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Abstract

A free-living Gram-negative bacterial strain CR117 was isolated from corn roots. Polyphasic taxonomy was
performed, including API20 NE and API50 CH bacterial identification kits, Biolog analysis, lipids and fatty acid
analysis, DNA-DNA hybridization, 16S rRNA and ¢pn60 gene sequence analyses. 16S TRNA gene sequence analysis
indicated that strain CR11"T belonged to the genus Sphingobacterium and was closely related to Sphingobacterium
multivorum 1FO 149477 (98% similarity) and Sphingobacterium. thalpophilum ATCC 43320" (97% similarity).
DNA-DNA hybridization showed 11% and 13% DNA re-association with S. multivorum LMG 8342 and
S. thalpophilum LMG 115207, respectively. Major fatty acids (16:0, 15:0 iso and 17:0 iso 3-OH) and the G + C content
of the DNA (40.5mo0l1%), were also similar to those of the genus Sphingobacterium. The predominant respiratory
quinone was MK-7. In all analyses, including phenotypic characterization, this isolate was found to be different from
the closely related species, S. multivorum and S. thalpophilum. On the basis of these results, this strain represents a new
species within the genus Sphingobacterium. The name Sphingobacterium canadense sp. nov. is suggested and the type
strain is CR117T (= NCCB 1001257 = LMG 23727%).
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was distinguished from the genus Flavobacterium by the
presence of high concentrations of sphingolipids in its
strains. On the basis of this criterion, F. multivorum and
F. spiritivorum have been re-named Sphingobacterium
multivorum and Sphingobacterium spiritivorum. [14]. The

Introduction

A detailed study based on phenotypic characteristics,
cellular lipid composition and the G+ C DNA contents
of 41 strains of Flavobacterium belonging to five different

species (namely Flavobacterium spiritivorum, Flavobacter-
ium multivorum, Flavobacterium meningosepticum, Flavo-
bacterium odoratum, Flavobacterium breve) led to the
formation of a new genus, Sphingobacterium. This genus

* Note: The Genbank/EMBL/DDBJ accession numbers for the 16S
rRNA and cpn60 gene sequences of strain CR117 are AY787820 and
DQ914834, respectively.

*Corresponding author. Tel.: + 1519457 1470 Ext 293.
fax: +15194573997.

E-mail address: lazarovitsg@agr.gc.ca (G. Lazarovits).

genus Sphingobacterium was first described by Yabuuchi
et al. [17], with three new species S. spiritivorum,
S. multivorum and Sphingobacterium mizutae. At present,
the genus is comprised of nine species, including
Sphingobacterium antarcticum [14], Sphingobacterium
faecium [15], Sphingobacterium heparinum [15], Sphingo-
bacterium piscium [15], Sphingobacterium deajeonense (7]
and Sphingobacterium thalpophilum [15].

Several plant growth promoting rhizobacteria were
isolated from washed roots and rhizosphere of corn
growing in Western Ontario, Canada. Strain CR117 was
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also isolated from washed corn roots and was initially
identified as S. multivorum based on cell and colony
morphology, as well as the results of the API20 NE
bacterial identification kit. However, the 16S rRNA
sequence of this strain showed 98% similarity with this
species and 97% similarity with S. thalpophilum. There-
fore, the purpose of this study was to clarify the
taxonomic position of this strain by using a polyphasic
approach based on detailed phenotypic analysis, lipids
and fatty acid analysis, phylogenetic analyses of 16S
rRNA and ¢pn60 genes and DNA-DNA hybridization.

Material and methods

Isolation, morphology and phenotypic
characterization

Isolate CR11T was isolated on M medium [16], except
that biotin was not added and pH 7.2-7.4 was used. Sub
cultivation was carried out on the same medium at 30 °C
for 48-72h. Cell morphology was observed using a
scanning electron microscope (SEM). Temperature
(2041 °C), pH (4-10) and NaCl concentration ranges
(0.5-3%) were determined on M medium. The Biolog
analysis system, as well as the API 20NE and API CH50
bacterial identification kits were used for physiological
characterization. The flexirubin pigment test was carried
out as described by Fautz and Reichenbach [2]. The
analysis of quinones was carried out by using the identi-
fication services of DSMZ, Braunschweig, Germany.
For the phosphate solubilization assay, aliquots (10 pl)
of bacterial culture grown in M medium over night were
spot inoculated onto NBRIP medium [11] and plates
were incubated for 14 days at 28 °C. Formation of a
clear zone in the agar around the growing bacterial
colonies was considered as a positive result. Indole
acetic acid (IAA) production in the presence of 100 mg/1
L-tryptophan in CCM [13] was determined as mentioned
by Mchnaz and Lazarovits [8].

Sphingolipid assay and fatty acid analysis

Lipids were extracted from a bacterial cell pellet by
using Folch’s method [3] and they were used for the
isolation of sphingolipids. Sphingolipid analysis was
carried out by Avantis polar lipids, Inc., Alabama,
USA. Sphingolipids were resolved by 2D-TLC [6].
Sphingomyelin, D-erythro-sphingosine and bD-erythro-
sphinganine, and ceramide were used as standards.
Standards and samples were plated on TLC silica gel
plates. All plates were chromatographed using chlor-
oform—methanol-6.7 M ammonium hydroxide (33:15:1.
25;v/v/v) in the first dimension and chloroform—metha-
nol-acetic acid—water (42:12:3.15:1; v/v/v/v) for the
second dimension. The sample and standards were

detected using a combination of iodine, ninhydrin, acid
molybdate, and charring.

For fatty acid analysis, bacterial cultures were grown
in tryptic soy broth at 28 °C for 24-48 h. Cellular fatty
acid profiles of isolate CR11", S. multivorum LMG
8342" and S. thalpophillum LMG 115207 were deter-
mined by using a Microbial identification system
equipped with a gas chromatograph (Agilent Technol-
ogy, CA, USA; Model #6890N) and version 5.0 of the
aerobe library (Microbial identification system (1993)
Operating manual, MIDI, Inc., Newark, Del.), accord-
ing to a standard protocol [12].

DNA base composition, DNA-DNA hybridization
and phylogenetic analysis

Genomic DNA was extracted and the DNA base
composition was determined using the HPLC technique
[10]. DNA-DNA hybridization was performed at 38.5°C,
according to the method described by Cleenwerck et al. [1].

The 16S rRNA gene was amplified by using the
primers and PCR conditions as previously described by
Mehnaz et al. [9]. The sequence was deposited in the
GenBank (Accession No. AY787820). Phylogenetic
analysis was performed using the software package
Bionumerics (Applied Maths, Belgium) after including
the consensus sequence in an alignment of small
ribosomal subunit sequences collected from the interna-
tional nucleotide sequence library EMBL. The align-
ment was pair wise, which was calculated by using an
open gap penalty of 100% and a unit gap penalty of 0%.
A similarity matrix was created by identity calculation
with a gap penalty of 0% after discarding unknown
bases. A resulting tree based on comparison of 1528
bases was constructed using the neighbour-joining
method. Bootstrap analysis was performed using the
same software package to test the statistical reliability of
the topology of the neighbour-joining tree with 1000
bootstrap re-samples of the data.

Amplification of chaperonin 60 (cpn60) genes

The chaperonin gene (cpn60) was amplified from the
bacterial genomic DNA of isolate CR117, S. multivorum
LMG 83427 and S. thalpophilum LMG 11520, by using
universal cpn60 degenerate primers. The primers were
H729, H730 [4], H1610 (5-CGCCAGGGTTTTCC-
CAGTCACGACGAIIIIGCIGGYGACGGYACSACS-
AC-3) and H1611 (5-AGCGGATAACAATTTCAC
ACAGGACGRCGRTCRCCGAAGCCSGGIGCCT-
T-3"). For PCR, a primer mixture (forward mix: 1 part
H729 and 3 parts H1610; reverse mix: 1 part H730 and 3
parts H1611) was used. The PCR conditions were: 5 min
at 94 °C, 40 cycles of 30s at 94°C, 30s at 50 °C, 45s at
72°C and 5Smin at 72 °C. The sequences were deposited
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in the GenBank (CR117, Accession No. DQ914834;
S. multivorum LMG 8342", Accession No. DQ914835;
S. thalpophilum 115207, Accession No. DQ985196).

Fig. 1. Cell morphology of corn isolate CR11T under the
electron microscope.

Results and discussion
Morphology and phenotypic characterization

Isolate CR117T formed round, wet, off-white colonies
which turn yellow after a few days. Growth was
observed at 20-37°C, pH 5-10 and concentrations of
0.5-3% NaCl. Cells of the bacterium were short rods,
0.9—1.0 um wide and 1.0-1.9 pm long (Fig. 1.). Results of
the physiological characterization are given in the
species description. A summary of the results for the
differentiation of isolate CR11" from Sphingobacterium
species is presented in Table 1. Flexirubin pigment was
not detected. MK-7 was detected as the predominant
menaquinone (98%) and traces of menaquinones 6 and
8 were also detected. Phosphate solubilization on
NBRIP medium was not observed. IAA production in
the presence of 100 mg/1 tryptophan was ~277 ng/ml.

Sphingolipid assay and fatty acid composition

For sphingolipid analysis, a spot was detected with
ninhydrin and acid molybdate, which had similar
retention and characteristics as the ceramide standard.
A trail of eight lipids was observed to be ninhydrin

Table 1. Differential phenotypic characteristics of strain CR11T and other type strains of Sphingobacterium species

Characteristics 1 2 3 4 5 6 7 8 9 10
Growth at:
5°C - - — — — — + + + +
41°C - + — — — + — — — —
Hydrolysis of:
Esculin + — + + + + + + + +
Gelatin + - - - — — — + — —
Urease + — + + + + + + — —
Assimilation of:
L-rhamnose — - + + — + + + ND ND
L-arabinose + — — + \% + + + + —
D-mannitol — - + — — — - + ND ND
D-melibiose + + + + + + + — ND ND
Glycerol + - v - - + + + ND ND
L-glutamate — — — + + - + + ND ND
Acid production from:
L-rhamnose — — — \'% — + — — ND ND
L-arabinose + - - + + + + — + A\
Sucrose + - + + + + + — + +
DNA G+ C content (mol%)  40.5 38.7 39.0 39.9-40.5 39.3-40.0  44.0-44.2 37.3 39.3 42.3 41.1-42.1

Strains: 1, Sphingobacterium canadense sp. nov. CR1 12,8 daejeonense TR6-04T; 3, S. spiritivorum NBRC 14948"; 4, S. multivorum NBRC 149477,
5, S. mizutaii NBRC 14946"; 6, S. thalpophilum NBRC 149637; 7, S. faecium NBRC 15299"; 8, S. antarcticum MTCC 675"; 9, S. heparinum IFO

12017%; 10, S. piscium IFO 149857,

All strains are positive for aerobic growth at 30 °C, catalase, oxidase, negative for Gram staining, sporulation, indole production, motility. Data for
S. daejeonense TR6-04", S. spiritivorum NBRC 149487, S. multivorum NBRC 14947", S. mizutaii NBRC 14946", S. thalpophilum NBRC 14963",
S. faecium NBRC 15299", and S. antarcticum MTCC 6757 is taken from Kim et al. [7], and for S. piscium and S. heparinum from Takeuchi and

Yokota [15].
+, positive; —, negative; v, variable, ND, no data available.
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positive, and five of them were shown to be acid
molybdate positive. These five are believed to be pho-
spholipids. There appeared to be no lipids coinciding
with p-erythro-sphingosine and p-erythro-sphinganine.

The data for fatty acid analysis of CR11", S. multivorum
LMGS8342%and S. thalpophilum LMG11520" is given in
Table 2.

DNA base composition, DNA-DNA hybridization
and phylogenetic analysis

The G+C content of the DNA of strain CR11T was
40.5mol% which is in accordance with the values for the
genus Sphingobacterium (39-42mol%; [15]). DNA-DNA
hybridization results showed that isolate CR11" had 11%
DNA re-association with S. mudtivorum LMG 8342" and
13% re-association with S. thalpophihum LMG 11520".

On the basis of the distance matrix, the percentage
16S rDNA sequence similarity indicated that the closest
relatives to strain CR11T were S. multivorum IFO14947"
(98.0%), S. thalpophilum ATCC 43320" (97.1%) and
S. faecium DSM 116907 (94.6%). Similarity with other
Sphingobacterium spp. was 90-93%. The phylogenetic

Table 2. Fatty acid analysis of CR11T, Sphingobacterium
multivorum LMG 83427 and Sphingobacterium thalpophilum
LMG 115207

Fatty acid CRI11T S. multivorum S. thalpophilum
(%) (%) (%)
13:1 at 12-13 ND 0.80 0.25
14:0 1.42 3.02 3.06
16:0 8.70 9.37 9.26
18:0 0.58 ND ND
13:0 iso 0.27 ND 0.14
15:0 iso 21.96 18.70 21.42
15:1iso F 0.28 ND ND
15:0 anteiso 0.27 ND 0.09
16: 0 anteiso 0.18 ND ND
17:0 iso 0.17 ND 0.15
14:0 2-OH 0.41 0.99 0.57
16:0 2-OH 0.42 0.71 1.69
16:0 3-OH 3.16 5.63 4.12
16:1 2-OH 0.26 0.74 0.36
15:0 iso 3-OH 2.78 2.51 3.66
16:0 iso 3-OH 0.31 0.48 0.37
17:0 iso 3-OH 9.76 6.12 9.47
18:1 w7c 1.03 0.42 0.32
18:1 w9c 0.42 ND 0.33
Feature 1 0.32 0.37 ND
Feature 2 0.27 0.44 0.57
Feature 3 45.90 47.63 43.31
Feature 4 1.13 0.72 0.55

Summed Feature 1 = 13:0 3-OH/15:1 isoH; Summed Feature 2 = 12:0
aldehyde?16:1 iso 1/14:0 3-OH; Summed Feature 3 = 16:1 w7c/16:1
w6c; Summed Feature 4 = 10 Methyl 16:0; 17:1 iso ®9¢c; ND = not
detected.

tree based on the 16S rRNA gene sequence, constructed
by using the neighbour-joining method, is shown in Fig. 2.

Amplification of chaperonin 60 (cpn60) genes

The DNA sequence was compared with the cpn60
sequences of S. multivorum LMG 83427 (Accession No.
DQ914835) and S. thalpophilum LMG 115207 (Acces-
sion No. DQ985196). CR11" showed 89.8% sequence
similarity with S. multivorum LMG 83427 and 85.2%
with S. thalpophilum LMG 115207,

Conclusion

Based on phenotypic and genotypic results, strain
CRI1T has to be regarded as a new species of
Sphingobacterium. The 16S rRNA sequence of
S. multivorum and S. thalpophilum showed very close
similarity with this strain but they are clearly discrimi-
nated by DNA-DNA re-association values below 70%.
This study also showed the importance of cpn60 gene
analysis for discrimination between CRI1", S. multi-
vorum and S. thalpophilum. The strain can also be
phenotypically differentiated from the rest of the
Sphingobacterium species (Table 1). Therefore, we are pro-
posing this strain as a new species of Sphingobacterium.

Description of Sphingobacterium canadense sp.
nov.

Sphingobacterium canadense (ca.na.den’se. N.L. neut.
adj. canadense, pertaining to Canada; region of isola-
tion, referring to its isolation from Canada)

Cells are Gram negative, short rods, 0.8-1.0 x
1.0-1.9 um in size, non-motile. Growth occurs on LB
at 20-37°C but not at 41°C, at pH 5-10 and
concentrations of 0.5-3% NaCl are tolerated. After
24-48 h growth on LB, colonies are circular, entire, low
convex, smooth, off-white and turn yellow (non-
fluorescent pigment) after a few days. Bacterial cultures
are positive for IAA production and negative for
phosphate solubilization. Dextrin, «-cyclodextrin, N-
acetyl-D-glactosamine, N-acetyl-D-glucosamine, D-cello-
biose, D-fructose, D-galactose, gentiobiose, D-glucose,
D-lactose, lactulose, maltose, D-mannose, D-melbiose, D-
raffinose, sucrose, p-trehalose, succinic acid mono-methyl
ester, acetic acid, formic acid, a-keto valeric acid, propionic
acid, L-asparagine, L-proline and glycerol are oxidized but
D-mannitol, L-arabinose, L-fucose, myo-inositol, maltose,
L-rhamnose, D-sorbitol, xylitol, citric acid, D, L-lactic
acid, malonic acid, succinic acid, p-alanine, L-alanine,
potassium gluconate, trisodium citrate, capric acid, adipic
acid, phenylacetic acid, r-aspartic acid, L-glutamic acid,
L-histidine, L-leucine, L-ornithine, L-phenylalanine, D-serine,
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——— Myroides odoratus ATCC 46517 (M58777)
58 Cellulophaga lytica ATCC 231787 (M62796)
‘E Salegentibacter salegens DSM 54247 (M92279)
Flavobacterium aquatile ATCC 119477 (M62797)
100/100 Flexibacter flexilis ATCC 23079" (M62794)
_|: Reichenbachia agariperforans KMM 35257 (AB058919)
Sphingobacterium faecium DSM 116907 (AJ438176)
100 Sphingobacterium spiritivorum ATCC 338617 (M58778)
9 [Flavobacterium] mizutaii ATCC 33299T (M58796)
Sphingobacterium thalpophilum ATCC 433207 (M58779)
Sphingobacterium multivorum IFO 149477 (D14025)
97 Sphingobacterium canadense CR11T (AY787820)
100l—— pedobacter saltans DSM 121457 (AJ438173)
Pedobacter sandarakinus KCTC 125597 (DQ235228)
100" Pedobacter piscium DSM 117257 (AJ438174)
Pedobacter himalayensis CIP 108787 (AJ583425)
100[ |gg Pedobacter cryoconitis DSM 148257 (AJ438170)
Pedobacter heparinus DSM 23667 (AJ438172)
84(]- Pedobacter africanus DSM 121267 (AJ438171)
Pedobacter caeni LMG 228627 (AJ786798)
—— Bacteroides fragilis ATCC 25285" (X83935)

Fig. 2. The phylogenetic tree based on the 16S rRNA gene sequences, constructed by using the neighbour-joining method, showing
the close relationship between strain CR117T and the nearest relatives of the genus Sphingobacterium. Numbers at the nodes indicate
percentages of occurrence in 1000 bootstrapped trees and only the values greater than 60% are shown.

L-serine and L-threonine are not oxidized. Positive for
acid production from bD- and L-arabinose, D-xylose,
p-glucose, D-fructose, D-mannose, methyl alpha Dp-gluco-
pyranoside, esculin ferric citrate, salicin, D-cellobiose,
Dp-maltose, D-lactose, D-melibiose, D-sucrose, inulin, D-
melezitose, D-raffinose, starch, D-turanose and L-fucose.
Negative for glycerol, erythritol, Dp-ribose, L-xylose, D-
adonitol, methyl beta bD-xylopyranoside, D-galactose,
L-sorbose, L-rhamnose, dulcitol, inositol, p-mannitol, D-
sorbitol, methyl alpha b-mannopyranoside, arbutin,
D-trehalose, N-acetyl glucosamine, amygdalin, glycogen,
xylitol, gentibiose, p-lyxose, D-tagatose, D-fucose, D-arabi-
tol, L-arabitol, potassium gluconate, potassium 2-ketoglu-
conate and potassium 5-ketogluconate. Positive for
catalase, oxidase, urease, nitrate reduction, S-glucosidase,
Jf-galactosidase, gelatine hydrolysis and negative for
indole production, glucose fermentation, arginine dihy-
drolase. Major cellular fatty acids are 16:0, 15:0 iso, 17:0
iso 3-OH and summed feature 3 (16:1 ®7¢c/16:1 w6c).
The G+ C content of the DNA is 40.5mol%.

The type strain, CR11T (= NCCB100125 ' = LMG
23727 1), was isolated from roots of corn (Zea mays) in
London, Ontario, Canada.

Acknowledgements

We are thankful to Ann Fook Yang, Agriculture and
Agri-Food Canada, Ottawa, for electron microscopy,
Dr. Janet Hill, National Research Council Plant

Biotechnology Institute, Saskatoon, Saskatchewan,
Canada, for chaperonin sequence analysis, Ms. Linda
Lee, internship student, Agriculture and Agri-Food,
Canada for laboratory work. This work was supported
by grants from Commercial Alcohols Inc., Brampton,
Ontario and Agriculture and Agri-Food Canada MII
Initiative.

References

[1] I. Cleenwerck, K. Vandemeulebroecke, D. Janssens,
J. Swings, Re-examination of the genus Acetobacter, with
description of Acetobacter cerevisiae sp. nov. and
Acetobacter malorum sp. nov., Int. J. Syst. Evol. Micro-
biol. 52 (2002) 1551-1558.

[2] E. Fautz, H. Reichenbach, a simple test for flexirubin-
type pigments, Syst. Appl. Microbiol. 10 (1980) 20-27.

[3] J. Folch, M. Lees, G.M. Sloane Stanley, A simple method
for the isolation and purification of total lipids from
animal tissues, J. Biol. Chem. 226 (1957) 497-509.

[4] J.E. Hill, A. Paccagnella, K. Law, P.L. Melito, D.L.
Woodward, L. Price, A.H. Leung, L. Ng, S.M. Hem-
mingsen, S.H. Goh, Identification of Campylobacter spp.
and discrimination from Helicobacter and Arcobacter spp.
by direct sequencing of PCR-amplified cpn60 sequences
and comparison to cpnDB, a chaperonin reference
sequence database, J. Med. Microbiol. 55 (2006) 393-399.

[6] M. Kato, Y. Muto, K. Tanaka-Bandoh, K. Watanabe, K.
Ueno, Sphingolipid composition in bacteroides species,
Anaerobe 1 (1995) 135-139.



524 S. Mehnaz et al. / Systematic and Applied Microbiology 30 (2007) 519-524

[7]1 K.-H. Kim, L.N. Ten, Q.-M. Liu, W.-T. Im, S.-T. Lee,
Sphingobacterium daejeonense sp. nov., isolated from a
compost sample, Int. J. Syst. Evol. Microbiol. 56 (2006)
2031-2036.

[8] S. Mehnaz, G. Lazarovits, Inoculation effects of Pseudo-
monas putida, Gluconacetobacter azotocaptans and Azos-
pirillum lipoferum on corn plant growth under green house
conditions, Microb. Ecol. 51 (2006) 326-335.

[9] S. Mehnaz, M.S. Mirza, J. Huarat, R. Bally, P. Normand,
K.A. Malik, Isolation and 16S rRNA sequence analysis of
the beneficial bacteria from the rhizosphere of rice, Can.
J. Microbiol. 47 (2001) 110-117.

[10] M. Mesbah, U. Premachandran, W.B. Whitman, Precise

measurement of the G+ C content of deoxyribonucleic
acid by high performance liquid chromatography, Int. J.
Syst. Bacteriol. 39 (1989) 159-167.

[11] C.S. Nautiyal, An efficient microbiological growth
medium for screening phosphate solubilizing microorgan-
isms, FEMS Microbiol. Lett. 170 (1999) 265-270.

[12] R. Paisley, MIS Whole Cell Fatty Acid Analysis by Gas
Chromatography Training Manual. Newark, DE: MIDI,
Inc., 1996.

[13] R.J. Rennie, A single medium for the isolation of nitrogen
fixing bacteria, Can. J. Microbiol. 27 (1981) 8§-14.

[14] S. Shivaji, M.K. Ray, N.S. Rao, L. Saisree, M.V.
Jagannadham, G.S. Kumar, G.S.N. Reddy, P.M.
Bhargava, Sphingobacterium antarcticus sp. nov., a
psychrotrophic bacterium from the soils of Schirmacher
Oasis, Antarctica, Int. J. Syst. Bacteriol. 42 (1992)
102-106.

[15] M. Takeuchi, A. Yokota, Proposals of Sphingobacterium
faecium sp. nov., Sphingobacterium piscium Sp. nov.,
Sphingobacterium heparinum comb. nov., Sphingobacter-
ium thalpophilum comb. nov., and two genospecies of the
genus Sphingobacterium and synonymy of Flavobacterium
yabuuchiae and Sphingobacterium spiritivorum, J. Gen.
Appl. Microbiol. 38 (1992) 465-482.

[16] C.H. Xie, A. Yokota, Azospirillum oryzae sp. nov., a
nitrogen-fixing bacterium isolated from the roots of the
rice plant Oryza sativa, Int. J. Syst. Evol. Bacteriol. 55
(2005) 1435-1438.

[17] E. Yabuuchi, T. Kancko, I. Yano, C.W. Moss, N.
Miyoshi, Sphingobacterium gen. nov., Sphingobacterium
spiritivorum comb. nov., Sphingobacterium multivorum
comb. nov., Sphingobacterium mizutae sp. nov., and
Flavobacterium indologenes sp. nov.: glucose-nonferment-
ing gram-negative rods in CDC groups I1K-2 and IIb, Int.
J. Syst. Bacteriol. 33 (1983) 580-598.



	Sphingobacterium canadense sp. nov., an isolate from corn roots
	Introduction
	Material and methods
	Isolation, morphology and phenotypic characterization
	Sphingolipid assay and fatty acid analysis
	DNA base composition, DNA-DNA hybridization and phylogenetic analysis
	Amplification of chaperonin 60 (cpn60) genes

	Results and discussion
	Morphology and phenotypic characterization
	Sphingolipid assay and fatty acid composition
	DNA base composition, DNA-DNA hybridization and phylogenetic analysis
	Amplification of chaperonin 60 (cpn60) genes

	Conclusion
	Description of Sphingobacterium canadense sp. nov.
	Acknowledgements
	References


