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Abstract

A Gram-stain negative, non-motile, non-spore forming, aerobic and rod or narrow lemon-shaped
bacterial strain, VSW210", was isolated from surface seawater in a shallow water hydrothermal vent
region in Espalamaca (Azores). Strain VSW210" was found to grow optimally at 30 °C, at pH 7 and
in the presence of 2—6 % (w/v) NaCl. A neighbour-joining phylogenetic tree based on 16S rRNA
gene sequences revealed that strain VSW210" clusters with the type strain Citreicella marina CK-I3-
6" (sequence similarity value of 99.6 %), but DNA-DNA hybridization showed DNA-DNA
relatedness between the strain VSW210" and C. marina CK-I13-6" to be 55.8 + 3.2 %. The DNA
G+C content of strain VSW210" was determined to be 67.4 mol%. The cellular fatty acid profiles of
strain VSW210" was found to contain Cig.; w7¢ (80.1 %) and Cieo (9.2 %). The major polar lipids in
strain ~ VSW210"  were identified as phosphatidylcholine, phosphatidylethanolamine,
phosphatidylglycerol, diphosphatidylglycerol and an unidentified phospholipid. Strain VSW210"
was found to be able to oxidize soluble Mn(II) to insoluble MnO,, which was confirmed with LBB
staining. Differential phenotypic properties and genetic uniqueness revealed that this strain
VSW210" is distinguishable from other species of the genus Citreicella. On the basis of the data
presented, strain VSW210" is considered to represent a novel species of the genus Citreicella, for
which the name Citreicella manganoxidans sp. nov. is proposed. The type strain is VSW210" (=
KCTC 32497" = MCC 2286").
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Introduction

The genus Citreicella, a member of the class Alphaproteobacteria, was proposed by Sorokin et al.
(2005). At the time of writing, the genus Citreicella includes only three validly named species,
Citreicella thiooxidans (Sorokin et al. 2005), Citreicella aestuarii (Park et al. 2011) and Citreicella
marina (Lai et al. 2011). During our investigation of culturable bacterial diversity from a shallow
water hydrothermal vent in Espalamaca (Azores, Portugal), several manganese resistant bacteria
were isolated (Rajasabapathy et al. 2014a). In this study, we characterised one of these isolates,
designated strain VSW210", which was isolated from surface seawater. The aim of the present
investigation was to determine the precise taxonomic position of strain VSW210" using a polyphasic

approach.
Materials and Methods
Strain isolation and culture conditions

Surface seawater was collected from a shallow hydrothermal vent in the Espalamaca region
(38°33’N; 28°39°W), Azores, Portugal through an Indo-Portugal bilateral program during September
2010. For isolation of heterotrophic manganese oxidizing bacteria, serial dilutions of the samples
were spread plated on diluted seawater nutrient agar (ASWNA: peptone 1.25 g L', beef extract 0.75
gL', 1.8 % agar prepared in 50 % seawater) amended with 1 mM MnCl,. The plates were incubated
for up to 3 days at 30 = 2 °C and morphologically different colonies were isolated. Growth of strain
VSW210" on marine agar 2216 (MA: M384, Himedia) was confirmed and the strain maintained at 4
°C. Strain VSW210" was also stored at -80 °C in dSWNA with 15 % glycerol. The reference strain
C. marina CK-I3-6" was purchased from LMG culture collection (LMG 25230) studied in parallel
with strain VSW210".

16S rRNA gene sequencing and phylogenetic analyses

Genomic DNA was extracted with a DNeasy Blood and Tissue Kit (Qiagen) following the
manufacturer’s instructions and the 16S rRNA gene was PCR amplified with eubacterial primers
27F/1492R (Lane 1991). The PCR amplified 16S rRNA gene was purified with a PCR cleanup kit
(Sigma) and sequenced on an 3130xl Genetic Analyzer (Applied Biosystems). The nearly full length
16S rRNA gene sequence (1373 nt) was subjected to a BLASTn search at the National Center for
Biotechnology Information (NCBI) to determine an approximate phylogenetic affiliation and at
EzTaxon-e (Kim et al. 2012) to identify similarity values between strain VSW210" and closely
related taxa. Sequences were aligned using Clustal W (Thompson et al. 1994) and phylogenetic trees

were constructed using neighbour-joining (Saitou and Nei 1987), maximum-parsimony (Fitch 1971)
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and maximum-likelihood (Felsenstein 1981) methods with MEGA version 5.2 (Tamura et al. 2011).
The topology of the phylogenetic trees was estimated by bootstrap analysis with 1,000 replications
(Felsenstein 1985).

Morphological, physiological and biochemical characterisation

Gram staining (K001, Himedia) and motility (Collee et al. 2008) of strain VSW210" was examined
using light microscopy (Olympus BX-60) with 1000% magnification. The cell morphology was
examined using a scanning electron microscope (JEOL JSM-5800LV). Growth under anaerobic
conditions was determined on MA after incubation for 10 days in an anaerobic system with an
AnaeroPack (Himedia, Mumbai). The pH range for growth was determined by adjusting the pH of
the marine broth 2216 (MB: M385, Himedia) using various buffers to pH 4-5 (citrate buffer), pH 6—
8 (phosphate buffer) and pH 9-10 (carbonate buffer) and cell densities for growth were measured at
600 nm using a spectrophotometer (Cary 300) after 3 days of incubation. Temperature dependent
growth was tested on MA at 4, 10, 20, 25, 30, 37, 40, 45 and 50 °C. Salinity tolerance of strain
VSW210" was investigated in nutrient broth (NB: M088, Himedia) prepared in distilled water with
NaCl concentrations of 0 — 15 % (w/v; 1 % increments) with and without adding Mg*" and Ca*"

(MgCL4.53 g L'; MgS045.94 g L'; CaCl, 1.3 g L.

Catalase activity was tested using the 3 % (v/v) H,O, drop method (Smibert and Krieg 1994) and
oxidase activity was determined using oxidase discs (DD018, Himedia). Hydrolysis of DNA, urea,
starch, xylan, CMC, casein, gelatin, agar, Tweens 20 and 80, tributyrin, xanthine and alginate were
determined as described previously (Rajasabapathy et al. 2014b) on MA. Other enzyme activities
were tested using APl ZYM kits (bioMérieux) according to the manufacturer’s protocol. Acid
production from carbohydrates was determined using the API S0CH kit (bioMérieux) following the
manufacturer’s instructions using inoculation medium API CHB/E amended with marine cations
supplement (MCS, Farmer and Hickman-Brenner 2006). Antibiotic susceptibility tests were
performed on seawater nutrient agar (SWNA: peptone 5.0 g L™, beef extract 1.5 g L', yeast extract
1.5 g L', 1.5 % agar prepared in 50 % seawater) using antibiotic discs (Himedia) containing the
following concentrations (pg/disc): amikacin (30), amoxicillin (30), ampicillin (25), bacitracin (8
IU), cefadroxyl (30), ceftazidime (30), chloramphenicol (25), chlortetracycline (30), ciprofloxacin
(30), kanamycin (30), lincomycin (10), neomycin (30), norfloxacin (10), novobiocin (30), penicillin
G (2 IU), polymyxin B (50 IU), rifampicin (15), streptomycin (300), tetracycline (10), tobramycin

(10) and vancomycin (5). The results were observed after 3 days incubation at 30 °C.



Chemotaxonomic analysis

Strain VSW210" was cultivated on MA at 30 °C for 2 days and harvested for fatty acid methyl ester
(FAME) derivatisation. Fatty acids were saponified, methylated and extracted using the standard
protocol of Microbial Identification System TSBA 6.0 (Sasser 1990). Cell biomass of strain
VSW210" for the analysis polar lipids was obtained from cultures grown for 2 days at 30 °C in MB.
Polar lipids were extracted from freeze-dried cells and separated by two dimensional silica gel thin
layer chromatography (Merck) as described previously (Collins et al. 1980; Rajasabapathy et al.
2014b). DNA G+C content was determined by reverse-phase HPLC of nucleosides following the
protocol described by Mesbah et al. (1989).

DNA-DNA hybridization

For DNA-DNA hybridization experiments, genomic DNA was extracted and purified according to
the method of Marmur (1961). The analysis was done by fluorimetry using a Step One Plus Real-
Time PCR system (Applied Biosystems) fitted with 96 well thermal cycling block in 96 well plate
(Loveland-Curtze et al. 2011). The reassociation of DNA was carried out at optimum reassociation
temperature 78.0 °C [Tor = 0.51 x (% G+C) + 47.0] according to De Ley et al. (1970) and Gillis et
al. (1970). Resulted DNA-DNA relatedness values are the average of triplicates.

Manganese oxidation assay

Strain VSW210" was inoculated onto dSWNA and dSWNB (media composition the same as
dSWNA excluding agar) amended with 5 mM MnCl, and incubated in the dark for up to 20 days.
Oxidation of soluble Mn(I) to insoluble Mn(III/IV) oxides were observed as brown or black
precipitates. Every 5 days, Mn oxidation rates were photometrically measured at Agyo using the
leucoberbelin blue (LBB) assay (Krumbein and Altman 1973). A KMnO, standard curve was
generated to quantify the levels of Mn oxidization in the broth cultures. In the LBB assay, 40 uM
KMnOQy is equivalent to 100 uM MnO, (Brouwers et al. 2000).

Results and Discussion

Cells of strain VSW210" were observed to be Gram-stain negative, non-motile, non-spore forming
and rod or narrow lemon shaped with tip ends (Suppl. Fig. 1). The colonies of the strain VSW210"
were observed to be small, non-pigmented, circular, convex and smooth on MA and dSWNA media
after 48 h. Strain VSW210" did not grow on medium with NaCl as a sole salt and was found to
require Mg>". Growth of the strain VSW210" was observed at temperatures between 4 and 40 °C
with optimum growth at 30 °C and at a pH range of 6.0-9.0 with an optimum pH of 7.0. Differences



between morphological and physiological characteristics of strain VSW210" compared with the

closely related type strains of the genus Citreicella are given in Table 1.

Strain VSW210" was susceptible to all the antibiotics tested. In assays with API ZYM strips, alkaline
phosphatase (weak), esterase (C 4), esterase lipase (C 8), leucine arylamidase, acid phosphatase
(weak), naphthol-AS-BI-phosphohydrolase (weak) and a-glucosidase activities are present, but
lipase (C 14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, f-
galactosidase, f-glucuronidase, f-glucosidase, N-acetyl- f-glucosaminidase, a-mannosidase and a-
fucosidase activities are absent. In the API 50CH test gallery, acids produced from the substrates,
glycerol, D-arabinose, L-arabinose, D-ribose, D-xylose, methyl-fD-xylopyranoside, D-galactose, D-
glucose, D-fructose, D-mannose, L-sorbose, L-rhamnose, D-mannitol, D-sorbitol (weak), esculin, D-
cellobiose, D-maltose, D-lactose, D-melibiose, D-saccharose, xylitol, D-fucose, L-fucose and D-

arabitol.

Analysis of the 16S rRNA gene sequence of strain VSW210" (GenBank/EMBL/DDBJ accession
number KC534242) showed that the strain is closely related to C. marina CK-I13-6" with sequence
similarity of 99.6 %. However, DNA-DNA hybridizations between VSW210" and C. marina CK-I3-
6" showed a DNA-DNA relatedness of 55.8+3.2 %, which is lower than 70 %, the recommended
threshold value generally considered for prokaryotic species delineation (Stackebrandt and Goebel
1994; Wayne et al. 1987). The 16S rRNA gene sequence similarity values between strain VSW210"
and other validly named species of the genus Citreicella in the EzTaxon-e database are 96.9 % (C.
thiooxidans CHLG 17) and 96.5 % (C. aestuarii AD8"). Neighbour-joining, maximum-parsimony
and maximum-likelihood phylogenetic analysis based on 16S rRNA gene sequences revealed that the
strain VSW210" formed a separate subclade with C. marina CK-13-6" (Fig. 1, Suppl. Fig. 2 and
Suppl. Fig. 3).

The polar lipid profile of strain VSW210" was found to consist of phosphatidylcholine,
phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and an unidentified
phospholipid (Suppl. Fig. 4). The major fatty acids found in strain VSW210" were Cj5.; w7c (80.1
%) and Ci40 (9.2 %), a profile which is comparable to those of the type strains C. marina CK-13-6"
and C. thiooxidans CHLG 1" (Table 2). However, the fatty acid Cjo.0 w8¢ cyclo which was found in
C. marina CK-I3-6" (this study) and reported in C. thiooxidans CHLG 1" and C. aestuarii AD8" (Lai
et al. 2011; Park et al. 2011), was not detected in strain VSW210". In addition, C;o. which was
observed to be present in strain VSW210", was not observed in the other members of the genus
Citreicella. The genomic DNA G+C content was found to be 67.4 mol% which is very similar to

those of other species of the genus Citreicella (Table 1).



In a plate assay, strain VSW210" was found to oxidize Mn(II) within 10 days of incubation, which
was confirmed with LBB staining (Suppl. Fig. 5). C. marina CK-13-6" was negative for Mn(Il)
oxidation in this plate assay (data not shown). In liquid medium, up to 10 days, there was no
formation of brown colour or of blue colour when treated with LBB. However, the Mn(II) oxidation
was started by the 15" day, producing 1.1 mM MnO, and by 20™ day 1.7 mM of MnO, was
observed. Growth of VSW210" was also in similar pattern to that of MnO, oxidation (Suppl. Fig. 6).
Oxidation of Mn®" by the strain VSW210" may be due to activity of Mn®" oxidizing enzymes
(Okazaki et al. 1997; Francis et al. 2001) or some unidentified Mn>* oxidizing factors. Based on the
studies conducted by Adams and Ghiorse (1987) from Leptothrix, only part of the Mn(II) oxidizing
activity was dependent on Mn”" oxidizing protein and part was attributed to as yet unidentified Mn*"

oxidizing factors.

Based on phylogenetic analysis, phenotypic characteristics, chemotaxonomic data and low level of
DNA-DNA relatedness (55.8 £3.2 %), it can be concluded that strain VSW210" represents a novel

species of the genus Citreicella, for which the name Citreicella manganoxidans sp. nov. is proposed.
Description of Citreicella manganoxidans sp. nov.

Citreicella manganoxidans (man.gan.o'xi.dans. N.L. neut. n. manganum manganese; N.L. part. adj.

oxidans oxidizing; N.L. part. adj. manganoxidans manganese-oxidizing).

Cells are aerobic, Gram-stain negative, non-spore forming, non-motile and rods or narrow lemon
shaped, with tip ends (0.4-1.1 x 1.9-5.8 pum). Colonies on MA and dSWNA are circular, raised,
smooth and non-pigmented after incubation for 48 h at 30 °C. Grows in 0-12 % NaCl (optimum 2—-6
%), at pH 6-9 (optimum 7) and at 4-40 °C (optimum 30 °C). Mg”" is required for growth. Positive
for catalase and oxidase. Anaerobic growth does not occur on MA. Nitrate is not reduced to nitrite.
Tween 20, DNA and agar are hydrolysed, but casein, gelatin, Tween-80, xanthine, xylan, CMC and
trybutyrin are not. The major fatty acid is C;s.; @7c. The major polar lipids are phosphatidylcholine,
phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol and an unidentified
phospholipid. The DNA G+C content of the type strain is 67.4 mol%.

The type strain, VSW210" (= KCTC 32497" = MCC 2286T), was isolated from surface seawater at
the shallow hydrothermal vent region in Espalamaca, Azores, Portugal. The GenBank/EMBL/DDBJ
accession number of the 16S rRNA gene sequence of strain VSW210" is KC534242.



Acknowledgments

The authors thank Dr. N. Ramaiah and Mr. RM. Meena for providing the DNA sequencing facility;
Mr. Areef Sardar for SEM analysis. Author Rajasabapathy acknowledges CSIR, New Delhi for a
SRF grant. We thank the Department of Science & Technology, Govt. of India for the support
through the Indo-Portugal bilateral program. This work was also supported by a CSIR-NIO project
‘PSC0206°. We acknowledge MMRF-COMAPS under ICMAM, MoES through Dr. Shanta Nair,
Dr. Anas and Mrs. Vijitha for FAME analysis. IMAR-DOP/UAz is Research and Development Unit
#531 and LARSyS — Associated Laboratory # 9 funded by the Portuguese Foundation for Science
and Technology (FCT) through PEst project (Pest/OE/EEI/LA0009/2011-2014), and by DRCTC —
Regional Government of the Azores through a Pluriannual Funding scheme. This is CSIR-NIO

contribution number ----.

References

Adams LF, Ghiorse WC (1987) Characterization of an extracellular Mn*"-oxidizing activity and
isolation of Mn*"-oxidizing protein from Leptothrix discophora SS-1. J Bacteriol 169:1279-1285

Brouwers GJ, Vijgenboom E, Corstjens PLAM, de Vrind JPM, de Vrind-de Jong EW (2000)
Bacterial Mn”*" oxidizing systems and multicopper oxidases: an overview of mechanisms and
functions. Geomicrobiol J 17:1-24

Collee JG, Fraser AG, Marmion BP, Simmons A (2008) Mackie and McCartney Practical Medical
Microbiology, (14th edn). Elsevier Private Limited, India

Collins MD, Goodfellow M, Minnikin DE (1980) Fatty acid, isoprenoid quinone and polar lipid
composition in the classification of Curtobacterium and related taxa. J] Gen Microbiol 118:29-37

De Ley J, Cattoir H, Reynaerts A (1970) The quantitative measurement of DNA hybridization from
renaturation rates. Eur J Biochem 12:133-142

Farmer JJ, Hickman-Brenner FW (2006) The genera Vibrio and Photobacterium. In Dworkin M,
Falkow S, Rosenberg E, Schleifer KH, Stackebrandt E (Eds) The Prokaryotes, a Handbook on the
Biology of Bacteria (3rd edn). Springer, New York, pp 508-563

Felsenstein J (1981) Evolutionary trees from DNA sequences: a maximum likelihood approach. J
Mol Evol 17:368-376

Felsenstein J (1985) Confidence limits on phylogenies: an approach using the bootstrap. Evolution
39:783-789

Fitch WM (1971) Toward defining the course of evolution: minimum change for a specific tree
topology. Syst Zool 20:406-416



Francis CA, Co EM, Tebo BM (2001) Enzymatic manganese(Il) oxidation by a marine o-
proteobacterium. Appl Environ Microbiol 67:4024-4029

Gillis M, De Ley J, De Cleene M (1970) The determination of molecular weight of bacterial genome
DNA from renaturation rates. Eur J Biochem 12:143-153

Kim OS, Cho YJ, Lee K, Yoon SH, Kim M, Na H, Park SC, Jeon YS, Lee JH, Yi H, Won S, Chun J
(2012) Introducing EzTaxon-e: a prokaryotic 16S rRNA Gene sequence database with phylotypes
that represent uncultured species. Int J Syst Evol Microbiol 62:716-721

Krumbein WE, Altman HJ (1973) A new method for the detection and enumeration of manganese-
oxidizing and -reducing microorganisms. Helgol Wiss Meeresunters 25:347-356

Lai Q, Fu Y, Wang J, Chen S, Zhong H, Sun F, Shao Z (2011) Citreicella marina sp. nov., isolated
from deep-sea sediment. Int J Syst Evol Microbiol 61:728-731

Lane DJ (1991) 16S/23S rRNA sequencing. In Stackebrandt E, Goodfellow M (Eds) Nucleic acid
techniques in bacterial systematic. John Wiley and Sons Inc, New York, pp 115-175

Loveland-Curtze J, Miteva VI, Brenchley JE (2011) Evaluation of a new fluorimetric DNA-DNA
hybridization method. Can J Microbiol 57:250-255

Marmur J (1961) A procedure for isolation of deoxyribonucleic acid from micro-organisms. J Mol
Biol 3:208-218

Mesbah M, Premachandran U, Whitman WB (1989) Precise measurement of the G+C content of
deoxyribonucleic acid by high-performance liquid chromatography. Int J Syst Bacteriol 39:159-167

Okazaki M, Sugita T, Shimizu M, Ohode Y, Iwamoto K, de Vrind-de Jong EW, De Vrind JPM,
Corstjens PLAM (1997) Partial purification and characterization of manganese-oxidizing factors of
Pseudomonas fluorescens GB-1. Appl Environ Microbiol 63:4793-4799

Park MS, Chung B-K, Lee HY, Jin HM, Lee S-S, Oh YK, Jeon CO (2011) Citreicella aestuarii sp.
nov., isolated from a tidal flat. Int J Syst Evol Microbiol 61:2595-2599

Rajasabapathy R, Mohandass C, Colaco A, Dastager SG, Santos RS, Meena RM (2014a) Culturable
bacterial phylogeny from a shallow water hydrothermal vent of Espalamaca (Faial, Azores) reveals a
variety of novel taxa. Curr Sci 106(1):58-69

Rajasabapathy R, Mohandass C, Dastager SG, Liu Q, Khieu T-N, Son CK, Li W-J, Colaco A
(2014b) Roseovarius azorensis sp. nov., isolated from seawater at Espalamaca, Azores. Antonie van
Leeuwenhoek 105:571-578

Saitou N, Nei M (1987) The neighbor-joining method: a new method for reconstructing phylogenetic
trees. Mol Biol Evol 4:406-425

Sasser M (1990) Identification of bacteria by gas chromatography of cellular fatty acids, MIDI
Technical Note 101. MIDI Inc., Newark, DE

Smibert RM, Krieg NR (1994) Phenotypic characterization. In: Gerhardt P, Murray RGE, Wood
WA, Krieg NR (Eds) Methods for General and Molecular Bacteriology, American Society for
Microbiology, Washington, DC, pp 607-654



Sorokin DY, Tourova TP, Muyzer G (2005) Citreicella thiooxidans gen. nov., sp. nov., a novel
lithoheterotrophic sulphur oxidizing bacterium from the Black Sea. Syst Appl Microbiol 28:679-687

Stackebrandt E, Goebel BM (1994) Taxonomic note: a place for DNA-DNA reassociation and 16S
rRNA sequence analysis in the present species definition in bacteriology. Int J Syst Bacteriol 44:846-
849

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S (2011) MEGAS5: Molecular
evolutionary genetics analysis using maximum likelihood, evolutionary distance, and maximum
parsimony methods. Mol Biol Evol 28:2731-2739

Thompson JD, Higgins DG, Gibson TJ (1994) CLUSTAL W: improving the sensitivity of
progressive multiple sequence alignment through sequence weighting, position-specific gap penalties
and weight matrix choice. Nucleic Acids Res 22:4673-4680

Wayne LG, Brenner DJ, Colwell RR, Grimont PAD, Kandler O, Krichevsky MI, Moore LH, Moore
WEC, Murray RGE, Stackebrandt E, Starr MP, Truper HG (1987) International Committee on
Systematic Bacteriology. Report of the ad hoc committee on reconciliation of approaches to bacterial
systematics. Int J Syst Bacteriol 37:463-464



Table 1. Differential characteristics between strain VSW210" and closely related type strains of species of the genus Citreicella

Characteristic 1 2 3 4
Cell size (um) 0.4-1.1x1.9- 0.9-1x1.4- 0.6-0.8x1- 1.0-1.4x1.6-
5.8 16" 1.5% 2.2
Motility - - -* +
NaCl range for growth (%, w/v) 0-12 0-12 0.5-16* 1-11
pH range for growth 6-9 6-9 6.5-8.5% 5-9.5
Temperature range for growth (°C) 4-40 4-37 8-35% 15-40
API-CH50
Glycerol, L-arabinose, D-xylose, D-galactose, methyl-fD-  + + - ND
xylopyranoside,
D-lactose, D-melibiose, D-arabitol, L-fucose, L-rhamnose + + - ND
Erythritol, salicin, D-trehalose, D-lyxose, potassium gluconate, - - + ND
potassium 5-keto gluconate
L-xylose - + + ND
D-adonitol - + - ND
L-sorbose + - - ND
D-sorbitol w + + ND
Gentibiose - w - ND
APl ZYM
Alkaline phosphatase W + + +
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Esterase (C4), Esterase lipase (C8) + +
Lipase (C14), Cystine arylamidase, f-glucosidase - -
o-chymotrypsin - -

+ 2 = =

+

Valine arylamidase - -
o-galactosidase - - -
Naphthol-AS-BI-phosphoamidase w + - +
DNA G+C content (mol%) 67.4 67.5" 67.5-69.2* 67.5

Strains: 1, VSW210" (present study); 2, Citreicella marina CK-13-6" (present study) ("Lai et al. 2011); 3, Citreicella thiooxidans CHLG 17 (Lai et al.
2011; *Sorokin et al. 2005); 4, Citreicella aestuarii AD8" (Park et al. 2011). All strains are positive for catalase and oxidase; leucine arylamidase, a-
glucosidase; acid production from D-arabinose, D-ribose, D-glucose, D-fructose, D-mannose, D-mannitol, esculin, D-cellobiose, D-maltose, xylitol and
D-fucose. All strains are negative for Gram-staining; enzymes trypsin, S-galactosidase, f-glucuronidase, N-acetyl-f-glucosaminidase, a-mannosidase,
o-fucosidase; acid production from dulcitol, inocitol, methyl a-D-glucopyranoside, methyl a-D-mannopyranoside, N-acetylglucosamine, amygdalin,
arbutin, inulin, D-melazitose, D-raffinose, amidon, glycogen, D-turanose, D-tagatose, L-arabitol, and potassium 2-ketogluconate. For column 1 and 2,
hydrolysis of Tween 20, DNA and agar are positive and casein, gelatin, Tween-80, xanthine, xylan, CMC and trybutyrin are negative. +, Positive; -,
negative; w, weak reaction; ND, not determined
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Table 2. Fatty acid profile of strain VSW210" and closest type strains of species of the genus
Citreicella

Strains: 1, VSW210" (present study); 2, Citreicella marina CK-13-6" (present study); 3, Citreicella
thiooxidans CHLG 1" (Lai et al. 2011) ; 4, Citreicella aestuarii AD8" (Park et al. 2011). Only fatty
acids amounting to >1 % of the total are shown. -, not detected; tr, trace amount (< 1 %).

Fatty acids 1 2 3 4
Ci21 3-OH 2.8 24 tr -
Ci2:0 3-OH - - 1.7 -
Cioo 1.7 - - -
Cis0 9.2 11.7 8.6 10.2
Ci70 1.1 - tr .
Cigqgo7c 80.1 76.9 74.6 57.0
Cis:o 1.3 2.9 2.6 -
Cis:1 w7c 11-methyl - - tr 2.3
Ci9:0 w8c cyclo - 2.1 6.6 15.5
Summed feature 3* 3.9 4.1 1.9 11.4

*Summed features contain fatty acids that cannot be separated using standard procedures. Summed

feature 3 contained Ci¢.; w7c¢/ Ci6.1 wbe.
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Fig. 1. 16S rRNA gene sequence based neighbour-joining tree showing the phylogenetic relationship
of strain VSW210'. Numbers at the nodes are bootstrap values >50 %. Sphingomonas
astaxanthinifaciens TDMA-17" (AB277583) was used as an out-group. Bar, 0.02 substitutions per

nucleotide position.
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Sphingomonas astaxanthinifaciens TDMA-17"(AB277583)
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Supplementary Fig. 1. Scanning electron microscopic picture of strain VSW210" showing

rod/narrowed lemon shaped, with tip ends cells
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Supplementary Fig. 2. Maximum-parsimony tree based on 16S rRNA gene sequence showing the

phylogenetic position of the strain VSW210" and related members.

_: Seohaeicola saemankumensis SD-15T(EU221274)
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_: Leisingera methylohalidivorans MB2(AY005463)
72 Leisingera aquimarina CCUG'(AM900415)
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L—— Roseovarius nubinhibens ISMT(AALY01000002)
Phaeobacter aquaemixtae SSK6-1T(KF554505)
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_: Phaeobacter daeponensis TF-218T(DQ981486)

Phaeobacter caeruleus CCUG 55859"(AM943630)
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Yangia pacifica DX5-10"(AJ877265)

Litorisediminicola beolgyonensis BB-MW24"(JQ807220)
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Roseovarius tolerans EL-172"(Y11551)

Salinihabitans flavidus 1SL-46"(FJ265707)

Sphingomonas astaxanthinifaciens TDMA-17"(AB277583)
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Supplementary Fig. 3. Maximum-likelihood tree based on 16S rRNA gene sequence showing the

phylogenetic position of the strain VSW210" and related members

90| Phaeobacter gallaeciensis BS107"(ABIF01000020)

Phaeobacter inhibens T5T(AY177712)

Phaeobacter arcticus 20188"(DQ514304)

Seohaeicola saemankumensis SD-15T(EU221274)
Puniceibacterium antarcticum SM12117(JX070673)
Leisingera nanhaiensis NH52F"(EJ232451)

Nautella italica CCUG 55857 (AM904562)

Roseovarius nubinhibens ISM"(AALY01000002)
Leisingera methylohalidivorans MB2T(AY005463)

Leisingera aquimarina CCUG'(AM900415)

Phaeobacter caeruleus CCUG 55859T(AM943630)

Phaeobacter daeponensis TF-218"(DQ981486)

Phaeobacter aquaemixtae SSK6-1"(KF554505)

Marinovum algicola ATCC 514407(X78315)

Pelagibaca bermudensis HTCC2601T(AATQ01000039)
Thalassococcus halodurans UST050418-052T(DQ397336)
Citreimonas salinaria CL-SP20"(AY962295)
Pseudodonghicola xiamenensis Y-2"(DQ120728)

Yangia pacifica DX5-10T(AI877265)

Litorisediminicola beolgyonensis BB-MW247(1Q807220)
Citreicella thiooxidans CHLG 1T(AY639887)
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Supplementary Fig. 4. Two-dimensional TLC of polar lipids of the strain VSW210'. PL,
unidentified phospholipid; PE, phosphatidylethanolamine; PC, phosphatidylcholine; PG,
phosphatidylglycerol; DPG, diphosphatidylglycerol
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Supplementary Fig. 5. Strain VSW210" oxidized Mn(II) on plates which was detected as brown
colour formation and confirmed with LBB staining. Plate (a) and (b) are controls (media plates
without MnCl,); (c¢) after addition of LBB stain; (d) Mn(III/IV) oxides as dark brown precipitates
before adding LBB
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Supplementary Fig. 6. Growth and Mn(Il) oxidation of potential hydrothermal vent strain

VSW210". Data shown are representative of 3 experiments
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