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A Gram-negative, aerobic, motile, rod-shaped bacterium, strain SC13E-22 

S71T, was isolated from tuff, the volcanic rock where was excavated the 23 

Roman Catacombs of Saint Callixtus in Rome, Italy. Analysis of 16S 24 

rRNA gene sequences revealed that strain SC13E-S71T belongs to the 25 

genus Sphingopyxis, and that it shows the greatest sequence similarity 26 

with Sphingopyxis chilensis DSMZ 14889T (98.72%), Sphingopyxis 27 

taejonensis DSMZ 15583T (98.65%), Sphingopyxis ginsengisoli LMG 28 

23390T (98.16%), Sphingopyxis panaciterrae KCTC12580T (98.09%),  29 

Sphingopyxis alaskensis DSM 13593T (98.09%), Sphingopyxis 30 

witflariensis DSM 14551T (98.09%), Sphingopyxis bauzanensis DSM 31 

22271T (98.02%),  Sphingopyxis granuli KCTC12209T (97.73%), 32 

Sphingopyxis macrogoltabida KACC 10927T (97.49%),  Sphingopyxis 33 

ummariensis DSM 24316T (97.37%) and Sphingopyxis panaciterrulae 34 

KCTC 22112T (97.09%). The predominant fatty acids were C18:1ω7c, 35 

summed feature 3 (iso-C15:0 2OH and/or C16:1ω7c),  C14:0 2OH  and C16:0. 36 

Predominant menaquinone was MK-10. Major polar lipids were 37 

diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, 38 

phosphatidylcholine and sphingoglycolipid. These chemotaxonomic data 39 

are common to members of the genus Sphingopyxis. However, a 40 

polyphasic approach using physiological tests, DNA base ratios, DNA-41 

DNA hybridisation and 16S rRNA gene sequence comparisons showed 42 

that the isolate SC13E-S71T belongs to a novel species within the genus 43 

Sphingopyxis, for which the name Sphingopyxis italica is proposed. The 44 

type strain is SC13E-S71T (=DSM 25229T =CECT 8016T). 45 

  46 



The genus Sphingopyxis was proposed by Takeuchi et al. (2001) to include the 47 

type species Sphingopyxis macrogoltabida and Sphingopyxis terrae, which 48 

Takeuchi et al. (1993) had previously described as Sphingomonas 49 

macrogoltabidus and Sphingomonas terrae. Currently, the genus Sphingopyxis 50 

comprises 16 species: Sphingopyxis macrogoltabida (Takeuchi et al., 1993, 51 

2001), Sphingopyxis terrae (Takeuchi et al., 1993, 2001), Sphingopyxis 52 

alaskensis (Vancanneyt et al., 2001; Godoy et al., 2003), Sphingopyxis 53 

taejonensis (Lee et al., 2001; Pal et al., 2006), Sphingopyxis witflariensis 54 

(Kämpfer et al., 2002), Sphingopyxis chilensis (Godoy et al., 2003), 55 

Sphingopyxis baekryungensis (Yoon et al., 2005), Sphingopyxis granuli (Kim et 56 

al., 2005, 2011), Sphingopyxis panaciterrae (H. W. Lee et al., 2008, 2011), 57 

Sphingopyxis ginsengisoli (M. Lee et al., 2008), Sphingopyxis ummariensis 58 

(Sharma et al., 2010), Sphingopyxis panaciterrulae (Srinivasan et al., 2010), 59 

Sphingopyxis bauzanensis (Zhang et al., 2010), Sphingopyxis soli (Choi et al., 60 

2010), Sphingopyxis rigui (Baik et al., 2012) and Sphingopyxis wooponensis 61 

(Baik et al., 2012). Members of this genus are Gram-negative, non-spore-62 

forming, aerobic, chemo-organotrophic, catalase-positive, yellow or whitish-63 

brown-pigmented bacteria with a DNA G+C content of 58.0-69.2 mol%. The 64 

type strains of these species have been isolated from sediment, soil, sludge and 65 

water; however, new species of Sphingopyxis have not yet been described 66 

either in subterranean environments or volcanic rock. In this study, we describe 67 

strain SC13E-S71T retrieved from tuff, a volcanic rock from the Roman 68 

Catacombs of Saint Callixtus in Rome, Italy. A polyphasic approach showed 69 

that this isolate belongs to a novel species within the genus Sphingopyxis. 70 



Strain SC13E-S71T was isolated on tryptose soy agar (TSA; Oxoid) after two 71 

weeks at 28ºC. The methods used in this study have been described previously 72 

(Jurado et al., 2005a, b), unless indicated otherwise. Morphological, 73 

physiological and chemotaxonomic studies were carried out in triplicate on 74 

cultures on R2A agar (Difco) at 28ºC. Cell morphology, dimensions and motility 75 

were examined by phase contrast microscopy. Furthermore, motility was also 76 

checked on R2A broth containing 0.3% agar (Tambalo et al., 2010).  Oxidase 77 

activity was determined by monitoring the oxidation of dryslide oxidase (Becton 78 

Dickinson). Catalase production was indicated by the production of bubbles 79 

after mixing a cell suspension with a drop of 3% hydrogen peroxide solution on 80 

a slide. Acid production from a variety of substrates was tested using the API 50 81 

CH system and API 50 CH B/E kit (bioMérieux), assimilation tests were carried 82 

out using the API 20NE kit (bioMérieux) and enzymatic activities were detected 83 

with API ZYM galleries (bioMérieux). API tests were performed following the 84 

manufacturer’s instructions. Gram-reaction was determined by conventional 85 

Gram-staining and was confirmed by KOH-lysis test (Halebian et al., 1981). 86 

Growth temperature was determined over the range 4-45ºC. Tolerance to NaCl 87 

was studied on R2A supplemented with 0-15% (w/v) NaCl. Growth at different 88 

pH values (4.0-11.0 at intervals of 0.5 pH unit) was assessed with R2A broth 89 

and R2A agar. Different media were tested for spore production: oatmeal agar 90 

(Difco), nutrient agar (Difco) and Bennett´s agar (Jones, 1949). Cellular fatty 91 

acids profiles were analysed in triplicate after 3 days on TSA at 28ºC according 92 

to the standard methodology described by Jurado et al. (2009). Polyamines 93 

were extracted and analysed by thin layer chromatography (TLC) according to 94 

Pedrol & Tiburcio (2001). Polar lipid profile, respiratory quinones and G+C 95 



content of genomic DNA were determined by the Deutsche Sammlung von 96 

Mikroorganismen und Zellkulturen GmbH (DSMZ). Genomic DNA extraction 97 

and amplification of 16S rRNA genes were performed as described by Laiz et 98 

al. (2009). The identification of phylogenetic neighbours was carried out by 99 

applying BLAST (Altschul et al., 1990) to the GenBank sequence database and 100 

the EzTaxon database (Chun et al., 2007). Pairwise 16S rRNA gene sequence 101 

similarities among the most closely related strains were determined using the 102 

global alignment algorithm on the EzTaxon server (http://www.Eztaxon.org) 103 

(Chun et al., 2007). For phylogenetic analyses, the nearly complete 16S rRNA 104 

gene sequence of strain SC13E-S71T was aligned and compared with 105 

corresponding sequences of members of the genus Sphingopyxis and other 106 

representatives of taxa of the family Sphingomonadaceae using the multiple 107 

sequence alignment program CLUSTAL_X (Thompson et al., 1997). 108 

Phylogenetic and molecular evolutionary analyses were conducted using MEGA 109 

version 5 (Tamura et al., 2011) and PHYLO_WIN (Galtier et al., 1996) with 110 

three treeing algorithms: the maximum-likelihood (Felsenstein, 1981), 111 

maximum-parsimony (Kluge & Farris, 1969) and neighbour-joining (Saitou & Nei, 112 

1987) methods. Tree robustness was assessed by bootstrap resampling (1,000 113 

replicates each). The degree of genomic relatedness among strain SC13E-S71T 114 

and the most closely related species on the basis of 16S rRNA gene sequence 115 

similarity was determined by DNA–DNA hybridisation as described by Urdiain et 116 

al. (2008).  117 

Cells of strain SC13E-S71T were aerobic, Gram-negative, non-sporulating rods, 118 

catalase- and oxidase-positive. Strain SC13E-S71T showed weak growth at 119 

concentrations of 2% (w/v) NaCl, although optimal growth occurred in the 120 



absence of NaCl. Growth of strain SC13E-S71T occurred in the temperature 121 

range of 10-30ºC, with an optimum at 25-30ºC. Table 1 shows other 122 

physiological characteristics of strain SC13E-S71T, as well as numerous 123 

phenotypic differences from the phylogenetically closest species of the 124 

Sphingopyxis genus. Obvious differences were related with the presence or 125 

absence of enzymatic activities, assimilation of N-acetyl-glucosamine, adipic 126 

acid, arabinose, malate and mannose. Other differences included the 127 

production of acid from N-acetyl-glucosamine and aesculin. Further 128 

dissimilarities were noticed in fatty acid composition. The fatty acid profile of the 129 

strain SC13E-S71T was similar to those of other type strains, but contained 130 

different amounts of fatty acids (Supplementary Table S1). The presence of 131 

C18:1ω7c (30.0%), summed feature 4 (consisting of iso-C15:0 2OH and/or 132 

C16:1ω7c; 27.3%),  C14:0 2OH (19.1%) and C16:0  (7.2%) as the major fatty acids 133 

are a characteristic feature of the genus Sphingopyxis (Takeuchi et al., 2001). 134 

The characteristic difference between strain SC13E-S71T and the other type 135 

strains of the genus Sphingopyxis was the absence of the fatty acid C17:1ω6c, 136 

which is generally found in members of this genus. Other differences were the 137 

presence of C17:1ω7c (4.7%), which is absence in other type strains, and the 138 

high value of the fatty acid C14:0 2OH. Strain SC13E-S71T contained ubiquinone 139 

Q-10 as the major respiratory quinone. Polar lipids analysis showed that strain 140 

SC13E-S71T possessed diphosphatidylglycerol, phosphatidylethanolamine, 141 

phosphatidylglycerol, phosphatidylcholine, sphingoglycolipid and glycolipid 142 

(Supplementary Fig. S1). Strain SC13E-S71T contained spermidine and 143 

spermine. 144 

 145 



The 16S rRNA gene sequence of strain SC13E-S71T indicated a phylogenetic 146 

relationship to the genus Sphingopyxis, as shown in the 16S rRNA gene 147 

phylogenetic tree (Fig. 1), where strain SC13E-S71T formed a separate line of 148 

descent in the phylogenetic cluster of the genus Sphingopyxis. These results 149 

were supported by a high bootstrap value (96%). Most of the species included 150 

in this cluster shared 97% similarity in their 16S rRNA sequences. The closest 151 

taxa to strain SC13E-S71T based on EzTaxon similarity searches were S. 152 

chilensis DSMZ 14889T (GenBank accession number AF367204 with 98.72% 153 

similarity), S. taejonensis DSMZ 15583T (AF131297, 98.65%), S. ginsengisoli 154 

LMG 23390T (AB245343, 98.16%), S. panaciterrae KCTC12580T (AB245353, 155 

98.09%), S. alaskensis DSM 13593T (CP000356, 98.09%), S. witflariensis DSM 156 

14551T (AJ416410, 98.09%), S. bauzanensis DSM 22271T (GQ131578, 157 

98.02%),  S. granuli KCTC12209T (AY563034, 97.73%), S. macrogoltabida 158 

KACC 10927T (D13723, 97.49%),  S. ummariensis DSM 24316T (EF424391, 159 

97.37%) and S. panaciterrulae KCTC 22112T (EU075217, 97.09%). Strain 160 

SC13E-S71T showed DNA-DNA relatedness of 35.0% with S. chilensis DSMZ 161 

14889T (reciprocal, 55.7%), 30.2 % with S. taejonensis DSMZ 15583T 162 

(reciprocal, 39.2%), 48.9% with S. ginsengisoli LMG 23390T (reciprocal, 59.0%), 163 

42.9% with S. panaciterrae KCTC12580T (reciprocal, 56.3%), 54.9% with S. 164 

alaskensis DSM 13593T, 44.1% with S. witflariensis DSM 14551T, and 53.4% 165 

with S. bauzanensis DSM 22271T. These results indicate that strain SC13E-166 

S71T shows sufficient genomic coherence and hybridisation differences from its 167 

closest relatives to be considered a single species (Roselló-Mora & Amann, 168 

2001; Stackebrandt et al., 2002). Furthermore, although the 16S rRNA 169 

nucleotide signature pattern is that of the genus Sphingopyxis described by 170 



Takeuchi et al. (2001), strain SC13E-S71T differs from all Sphingopyxis species 171 

in the nucleotides at position 1012 (C instead of T or A), 1013 (G instead of T, A 172 

or C); 1014 (T instead of G or C); 1021 (A instead of C or G)  and 1022 (C 173 

instead of T, G or A) according to the Escherichia coli 16S rRNA gene 174 

sequence (GenBank accession number J01695).  175 

 176 

The phenotypic and genotypic characteristics described above and in the 177 

species description below, together with the differences observed between 178 

strain SC13E-S71T and previously described species of the genus Sphingopyxis 179 

reveal that strain SC13E-S71T is a novel species within the genus 180 

Sphingopyxis. The name Sphingopyxis italica sp. nov. is proposed for this novel 181 

species. 182 

 183 

Description of Sphingopyxis italica sp. nov. 184 

 185 

Sphingopyxis italica (i.ta'li.ca. L. fem. adj. italica from Italy, the origin of 186 

the type strain). 187 

Cells are aerobic, motile, Gram-negative, non-sporulating and rod-shaped (0.5-188 

0.9 x 1.0-2.0 µm). Colonies are pale yellow, smooth, circular and 0.5 mm in 189 

diameter after 3 days at 28ºC on R2A agar. Catalase- and oxidase-positive. 190 

Does not reduce nitrate to nitrite. Growth occurs between 10 and 30ºC, 191 

optimum at 25-30ºC. Cells grow optimally in the absence of NaCl, with poor 192 

growth at 2% NaCl. The pH growth is between 4.5 and 8.5, with an optimum 193 

between pH 7.0 and 8.0. Does not produce indole. Produces acid from L-194 

arabinose, D-galactose and aesculin but not from erythritol, D-glucose, D-195 



fructose, D-mannose, L-sorbose, L-rhamnose, dulcitol, inositol, D-mannitol, D-196 

sorbitol, methyl-α-D-mannopyranoside, methyl-α-D-glucopyranoside, N-acetyl-197 

glucosamine, amygdalin, arbutin, sucrose, D-trehalose, inulin, D-melezitose, D-198 

raffinose, starch, glycogen, xylitol, D-turanose, D-tagatose, D,L-arabitol, 199 

potassium gluconate, potassium 2-ketogluconate, L-fucose. Variable acid 200 

production from glycerol, D-arabinose, D-ribose, D,L-xylose, D-adonitol, methyl-201 

β-D-xylopyranoside, salicin, cellobiose, D-maltose, D-lactose, D-melibiose, 202 

gentiobiose, D-lyxose, D-fucose and potassium 5-ketogluconate. Produces β-203 

glucosidase, β-galactosidase, alkaline phosphatase, esterase (C1), esterase 204 

lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-205 

phosphohydrolase, β-galactosidase, β-glucuronidase, α,β-glucosidase, N-206 

acetyl-β-glucosaminidase, valine arylamidase and trypsin but not arginine 207 

dihydrolase, urease, gelatinase, lipase (C14), cystine arylamidase, α-208 

chymotrypsin, α-galactosidase, α-mannosidase or α-fucosidase. Assimilates 209 

glucose, arabinose, mannose, N-acetyl-glucosamine, malate and maltose, but 210 

not mannitol, potassium gluconate, capric acid, adipic acid, trisodium citrate or 211 

phenylacetic acid. Predominant fatty acids are C18:1ω7c, C16:1ω7c  or iso-C15:0 212 

2OH, C14:0 2OH and C16:0. Predominant respiratory lipoquinone is Q-10. Major 213 

polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, 214 

phosphatidylglycerol, phosphatidylcholine and sphingoglycolipid. The 215 

polyamines spermidine and spermine are present. The G+C content of the type 216 

strain is 65.7 mol%. The type strain, SC13E-S71T (=DSMZ 25229T = CECT 217 

8016T) was isolated from the tuff walls of the Roman catacombs of Saint 218 

Callixtus, Rome, Italy. 219 

 220 



Acknowledgements 221 

This study was supported by project CSIC 201230E125. We thank Isabel 222 

Galocha for her technical assistance. 223 

 224 

References 225 

Altschul, S. F., Gish, W., Miller, W., Myers, E. W. & Lipman, D. J. (1990). A 226 

basic local alignment search tool. J Mol Biol 215, 403–410. 227 

Baik, K. S., Choe, H. N., Park, S. C., Hwang, Y. M., Kim, E. M., Park, C. & 228 

Seong, C. N. (2012). Sphingopyxis rigui sp. nov. and Sphingopyxis 229 

wooponensis sp. nov., isolated from wetland freshwater, and emended 230 

description of the genus Sphingopyxis. Int J Syst Evol Microbiol (in press). 231 

http://dx.doi.org/10.1099/ijs.0.044057-0 . 232 

Choi, J. H., Kim, M. S., Jung, M. J., Roh, S. W., Shin, K. S. & Bae, J. W. 233 

(2010). Sphingopyxis soli sp. nov., isolated from landfill soil. Int J Syst Evol 234 

Microbiol 60, 1682-1686. 235 

Chun, J., Lee, J. H., Jung, Y., Kim, M., Kim, S., Kim, B. K. & Lim, Y. W. 236 

(2007). EZTaxon: a web-based tool for the identification of prokaryotes based 237 

on 16S ribosomal RNA gene sequences. Int J Syst Evol Microbiol 57, 2259-238 

2261. 239 

Felsenstein, J. (1981). Evolutionary trees from DNA sequences: a maximum 240 

likelihood approach. J Mol Evol 17, 368-376. 241 

Galtier, N., Gouy, M. & Gautier, C. (1996). SeaView and PHYLO_WIN, two 242 

graphic tools for sequence alignment and molecular phylogeny. Comput Appl 243 

Biosci 12, 543–548. 244 



Godoy, F., Vancanneyt, M., Martínez, M., Steinbüchel, A., Swings, J. & 245 

Rehm, B. H. A. (2003). Sphingopyxis chilensis sp. nov., a 246 

chlorophenoldegrading bacterium that accumulates polyhydroxyalkanoate, and 247 

transfer of Sphingomonas alaskensis to Sphingopyxis alaskensis comb. nov. 248 

Int. J. Syst. Evol Microbiol  53, 473-477. 249 

Halebian, S., Harris, B., Finegold, S. M. & Rolfe, R. D. (1981). Rapid method 250 

that aids in distinguishing Gram-positive from Gram negative anaerobic bacteria. 251 

J Clin Microbiol 13, 444–448. 252 

Jones, K. L. (1949). Fresh isolates of actinomycetes in which the presence of 253 

sporogenous aerial mycelia is a fluctuating characteristic. J Bacteriol 57, 141-254 

145. 255 

Jurado, V., Groth, I., Gonzalez, J. M., Laiz, L. & Saiz-Jimenez, C. (2005a). 256 

Agromyces salentinus sp. nov. and Agromyces neolithicus sp. nov. Int J Syst 257 

Evol Microbiol 55, 153–157. 258 

Jurado, V., Groth, I., Gonzalez, J. M., Laiz, L. & Saiz-Jimenez, C. (2005b). 259 

Agromyces subbeticus sp. nov., isolated from a cave in southern Spain. Int J 260 

Syst Evol Microbiol 55, 1897–1901. 261 

Jurado, V., Kroppenstedt, R. M., Saiz-Jimenez, C., Klenk, H-P., Mouniée, 262 

D., Laiz, L., Couble, A., Pötter, G., Boiron, P. & Rodríguez-Nava, V. (2009). 263 

Hoyosella altamirensis gen. nov., sp. nov., a new member of the order 264 

Actinomycetales isolated from a cave biofilm. Int J Syst Evol Microbiol 59, 3105-265 

3110. 266 

Kämpfer, P., Witzenberger, R., Denner, E. B. M., Busse, H. J.  & Neef, A. 267 

(2002). Sphingopyxis witflariensis sp. nov., isolated from activated sludge. Int J 268 

Syst Evol Microbiol 52, 2029-2034. 269 



Kim, M. K., Im, Y. M., Ohta, H., Lee, M. & Lee, S. T. (2005). Sphingopyxis 270 

granuli sp. nov., a β-glucosidase-producing bacterium in the family 271 

Sphingomonadaceae in α-4 subclass of the Proteobacteria. J Microbiol 43, 152-272 

157; Validation list Nº 142. Int J Syst Evol Microbiol 2011, 61, 2563-2565. 273 

Kluge, A. G. & Farris, F. S. (1969). Quantitative phyletics and the evolution of 274 

anurans. Syst Zool 18, 1-32. 275 

Laiz, L., Miller, A. Z., Jurado, V., Akatova, E., Sanchez-Moral, S., Gonzalez, 276 

J. M., Dionísio, A., Macedo, M. F., Saiz-Jimenez, C. (2009). Isolation of five 277 

Rubrobacter strains from biodeteriorated monuments. Naturwissenschaften 96, 278 

71-79. 279 

Lee, J. S., Kook, S. Y., Yoon, J. H., Takeuchi, M., Pyun, Y. R. & Park, Y. H. 280 

(2001). Sphingomonas aquatilis sp. nov., Sphingomonas koreensis sp. nov. and 281 

Sphingomonas taejonensis sp. nov., yellow-pigmented bacteria isolated from 282 

natural mineral water. Int J Syst Evol Microbiol 51, 1491–1498. 283 

Lee, H. W., Ten, I. L., Jung, H. M., Liu, Q. M., Im, W. T. & Lee, S. T. (2008). 284 

Sphingopyxis panaciterrae sp. nov., isolated from soil from ginseng field. J 285 

Microbiol Biotechnol 18, 1011-1015; Validation list Nº 142. Int J Syst Evol 286 

Microbiol 2011, 61, 2563-2565. 287 

Lee, M., Ten, L. N., Lee, H. W., Oh, H. W., Im, W. T. & Lee, S. T. (2008). 288 

Sphingopyxis ginsengisoli sp. nov., isolated from soil of a ginseng field in South 289 

Korea. Int J  Syst Evol Microbiol 58, 2342-2347. 290 

Pal, R., Bhasin, V. K. &  Lal, R. (2006). Proposal to reclassify [Sphingomonas] 291 

xenophaga Stolz et al. 2000 and [Sphingomonas] taejonensis Lee et al. 2001 as 292 

Sphingobium xenophagum comb. nov. and Sphingopyxis taejonensis comb. 293 

nov., respectively. Int J Syst Evol Microbiol 56, 667-670. 294 



Pedrol, N. & Tiburcio, A. F. (2001). Polyamines determination by TLC and 295 

HPLC. In: Handbook of Plant Ecophysiology Techniques, 335-363. Ed. M.J. 296 

Reigosa. Kluwer Academic Publishers, Dordrecht, The Netherlands. 297 

Saitou, N. & Nei, M. (1987). The neighbour-joining method: a new method for 298 

reconstructing phylogenetic trees. Mol Biol Evol 4, 406-425. 299 

Urdiain, M., López-López, A., Gonzalo, C., Busse, H.-J., Langer, S., 300 

Kämpfer, P. & Rosselló-Mora, R. (2008). Reclassification of Rhodobium 301 

marinum and Rhodobium pfennigii as Afifella marina gen. nov. comb. nov. and 302 

Afifella pfennigii comb. nov., a new genus of photoheterotrophic 303 

Alphaproteobacteria and emended descriptions of Rhodobium, Rhodobium 304 

orientis and Rhodobium gokarnense. Syst Appl Microbiol 31, 339–351. 305 

Sharma, P., Verma, M., Bala, K., Nigam, A. & Lal, R. (2010). Sphingopyxis 306 

ummariensis sp. nov., isolated from a hexachlorocyclohexane dump site. Int J 307 

Syst Evol Microbiol 60, 780-784. 308 

Srinivasan, S., Kim, M. K., Sathiyaraj, G., Veena, V., Mahalakshmi, M., 309 

Kalaiselvi, S., Kim, Y. J. &  Yang, D. C. (2010). Sphingopyxis panaciterrulae 310 

sp. nov., isolated from soil of a ginseng field. Int J Syst Evol Microbiol 60, 2358-311 

2363. 312 

Stackebrandt, E., Frederiksen, W., Garrity, G. M., Grimont, P. A. D., 313 

Kämpfer, P., Maiden, M. C. J., Nesme, X., Rosselló-Mora, R., Swings, J. & 314 

other authors (2002). Report of the ad hoc committee for the re-evaluation of 315 

the species definition in bacteriology. Int J Syst Evol Microbiol 52, 1043–1047. 316 

Takeuchi, M., Kawai, F., Shimada, Y. & Yokota, A. (1993). Taxonomic study 317 

of polyethylene glycol-utilizing bacteria: emended description of the genus 318 

Sphingomonas and new descriptions of Sphingomonas macrogoltabidus sp. 319 



nov., Sphingomonas sanguis sp. nov., and Sphingomonas terrae sp. nov. Syst 320 

Appl Microbiol 16, 227-238. 321 

Takeuchi, M., Hamana, K. & Hiraishi, A. (2001). Proposal of the genus 322 

Sphingomonas sensu stricto and three new genera, Sphingobium, 323 

Novosphingobium and Sphingopyxis, on the basis of phylogenetic and 324 

chemotaxonomic analyses. Int. J. Syst. Evol. Microbiol., 51, 1405-1417. 325 

Tambalo, D. D., Del Bel, K. L., Denise, E. B., Greenwood, P. R., Steedman, 326 

A. E. & Michael, F. H. (2010). Regulation of flagellar, motility and chemotaxis 327 

genes in Rhizobium leguminosarum by the VisN/R-Rem cascade. Microbiology, 328 

156, 1673-1685. 329 

Tamura, K., Peterson, D., Peterson, N., Stecher, G, Nei, M. & Kumar, S. 330 

(2011). MEGA 5: Molecular Evolutionary Genetics Analysis using Maxiumum 331 

Likelihood, Evolutionary Distance, and Maximum Parsimony Methods. Mol Biol 332 

Evol 28: 2731-2739. 333 

Thompson, J. D., Gibson, T. J., Plewniak, F., Jeanmougin, F. & Higgins, D. 334 

G. (1997). CLUSTAL_X windows interface: flexible strategies for multiple 335 

sequence alignment aided by quality analysis tools. Nucleic Acids Res 25, 336 

4876-4882. 337 

Vancanneyt, M., Schut, F., Snauwaert, C., Goris, J., Swings, J. & Gottschal, 338 

J. C. (2001). Sphingomonas alaskensis sp. nov., a dominant bacterium from a 339 

marine oligotrophic environment. Int J Syst Evol Microbiol 51, 73–79. 340 

Yoon, J. H., Lee, C. H., Yeo, S. H. & Oh, T. K. (2005). Sphingopyxis 341 

baekryungensis sp. nov., an orange-pigmented bacterium isolated from sea 342 

water of the Yellow Sea in Korea. Int J Syst Evol Microbiol 55, 1223-1227. 343 



Zhang, D. C., Liu, H. C., Xin, Y. H., Zhou, Y. G., Schinner, F. & Margesin, R. 344 

(2010). Sphingopyxis bauzanensis sp. nov., a psychrophilic bacterium isolated 345 

from soil. Int J Syst Evol Microbiol 60, 2618-2622. 346 

  347 



Table 1. Phenotypic characteristics of strain SC13E-S71T and related species. 348 
Strains: 1, SC13E-S71T; 2, S. chilensis DSM 14889T; 3, S. taejonensis DSM 15583T; 4, S. ginsengisoli 349 
LMG 23390T; 5, S. alaskensis DSM 13593T; 6, S. witflariensis DSM 14551T; 7, S. panaciterrae 350 
KCTC12580T; 8, S. bauzanensis DSM 22271T; 9, S. granuli KCTC12209T;  10, S. ummariensis DSM 351 
24316T; 11, S. macrogoltabida KACC 10927T; 12, S. panaciterrulae KCTC 22112T. Data  in columns 1-10 352 
are from the present study. Data in columns 11 and 12 are from Srinivasan et al. (2010). Results from this 353 
study were obtained from cells grown under the same conditions.  354 
+, positive; -, negative; (+) weakly positive; ND, not determined. 355 
 356 

Characteristic 
  Strain     

1 2 3 4 5 6 7 8 9 10 11 12 

Enzyme activities              

   N-acetyl-β-glucosaminidase + - - - + - - - - - + + 

   Acid phosphatase + + + + + + + + + + - + 

   α-Chymotrypsin   - - + - (+) - + - - - + - 

   Cystine arylamidase - - - (+) - - + (+) + + - + 

   β-Galactosidase  + - - - (+) (+) - - - - + - 

   Lipase  - - - - - - - - - - (+) - 

   Trypsin  (+) + + (+) (+) (+) + + + + - + 

   Urease  - - - - + - - - - - - - 

Assimilation of             

   N-acetyl-glucosamine  + + - - - - + - - - - + 

   Adipic acid  - + + (+) (+) + + + + + - - 

   Arabinose  + - - - - - - - - - + - 

   Malate  + + + (+) (+) - + + - + - + 

   Mannose + + - - - - + - - - - - 

Acid produced from             

   N-acetyl-glucosamine  - + - - - - - - - - - + 

   Aesculin  + + + + + + + + + + - + 



Figure 1. Phylogenetic tree based on 16S rRNA gene sequences, for selected set of taxa of the 357 
genus Sphingopyxis and other members of the family Sphingomonadaceae. The tree was 358 
constructed using the neighbour-joining method based on comparison of 1263 nt. Bootstrap 359 
values are expressed as percentages of 1,000 replicates; values <50% are not shown. 360 
Asterisks indicate that the corresponding branches were also recovered by the maximum-361 
parsimony and maximum-likelihood treeing algorithms. Bar 0.01 nucleotide substitutions per 362 
site. Erythrobacter aquimaris SW-110T (AY461441) was used as the outgroup.  363 
 364 
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Supplementary Fig. S1. Two-dimensional TLC of polar lipids of strain SC13E-S71T. Plates 366 
have been staining with 5% molybdophosphoric acid to show all lipids. DPG, 367 
diphosphatidylglycerol; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PC, 368 
phosphatidylcholine, SGL1, sphingoglycolipid; GL1, glycolipid. 369 
 370 

371 



Supplementary Table S1. Major fatty acid composition of strain SC13E-S71T and related type 372 
strains. 373 
 374 
Strains: 1, SC13E-S71T; 2, S. chilensis DSM 14889T; 3, S. taejonensis DSM 15583T; 4, S. ginsengisoli 375 
LMG 23390T; 5, S. alaskensis DSM 13593T; 6, S. witflariensis DSM 14551T; 7, S. panaciterrae 376 
KCTC12580T; 8, S. bauzanensis DSM 22271T; 9, S. granuli KCTC12209T;  10, S. ummariensis DSM 377 
24316T; 11, S. macrogoltabida KACC 10927T; 12, S. panaciterrulae KCTC 22112T. Data  in columns 1-10 378 
are from the present study. Data in columns 11 and 12 are from Srinivasan et al. (2010). Results from this 379 
study were obtained from cells grown under the same conditions. * < 1%; ND, not detected; Summed 380 
feature 3 contains one or more of the following fatty acids: iso-C15:0 2OH and/or C16:1ω7c; Summed feature 381 
4 contains: C19:1ω6c and/or an unknown compound with an ECL of 18.846. 382 
 383 

Fatty acids 1 2 3 4 5 6 7 8 9 10 11 12 

S
at

u
ra

te
d

 

C14:0 * 1.2  * 2.9  * * * * * * * 1.5 

C15:0 * 1.7  1.5  0.9  2.6 3.7  ND * * * * 2.1 

C16:0 7.2  10.1  19.5  14.7  7.5 6.5  18.0  7.6  12.8  9.5  12.9 15.6 

C17:0  ND 1.0  * * 4.2 1.5  ND * * * * 2.3 

C18:0 * * * * * * * * * * * * 

U
n

sa
tu

ra
te

d
 

C16:1ω5c 1.1  1.1  1.3  1.6  * 1.5  1.3  * 2.7  2.3  2.6 ND 

C17:1ω6c ND 15.4  7.2  4.2  33.4 24.0  * 3.0  5.2  1.6  * 7.3 

C17:1ω7c 4.7  ND ND ND ND ND ND ND ND ND ND ND 

C17:1ω8c  ND 2.5  * * 7.8 4.2  ND ND * * 2.1 2.2 

C18:1ω7c 30.0  33.5  23.3  34.7  24.3 14.6  34.6  33.2  42.0  44.2 36.5 27.5 

C18:1ω5c ND * * 1.2  * * * * 1.6  * * 1.5 

11-methyl C18:1ω7c 5.5  3.2  6.1  6.7  3.1 5.3  2.7  7.0  4.2  1.7  1.7 * 

C19:0 cyclo ω8c ND ND ND * ND ND * ND * ND ND ND 

H
yd

ro
x

y
 

C14:0 2OH 19.1  5.3  9.1  8.6  1.3 4.6  7.3  6.7  4.2  6.2  3.0 * 

C15:0 2OH * 4.8  2.7  * 5.2 11.7  * * * * ND 3.2 

C16:0 2OH 2.3  2.4  2.4  1.4  1.2 3.3  1.2  3.5  2.0  2.4  2.3 ND 

C16:1 2OH * ND ND ND ND ND ND * ND ND ND ND 

iso-C16:0 3OH 1.6  * ND * ND ND * 1.1  * * ND ND 

iso-C16:0 2OH ND ND ND ND ND ND ND ND ND ND 2.3 ND 

iso- C17:1ω9c ND ND * ND * * ND * * * ND ND 

Summed  feature 3 
 
Summed  feature 4 

27.3  15.8  23.5  20.1  6.1  17.4  32.3  34.4  21.7  28.5  35.0 18.6 

ND ND ND ND ND ND ND ND ND ND 2.8 15.4 

 384 
 385 
 386 


