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Abstract

A Gram-stain-negative, non-motile, non-spore-forming bacterium, designated MLS-26-JM13-117, was isolated from potato
stems, collected in Guyuan County, Hebei Province, China. Strain MLS-26-JM13-117 could grow at 10-39 °C (optimum, 30 °C),
pH 6.0-9.0 (optimum, pH 7.2) and in the presence of 0-4.0 % (w/v) NaCl (optimum, 1.0 % w/v). Phylogenetic analysis, based
on 165 rRNA gene sequences, revealed that strain MLS-26-JM13-117 formed a stable clade with Sphingobacterium
bambusae I1BFC2009" and Sphingobacterium griseoflavum SCU-B1407, with the 165 rRNA gene sequence similarities ranging
from 95.9 % to 97.0 %. The major cellular fatty acids comprised iso-Cq5.¢ (36.9 %), summed feature 3 (Cq,.1w7c and/or Ci4.4
wbe, 34.0%), Crgs.0 (3.0%) and is0-Cq7.0 3-OH (13.4%). Strain MLS-26-JM13-117 contained sphingoglycolipid, phosphatidyl
ethanolamine, six unknown lipids, one unknown aminolipid, four unknown polarlipids and two unknown aminophospholipids.
The isoprenoid quinone was MK-7. The DNA G+C content was 42.6 mol%. Furthermore, the average nucleotide identity and in
silico estimated DNA-DNA reassociation values among MLS-26-JM13-117 and S. bambusae KCTC 22814" were in all cases
below the respective threshold for species differentiation. On the basis of phenotypic, genotypic and phylogenetic evidence,
strain MLS-26-JM13-11T (=ACCC 60057'=JCM 32274") represents a novel species within the genus Sphingobacterium, for
which the name Sphingobacterium solani sp. nov. is proposed.

MICROBIOLOGY

The genus Sphingobacterium comprises Gram-stain-nega-
tive, non-spore-forming, straight-rod-shaped bacteria con-
taining high quantities of sphingophospholipids in their cells.
This genus was first described by Yabuuchi et al. [1]
with the description of Sphingobacterium spiritivorum,
Sphingobacterium multivorum and Sphingobacterium mizu-
tae. The descriptions of the genus and Sphingobacterium
mizutaii were amended by Wauters et al. [2]. Members of
the genus Sphingobacterium have been isolated from clinical
material, raw milk, lichen, fresh leaves, water, soil, compost,
activated sludge and soybean plants. At the time of writing,
the genus Sphingobacterium comprises 45 species with val-
idly published names, including: Sphingobacterium bam-
busae, Sphingobacterium griseoflavum, Sphingobacterium
populi, Sphingobacterium chuzhouense, Sphingobacterium
zeae, Sphingobacterium jejuense, Sphingobacterium cibi and
Sphingobacterium soli [3-10].

We isolated eight strains and a novel strain, MLS-26-JM13-
117, from potato stems collected from cropland in Guyuan
County, Shijiazhuang City, Hebei Province, China (41°
45’22” N, 115° 30"24” E; altitude 1531 m) by using surface
disinfection of the stems and the 10-fold dilution method

on M13 (R2A) agar (M13: 0.5gl™" yeast extract, 0.5g1""
proteose peptone, 0.5g1~" casamino acid, 0.5g1" glucose,
0.5g1™" soluble starch, 0.3gl™" Na-pyruvate, 0.3gl™" K,
HPO,, 0.05gl~" MgSO,-7H,0, 15gl~ ' agar, 1000 ml dis-
tilled water; pH 7.2) at 30 °C for 2-3 days in the dark. Single
colonies on the plates were purified by transfer onto fresh
plates and subsequent reincubation. Strain MLS-26-JM13-
11" was thus obtained, preserved in a glycerol suspension
(30 %, v/v) and maintained at —80 °C.

Genomic DNA of MLS-26-JM13-11" was prepared using a
DNA extraction kit (Biotech) by following the manufac-
turer’s instructions. PCR amplification of the 16S rRNA
gene was performed with the primers 27F (5-GAGTTTG-
ATCCTGGCTCAG-3’) and 1492R (5-ACGGCTACCTT-
GTTACGACTT-3’). Purified PCR products (approximate
1.5kb) were inserted into pGEM-T vector and sequenced
by the Life Technologies Company (Shanghai, China). We
obtained an almost-complete 16S rRNA gene sequence
(1430 bp). We used NCBI’s BLAST search (http://www.ncbi.
nlm.nih.gov/blast) [11] and the EzTaxone server (www.
ezbiocloud.net) [12] to identify phylogenetic neighbours
and calculate pairwise sequence similarities. S. bambusae
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The GenBank/EMBL/DDBJ accession number for the 165 rRNA gene sequence of strain MLS-26-JM13-117 is MF614846.

Three supplementary figures are available with the online version of this article.
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KCTC 22814" and S. griseoflavum KCTC 42158" exhibited
the greatest similarity to MLS-26-JM13-11" (96.7 and
95.9 % identity, respectively, both lower than 97.0 %). We
used the software packages MEGA version 6.1 [13] to recon-
struct phylogenetic trees based on maximum-likelihood
[14], neighbour-joining [15] and minimum-evolution [16]
models with bootstrap values under 1000 replications [17].
Calculation of evolutionary distances utilized Kimura’s two-
parameter model [18, 19]. The maximum-likelihood tree
demonstrated that strain MLS-26-JM13-11" belonged to the
genus Sphingobacterium and forms a cluster with S. bambu-
sae KCTC 22814" with a high bootstrap value (96.7 %)
(Fig. 1). Although strain S. griseoflavum KCTC 42158

showed 95.9 % similarity to MLS-26-JM13-117, these strains
were distributed in different clades in the maximum-likeli-
hood trees. The neighbour-joining and minimum-evolution
trees showed essentially the same topology. In conclusion,
S. bambusae KCTC 22814" and S. griseoflavum KCTC
42158" were chosen as reference strains.

We then performed phenotypic and chemotaxonomic anal-
yses of strain MLS-26-JM13-11". For this part of the study,
cells were cultured in M13 (R2A) medium under aerobic
conditions. We observed cell morphology and size under a
scanning electron microscope (JSM-7500F, JEOL) using
cells at the exponential growth phase (Fig. S1, available in
the online version of this article). Gram staining was
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Fig. 1. Phylogenetic tree reconstructed by the neighbour-joining method based on the 16S rRNA gene sequences. Flavobacterium
hauense BX12" was used as an outgroup. Bootstrap values (numbers on branch nodes expressed as percentages of 1000 replications)
of 50 % are shown at branching points. Bar, 0.02 substitutions per nucleotide position. Evolutionary analyses were conducted in MEGA

version 6.1 [23].
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performed as described by Smibert and Krieg [20]. Motility
was examined by stab-culture in semi-solid medium as
described by Gerhardt et al. [21]. Anaerobic growth was
assessed in an anaerobic chamber (Oxoid) on R2A agar sup-
plemented with 0.1 % KNOj; for 1 month. Salt tolerance tests
were performed in basal medium (0.5g1™" yeast extract,
0.5 g1™" proteose peptone, 0.5 gl casamino acid, 0.5 gl™"
glucose, 0.5 g1~ soluble starch, 0.3 gl~'Na-pyruvate, 0.3 g
17! K,HPO,, 0.05 gl ™! MgSO,4-7H,0, 15 gl1™" agar, distilled
water 1000 ml; pH adjusted to 7.2 by HCl/NaOH) using dif-
ferent concentrations of NaCl (0, 0.1, 0.5, 1, 2, 4, 6, 8 and
10 %, w/v). The optimal pH and temperature for growth of
MLS-26-JM13-11" were determined by incubating the
strain in M13 (R2A) medium at different pH levels (pH 4.0,
6.0, 7.0, 7.2, 7.5, 8.0, 9.0 and 10.0; acetate buffer was used
for pH 4.0-7.0 and phosphate buffer was used for pH 7.0-
10.0.) and temperatures (0, 5, 10, 15, 25, 30, 35, 39 and
40°C). Bacterial concentration was measured at 600 nm
using an UV-vis spectrophotometer. Tests for the ability to
reduce nitrate and to hydrolyse gelatin, starch, Tween 20,
Tween 80, cellulose and urea were carried out according to
methods previously described by Cappuccino and Sherman
[22]. Catalase ability was tested with 3 % H,O, and oxidase
ability was determined using tetra-methyl-p-phenylenedi-
amine dihydrochloride according to methods described by
Barrow and Feltham [23]. Other enzyme activities were
assayed using the API ZYM and API 20NE systems. Other
biochemical tests were determined using the API 50CH sys-
tem and the Biolog GN2 microplate according to the manu-
facturers’ instructions. Although strain MLS-26-JM13-11"
shared many phenotypic features with the closely related
taxa, S. bambusae KCTC 22814" and . griseoflavum KCTC
42158", there were some differences between them. The
Biolog GN2 results showed positive results for glycerol,
D-galactose, maltose, raffinose and L-arabinose for strain
MLS-26-JM13-11" and SCU-B140", but negative results for
strain S. bambusae KCTC 22814". Biolog GN2 results also
showed positive results for L-rhamnose for strain S. bambu-
sae KCTC 228147, but negative results for MLS-26-JM13-
117 and SCU-B140". API 50CH results showed positive
results for D-xylose, galactose and L-fucose for strain MLS-
26-JM13-11" and its two relatives, but negative results for
glycogen. Acid was produced from melibiose and L-arabi-
nose for strain MLS-26-JM13-11%, but not from r-rham-
nose. Phenotypic characteristics are summarized in the
species description and a comparison of strain MLS-26-
JM13-11" and related type strains is given in Table 1.

The High Pure PCR Template Preparation kit (Roche) was
employed for isolation of genomic DNA for whole-genome
sequencing and DNA-DNA hybridization experiments.
The genomes of strains MLS-26-JM13-11" and S. bambusae
KCTC 22814" were sequenced at Sistemas Genémicos
(Valencia, Spain) using Illumina paired-end sequencing
technology. The reads were trimmed using Trimmomatic
0.32 [24]. Genome assembly was performed using SPAdes
3.6.1 [25]. The G+C content of the chromosomal DNA was
calculated on the basis of its whole-genome sequence. The
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Table 1. Differential phenotypic and chemotaxonomic characteristics
of MLS-26-JM13-117 and related strains

Strains: 1, MLS-26-JM13-117 (data from this study); 2, S. bambusae
KCTC 22814" (data from this study); 3, S. griseoflavum SCU-B140"
(data from this study except for the DNA G+C content, which was taken
from Long et al. [4]); All strains were positive for oxidase and catalase
activities, and assimilation of p-glucose. All strains were negative for
Gram-staining, motility, sporulation and assimilation of p-mannitol. +,
Positive; —, negative; w, weakly positive.

Characteristic 1 2 3
Colour of colony Light Yellow Greyish
yellow yellow

Growth temperature ("C) 10-39 11-39 10-40
NaCl range (w/v) 0-4 % 0-5% 0-4 %
Biolog GN2 results:

Glycerol + - +

D-Galactose + - +

L-Rhamnose - - +

Melibiose + w* +

L-Arabinose + - +

Maltose + - +

Raffinose + - +
Utilization of (API 50CH):

Glycogen - - —

D-Xylose +

Galactose +

L-Fucose + + +
Acid production from(API

20E):

L-Arabinose + w* +

Melibiose + + -

L-Rhamnose - + -
DNA G+C content (mol%) 42.6 43.6* 41.2

*Some differences were observed between the literature and this
study.

average nucleotide identity blast (ANIb) and the average
nucleotide identity mummer (ANIm) values were calculated
as described by Richter and Rossell6-Mora using JSpecies
(version 1.2.1) [26], and Lee et al. [27]. The estimated
DNA-DNA hybridization value was determined between
these two strains using the Genome-to-Genome Distance
Calculator (version 2.1) [28, 29]. The DNA G+C content
was estimated according to the draft genome of strains
MLS-26-JM13-11" and S. bambusae KCTC 22814", and
was found to be 42.6 and 43.5 %, respectively, which are in
the range of the genus Sphingobacterium: 35-44 mol% [30,
31]. The DNA-DNA hybridization values for strain MLS-
26-JM13-11" with S. bambusae KCTC 22814" were 4.3 %,
which were all below the threshold value (70 %) recom-
mended for defining a novel species [32]. The average
nucleotide identity (ANIb=73.5%) and in silico estimated
DNA-DNA reassociation values among MLS-26-JM13-11"
and S. bambusae KCTC 22814 were in all cases below the
respective threshold for species differentiation (95-96 %)
[27].
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When determining the composition of fatty acids, strain
MLS-26-JM13-117, S. bambusae KCTC 22814" and S. gri-
seoflavum KCTC 42158" were all assayed in order to exam-
ine differences between the strain MLS-26-JM13-117 and
the most closely related species. The isolates were cultured
under aerobic conditions on TSA medium at 30 °C until the
exponential growth phase according to the cell growth
curve. Fatty acid methyl esters were prepared and identified
with a miDI Sherlock Microbial Identification System (Sher-
lock version 6.1). Whole cell fatty acid analysis revealed that
the predominant fatty acids in MLS-26-JM13-117 were iso-
Cis5.0, summed feature 3 (C;4.;w7¢ and/or Ciq4. w6¢) and
is0-C7.¢ 3-OH. These results were in line with other mem-
bers of the genus Sphingobacterium. However, there were
several differences in the proportions of some fatty acids
(Table 2).

The polar lipids were extracted from 1g freeze-dried cells
using methanol/chloroform/saline extraction (2:1:0.8 ratio
by vol.), as described by Kates et al. [33]. We separated and
identified the polar lipids using two-dimensional chroma-
tography on a silica gel thin-layer chromatography (TLC)
plate (1010 cm), as previously described by Raj et al. [34].
For the presence of lipids, the following spraying reagents
were used: molybdatophosphoric acid, ninhydrin, molyb-
denum blue and a-naphthol. Strain MLS-26-JM13-11"
had sphingoglycolipid, phosphatidyl ethanolamine, six
unknown lipids, one unknown aminolipid, four unknown

Table 2. Cellular fatty acid composition comparison of strain MLS-26-
JM13-117 and related members of the genus Sphingobacterium

Strains: 1, MLS-26-JM13-11" (data from this study); 2, 5. bambusae
KCTC 22814" (data from this study); 3, S. griseoflavum SCU-B1407. All
data were from this study and represent percentages of total fatty
acids. Tr, Trace amount (<0.1 %).

Fatty acid 1 2 3
Saturated straight-chain
Cusco 11 15 05
Cus:0 3.0 25 2.0
Cis:0 0.2 0.2 TR
Saturated branched
anteiso-Cy3, 1.1 0.2 0.1
i50-Cy5.0 36.9 27.4 30.2
anteiso-C; s, 0.6 0.5 0.8
i50-Cy 5.9 3-OH 2.1 33 25
iso-Cy7.o 3-OH 134 15.9 27.1
Hydroxy
Cue.0 3-OH 3.0 TR 38
Summed feature*
1 0.4 0.3 0.2
3 34.0 42.0 254
9 0.8 0.6 0.6

*Summed feature 1 contained iso Cqy5.1 H and/or Cq3.¢ 30H; summed
feature 3 contained Cq4.1w7c and/or Cy4. wbc; summed feature 9 con-
tained Cq7.qw9c and/or 10-methyl C16:0.
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polarlipids and two unknown aminophospholipids (Fig.
S2). The quinones of MLS-26-JM13-117 were extracted
from 0.1g freeze-dried cells with chloroform/methanol
extraction (2:1, v/v), purified by TLC, and analysed by
high-performance liquid chromatography using the qui-
nones of the reference type strains as standards [35]. MK-7
was found to be the major quinone, in agreement with other
members of the genus Sphingobacterium (Fig. S3).

In conclusion, the characteristics of the novel species are con-
sistent with the description of the genus Sphingobacterium
according to morphological, biochemical and chemotaxo-
nomic properties; however, there are several differences
between MLS-26-JM13-11" and other members of the genus
Sphingobacterium. Phylogenetic and chemotaxonomic analy-
ses demonstrate that strain MLS-26-JM13-117 represents a
novel species within the genus Sphingobacterium.

DESCRIPTION OF SPHINGOBACTERIUM
SOLANI SP. NOV.

Sphingobacterium solani (soJa’ni. L. gen. n. solani of a
nightshade, of the genus Solanum to which the potato plant
belongs).

Cells are Gram-stain-negative, aerobic, non-motile, rod-
shaped, 0.4-0.5 um in width and 2.5-3.2 pm in length. Colo-
nies grown on M13 medium are smooth, round and light
yellow in colour. Growth occurs at 10-39°C (optimum
30°C) and at pH 6.0-9.0 (optimum pH 7.2). The salt toler-
ance range for growth is 0-4% (w/v) NaCl (optimum
1.0 %). Catalase and oxidase reactions are positive. Nitrate
reductase and hydrolysis of Tweens 20 and 80 are present.
Cells are positive for urease, Tween 40, Tween 80, D-galac-
tose, D-sorbitol, citric acid, glycerol, L-arabinose, cellobiose,
D-fructose, D-galactose, gentiobiose, a-D-glucose, lactose,
lactulose, maltose, D-mannose, melibiose, 3-methyl-D-glu-
coside, raffinose, sucrose, L-asparagine, methyl pyruvate,
mono-methyl succinate, trehalose, D-gluconic acid, tura-
nose, a-ketovaleric acid, L-alaninamide, acetic acid, L-ala-
nyl-glycine, L-serine and L-threonine, but not indole
production, methyl red, Voges—Proskauer, H,S production
test, hydrolysis of gelatin and starch, assimilates dextrin,
a-cyclodextrin, i-erythritol, L-fucose, D-mannitol, xylitol,
cis-aconitic acid, D-galactonic acid lactone, D-glucosaminic
acid, a-hydroxybutyric acid, B-hydroxybutyric acid,
v-hydroxybutyric acid, itaconic acid, a-ketobutyric acid,
a-ketoglutaric acid, D, L-lactic acid, malonic acid, D-sac-
charic acid, sebacic acid, succinic acid, bromosuccinic acid,
succinamic acid, glucuronamide, D-alanine, L-aspartic acid,
L-glutamic acid, glycyl-L-aspartic acid, L-histidine, hydroxy
L-proline, L-leucine, L-ornithine, L-phenylalanine, L-proline,
L-pyroglutamic acid, D-serine, D, L-camitine, y-amino
butyric acid, urocanic acid, inosine, thymidine, phenyl
ethylamine, putrescine, 2-aminoethanol, 2,3-butanediol,
DL-a-glycerol phosphate, glucose 1-phosphate, glucose
6-phosphate, adonitol, uridine, N-acetyl-D-galactosamine,
D-mannitol, L-thamnose and glycyl-L-glutamic acid. Acids
are produced from D-fructose, D-galactose, D-glucose,
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lactose, maltose, D-mannose, raffinose, sucrose, trehalose,
glycerol and L-arabinose, but not from L-rhamnose, D-man-
nitol, D-sorbitol, glycogen, inositol, L-sorbose and starch.
The major cellular fatty acids are iso-C;s. ¢, summed feature
3 (is0-Cys5.9 2-OH and/or Cig.,w7¢), Cis.0o Cis:0 3-OH,
Cis.0 and Cyy.o. Strain MLS-26-JM13-11" contains sphin-
goglycolipid, phosphatidyl ethanolamine, six unknown lip-
ids, one unknown aminolipid, four unknown polarlipids
and two unknown aminophospholipids. The isoprenoid
quinone is MK-7. The isoprenoid quinone of strain MLS-
26-JM13-11" is MK-7.

The type strain, MLS-26-JM13-117 (=ACCC 60057"
=JCM 32274"), was isolated from potato stems in a field
in Guyuan county, China. The DNA G+Ccontent is
42.6 mol%.
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