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Abstract
A novel Gram- negative, cream-colored, rod-shaped, aerobic, non-motile bacterium, designated MSA67T,
was isolated from a subterranean sediment sample of the Mohe Basin in Northeast China. Strain
MSA67T was detected to grow at 4–40°C (optimum, 28–30°C), pH 5.0–10.0 (optimum, pH 7.0) and in
0.0–8.0 % (w/v) NaCl (optimum, 2.0–3.0 %). Phylogenetic analysis based on 16S rRNA gene sequence
revealed that strain MSA67T was a member of the genus Devosia, with the highest similarity with D.
ribo�avina IFO13584T (98.0 %) and D. chinhatensis IPL18T (97.0 %). The major cellular fatty acids are
C16:0, C18:1ω7c 11-methyl and C18:1ω6c and/or C18:1ω7c. The major polar lipids are
diphosphatidylglycerol, phosphatidylglycerol, glycolipids and three unidenti�ed phospholipids. The major
respiratory quinone is ubiquinone 10 (Q-10). The genomic size of strain MSA67T is 4.1 MB and DNA G + C
content is 63.6 %. Based on genotypic, phenotypic and phylogenetic results, strain MSA67T is concluded
to represent a novel species of the genus Devosia, for which the name Devosia sediminis sp. nov. is
proposed. The type strain is MSA67T (= CGMCC 1.18467T = KCTC 82192T).

Introduction
The genus Devosia, established by Nakagawa et al. (1996), belongs to the family Devosiaceae. Strains of
the genus Devosia are rod-shaped, aerobic and oxidase-positive. They contain ubiquinone-10 (Q-10) as
the predominant respiratory quinone and are Gram-negative. The G + C content of DNA of members of the
genus Devosia ranges from 59.5 to 66.2 mol % (Yoon et al. 2007). The family comprises two genera with
valid published names: genus Devosia and genus Paradevosia (Geng et al. 2015), and the genus Devosia
contains 27 species with valid published names, which are listed in the LPSN (Parte et al. 2014). The
genus Devosia are ubiquitous in diverse ecological environments, such as soil (Mohd et al. 2017), root
nodules (Bautista et al. 2010), alpine glacier cryoconite (Zhang et al. 2012), deep-seawater (Liu et al.
2020), and surface seawater (Lin et al. 2020), which clearly indicates their excellent environmental
adaptation.

Materials And Methods
Isolation and culturing conditions

Strain MSA67T was isolated from a subterrestrial sediment sample collected from a borehole (53º 28'
37.80″ N, 122º 19' 23.40″ E; depth 358.5 m), which was sampled in Mohe Basin, Northeast China (Tian et
al. 2015). The sediment was ground to powder under sterile conditions, and microbials were isolated and
cultured according to a previously published method (Han et al. 2014). Strain MSA67T was isolated by
using the dilution plate technique on marine agar 2216 (MA; DB) at 28 ℃ for 7 days. The isolated strain
was cultured at 28 ℃ on MA and maintained at -80 °C supplemented with a 15 % (v/v) glycerol
suspension for extended preservation. The isolate was preserved at the Korean Collection for Type
Cultures (KCTC) and the China General Microbiological Culture Collection Center (CGMCC). A deposit
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number from each place has been allocated (KCTC 82192T and CGMCC 1.18467T, respectively).
Reference strains Devosia ribo�avina CGMCC 1.10398T and Devosia chinhatensis CGMCC 1.10663T were
obtained from the CGMCC.

Phylogenetic analysis

Genomic DNA extraction, PCR ampli�cation and sequencing of the 16S rRNA gene were done according
to Zhou et al (2019). The 16S rRNA gene sequences of related taxa were extracted from the recently
updated EzBioCloud (https://www.ezbiocloud.net/) (Kim et al. 2011). CLUSTAL W program was used to
perform multiple sequence alignments under default parameters (Thompson et al. 1994), Neighbor-
joining (Saitou et al. 1987), maximum-likelihood (Kishino et al. 1989) and maximum-parsimony (Walter et
al. 1971) methods in MEGA 7 (Kumar et al. 2016) were used to reconstruct phylogenetic trees. Bootstrap
analysis was performed based on 1,000 replicates (Felsenstein et al. 1985) with the distance option
selection using Kimura’s two-parameter model (Kimura et al. 1980). Escherichia coli ATCC 11775T

(X80725) was used in the phylogenetic analysis as an outgroup.

Genomic analysis

The genome of strain MSA67T was sequenced using the Illumina Novaseq pe150 platform (Shanghai
Majorbio Bio-Pharm Tech Ltd., Shanghai China). The sequenced reads were obtained and re-assembled
using the SPAdes software (version 3.14.1) with default parameters based on a previously published
report (Bankevich et al. 2012). The sequencing depth of coverage was 200X. The 16S rRNA fragment
from the genome was detected on EZBioCloud (https://www.ezbiocloud.net/tools/contest16s). Results
were deposited at NCBI (https://www.ncbi.nlm.nih.gov). The coding genes’ functions were detected online
(http://weizhong-lab.ucsd.edu/webMGA/server/cog/) by using a server database named COG as
described previously (Galperin et al. 2015). The genomes of members of genus Devosia were download
from NCBI Genbank, and were annotated by the NCBI Prokaryotic Genome Annotation Pipeline v5.0.
OrthoFinder v2.2.6 was used to cluster the annotated genomes (Nguyen et al. 2015). Orthologs selected
were aligned by Mafft software (Katoh et al. 2008), then all the alignments were trimmed by TrimAI, and
LG+F+R5 was selected as the best model automatically. And iQ-tree v1.6.12 was used to reconstruct
maximum-likelihood tree (Castresana et al. 2000) with bootstrap values set at 1,000 replications.
EzGenome web service (www.ezbiocloud.net/tools/ani) and the Genome-to-Genome Distance Calcu-lator
version 2.1 (http://ggdc.dsmz.de/distcalc2.php) were used to calculate the average nucleotide identity
(ANI) (Konstantinidis et al. 2005) and digital DNA–DNA hybridization (dDDH) (Auch et al. 2010) values
between strain MSA67T and members of genus Devosia, respectively.

Physiological properties analysis

MSA67T shared the highest similarity with Devosia ribo�avina CGMCC 1.10398T (Nakagawa et al. 1996)
and Devosia chinhatensis CGMCC 1.10663T (Kumar et al. 2008) based on 16S rRNA gene sequence.
Therefore, D. ribo�avina and D. chinhatensis were used as the reference strains. After growing cells for 3
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days at 28 ℃ on MA, colonial and cell morphology were examined by eye and scanning electron
microscopy (SU1510; Hitachi, Tokyo, Japan). Growth was tested on R2A agar (830 medium, DSMZ),
tryptone soya agar (TSA, 535 medium, DSMZ), nutrient agar (NA, 101 medium, DSMZ) and Luria–Bertani
agar (LB, 381 medium, DSMZ). Gram reactivity was determined according to Murray et al (1994).
Anaerobic growth was determined using an anaerobic pouch (MGC; Mitsubishi, Tokyo, Japan) in MA
medium for 7 days at 28 °C (Smibert et al. 1994). MSA67T motility was tested in marine broth 2216 (MB;
DB Bioscience, Franklin Lakes, NJ, USA) supplemented with 0.5% agar according to a previously
published report (Bernardet et al. 2002). Oxidase test strips (BioMérieux SA, Marcy-l'Étoile, France) using
1 % (w/v) tetramethyl-p-phenylenediamine and bubble production using 3 % (v/v) H2O2 were used to
measure oxidase and catalase activities. The suitable temperature range for growth were determined in
MB when cells were incubated for 7 days at different temperatures, including 4, 10, 15, 22, 28, 30, 37, 40
℃. The range of pH 4.0–11.0 (at intervals of 1 pH unit) was used to test the optimal growth in MB. A
buffer system was used to set pH values: pH 3.0–5.0, 0.1 M citric acid/0.1 M sodium citrate; pH 6.0–8.0,
0.1 M KH2PO4/0.1 M K2HPO4; pH 9.0–10.0, 0.1 M NaHCO3/0.1 M Na2CO3; pH 11.0, 0.05 M Na2HPO4/0.1
M NaOH (Zhang et al. 2016). NaCl tolerance was studied in modi�ed MB with NaCl concentration range
of 0–8.0 % (w/v, at intervals of 1.0 %). Published methods (Smibert et al. 1994) were used to investigate
the hydrolysis of starch (0.2 %, w/v), casein (5 % skimmed milk, w/v), CM-cellulose (0.5 %, w/v), Tween 80
(1 %, w/v), Tween 20 (1 %, w/v) and Tween 40 (1 %, w/v) in MA as the basal medium . API 20NE, API ZYM
and API 50CH kits (BioMérieux SA, Marcy-l'Étoile, France) were used to detect enzyme activities and
assimilation of acid production according to the manufacturer’s instructions.

Chemotaxonomic

MSA67T cells and cells from the reference strains were cultured in MA for 7 days at 28 °C. Cells were
collected at third quadrants. The harvested cells were saponi�ed, methylated and extracted according to
the procedure of the Sherlock Microbial Identi�cation System (MIDI, version 6.1). Fatty acid methylesters
extracted from the above steps were analyzed by GC (7890A GC system; Agilent, Santa Clara, CA, USA)
and identities were con�rmed using the Sherlock Aerobic Bacterial Database (TSBA 6). MSA67T

respiratory quinones were extracted and analyzed by using previously published HPLC methods (Da
Costa et al. 2011a). The polar lipids on TLC plates were sprayed with molybdophosphoric acid,
molybdenum blue, ninhydrin and anaphthol/sulfuric acid, and their identities identi�ed (Minnikin et al.
1984; Da Costa et al. 2011b).

Results And Discussion
Molecular phylogenetic analysis

Almost full-length 16S rRNA gene sequence (1442 bp) of strain MSA67T was identi�ed and deposited into
the GenBank database (accession number MN006580). MSA67T 16S rRNA gene sequence shared the
highest similarity with D. ribo�avina IFO13584T (98.0 %) and D. chinhatensis IPL18T (97.0 %). These levels
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of similarity were below the recently recommended cutoff of 98.65 % (Kim et al. 2014). Maximum-
likelihood (Fig. 1), neighbor-joining algorithm (Fig. S1) and maximum-parsimony (Fig. S2) phylogenetic
trees revealed that strain MSA67T is a member of a putative novel species of the genus Devosia.

Genome analysis

The genome of strain MSA67T has been deposited into the GenBank database (accession number
JAEKMH000000000). One 16S rRNA fragment from the genome was detected, and it shared 100 %
similarity with that from the PCR, and there are no contaminated sequences in the sample by analyzing
the sequencing and GC depth (Fig. S3). The genomic size of strain MSA67T was 4.1 MB. The DNA G+C
content of strain MSA67T was 63.6 % from the genomic sequence, which was in line with the genus
Devosia range from 59.5 to 66.2 mol % (Table S1). The detailed analysis of the MSA67T genome was
presented in Table S2. Table S3 showed the distribution of genes into COG functional categories .
Phylogenomic tree showed the relationship between related species (Fig. 2). The ANI and dDDH values
between strain MSA67T and members of the genus Devosia were presented in detail in Table S1. Both ANI
and dDDH values were below the species delineation thresholds of 95–96 % ANI and 70 % dDDH,
respectively. All above data supports that MSA67T represents a novel genomospecies of the genus
Devosia.

Physiological properties analysis

MSA67T cells were Gram-negative. They are rod-shaped aerobic bacteria. After incubating for 3 days in
MA, colonies were observed as smooth, opaque, convex and circular with cream-color and entire margins.
Cells grew well in MA, R2A agar and LB agar media, however, they couldn’t grow in TSA. Growth occurred
at 4–40 °C (optimal temperature, 28-30 °C), at pH 5.0–10.0 (optimal pH, 7.0) and in 0–8 % (w/v) NaCl
(optimal concentration, 2.0-3.0 %). More phenotypic differences are detailed in Table 1.

Chemotaxonomic characteristics

The major fatty acids, which represent more than 10 % of the total fatty acids, detected in strain MSA67T

were C18:1ω6c and/or C18:1ω7c, 45.2 %, C16:0 (22.1 %) and C18:1ω7c 11-methyl (23.7 %). The MSA67T

fatty acid pro�le was similar to that of the two reference strains. Differences between them are detailed in
Table 2. Respiratory quinone of strain MSA67T was identi�ed as Q-10 (100 %), similar to all members of
the genus Devosia. The polar lipids of strain MSA67T included diphosphatidylglycerol,
phosphatidylglycerol, glycolipids and three unidenti�ed phospholipids (Fig. S4).

According to the phylogenic, phenotypic and chemotaxonomic data, MSA67T is considered to be a
member of the genus Devosia within the family Devosiaceae, for which the name Devosia sediminis sp.
nov. is proposed.

Description of Devosia sediminis sp. nov.
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Devosia sediminis (se.di'mi.nis. L. gen. n. sediminis of sediment).

Cells are Gram-negative, rod-shaped, aerobic, devoid of gliding motility, approximately 0.5–0.7μm wide
and 2.1–3.4 μm long. After growing in MA at 28 °C for 3 days, colonies are smooth, opaque, convex and
circular with cream-color and entire margins, and approximately 1–2 mm in diameter . Growth occurs at
4–40 °C (optimal temperature, 28-30 °C), at pH 5.0–10.0 (optimal pH, 7.0) and in 0–8 % (w/v) NaCl
(optimal concentration, 2.0-3.0 %). Cells grow well in MA, R2A agar and LB agar media, however, they
cannot grow in TSA. They are positive for oxidase and catalase; negative for hydrolysis of Tweens 20, 40
and 80, starch, skimmed milk and CM- cellulose.

In API 20NE tests, they are positive for urease activity, β-galactosidase, β-glucosidase (aesculin
hydrolysis), L-arabinose, N-acetylglucosamine, D-glucose, D-mannose and maltose. They are negative for
nitrate reduction to nitrite, D-glucose fermentation, indole production, arginine dihydrolase, D-mannitol,
gelatin hydrolysis, trisodium citrate, potassium gluconate, adipic acid, capric acid, malic acid and
phenylacetic acid. In API ZYM tests, they are positive for esterase lipase(C8), esterase (C4), leucine
arylamidase, alkaline phosphatase, acid phosphatase, valine arylamidase, naphthol-AS-BI-
phosphohydrolase, α-Glucosidase, α-Mannosidase, β-Galactosidase, β-Glucosidase, N-acetyl-β-
glucosaminidase and trypsin. They are weakly positive for cystine arylamdase, α-chymotrypsin; and
negative for lipase (C14), α-galactosidase, β-glucuronidase and β-fucosidase. In API 50CH tests, they are
positive for D-fructose, D-ribose, D-glucose, N-acetylglucosamine, arbutin, aesculin ferric citrate, salicin, D-
cellobiose, D-maltose, D-lactose (bovine origin), D-trehalose, starch, glycogen; weakly positive for
potassium 5-ketogluconate and glycerol; and negative for erythritol, D-arabinose, D-adonitol, D-xylose, D-
galactose, D-arabitol, D-melezitose, D-ra�nose, D-melibiose, D-mannose, D-mannitol, D-turanose, D-
lyxose, D-tagatose, D-fucose, D-sorbitol, L-arabinose, L-sorbose, L-rhamnose, L-fucose, L-arabitol, L-xylose,
methyl-β-D-xylopyranoside, dulcito, inositol, methyl-α-D-mannopyranoside, methyl-α-D-glucopyranoside,
amygdalin, inulin, xylitol, gentiobiose, potassium gluconate and potassium 2-ketogluconate. The major
fatty acids are C16:0, C18:1ω7c 11-methyl and C18:1ω6c and/or C18:1ω7c. The polar lipids are glycolipids,
phosphatidylglycerol, diphosphatidylglycerol, and three unidenti�ed phospholipids. Respiratory quinone
is identi�ed to be Q-10. The genomic size of the strain is 4.1 MB. The DNA G+C content of the strain is
63.6 %.

In summary, the type strain, MSA67T (=CGMCC 1.18467T=KCTC 82192T) has been isolated from the
sediment of the Mohe Basin in Northeast China. The GenBank/EMBL/DDBJ accession numbers for the
genome and 16S rRNA gene sequence of the type strain are JAEKMH000000000 and MN006580,
respectively.

Abbreviations
ANI, average nucleotide identity; dDDH, digital DNA-DNA hybridization; COG, cluster of orthologous
groups of proteins; RNA, ribonucleic acid: tRNA, transfer ribonucleic acid; sRNA, small ribonucleic acid;
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LINE, long-interspersed nuclear elements; SINE, short interspersed nuclear elements; RC, rolling circle;
DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; GL, glycolipids; L, unidenti�ed lipids.
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Devosia.

Strains:1, MSA67T; 2, Devosia ribo�avina CGMCC 1.10398T; 3, Devosia chinhatensis CGMCC 1.10663T.
Symbol: +, positive; -, negative; w, weakly positive. Data were taken from this study unless otherwise
indicated. All strains were positive for the following characteristics: urease activity, β-glucosidase
(aesculin hydrolysis), β-galactosidase, D-glucose, L-arabinose, D-mannose, N-acetylglucosamine, maltose,
esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, trypsin, naphthol-AS-BI-
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negative for the following characteristics: D-glucose fermentation, potassium gluconate, capric acid,
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glucuronidase, erythritol, D-adonitol, methyl-β-D-xylopyranoside, D-galactose, D-mannose, L-sorbose, L-
rhamnose, dulcitol, inositol, D-mannitol, D-sorbitol, methyl-α-D-mannopyranoside, methyl-α-D-
glucopyranoside, amygdalin, D-melibiose, inulin, D-melezitose, D-ra�nose, xylitol, gentiobiose, D-turanose,
D-tagatose, D-arabitol, L-arabitol, potassium gluconate, potassium 2-ketogluconate.
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Characteristic 1 2 3

Colony colour Cream-colored Cream-colored* Cream-colored

Growth at      

28℃  +   + *   + *

pH range for growth  5-10   7 *   5-9 *

Hydrolysis of:      

Casein  -   -*  -*

Assimilation of (API 20NE):      

Reduction of nitrate to nitrite  -  + -

Indole production  -  - +

Arginine dihydrolase  -  + +

Gelatin hydrolysis  -  + +

D-mannitol  -  + +

Enzyme activities (API ZYM):      

Alkaline phosphatase  +  + -

Cystine arylamdase  w  w +

α-Chymotrypsin  w  w -

Acid phosphatase  +  + w

α-Glucosidase  +  - +

N-acetyl-β-glucosaminidase  +  + -

α-Mannosidase  +  + -

β-Fucosidase  -  + -

Acid production from

(API 50CH):

     

Glycerol  w  - -

D-arabinose  -  + -

L-arabinose  -  + +

D-ribose  +  w +
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D-xylose  -  + +

L-xylose  -  + -

D-glucose  +  - -

D-fructose  +  w w

N-acetylglucosamine  +  - -

D-Cellobiose  +  - -

D-Maltose  +  - -

D-lactose (bovine origin)  +  - -

Sucrose  +  - -

D-trehalose  +  - -

Starch  +  - -

Glycogen  +  - -

D-lyxose  -  + +

D-fucose  -  + +

L-fucose  -  + -

Potassium 5-ketogluconate  w  + +

DNA G+C content (%)   63.6    61.8 ‡   62.4‡

*Different from the results previously reported (Nakagawa et al. 1996; Kumar et al. 2008).

‡Data from the genome sequences. 

 

Table 2. Cellular fatty acid pro�les of strain GSA243-2T and reference strains

Strains:1, MSA67T; 2, Devosia ribo�avina CGMCC 1.10398T; 3, Devosia chinhatensis CGMCC 1.10663T. All
data were from this study. Values are percentages of the total fatty acids; fatty acids amounting to <1 %
of the total fatty acids are not listed; TR, trace (<1 %); ND, not detected.
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Fatty acid 1 2 3

Straight-chain   

C14:0 TR TR TR

C16:0 22.1 26.1 13.1

C17:0 1.2 TR 3.3

C18:0 2.9 2.8 6.5

Hydroxy   

C10:0 3-OH ND TR ND

C17:0 3-OH TR ND TR

C18:0 3-OH 1.9 TR 1.1

Cyclo   

C17:0 cyclo ND 1.6 ND

Summed features* 

3 TR 1.3 1.4

7 TR TR 1.4

8 45.2 18.5 65.7

*Fatty acids that could not be separated by GC using the MIDI system. summed feature 3, C16:1ω6c
and/or C16:1ω7c; summed feature 7 C19:1ω6c and/or C19:0 cyclo; summed feature 8, C18:1ω7c and/or
C18:1ω6c.

 

 

 

Figures
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Figure 1

Maximum-likelihood phylogenetic tree based on 16S rRNA gene sequences showing the taxonomic
position of strain MSA67T in the genus Devosia. Numbers at nodes indicate bootstrap percentages
(based on 1000 replications); values >50% are shown. Bar, 0.02 substitutions per nucleotide position.
Escherichia coli ATCC 11775T (X80725) was used as an outgroup.
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Figure 2

Phylogenetic relationship of strain MSA67T and closely related strains in the genus Devosia. The
phylogenemic tree of strain MSA67T and related type strains of the genus Devosia based on genes with
homology and 671 single copies in 18 genomes sequences. Bar, 0.5 nucleotide substitution rate (Knuc)
units. The relationships were inferred using the maximum-likelihood algorithm using iQ-tree v1.6.12.
Escherichia coli ATCC 11775T (X80725) was used as an outgroup.
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