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Abstract
A Gram-staining-negative, aerobic, flagellated, motile, rod-shaped, halophilic bacterium QX-2T was isolated from the deep-
sea sediment of the Southwest Indian Ocean at a depth of 2699 m. Growth of the QX-2T bacteria was observed at 4–50 °C 
(optimum 30 °C), pH 5.0–12.0 (optimum pH 6.0) and 0%–30% NaCl (w/v) [optimum 4% (w/v)]. 16S rRNA gene sequencing 
revealed that strain QX-2T has the closest relationship with Halomonas titanicae DSM 22872T (98.2%). Phylogeny analysis 
classified the strain QX-2T into the genus Halomonas. The average nucleotide identity and DNA–DNA hybridization val-
ues between strain QX-2T and related type strains were lower than the currently accepted new species definition standards. 
Principal fatty acids (> 10%) determined were C16:0 (12.41%), C12:0-3OH (25.15%), summed feature 3 (C16:1 ω7c and/or 
C16:1 ω6c, 11.55%) and summed feature 8 (C18:1 ω7c and/or C18:1 ω6c, 16.06%). Identified polar lipids in strain QX-2T 
were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, unidentified phospholipid, unidentified ami-
nophospholipid and five unidentified lipids (L1–L5). The main respiratory quinone was Q-9. The content of DNA G+C 
was determined to be 54.34 mol%. The results of phylogenetic analysis, phenotypic analysis and chemotaxonomic studies 
showed that strain QX-2T represents a novel species within the genus Halomonas, for which the name Halomonas sedimenti 
sp. nov. is proposed, with the type strain QX-2T (MCCC 1A17876T = KCTC 82199T).

Abbreviations
MCCC​	� Marine Culture Collection of China
CGMCC	� China General Microbiological Culture Collec-

tion Center
KCTC​	� Korean Collection for Type Cultures
DSM	� Leibniz Institut Deutsche Sammlung von Mik-

roorganismen und Zellkulturen (German Col-
lection of Microorganisms and Cell Cultures)

ANI	� Average nucleotide identity
DDH	� DNA–DNA hybridization

Introduction

The genus Halomonas belongs to the family Halomona-
daceae, which was described originally by Vreeland et al. 
[1]. Currently, the number of validly published Halomonas 
species is 105 (https​://lpsn.dsmz.de/genus​/halom​onas). The 
genus Halomonas is usually described as Gram-staining-
negative bacilli that tolerate or like salt, and species are 
isolated from a variety of habitats, e.g., saline-alkali land, 
saline lakes and marine habitats [2–8]. Halomonas adopt 
unique structure and physiological mechanism, displays 
strong adaptation to the environment and has high research 
and utilization value.

Among the published species, there are few studies on 
Halomonas from a deep-sea environment. Results have 
revealed that Halomonas has a unique adaptive mechanism 
to survive in the extreme environment of the deep-sea and 
can tolerate changes in temperature and salinity and heavy 
metal stress [3]. Heavy metals are stable and cannot be 
degraded or eliminated easily [9]. Therefore, the mecha-
nism of Halomonas strain resistances to heavy metal stress 
may provide new concepts to prevent and control heavy 
metal pollution. In addition, it has been found that many 
halotolerant and halophilic bacteria can synthesize ectoine, 

Xu Qiu and Libo Yu have contributed equally to this work.

 *	 Xixiang Tang 
	 tangxixiang@tio.org.cn

1	 Key Laboratory of Marine Genetic Resources, Third 
Institute of Oceanography, Ministry of Natural Resources, 
Xiamen 361005, China

2	 School of Ocean Sciences, China University of Geosciences 
(Beijing), Beijing 100083, China

http://orcid.org/0000-0002-8781-7982
https://lpsn.dsmz.de/genus/halomonas
http://crossmark.crossref.org/dialog/?doi=10.1007/s00284-021-02425-9&domain=pdf


1663Halomonas sedimenti sp. nov., a Halotolerant Bacterium Isolated from Deep-Sea Sediment of…

1 3

such as Spiribacter salinus [10], Paenibacillus lautus [11], 
Halomonas elongate [12] and Halomonas boliviensis [13]. 
Ectoine is an important osmotic pressure regulator, which 
may explain the tolerance of Halomonas strains to high salt 
environments. On the basis of its moisturizing and radia-
tion protection properties, ectoine has been used in high-
grade cosmetic preparations. There is no chemical synthesis 
method for ectoine. Thus, exploring the biosynthetic path-
way and developing a mass fermentation method of ectoine 
are important research topics.

During an investigation into the biodiversity of the deep-
sea sediment of the Southwest Indian Ocean, Strain QX-2T, 
which is closely related to the genus Halomonas, was iso-
lated and the exact taxonomic position of this novel strain 
was determined based on polyphasic taxonomic data. In 
addition, genes associated with resistance to heavy metal 
stress and ectoine synthesis in strain QX-2T were analyzed.

Materials and Methods

Isolation and Cultivation

Strain QX-2T was isolated from deep-sea sediment samples 
collected between May and June 2016 at the SWIR (South-
west Mid-Indian Ridge) area at a depth of 2699 m in the 
Southwest Indian Ocean (47.43° W, 38.76° S) by the TV 
grab method. The sample was enriched in marine broth 
(MB; BD Difco, Franklin Lakes, NJ, USA) containing 10% 
NaCl (w/v) at 10 °C for 7 days. Cultures were then diluted 
according to set ratios (i.e., 10–1, 10–2, 10–3, 10–4 and 10–5) 
and plated onto marine agar (MA, BD Difco) containing 
10% NaCl (w/v). Pure cultures were obtained after culti-
vating for ~ 30 days. Pure bacterial liquid cultures in a 15% 
glycerol solution were stored at – 80 °C.

Morphological, Physiological and Biochemical

Gram staining was carried out according to the instructions 
of the Gram Staining Kit (Hangzhou Tianhe microbial rea-
gent). The size and morphology of the cells were observed 
by transmission electron microscopy (JEM-1230, JEOL). 
Cell movement was monitored by the hanging drop method 
[14].

Growth of strain QX-2T was examined at 0, 4, 10, 15, 
20, 25, 30, 37, 45, 50, 55 and 60 °C in MB. The pH range 
for growth was determined in MB at intervals of 1 pH unit 
with citrate/phosphate (pH 3.0–7.0), Tris/HCl (pH 8.0–9.0) 
or sodium carbonate/sodium bicarbonate (pH 10.0–12.0) 
buffers. Growth of strain QX-2T under different salt con-
centrations was examined by setting the salinity of MB to 
0, 0.5%, 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30% 
or 35% (w/v).

API ZYM, API 20NE, API 20E, API 50CH reagent 
strips (BioMérieux) and the GEN III microplate (Biology) 
were used to detect enzyme production, hydrolysis and sub-
strate utilization by the QX-2T strain and according to the 
manufacturer’s instructions, with the single modification of 
adjusting the NaCl concentration to 3.0% in all tests. The 
IF A solution was used as the inoculum in GEN III micro-
plate experiments. The turbidimeter was calibrated with a 
standard turbidimetric tube (85% T). The blank of the tur-
bidimeter was adjusted by inoculating the IF A solution in 
the tube and adjusting the indicator of the turbidimeter to 
100%. The bacterial suspension was prepared by scraping 
bacteria into the IF A inoculum. The light transmittance was 
controlled to 95% T. One hundred microliters of the bacterial 
suspension was added to all wells of the GEN III microplate. 
The microplate was incubated at the optimal growth tem-
perature of QX-2T for 36 h and the results were observed 
and recorded. Oxidase activity and catalase activity were 
determined by adding tetramethyl p-phenylenediamine and 
3% H2O2 to growing colonies, respectively. The strain was 
scraped from the fresh plate and smeared onto the oxidase 
reagent. An immediate change in color to purple or within a 
short period (i.e., within a minute) showed that the bacteria 
strain tested positive for oxidase activity. Strains that pro-
duced strong bubbles immediately after exposure to hydro-
gen peroxide indicated that oxidase activity was positive, 
whereas the presence of weak bubbles indicated a weak 
positive result. The absence of bubbles indicated that no 
oxidase activity was present. In addition, 0.2% (w/v) soluble 
starch, 0.8% (w/v) cellulose or 0.5% (v/v) Tween 20, 40, 60 
or 80 were added to MA, respectively. The hydrolysis of 
these substrates by strain QX-2T was examined [15].

Chemotaxonomic Characterization

After culturing QX-2T on MA at 30 °C for 48 h, fatty acids in 
the cells were saponified, methylated and extracted accord-
ing to the standard MIDI (Sherlock microbial identification 
system, version 6.0B) [16]. The extracted fatty acids were 
analyzed by gas chromatography (Agilent Technologies 
6850), and the TSBA 6.0 database of the microbial identifi-
cation system was used to identify the test results [17]. The 
polar lipids of strain QX-2T were extracted by a chloroform/
methanol system and analyzed by one-dimensional and two-
dimensional thin-layer chromatography (TLC), as described 
previously [18]. Merck silica gel 60 F254 aluminum back 
thin-layer plates aluminum-backed thin-layer plates were 
used in TLC analysis. Two-dimensional development of the 
dot-shaped sample plates used chloroform–methanol–water 
(65:25:4, by vol.) as the first solvent and chloroform–metha-
nol–acetic acid–water (85:12:15:4, by vol.) as the second 
solvent. Subsequently, total lipid amounts were detected 
with molybdophosphoric acid and specific functional groups 
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were detected using spray reagents for specific functional 
groups. The quinones were extracted and separated into their 
different classes by thin-layer chromatography on silica gel, 
then further analyzed by HPLC (SPD-10AV; Shimadzu), as 
described by Collins and Jones [19].

Molecular Analysis

The taxonomic position of strain QX-2T was determined 
by 16S rRNA gene sequencing [20]. The 16S rRNA gene 
sequence of strain QX-2T was obtained by PCR using bacte-
rial 16S rRNA universal primers to amplify genomic DNA. 
Genomic DNA was extracted using the bacterial Genomic 
Extraction Kit (SBS) following the manufacturer’s instruc-
tions. In a 50 μL amplification system (SangonBiotech), 
bacterial universal primers 27F (5′-AGA​GTT​TGA​TCC​TGG​
CTC​AG-3′) and 1492R (5′-TAC​GGT​TAC​CTT​GTT​ACG​
ACTT-3′) [21] and ExTaq were used to amplify the QX-2T 
16S rRNA gene, and gene sequencing was carried out to 
obtain the 16S rRNA sequence. The GenBank database and 
EzTaxon (https​://www.ezbio​cloud​.net) software were used 
to calculate the nucleotide sequence similarity among the 
16S rRNA genes from the QX-2T strain and related type 
strains [22].

According to the results from the GenBank database and 
EzTaxon web software analysis, type strains with the high-
est similarity to the QX-2T 16S rRNA gene sequence were 
selected [23] and used for MEGA Version X phylogenetic 
analysis [24]. The distance option used was according to the 
Kimura two-parameter model, and the neighbor-joining (NJ) 
[25], maximum-likelihood (ML) [26] and minimum evolu-
tion (ME) [27] methods were used for clustering. Bootstrap 
values were calculated based on 1000 repeats.

The reference strains Halomonas titanicae (H. titani-
cae) DSM 22872T, H. glaciei CGMCC 1.7263T, H. vari-
abilis DSM3051T and H. salicampi NBRC 109914T were 
obtained from the culture collections and used as controls 
in phenotypic tests. The draft genome of QX-2T, H. glaciei 
CGMCC 1.7263T and H. salicampi NBRC 109914T were 
obtained by Shanghai Majorbio Bio-pharm Technology Co., 
Ltd. (Shanghai, China). The Illumina paired end (500 bp 
library) sequencing technique was used. The clean data were 
assembled by SPAdes v3.8.1 using default settings [28]. The 
contigs longer than 1 kb and similar read coverage were 
kept for further analysis. The genome sequence data of H. 
titanicae DSM 22872T and H. variabilis DSM3051T were 
taken from NCBI with accession numbers AOPO00000000 
and BJXV00000000, respectively. gyrB and rpoD gene 
sequences were extracted from the draft genome of strain 
QX-2T. BLAST analysis was then performed on gyrB and 
rpoD gene sequences using the GenBank database. The 
G+C content of chromosome DNA of the QX-2T strain 
was determined from the genomic draft sequence. The 

DNA–DNA hybridization (DDH) calculation was performed 
using the genome-to-genome calculation tool of the web ver-
sion of GGDC 2.1 (http//ggdc.dsmz.de/ggdc.php) and the 
BLAST method [29, 30]. The average nucleotide identity 
(ANI) value between two genomes was calculated by the 
EZGenome’s web service [31]. The genome annotation 
tool RAST (https​://rast.nmpdr​.org/) was used to annotated 
and analyzed the draft genome of strain QX-2T. Rastk was 
selected as a comment scheme.

Results and Discussion

Strain QX-2T was observed to be Gram-staining-negative, 
rod-shaped, flagellated and motile (Supplementary Fig. S1, 
available in the online Electronic Supplementary Material). 
Colonies that formed after 1 day incubation on MA at 30 °C 
were observed to be creamy, circular and 1 mm in diameter. 
Cells grew between 4 and 50 °C (optimum 30 °C), at pH 
values of 5.0–12.0 (optimum pH 6.0) and at NaCl concen-
trations of 0%–30% (w/v) (optimum 4% (w/v)). Catalase 
and oxidase activities were measured as positive. Starch, 
cellulose, Tween 20, 40, 60 and 80 were not hydrolyzed. 
Phenotypic traits that differentiate QX-2T from related type 
strains of Halomonas species are given in Table 1.

The principal fatty acids (> 10% of the total fatty acids) 
of strain QX-2T were determined to be C16:0 (12.41%), 
C12:0-3OH (25.15%), summed feature 3 (C16:1 ω7c and/or 
C16:1 ω6c, 11.55%) and summed feature 8 (C18:1 ω7c and/
or C18:1 ω6c, 16.06%). The percentage of C12:0-3OH dif-
fers to that found in other related type strains. Whole-cell 
fatty acids are presented in Supplementary Table S1. The 
primary polar lipids of strain QX-2T were identified to be 
diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), 
phosphatidylethanolamine (PE), unidentified phospholipid 
(PL), unidentified aminophospholipid (APL) and five uni-
dentified lipids (L1–L5) (Supplementary Fig. S2). The main 
component of respiratory quinone for strain QX-2T was Q-9, 
which is also the main component for species in the genus 
Halomonas [36].

In this study, a near full-length 16S rRNA gene sequence 
of QX-2T (1446 nt) was obtained and this sequence was sub-
mitted to the NCBI under accession number MT372904. 
This sequence was consistent with the 16S rRNA gene 
sequence we extracted from the strain QX-2T draft genome 
data. Pairwise comparison of the 16S rRNA gene sequences 
using BLAST (https​://blast​.ncbi.nlm.nih.gov/Blast​.cgi) and 
the Ezbiocloud website (https​://www.ezbio​cloud​.net/ident​
ify) for the 16S rRNA gene sequence strains QX-2T and H. 
titanicae DSM 22872T, H. glaciei CGMCC 1.7263T, H. vari-
abilis DSM 3051T and H. salicampi NBRC 109914T gave 
values of 98.2%, 98.1%, 97.8% and 97.5%, respectively.

https://www.ezbiocloud.net
https://rast.nmpdr.org/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.ezbiocloud.net/identify
https://www.ezbiocloud.net/identify
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The phylogenetic tree based on the NJ method showed 
that strain QX-2T formed a clade with H. titanicae DSM 
22872T. We used the gyrB (2421 nt, MT672351) and rpoD 
(1851 nt, MT672350) genes of strain QX-2T to perform 
phylogenetic tree analysis with other species in the fam-
ily Halomonadaceae, and the results showed that strain 
QX-2T belongs to the genus Halomonas (Figs. S3 and S4). 
The NJ tree based on 16S rRNA gene sequences is shown 
in Fig. 1. Chromohalobacter canadensis ATCC 43984T 
(AJ295143) was used as out-group which belongs to the 
family Halomonadaceae. The ML and ME trees of 16S 
rRNA gene sequences presented a similar topology to that 

of the NJ-derived phylogenetic tree. Therefore, these trees 
were condensed into the NJ phylogenetic tree. The results of 
the phylogenetic analysis indicated that QX-2T is affiliated 
to the genus Halomonas.

A total of 1 Gbp clean data was generated to reach about 
200-fold depth of coverage using the Illumina HiSeq 2000 
platform. The genome size of strain QX-2T was 4.94 Mb, 
including 61 contigs. The N50 value of the genome 
sequence of QX-2T was 214,892, and the L50 value was 
9 (Table S2). The accession number for strain QX-2T was 
JACCGK000000000 at the DDBJ/ENA/GenBank. We also 
obtained the draft genome of H. glaciei and H. salicampi, 

Table 1   Phenotypic traits that 
differentiate H. sedimenti sp. 
nov. from the type strains of 
closely related Halomonas 
species

Strains: 1, QX-2T; 2, H. titanicae DSM 22872T; 3, H. glaciei CGMCC 1.7263T; 4, H. variabilis DSM 
3051T; 5, H. salicampi NBRC 109914T. All strains are Gram-staining-negative, aerobic, halophilic and rod-
shaped. The data of API 20NE, API 20E, API ZYM, API 50CH and GEN III for strain QX-2T and four 
related type strains were examined in this study. Characteristics are scored as: + positive; − negative; w, 
weak positive. Data were obtained in this study unless indicated
a Data from [32]
b Data from [33]
c Data from [34]
d Data from [35]

Characteristic 1 2 3 4 5

Habitat Deep-sea 
sediment

Fast icea Saltern soilb RMS titanic 
wreckc

Hyper-
saline 
laked

Growth properties
 Optimal temperature (°C) 30 22a 28b 30-37c 33d

 Optimal salts (%) 4 2a 14b 2-8c 10d

 Optimal pH 6 7a 8.5b NDc NDd

Activity of
 Alkaline phosphatase + − − + +
 Esterase lipase (C8) + + − + −
 Lipase (C14) − − + − +
 Cystine arylamidase + − + + −
 β-galactosidase − − − + +
 Arginine dihydrolase + − − + −
 Phenylalanine deaminase + + − − +

Acid production from
 l-Arabinose + − − − −
 d-Ribose − + + + −
 d-Glucose − − + + −
 d-Maltose − + + − −
 Sucrose − + + − −

Utilization of
 l-Arabinose − + − − +
 d-Maltose + − − − +
 d-Melibiose w − − − +
 d-Mannose w − − − +
 d-Sorbitol + − − + −
 d-Mannitol + − − + −
 Citrate + − − + +
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under accession numbers JACCDE000000000 and JAC-
CDF000000000, respectively. The G+C content of the 
genomic DNA of strain QX-2T was 54.34 mol%, which is 
consistent with the description range of the genus Halo-
monas [37, 38].

The DDH estimate values of QX-2T were 58.90% with 
H. titanicae DSM 22872T, 30.10% with H. glaciei CGMCC 
1.7263T, 22.90% with H. variabilis DSM 3051T and 21.30% 
with H. salicampi NBRC 109914T (Table S3). The ANI val-
ues of QX-1T were 94.11% with H. titanicae DSM 22872T, 
85.96% with H. glaciei CGMCC 1.7263T, 67.26% with H. 
variabilis DSM 3051T and 75.65% with H. salicampi NBRC 
109914T (Table S4). The DDH similarity and ANI values 
between strain QX-2T and the reference bacteria are within 
the range of QX-2T being identified as a new species, which 
requires a DDH similarity lower than the recommended 
value of ± 70% [39] and ANI values below the standard cri-
teria for species identity (95%–96%) [40].

Annotation results of the draft genome showed that there 
were 4890 coding genes in the genome of strain QX-2T, 
including 65 RNA coding genes (Table S2). We found 35 
genes encoding for proteins involved in heavy metal resist-
ance for strain QX-2T (Table S5). These genes provided 
heavy metal resistance to mercury, arsenic, manganese, 
cobalt, zinc, cadmium, lead and copper. This resistance most 
likely arises from adaptation of strain QX-2T to the extreme 
environment of the southwest Indian Ocean hydrothermal 
region; this is a deep-sea hydrothermal region that is a typi-
cal heavy metal rich area [41]. Modern industry continues 

to produce large quantities of waste-water containing heavy 
metals that are a major hidden danger to human safety and 
the environment. In recent years, biosorbents have been used 
for treating environmental pollution because these products 
are readily available, economically viable and display fast 
adsorption properties [42]. Given that strain QX-2T produces 
proteins that afford heavy metal resistance, this strain has 
potential use in the development of biosorbents and offers 
insights into the effective control of heavy metal pollutants.

Microorganisms in extreme environments accumulate 
compounds to survive in high osmotic environments. These 
compounds mainly include amino acids and their deriva-
tives, polyols, sugars, betaine and ectoine [43, 44]. Ectoine 
is the most common compatible solute synthesized by mod-
erately halophilic bacteria. Ectoine is compatible with intra-
cellular metabolism, balances osmotic pressure inside and 
outside the cell, protects against osmotic stress caused by 
high salt concentrations and is compatible with the intracel-
lular system without affecting the function of other biologi-
cal macromolecules [45]. Thus, ectoine protects cells and 
biomacromolecules under adverse environmental conditions 
[12, 46]. Therefore, ectoine has important application value 
in pharmaceutical preparations [47], cell protectants [48], 
cosmetics and other fields.

Genes associated with the synthesis of ectoine were iden-
tified in the genome of strain QX-2T. Previous studies have 
shown that the biosynthesis of ectoine involves a series of 
enzymatic reactions. The genes ectA, ectB and ectC of strain 
QX-2T may encode l-diaminobutyric acid transaminase, 

Fig. 1   Neighbor-Joining tree 
showing the phylogenetic 
positions of strain QX-2T and 
related species of the genus 
Halomonas based on 16S rRNA 
gene sequences. Bootstrap 
values (> 50%) based on 1000 
replication are shown at branch 
points. Chromohalobacter 
canadensis ATCC 43984T 
(AJ295143) was used as out-
group. Filled and open circles at 
nodes indicate generic branches 
that were also recovered using 
the Maximum-Likelihood and 
Minimum Evolution algorithms, 
and just the Minimum Evolu-
tion algorithm, respectively. 
Bar, 0.005 substitutions per 
nucleotide position
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l-diaminobutyric acid acetyltransferase and ectoine syn-
thase, respectively, and using aspartate semialdehyde as the 
precursor substrate these three enzymes can catalyze the 
synthesis of ectoine in three steps [12]. The four genes doeA, 
doeB, doeC and doeD of strain QX-2T may encode proteases 
that degrade ectoine [12]. The TeaABC system belongs to 
the TRAP-T transporter family, which may participate in 
the absorption and excretion of ectoine and regulate the 
biosynthesis of ectoine [49]. In addition, we also found the 
rpoS regulatory factor in strain QX-2T, which is similar to 
that found in strain Chromohalobacter salexigens. This gene 
product may also participate in the biosynthesis of ectoine 
[50]. However, although there were genes related to the syn-
thesis of ectoine in the genome of strain QX-2T, the specific 
biosynthetic pathway for producing ectoine requires further 
studies and evaluation.

Conclusion

Phylogenetic analysis, phenotypic analysis and chemotaxo-
nomic studies confirmed that strain QX-2T represents a novel 
species within the genus Halomonas, for which the name 
Halomonas sedimenti sp. nov. is proposed. The genes encod-
ing heavy metal resistance proteins and ectoine synthesis 
were found in the draft genome of strain QX-2T. Thus, strain 
Halomonas sedimenti sp. nov. QX-2T offers great potential 
in various commercial applications.

Taxonomic and Nomenclatural Proposals

Description of Halomonas sedimenti sp. nov.

Halomonas sedimenti (se.di.men’ti L. gen. n. sedimenti, of 
sediment, referring to the sediment of the Southwest Indian 
Ocean, where the type strain was isolated).

Cells are Gram-staining-negative, aerobic, halophilic, 
motile and rod-shaped with dimensions of 0.7–0.9 μm 
wide and 2.3–3.0 μm long. Colonies on MA are creamy, 
convex, glossy, smooth, circular with an entire mar-
gin and 1 mm in diameter after 1 day of incubation at 
30 °C. Growth occurs in MB with 0%–30% NaCl (opti-
mum 4%), at 4–50  °C (optimum 30  °C) and over the 
pH range of 5.0–12.0 (optimum pH 6.0). Starch, cellu-
lose, gelatin, Tween 20, 40, 60 and 80 were not hydro-
lyzed. Catalase and oxidase activities were positive. 
Nitrate was reduced to nitrite. Indole and H2S were not 
produced. Enzyme activity was observed for alkaline 
phosphatase, esterase (C4), esterase lipase (C8), leucine 
arylamidase, valine arylamidase, cystine arylamidase, 

naphthol-AS-BI-phosphohydrolase, α-glucosidase, ure-
ase, arginine hydrolase and phenylalanine deaminase, but 
not for lipase (C14), trypsin, chymotrypsin, acid phos-
phatase, α-galactosidase, β-galactosidase, β-glucosidase, 
β-glucuronidase, α-mannosidase, α-fucosidase lysine 
decarboxylase or ornithine decarboxylase. Acid was pro-
duced from l-arabinose, d-fructose and aesculin, but not 
from d-ribose, d-xylose, l-xylose, d-galactose, d-glucose, 
l-rhamnose, cellobiose, d-maltose, d-lactose, melibiose, 
sucrose, trehalose, raffinose, d-mannitol, d-sorbitol, ino-
sitol, 2-ketogluconate or 5-ketogluconate. Strain QX-2T 
utilized d-maltose, d-trehalose, d-cellobiose, gentiobiose, 
sucrose, d-turanose, d-lactose, d-melibiose, d-salicin, 
d-glucose, d-mannose, d-fructose, d-galactose, d-fucose, 
l-fucose, l-rhamnose, d-sorbitol, d-mannitol, d-arabitol, 
myo-inositol, d-fructose-6-PO4, d-aspartic acid, l-alanine, 
l-aspartic acid, l-glutamic acid, d-malic acid, l-malic 
acid, dextrin, inosine, glycerol, gelatin and citrate, but not 
arabinose, stachyose, d-raffinose, d-Glucose-6-PO4, d-ser-
ine, l-serine, l-arginine, l-histidine or d-saccharic. Prin-
cipal fatty acids (> 10%) determined were C16:0 (12.41%), 
C12:0-3OH (25.15%), summed feature 3 (C16:1 ω7c and/or 
C16:1 ω6c, 11.55%) and summed feature 8 (C18:1 ω7c and/
or C18:1 ω6c, 16.06%). The polar lipids were DPG, PG, 
PE, PL, APL and L1–L5. The main respiratory ubiquinone 
was Q-9. The DNA G+C content of the type strain was 
54.34 mol%.

The type strain, QX-2T (= MCCC 1A17876T = KCTC 
82199T), was isolated from deep-sea sediment of the 
Southwest Indian Ocean at 2699 m. The GenBank acces-
sion number of the 16S rRNA gene sequence of strain 
QX-2T is MT372904, and the draft genome sequence 
accession number of strain QX-2T is JACCGK000000000.
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