013;79(1):357-66.

6. Trouwborst RE, Clement BG, Tebo BM, Glazer BT, Luther GW. Soluble Mn(lll) in

155



Wright, et al.: Pseudomonas laurentiana sp. nov.

suboxic zones. Science. 2006;313(5795):1955-7. 20. Kuykendall LD, Roy MA, O'Neill JJ, Devine TE. Fatty acids, antibiotic resistance

7. Oldham VE, Mucci A, Tebo BM, Luther GW. Soluble Mn(lll)-L complexes are and deoxyribonucleic acid homology groups of Bradyrhizobium japonicum. Int J
abundant in oxygenated waters and stabilized by humic ligands. Geochim Cos- Syst Evol Bacteriol. 1988;38(4):358-61.
mochim Acta. 2017;199:238-46. . . X .

. ) . ) . 21. Cashion R Hodler-Franklin MA, McCully J, Franklin M. A rapid method for base

8. Atlas RM. Handbook of Microbiological Media, Fourth Edition. CRC Press. Boca ) L ) )

Raton. FL. 2010. ratio determination of bacterial DNA. Anal Biochem. 1977;81(2):461-6.

9. Wright MH, Farooqui SM, White AR, Greene AC. Production of Manga-  22. Tamaoka J, Komagata K. Determination of DNA base composition by
nese Oxide Nanoparticles by Shewanella Species. Appl Environ Microbiol. reversed-phase high-performance liquid chromatography. FEMS Microbiol Lett.
2016;82(17):5402-9. 1984;25(1):125-8.

10. Wright MH, Geszvain K, Oldham VE, Lu_ther GW, Tebo BM. Oxidative Fo_rmatl_on 23. Mesbah M, Premachandran U, Whitman, WB. Precise measurement of the
and Removal of Soluble Mn(lll) Species by Pseudomonas. Front Microbiol. ) ) X . o
2018:9(560). G+C content of deoxyribonucleic acid by high-performance liquid chromatography.

11. Wright MH, Adelskov J, Greene AC. Bacterial DNA Extraction Using Indi- Int J Syst Bacteriol. 1989;39(2):159-67.
vidual Enzymes and Phenol/Chloroform Separation. J Microbiol Biol Educ. ~ 24. Ley JD, Cattoir H, Reynaerts A. The quantitative measurement of DNA hybrid-
2017;18(_2):48- ) . ) _ ization from renaturation rates. Eur J Biochem. 1970;12(1):133-42.

12. Farooqui SM, Wright MH, Greene AC. Aliidiomarina minuta sp. nov., a haloal- 25. Huss VAR, Festl H, Schleifer KH. Studies on the spectrophotometric deter-
kaliphilic bacterium that forms ultra-small cells under non-optimal conditions. U R ) ; )
Antonie Van Leeuwenhoek. 2016:109(1):83-93. mination of DNA hybridization from renaturation rates. Syst Appl Microbiol.

13. Hall TA. BioEdit: a userfriendly biological sequence alignment editor and analysis 1983,4(2):184-92.
program for Windows 95/98/NT. Nucleic Acids Symp Ser. 1999;41:95-8. 26. Stackebrandt E, Goebel BM. Taxonomic note: a place for DNADNA reassociation

14. Kim OS, ChoYJ, Lee K, Yoon SH, Kim M, Na H, et al. Introducing EzTaxon-e: a and 16S rRNA sequence analysis in the present species definition in bacteriology.
prokaryotic 16S _rRNA gene sequence data_base with phylotypes that represent Int J Syst Evol Microbiol. 1994;44(4):846-9.
uncultured species. Int J Syst Evol Microbiol. 2012;62(3):716-21. )

15. Saitou N, Nei M. The neighborjoining method: a new method for reconstructing 27 Wayne LG, Brenner DJ, Colvvgll RR, Qnmont PAD, Kandler O, et al. Intgrna—
phylogenetic trees. Mol Biol Evol. 1987;4(4):406-25. tional committee on systematic bacteriology report of the ad hoc committee

16. Kumar S, Stecher G, Tamura K. MEGA7: Molecular Evolutionary Genetics Analysis on reconciliation of approaches to bacterial systematics. Int J Syst Bacteriol
Version 7.0 for Bigger Datasets. Mol Biol Evol. 2016;33(7):1870-4. 1987,37:463-4.

17. Felsenstein J. Confidence limits on phylogenies: an approach using the boot- 28, Nishimori E, Kita-Tsukamoto K, Wakabayashi H. Pseudomonas plecoglossicida
strap. Evolution. 1985;39(4):783-91. ] o sp. nov., the causative agent of bacterial haemorrhagic ascites of ayu, Pleco-

18. Gerhardt B Murray RGE, Wood WA_, Krieg N_R, Phillips GB. Methods for general glossus altivelis. Int J Syst Evol Microbiol. 2000;50(1):83-9.
and molecular bacteriology. American Society for Microbiology, \Washington,

DC. 1994. 29. Pungrasmi W, Lee HS, Yokota A, Ohta A. Pseudomonas japonica sp. nov., a

19. Miller LT. A single derivatization method for bacterial fatty acid methyl esters novel species that assimilates straight chain alkylphenols. J Gen Appl Microbiol.
including hydroxy acids. J Clin Microbiol. 1982;16(3):584-6. 2008;54(1):61-9.

PICTORIAL ABSTRACT SUMMARY
- —_— * An aerobic, Mn(lll)-oxidizing, Gram-negative, motile bacterium (strain GSL=
4 i) At “ Bkt cies: M 010" was isolated from deep waters of the St Lawrence Estuary (Canada).
'_&T o 7 * Phylogenetic analysis based on 16S rRNA gene sequencing revealed strain
" Zo w /", GSL:010" as a member of the genus Pseudomonas.
Ps * DNA-DNA hybridization values between strain GSI-010T and R plecoglossicida
Nl 4’%? (32.0%) and P japonica (34.4%) confirm the assignment of the bacterium to
e a new species.
g * On the basis of phylogenetic analysis, DNA-DNA hybridization and physiologi-
3 . > cal and biochemical characterization, strain GSL-:010" is clearly a unique bac-
> terium.
| e Since it was isolated from the waters of the St. Lawrence Estuary, the name
G- Pseudomonas laurentiana sp. nov. is proposed.
River 7 - e The type strain is GSL-010T (=JCM 32154T =NBRC 113027" =KCTC 623927).
s Pseudomonas laurentiana GSL-010
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