Extendomonas vulgaris gen. nov., sp. nov., a novel member of the family Comamonadaceae
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Running title: Extendomonas vulgaris gen. nov., sp. nov.
Subject category: New Taxa-(Proteobacteria)
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain S4T is HQ596491.
Summary

A novel strain, named S4T, was obtained from wastewater in Xiaoshan, Zhejiang Province, China. Cells were Gram-negative, neutrophilic and non-spore-forming, and moved by polar flagellum. Normal cells were 0.8-0.9 × 1.3-1.9 μm and the cells elongated to 10-25 μm when cultivated at higher temperature. Strain S4T grew at 15-50 ºC (optimum at 48 ºC), pH 5.5-8.5 (optimum 7.0-7.5), and 0-2% (optimum 0.5% w/v) NaCl. Substrates utilized as sole carbon sources were alanine, asparagine, glutamate, citrate, malonate, salicylate and succinate. Ubiquinone-8 was the predominant respiratory quinone. C16:0 (35.5%), summed feature 3 (C16:1 ω7c and/or iso-C15:0 2-OH; 22.9%), C17:0 cyclo (10.3%) and C18:1 ω7c (9.2%) were the major cellular fatty acids. Major 3-OH fatty acid was C10:0 3-OH (3.9%). The genomic DNA G+C content was 68.8 mol%. Based on 16S rRNA gene sequences alignment, the close genera were Comamonas (94.6-95.6%), Giesbergeria (94.9-95.6%), Acidovorax (94.8-95.4%), Brachymonas (95.2%), Macromonas (95.1%), Hydrogenophaga (94.6-95.0%) and Malikia (94.9%). Phylogenetic analyses showed the closest relatives of S4T to be the genera Macromonas, Malikia and Hydrogenophaga. Based on phenotypic and phylogenetic characteristics, we suggest that strain S4T represent a novel species of a new genus of the family Comamonadaceae, for which the name Extendomonas vulgaris gen. nov., sp. nov. is proposed. The type strain is S4T (= CGMCC 1.10977T =JCM 17803T).
The family Comamonadaceae, which belongs to the class Betaproteobacteria, was first described by Willems et al. (1991). This family contained numerous genera, including Acidovorax (Willems et al., 1990), Brachymonas (Hiraishi et al., 1995), Comamonas (Tamaoka et al., 1987), Giesbergeria 


(Grabovich et al., 2006) ADDIN EN.CITE , Hydrogenophaga (Willems et al. 1989), Macromonas (Dubinina & Grabovich, 1984), Malikia (Spring et al., 2005) etc.. Most isolates of this family were obtained from soil, freshwater, wastewater, activated sludge, pond water and so on 


(Dubinina & Grabovich, 1984; Grabovich et al., 2006; Heylen et al., 2008; Hiraishi et al., 1995; Kämpfer et al., 2005; Spring et al., 2005; Yu et al., 2011) ADDIN EN.CITE , which indicates that this evolutionary cluster has a wide spectrum of habitat and various metabolism pathways. Some isolates were capable of degrading hydrocarbons (Rouviere & Chen, 2003), accumulating phosphorous (Blackall et al., 2002; Lee et al., 2003), oxidizing ammonia (Juretschko et al., 2002; Purkhold et al., 2000) and performing denitrification (Ginige et al., 2004). Here we report the characterization of strain S4T, which was isolated from wastewater in China, and propose that strain S4T represent a novel genus of Comamonadaceae.
The wastewater sample was collected from Xiaoshan, Zhejiang Province, China, in December 2009. About 10 ml wastewater sample was filtered through a 50 μm pore size filter to remove the impurities, and then diluted and spread onto CM plates at 28 ºC. The CM medium contained (per litre distilled water) 0.5 g NaCl, 0.5 g yeast extract, 0.5 g beef extract, 1 g peptone and 1.0 g glucose, and pH was adjusted to 7.0-7.2. After 3 days of incubation, a colorless colony was picked and purified by repeated restreaking. The isolate was routinely cultured on CM medium and maintained at -80 ºC with 25% (v/v) glycerol.
Colonies of strain S4T on CM medium after 2 days incubation were 0.1-0.5 mm in diameter, non-pigmented, circular, elevated and transparent. Cell morphology and motility were determined by using optical microscope (BX40; Olympus) and transmission electron microscopy (JEM-1230; JEOL) (Huo et al., 2010). Gram staining was performed in all growth phases. Cells were Gram-negative, short rod-shaped, neutrophilic and non-spore-forming. The strain moved by polar flagellum. Normal cells were 0.8-0.9 × 1.3-1.9 μm (Supplementary Fig. S1) and the cells elongated when cultivated at higher temperature (Supplementary Fig. S2). 
To determine the growth conditions of strain S4T, we used various NaCl concentrations (0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 %, w/v) which was added in CM medium. The pH range for growth was determined at pH 4.0–10.0 (at intervals of 0.5) in CM medium with following buffers: ammonium acetate (pH 4.0-5.0), MES (pH 5.5-6.0), PIPES (pH 6.5-7.0), Tricine (pH 7.5-8.5) and CAPSO (pH 9.0-10.0) at a concentration of 30 mM. The temperature range for growth was determined by incubation at 4, 10, 15, 20, 28, 32, 37, 40, 45, 48, 50 and 55 ºC. As the results showed that strain S4T grew at the ranges of 0-2% (w/v) NaCl, pH 5.5-8.5 and 15-50 ºC with optimal growth at 48 ºC, pH 7.0-7.5 and 0.5% (w/v) NaCl. 
The utilization of single carbon sources was tested on basal Macro medium containing (per litre distilled water) 0.3 g NH4Cl, 0.3 g MgSO4·7H2O, 0.2 g CaCl2, 0.3 g Na2S2O3·5H2O and 1 ml concentrated trace element solution which included (per litre distilled water) 4.4 g NaEDTA·2H2O, 3.16 g FeCl3·6H2O, 0.012 g CoSO4·7H2O, 0.021 g ZnSO4·7H2O, 0.18 g MnCl2·4H2O, 0.007 g CuSO4·5H2O, 0.007 g NaMoSO4·2H2O, 0.024 g NiCl2·6H2O, 0.006 g H3BO3 and 10 ml HCl (7.7 M). Biochemical and nutritional tests were performed in the modified Macro medium in which 1 g l-1 yeast extract, 1 g l-1sodium succinate and 1 g l-1 casamino acids were added. Organic acids and complex proteinaceous substrates such as yeast extract, casamino acids and peptone were autoclaved for 20 min at 121 ºC. Sugars, alcohols and amino acids were sterilized by UV. The concentration of each added carbon source was 0.2 % (w/v). All tests were performed in triplicate. Oxidase and catalase activity, nitrate and nitrite reduction were tested according to Dong & Cai (2001). Indole, methyl red, Voges- Proskauer test, H2S production and hydrolysis of starch, casein, gelatin and urea were tested as described by Shen & Chen (2008). Additional enzyme activities were determined using API ZYM kits (bioMérieux). Strain S4T was able to use a few substrates as sole carbon sources, such as alanine, glutamate, asparagine, succinate, citrate, malonate, fumarate, salicylate. Hydrolysis of urea, nitrate reduction, catalase and oxidase activity were positive. The presence of alkaline phosphatase, C4, C8, leucin arylamidase, valin arylamidase, cystin arylamidase, acid phosphohydrolase and naphtol-AS-BI- phosphohydrolase were showed according to the API ZYM kits tests. 
For fatty acid methyl esters (FAMEs) experiment, cells of strain S4Tand two type strains, Comamonas zonglianii DSM 22532T and Macromonas bipunctata DSM 12705T, were harvested from modified Macro medium for 2 days when OD600 of cells reached 0.4 at 28 ºC. The FAMEs experiment of strain S4T was performed again in two month later by the same method. FAMEs were analysed by using GC/MS (Kuykendall et al., 1988). Respiratory quinones were extracted and analysed by using reversed-phase HPLC as described previously (Komagata & Suzuki, 1987). The DNA G+C content was determined as previously described (Mesbah & Whitman, 1989; Xu et al., 2011)
. The predominant fatty acids of strain S4T were C16:0 (35.5-37.5%), summed feature 3 (C16:1 ω7c and/or iso-C15:0 2-OH; 10.2-22.9%), C17:0 cyclo (10.3-19.2%), C18:1 ω7c (4.8-9.2%) and C10:0 3-OH (3.9-7.2%), and the complete fatty acids profile was summarized in Table 1. Ubiquinone-8 was the predominant respiratory quinone. The genomic DNA G+C content of strain S4T was 68.8 mol%.
The 16S rRNA gene was amplified and analyzed as described previously (Xu et al., 2007). PCR products were cloned into vector pMD19-T (TaKaRa) and then sequenced. The 1454 nt-long sequence was compared with closely related sequences of reference organisms by the EzTaxon services (Chun et al., 2007) and BLAST (http://www.ncbi.nlm.nih.gov/BLAST/). Multiple sequences were aligned with CLUSTAL W1.8 (Thompson et al., 1994). Phylogenetic trees were constructed by the neighbour-joining (Saitou & Nei, 1987), maximum-parsimony (Fitch, 1971) and the maximum-likelihood (Felsenstein, 1981) methods with the MEGA 5 program package (Tamura et al., 2011). Evolutionary distances were calculated according to the algorithm of Kimura’s two-parameter model (Kimura, 1980) for the neighbour-joining method. 
Based on the result of sequence alignment, the valid genera that shared high sequence similarities to S4T were Comamonas (94.6-95.6%), Giesbergeria (94.9-95.6%), Acidovorax (94.8-95.4%), Brachymonas (95.2%), Macromonas (95.1%), Hydrogenophaga (94.6-95.0%) and Malikia (94.9%). Moreover, strain S4T shared higher sequence similarities to two uncultured bacterium clones (clone: 26-H, AB274848, 98.1%; clone FD_17, DQ984534, 97.1%) from contaminated soil at oilfields and oil-contaminated soil respectively, and to strain CHX (AY275432; 98.1%), which was isolated from the wastewater plant of a petroleum refinery by Rouviere & Chen (2003). All these three sequences mentioned above, together with that of S4T, formed an independent cluster on the phylogenetic trees showed in Fig.1, Supplementary Fig. S3 and Supplementary Fig. S4, which clearly showed that strain S4T belonged to the family Comamonadaceae and represented a novel genus. Strain CHX could not be identified together with S4T because it is unavailable now (P. E. Rouviere, personal communication). The nearest relatives of strain S4T were genera Hydrogenophaga, Macromonas and Malikia.
Strain S4T was Gram-negative, short rod-shaped and aerobic. No growth was detected in anaerobic condition at modified Macro medium even after 8 days. The strain was able to use some organic acids and amino acids but not carbohydrates, which were in accordance with description of the family Comamonadaceae. The predominant respiratory quinone, the DNA G+C content and the phylogenetic trees also supported that strain S4T should be classified into the family Comamonadaceae. Furthermore, strain S4T could be distinguished from those nearest related genera Hydrogenophaga, Macromonas and Malikia by cellular fatty acids, and several phenotypic characteristics such as colour of colony, cell size, flagellum etc. (Table 1; Table 2). 
Though strain S4T exhibited the highest sequence similarity (95.6%) with C. zonglianii DSM 22532T, these two strains belonged to different lineages on phylogenetic trees, strain S4T even did not cluster with any species of the genus Comamonas. Moreover, according to cellular fatty acids profile, C. zonglianii DSM 22532T contained high level of summed feature 3 (C16:1 ω7c and/or iso-C15:0 2-OH; 42.1%) and low level of C17:0 cyclo (0.8%), which were 10.2-22.9% and 10.3-19.2% in strain S4T, respectively. Moreover, C13:0, C15:1 ω6c, C15:0 2-OH, C16:1 2-OH, C18:1 2-OH and Summed feature 7 were present in S4T but not in C. zonglianii DSM 22532T. Several phenotypic characteristics of C. zonglianii DSM 22532T was different from that of strain S4T, such as the colony colour of C. zonglianii DSM 22532T was semi-transparent, pale yellow, no flagellum and non-motile, optimum T was 25-37 ºC.
In addition to 16S rRNA gene sequence and phylogenetic trees which showed strain S4T did not cluster with the genus Macromonas. Signiﬁcant differences were found for the fatty acid proﬁle of Macromonas bipunctata DSM 12705 T, which was dominated by Summed features 3 and C18:1 ω7c, whereas C16:0 was present only in minor amounts. compared with S4T, Macromonas bipunctata DSM 12705 T only possessed C8:0 3-OH in all hydroxylated fatty acids while C14:0 2-OH, C15:0 2-OH, C16:0 2-OH, C16:1 2-OH, C18:1 2-OH and C10:0 3-OH were detected and C10:0 3-OH was the major 3-OH fatty acids in strain S4T. 
Based on the genotypic and phenotypic characteristics described above, we identified strain S4T as a novel species represented a novel genus of Comamonadaceae, for which the name Extendomonas vulgaris gen. nov., sp. nov. is proposed.

Description of Extendomonas gen. nov.
Extendomonas (Ex.ten.do.mo.’nas. L. v. extendo, to extend; L. fem. n. monas, a unit, monad; N.L. fem. n. Extendomonas, cell with the ability to extend).
Gram-negative, short rod-shaped, neutrophilic and motile. Aerobic. Growth occurs at NaCl concentration of 0-2 % (w/v), at 15-50 ºC and pH 5.5-8.5. The cells elongated when cultivated at higher temperature. Catalase- and oxidase-positive. The predominant respiratory quinone is ubiquinone-8. The major cellular fatty acids (>10% of total fatty acids) include C16:0, summed feature 3 (C16:1 ω7c and/or iso-C15:0 2-OH) and C17:0 cyclo. C10:0 3-OH is the major 3-OH fatty acids. The DNA G+C content of the type strain is 68.8 mol%. Belongs to the family Comamonadaceae of the class Betaproteobacteria. Analyses of 16S rRNA gene sequences show that Extendomonas species are most closely related to the members of the genera Hydrogenophaga, Macromonas and Malikia. The type species is Extendomonas vulgaris.
Description of Extendomonas vulgaris sp. nov.
Extendomonas vulgaris (vul.ga.’ris. L. fem. adj. vulgaris, common, referring to the lack of specific characteristics).
Cells are Gram-negative, aerobic, short rod-shaped, neutrophilic and non-spore-forming. The strain move by polar flagellum, Normal cells were 0.8-0.9 × 1.3-1.9 μm and the cells elongated when cultivated at higher temperature. Colonies on CM medium are 0.1-0.5 mm in diameter, circular, elevated and transparent after 2 days at 28 ºC. Growth occurs at NaCl concentrations of 0-2 % (w/v) (optimum, 0.5%), at 15-50 ºC and pH 5.5-8.5 (optimum, 48 ºC; pH 7.0-7.5). Able to use complex proteinaceous substrates and some organic acids but not sugars and alcohols as sole carbon sources. Substrates used include yeast extract, peptone, casamino acids, alanine, glutamate, asparagine, succinate, citrate, malonate and salicylate. Hydrolysis of urea, nitrate reduction, catalase and oxidase activity are positive. Nitrite reduction, indole, methyl red, Voges- Proskauer test, H2S production, hydrolysis of starch, casein and gelatin are negative. The activity of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucin arylamidase, valin arylamidase, cystin arylamidase, acid phosphohydrolase and naphtol-AS-BI-phosphohydrolase are positive. Lipase(C14), β-galactosidase, α-glucosidase are weak positive. Trypsin, α-chymotrypsin, α-lactosidase, β-glucuronidase, β-glucosidase, N-acetyl-β-glucosaminidase, α-mannosidase and α-fucosidase are negative. The predominant respiratory quinone is ubiquinone 8. The cellular fatty acids include C16:0 (35.5%), summed feature 3 (C16:1 ω7c and/or iso-C15:0 2-OH; 22.9%), C17:0 cyclo (10.3%), C18:1 ω7c (9.2%), C10:0 3-OH (3.9%), C12: 0 (3.9%), Summed features 7 (C19:0 cyclo ω10c and/or C19:1 ω6c; 2.3%), C15: 0 (1.8%), C16:0 2-OH (1.7%), C18:1 2-OH (1.6%), C16:1 2-OH (1.5%), C17: 0 (1.4%) and C19:0 ω8c (1.2%). The DNA G+C content is 68.8 mol%. 
The type strain S4T (= CGMCC 1.10977T=JCM 17803T), was isolated from wastewater taken from Xiaoshan in China.
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Fig. 1. Neighbor-joining phylogenetic tree based on the 16S rRNA gene sequences, showing the phylogenetic relationships of novel isolates and related taxa. Bootstrap values are based on 1000 replicates. Bar, 0.005 substitution per nucleotide positions.
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Table 1. Cellular fatty acids for strain S4T together with related genera Macromonas, Milikia, Hydrogenophaga and strain C. zonglianii DSM 22532T.

Strain: 1, S4T; 2, C. zonglianii DSM 22532T ; 3, M. bipunctata DSM 12705T; 4, Milikia (Spring et al., 2005); 5, Hydrogenophaga (Spring et al., 2005).    

C. zonglianii DSM 22532T shared the highest similarity 16S rRNA sequence to strain S4T and M. bipunctata DSM 12705T was the only available species of the genus Macromonas. Abbreviations: tr, trace; cyclo, cyclopropane. 
	Fatty acid
	1
	2
	3
	4
	5

	Saturated fatty acids
	
	
	
	
	

	9:0
	-
	-
	-
	0-0.1
	0-0.1

	10:0
	0.3
	0.6
	-
	-
	0-tr

	11:0
	-
	-
	-
	-
	0-0.9

	12:0
	3.9
	4.0
	-
	-
	0-0.6

	13:0
	0.1
	-
	-
	-
	0-1.7

	14:0
	0.6
	1.8
	3.6
	1.1-1.7
	0-3.6

	15:0
	1.8
	0.8
	0.9
	0-3.2
	0-4.9

	16:0
	35.5
	31.6
	8.2
	14.8-25.0
	2.3-42.9

	17:0
	1.4
	0.2
	0.8
	0-0.9
	0.2-6.6

	18:0
	0.5
	0.3
	-
	-
	0-0.7

	Unsaturated fatty acids
	
	
	
	
	

	15:1ω6c
	0.2
	-
	-
	-
	0-14.8

	16:1ω5c
	-
	-
	-
	1.3-3.2
	0-0.6

	16:1ω7c
	-
	-
	-
	53.9-71.1
	16.2-51.1

	17:1ω6c
	-
	-
	5.7
	0-3.8
	0-20.4

	17:1ω8c
	-
	0.1
	-
	0-1.3
	0-2.6

	18:1ω7c
	9.2
	11.0
	15.9
	6.3-12.8
	9.8-25.6

	18:1/18:1ω7c
	-
	-
	-
	-
	-

	11 methyl 18:1ω7c
	0.2
	-
	-
	-
	-

	Hydroxy fatty acids
	
	
	
	
	

	14:0 2-OH
	0.1
	0.2
	-
	-
	-

	15:0 2-OH
	0.2
	-
	-
	-
	-

	16:0 2-OH
	1.7
	1.3
	-
	-
	-

	16:1 2-OH
	1.5
	-
	-
	-
	-

	18:1 2-OH
	1.6
	-
	-
	-
	-

	8:0 3-OH
	-
	-
	2.1
	2.7-2.8
	0-3.8

	9:0 3-OH
	-
	-
	-
	0-0.5
	0-1.0

	10:0 3-OH
	3.9
	5.4
	-
	-
	0-3.2

	16:0 3-OH
	-
	-
	-
	-
	0-0.3

	17:0 iso 3-OH
	0.7
	-
	-
	-
	-

	Cyclo propane acids
	
	
	
	
	

	17:0 cyclo
	10.3
	0.8
	-
	-
	0-17.2

	19:0 cyclo ω8c
	1.2
	-
	-
	-
	0-1.5

	Summed features*
	
	
	
	
	

	Summed features 3
	22.9
	42.1
	61.0
	-
	-

	Summed features 7
	2.3
	-
	-
	1.1-2.3
	-


* Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 3 contained C16:1 ω7c and/or iso-C16:1 2-OH. Summed feature 7 contained one or more of the following isomers: C19:1 ω6c, C19:1 cyclo and/or an unknown compound with the equivalent chain-length 18.846.
Table 2. Differential characteristics of strain S4T and other related members of the family Comamonadaceae. 
Strain: 1, S4T; 2, C. zonglianii DSM 22532T (Yu. et al.; 2011); 3, Hydrogenophaga flava ATCC 33667T (


Chung et al., 2007 ADDIN EN.CITE ; Mechichi et al., 2003; Spring et al., 2005; Willems et al. 1989; ) ADDIN EN.CITE ; 4, M. bipunctata DSM 12705T (Dubinina & Grabovich, 1984; Spring et al., 2005); 5, Malikia granosa DSM 15619T (Spring et al., 2005); 6, Comamonas terrigena ATCC 8461TChou et al., 2007(; Mechichi et al., 2003; Wauters et al., 2003; Willems et al., 1991
); 7, Acidovorax facilis ATCC 11228T


Heylen et al., 2008(; Mechichi et al., 2003; Willems et al., 1990
; Willems et al., 1992

 ADDIN EN.CITE <EndNote><Cite><Author>Mechichi</Author><Year>2003</Year><RecNum>105</RecNum><DisplayText>(Mechichi<style face="italic"> et al.</style>, 2003)</DisplayText><record><rec-number>105</rec-number><foreign-keys><key app="EN" db-id="x5eawpss00w2auea25gv5zdoa5295zxvvw00">105</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Mechichi, T.</author><author>Stackebrandt, E.</author><author>Fuchs, G.</author></authors></contributors><auth-address>Mikrobiologie, Institut fur Biologie II, Universitat Freiburg, Schanzlestr. 1, D-79104 Freiburg, Germany.</auth-address><titles><title>Alicycliphilus denitrificans gen. nov., sp. nov., a cyclohexanol-degrading, nitrate-reducing beta-proteobacterium</title><secondary-title>Int J Syst Evol Microbiol</secondary-title></titles><periodical><full-title>Int J Syst Evol Microbiol</full-title></periodical><pages>147-52</pages><volume>53</volume><number>Pt 1</number><edition>2003/03/29</edition><keywords><keyword>Base Composition</keyword><keyword>Betaproteobacteria/*classification/genetics/isolation &amp;</keyword><keyword>purification/*metabolism</keyword><keyword>Biodegradation, Environmental</keyword><keyword>Cyclohexanols/metabolism</keyword><keyword>DNA, Bacterial/chemistry/genetics</keyword><keyword>DNA, Ribosomal/genetics</keyword><keyword>Fatty Acids/analysis</keyword><keyword>Molecular Sequence Data</keyword><keyword>Nitrates/metabolism</keyword><keyword>Phenotype</keyword><keyword>Phylogeny</keyword><keyword>RNA, Bacterial/genetics</keyword><keyword>RNA, Ribosomal, 16S/genetics</keyword><keyword>Sewage/microbiology</keyword></keywords><dates><year>2003</year><pub-dates><date>Jan</date></pub-dates></dates><isbn>1466-5026 (Print)&#xD;1466-5026 (Linking)</isbn><accession-num>12661531</accession-num><urls><related-urls><url>http://www.ncbi.nlm.nih.gov/pubmed/12661531</url></related-urls></urls><language>eng</language></record></Cite></EndNote>); 8, Brachymonas denitrificans AS-P1T(Halpern et al., 2009; Hiraishi et al., 1995; Mechichi et al., 2003); 9, Giesbergeria voronezhensis DSM 12825T


(Grabovich et al., 2006) ADDIN EN.CITE . +, Positive; –, negative; ND, no datas.

	Characteristic
	1
	2
	3
	4
	5
	6
	7
	8


	9

	Cell morphology
	short rods
	short rods
	straight to

slightly curved rods
	pear-shaped or cylindrical
	straight to

slightly curved rods
	slightly curved rods or spirilla
	straight to

slightly curved rods
	coccobacilli

or short rods
	Spiral

	Cell size (μm)
	0.8-0.9× 1.3-1.9
	0.6-0.8× 0.9-1.5
	0.3-0.6× 0.6-5.5
	2.2-3.3× 3.3-5.6
	1.3×3.5-6.0
	0.3-0.5×1.1-4.4
	0.2-0.8× 1.0-5.0
	0.6-1.0×1.2-2.0
	1.3-2.1 μm in diameter,

1-3 helices, helix diameter 2.9-6.8 μm

	Flagella
	1, polar
	non
	1-2, polar
	polar tuft
	1–3, polar
	polar or

bipolar tufts
	1-3, polar
	non
	bipolar tufts

	Anaerobic growth
	aerobic
	aerobic
	aerobic
	aerobic
	aerobic
	aerobic
	aerobic
	aerobic- anaerobic
	aerobic

	Motility
	+
	-
	+
	+
	+
	+
	+
	-
	+

	Pigments
	-
	+
	+
	-
	-
	-
	+
	+
	ND

	Growth factors
	-
	-
	-
	+
	+
	d
	-
	-
	+

	pH
Optimum pH
	5.5-8.5

7.0-7.5
	6-10

7-8
	ND

ND
	5.0-9.2

7.5-8.2
	6.0-9.0

6.5-7.0
	ND

ND
	ND

ND
	5.0-9.0

7.0-7.5
	6.0-9.0
ND

	T ºC
Optimum T
	15-50

48
	15-43

25-37
	ND
30
	15-37

28
	5-40

35
	30-35
ND
	ND

ND
	10-40

30-35
	7-36

30

	NaCl(%)
Optimum NaCl
	0-2

0.5%
	0-2.5%

0-1%
	ND

ND
	ND
ND
	0-0.5%

0
	ND

ND
	ND

ND
	0-3%

0
	ND

ND

	Urease
	+
	+
	+
	+
	
	-
	ND
	-
	+

	Nitrate reduction
	+
	-
	+
	-
	+
	+
	+
	-
	-

	Carbon source used for growth
	
	
	
	
	
	
	
	
	

	D-Fructose
	-
	ND
	+
	-
	-
	-
	+
	-
	-

	D-Glucose
	-
	-
	ND
	-
	+
	-
	+
	-
	-

	Formate
	-
	ND
	ND
	+
	-
	ND
	ND
	-
	+

	Acetate
	-
	+
	-
	+
	+
	ND
	-
	+
	+

	Fumarate
	+
	ND
	ND
	+
	-
	+
	+
	+
	+

	DL-Lactate
	-
	ND
	+
	+
	+
	+
	-
	+
	+

	Glycerol
	-
	+
	+
	-
	-
	-
	+
	-
	-

	Alanine
	+
	+
	-
	-
	ND
	+
	-
	+
	-

	Malonate
	+
	ND
	-
	-
	-
	-
	-
	-
	ND

	Major quinone system
	Q-8
	ND
	Q-8
	Q-8
	Q-8
	Q-8
	Q-8
	Q-8,RQ-8
	Q-8

	Major fatty acids
	C16:0, Summed feature 3, C17:1 cyclo, C18:1ω7c
	Summed feature 3, C16:0, C18:1ω7c
	C16:0, C18:1ω7c, Summed feature 3
	Summed feature 3, C18:1ω7c, C16:0, C17:1ω6c
	C16:1ω7c, C16:0, C18:1ω7c
	Summed feature 3, C16:0,  C18:1/C18:1 ω7c
	Summed feature 3, C16:0,  C18:1 ω7c 
	C16:1 ω7c, C16:0, C18:1ω7c
	C16:0, C16:1, C14:0

	Major 3-OH acids
	C10:0 3-OH
	C10:0 3-OH
	C8:0 3-OH C10:0 3-OH
	C8:0 3-OH
	C8:0 3-OH
	C10:0 3-OH
	C10:0 3-OH

C8:0 3-OH
	ND
	ND

	DNA G+C

content (mol%)
	68.8
	65.2
	67
	68
	67
	64
	65
	63-65
	58.5-60


Summed feature 3 contained C16:1 ω7c and/or iso-C15:0 2-OH.
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 Hydrogenophaga Palleronii ATCC 17724T (AF019073)





 Hydrogenophaga taeniospiralis ATCC 49743T (AF078768)





 Hydrogenophaga intermedia DSM 5680T (AF019037)





 Hydrogenophaga pseudoflava ATCC 33668T (AF078770)





 Hydrogenophaga flava ATCC 33667T (AF078771)





 Macromonas bipunctata DSM 12705T (AB077037)





 Malikia spinosa ATCC 14606T (AB021387)





 Malikia granosa DSM 15619T (AJ627188)





clone FD_17 (DQ984534)





 S4T(HQ596491)





 strain CHX (AY275432)





clone: 26-H (AB274848)





 Giesbergeria anulus IAM 14948T (AB074527)





 Giesbergeria kuznetsovii D-412T (AY780907)





 Giesbergeria giesbergeri IAM 14949T (AB074522)





 Giesbergeria sinuosa LMG 4393T (AF078754)





 Acidovorax facilis ATCC 11228T (AF078765)





 Acidovorax oryzae FC-143T (DQ360414)





 Acidovorax citrulli ATCC 29625T (AF078761)





 Brachymonas denitrificans AS-P1T (D14320)





 Brachymonas chironomi DSM 19884T (EU346912)





 Comamonas koreensis KCTC 12005T (AF275377)





 Comamonas odontotermitis LMG 23579T (DQ453128)





 Comamonas zonglianii DSM 22523T (GQ245981)





 Comamonas aquatica ATCC 11330T (AJ430344)





 Comamonas terrigena ATCC 8461T (AF078772)





 Comamonas nitrativorans DSM 13191T (AJ251577)





 Comamonas denitrificans 123T (AF233877)








