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Abstract A polyphasic taxonomic study was con-
ducted on two Gram-negative, non-sporulating, non-
motile bacterial strains, S2-20-2T and S2-21-1, iso-
lated from a contaminated freshwater sediment in 
China. Comparative 16S rRNA gene sequence studies 
revealed a clear affiliation of two strains with Bacte-
roidetes, which showed the highest pairwise sequence 
similarities with Hymenobacter duratus  BT646T 
(99.3%), Hymenobacter psychrotolerans Tibet-
IIU11T (99.3%), Hymenobacter kanuolensis T-3T 
(97.6%), Hymenobacter swuensis  DY53T (96.9%), 

Hymenobacter tenuis  POB6T (96.8%), Hymenobacter 
seoulensis  16F7GT (96.7%), and Hymenobacter rigui 
KCTC  12533T (96.5%). The phylogenetic analysis 
based on 16S rRNA gene sequences showed that two 
strains formed a clear phylogenetic lineage with the 
genus Hymenobacter. Major fatty acids were identi-
fied as iso-C15:0, anteiso-C15:0, and summed feature 
3  (C16:1 ω6c and/or  C16:1 ω7c/t) and summed feature 
4 (iso-C17:1 I and/or anteiso-C17:1 B). Major cellular 
polar lipids were identified as phosphatidylethan-
olamine, three unidentified aminolipids, an unidenti-
fied aminophosopholipid and an unidentified lipid. 
The respiratory quinone was detected as MK-7 and 
the genomic DNA G + C content was determined 
to be 57.9% (genome) for type strain S2-20-2T and 
57.7 mol% (HPLC) for strain S2-21-1. The observed 
ANI and dDDH values between strain S2-20-2T 
and its closely related strains were 75.7–91.4% and 
21.2–43.9%, respectively. Based on physiological, 
biochemical, genetic and genomic characteristics, 
we propose that strains S2-20-2T and S2-21-1 repre-
sent a novel species of the genus Hymenobacter, for 
which the name Hymenobacter sediminicola sp. nov. 
is proposed. The type strain is S2-20-2T (= CGMCC 
1.18734T = JCM  35801T).
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Introduction

It’s been over 20 years since the first species Hyme-
nobacter roseosalivarius was proposed by Hirsch 
et al. (1998). At the time of writing, the genus Hyme-
nobacter represents a member of the family Hyme-
nobacteraceae, within the phylum Bacteroidetes, 
including 101 species with validly published names 
(https:// lpsn. dsmz. de/ genus/ hymen obact er) (Parte 
2020). Hymenobacter is of interest because of its 
wide range of natural habitats and geographical dis-
tribution. Hymenobacter spp. were isolated from 
soil, sediment, water, ice, snow, ore, rock, sand and 
air including extreme environments (Buczolits et  al. 
2006; Zhang et  al. 2007; Dai et  al. 2009; Klassen 
and Foght 2011; Jin et al. 2014; Subhash et al. 2014; 
Kojima et al. 2016; Sedláček et al. 2017; Sheu et al. 
2017; Feng et al. 2019). Some of Hymenobacters are 
also unique in being radiation-resistant, UV-resistant 
or desiccation-resistant (Buczolits et al. , 1999; Col-
lins et  al. 2000; Zhang et  al. 2007; Dai et  al. 2009; 
Su et  al. 2014; Maeng et  al. 2020). Hymenobacter 
strains generate mucous colonies with pink to red 
and several color variants, and the bacterial pig-
mentation serves multiple purposes, including light-
harvesting, UV-resistance or photo-protection in cell 
membranes, where they build an integral part of the 
complex membrane structure. Pigments from soil-
derived bacteria exhibit biological properties, includ-
ing antiviral, antibacterial, antitumor, and antifungal 
activities (Klassen and Foght 2011; Sedláček et  al. 
2019). These characteristics increase scientists’ inter-
est in this genus. The majority of Hymenobacter spe-
cies are Gram-reaction-negative, non-motile, pink to 
red-pigmented and rod-shaped; contain MK-7 as the 
predominant menaquinone and phosphatidylethan-
olamine as the major polar lipid (Hirsch et al. 1998; 
Buczolits et al. 2006; Srinivasan et al. 2015; Ten et al. 
2017; Han et  al. 2018; Sedláček et  al. 2019; Maeng 
et al. 2020).

Sediments are capable of interfering with vital 
ecosystems via deleterious or enriching effects, with 
the contaminants potentially resulting in significant 
ecological changes, including the transformation of 
benthic microbial communities. Heavy metals includ-
ing arsenic (As), chromium (Cr), copper (Cu), cad-
mium (Cd), nickel (Ni), zinc (Zn), and lead (Pb) have 
been identified in the lake sediments of the Huaihe 
River, and the ecological risk of these sediments has 

been assessed (Zhang et al. 2016, Wu et al. 2022; Xu 
et  al. 2023). During an investigation into the micro-
bial diversity of contaminated sediment in a freshwa-
ter river, bacterial microorganisms were isolated from 
sediments (Prat et al. 2014; Boulanger et al. 2019; Jin 
et al. 2022). In this study, we describe two pink-pig-
mented aerobic bacterial strains, S2-20-2T and S2-21-
1, isolated from a contaminated freshwater sediment 
sample in China. Genomic analysis revealed that 
strain S2-20-2T contained g for cold shock proteins, 
carbon storage-related genes, and glycogen-debranch-
ing genes, which assist the microorganism in adapting 
to cold environments during growth (Goordial et  al. 
2015). Additionally, membrane transporter genes 
encoding for metal-translocating P-type ATPases 
were identified, and these genes were confirmed to be 
responsible for metal transport/resistance (Nies 2003; 
Kaur et al. 2006). Phylogenetic analysis of 16S rRNA 
gene sequences revealed that two strains S2-20-2T and 
S2-21-1 were closely related to members of the genus 
Hymenobacter. Based on a polyphasic approach, we 
propose strains S2-20-2T and S2-21-1 as a new spe-
cies Hymenobacter sediminicola sp. nov.

Materials and methods

Isolation, morphological and physiological 
characterization

Sediment samples were collected from aquaculture 
area of the Huaihe River at a water depth of 4 m in 
Jiangsu, China (33° 06′ 58″ N, 118° 30′ 51″ E) in 
October 2018. For the serial dilution, 1  g sediment 
sample was dispersed in 5 ml of sterile saline solution, 
and 100 μl of this suspension was spread by l-loop on 
the surface of a modified R2A agar (Jin et al. 2020) 
and cultivated at room temperature for up to 30 days. 
Two pink-pigmented isolates were selected for next 
characterization. For recovering pure cultures, the 
single colony was purified by repeated streaking on 
new R2A plates. Macromorphology for colony was 
examined after incubating for 2  days at 30  °C on 
R2A agar plates. The Gram staining was determined 
using a Gram stain kit (Difco) following the manufac-
turer’s instructions. The cell morphology and motil-
ity were examined under a phase-contrast microscope 
(Nikon Eclipse 80i microscope, 1000 × magnifica-
tion) using the cells grown at 30 °C for 48 h. Different 

https://lpsn.dsmz.de/genus/hymenobacter
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temperatures range (4, 8, 10, 15, 20, 30, 37, and 
42 °C) and pH range (pH 5–10 at intervals of 1 unit) 
of the cell growth were determined in R2A medium, 
and different buffer systems for the cell growth were 
applied as described previously by Yang et al. (2020). 
NaCl tolerance for cell growth was observed in R2A 
agar using different NaCl concentrations from 1 to 5% 
(w/v). The activity of oxidase was tested using 1% 
tetramethyl-p-phenylenediamine and catalase activ-
ity was determined by observing the production of  O2 
bubbles after dropping 3% (w/v)  H2O2 on a fresh cul-
ture grown for 48 h on R2A medium (Wu et al. 2020). 
Carbon source utilization, enzyme activities and addi-
tional physiological and biochemical characterization 
were performed using API 20NE, API ID 32GN and 
API ZYM kits (bioMérieux) following the manufac-
turer’s instructions.

Chemotaxonomic characterization

For the comparative analysis of whole-cell fatty acid 
profiling, strains S2-20-2T and S2-21-1 were cultured 
on R2A agar at 25 °C for 72 h. and the cell harvest-
ing standardization was done following the method 
described by MIDI (http:// www. micro bialid. com/ 
PDF/ TechN ote_ 101. pdf). We harvested the cell mass 
when the cell culture reached the late exponential 
phase for extracting the fatty acids. The fatty acids 
were analysed using GC (Hewlett Packard 6890) and 
identified in the TSBA 6 database provided in Sher-
lock software 6.1. Respiratory isoprenoid quinone 
was extracted following the method as described by 
Komagata and Suzuki (1988), and analysed using 
HPLC (Shimadzu) with an YMC-Pack ODS-A 
column. Polar lipids were extracted following the 
method described by Tindall, the biomass used for 
lipid extraction was obtained from cultures growing 
on R2A agar plates at 25  °C for 3 days. For visual-
izing the spots on the two-dimensional thin layer 
chromatography (TLC) on silica gel 60 F254 plates 
(Merck), the spraying reagents were applied as fol-
low: molybdatophosphoric acid for total spots, ninhy-
drin for aminolipids, molybdenum blue for phospho-
lipids and alphanaphthol solution for glycolipids.

Genomic and phylogenetic analyses

Whole genomic DNA was extracted using 
a FastDNA™ SPIN kit for soil (MPbio) the 

manufacturer’s instructions. The purity of DNA was 
examined using a ND2000 spectrometer (Nanodrop 
Technologies, Inc.). The 16S rRNA genes of strains 
S2-20-2T and S2-21-1 were amplified by PCR with 
the universal bacterial primer sets: 27F (5’-AGA GTT 
TGA TCM TGG CTC AG-3’; Escherichia coli posi-
tion 8–27) and 1492R (5’-TAC GGY TAC CTT GTT 
ACG ACT T-3’; E. coli position 1492–1510) (Weis-
burg et  al. 1991). The PCR cycling conditions were 
as follows: 95  °C for 5 min and 30 cycles of 95  °C 
for 1 min, 55 °C for 1 min and 72 °C for 1.5 min fol-
lowed by a final extension step for 7 min at 72 °C. For 
the phylogenetic analysis, 16S rRNA gene sequences 
of strains S2-20-2T, S2-21-1 and closely related spe-
cies were aligned using clustal x (Thompson et  al. 
1997), and edited using bioedit (Hall 1999) software. 
The neighbour-joining, maximum-parsimony and 
maximum-likelihood (Fitch 1971; Felsenstein 1981; 
Saitou and Nei 1987) algorithms were applied in the 
mega 7 software (Kumar et  al. 2016) based on the 
aligned sequences. Bootstrap values were determined 
on 1000 resamplings of the sequences in each case 
(Felsenstein 1985).

The whole genome sequencing of type strain 
S2-20-2T, was carried out suing the SMRT (Single 
Molecule, Real-Time) platform at Oxford Nano-
pore Technologies (Wuhan, PR China) together 
with Illumina next-generation sequencing technol-
ogy. Illumina short-reads and Nanopore long-reads 
sequencing data were assembled in a hybrid assem-
bler, Unicycler (version 0.4.4) (Wick et al. 2017) with 
SPAdes dependency (version 3.6.2). The genome of 
type strain S2-20-2T was annotated in the RAST pipe-
line, and the genome comparison was made with the 
SEED Viewer (Aziz et al. 2008, 2012). For generat-
ing functional category, the CDSs (predicted protein 
coding sequences) were submitted to the COG (Clus-
ters of Orthologous Groups) database (http:// www. 
ncbi. nlm. nih. gov/ COG/) (Tatusov et al. 1997, 2003). 
EasyFig software was used to map and compare the 
genomes of related species (Sullivan et al. 2011). The 
average nucleotide identity (ANI) values were deter-
mined in the Ortho ANI Tool from the EZBioCloud 
server (Lee et al. 2016), and the average amino acid 
identity (AAI) values were determined in a web-
server developed by Kostas lab (http:// enve- omics. ce. 
gatech. edu/ aai/), which is considered sensitive over 
greater evolutionary distance. The digital DNA–DNA 
hybridization (dDDH) values were determined using 

http://www.microbialid.com/PDF/TechNote_101.pdf
http://www.microbialid.com/PDF/TechNote_101.pdf
http://www.ncbi.nlm.nih.gov/COG/
http://www.ncbi.nlm.nih.gov/COG/
http://enve-omics.ce.gatech.edu/aai/
http://enve-omics.ce.gatech.edu/aai/
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the GGDC 2.0 (genome-to-genome distance calcula-
tor) (Meier-Kolthoff et  al. 2013). The phylognomic 
tree base on protein coding amino acid sequences was 
constructed using CVTree 4.0 with the default param-
eters (Qi et al. 2004; Zuo 2021). The genomic DNA 
G + C content (mol%) of strain S2-21-1 was ana-
lyzed using HPLC following the method described by 
Tamaoka and Komagata (1984), and non-methylated 
λ DNA (Sigma) was used as a standard.

Results and discussion

Strains S2-20-2T and S2-21-1 were observed to form 
visible colonies within 48  h on an R2A agar when 
incubated at 25  °C. The cell growth was found to 
occur at temperatures ranging from 4 to 30  °C, but 
no growth was observed at 37  °C or above. Growth 
was found to occur at pH 5–8, but no growth was 
observed at pH 4 or 9. The colonies were observed 
to be red-pigmented, smooth, convex and circular 
with entire edges. The cells were found to be Gram-
stain-negative, catalase-positive but oxidase-negative, 
non-motile and rod-shaped. The strains were found to 
be positive for the utilization of l-fucose, histidine, 
3-hydroxy-butyrate, malate, maltose, d-mannose, 
d-sorbitol and d-sucrose; variable for l-alanine (posi-
tive for strain S2-20-2T), d-glucose (positive for strain 
S2-20-2T), d-monnitaol (positive for strain S2-20-2T), 
phenyl acetate (positive for strain S2-21-1), rhamnose 
(positive for strain S2-20-2T), l-serine (positive for 
strain S2-20-2T), salicin (positive for strain S2-20-
2T) and d-melibiose (positive for strain S2-20-2T); 
negative for acetate, N-acetyl-glucosamine, adipate, 
l-arabinose, caprate, citrate, gluconate, glycogen, 
3-hydroxy-benzoate, 4-hydroxy-benzoate, inositol, 
itaconate, dl-lactate, 2-ketogluconate, 5-ketogluco-
nate, malonate, l-proline, propionate, d-ribose, suber-
ate and valerate. Positive for the following enzyme 
activities: alkaline phosphatase, cystine arylamidase, 
esterase (C4), esterase lipase (C8), leucine arylami-
dase, naphtol-AS-BI-phosphohydrolase and valine 
arylamidase; variable for N-acetyl-β-glucosaminidase 
(positive for strain S2-20-2T) and acid phosphatase 
(positive for strain S2-20-2T); but negative for 
the following enzyme activities: α-chymotrypsin, 
α-fucosidase, α-galactosidase, β-galactosidase, 
α-glucosidase, β-glucosidase, β-glucuronidase, lipase 
(C14), α-mannosidase and trypsin (Table  1). Strains 

S2-20-2T and S2-21-1 could be differentiated from 
the most close species H. duratus; by assimilating 
l-fucose, histidine, malate, d-sorbitol, and d-sucrose; 
by activities of oxidase, cystine arylamidase, ester-
ase (C4), Naphthol-AS-BI-phosphohydrolase. Some 
physiological characteristics, including growth tem-
perature range, carbon utilization, and enzyme activi-
ties, distinguished the two strains from their formal 
relatives.

The major fatty acids (> 10%) were identified 
as iso-C15:0, anteiso-C15:0, and summed feature 3 
 (C16:1 ω6c and/or  C16:1 ω7c/t) and summed feature 4 
(iso-C17:1 I and/or anteiso-C17:1 B) (Supplementary 
Table  S1). The major fatty acids in strains S2-20-
2T and S2-21-1 were consistent with the major fatty 
acid components in species from the genus Hymeno-
bacter. However, some qualitative and quantitative 
differences, or the presence/absence of several com-
ponents were observed (Supplementary Table  S1). 
The predominant respiratory quinone was menaqui-
none-7 (MK-7). The polar lipids were composed of 
phosphatidylethanolamine (PE), three unidentified 
aminolipids (AL1, AL2, and AL3), an unidentified 
aminophosopholipid (APL) and an unidentified lipid 
(L) for type strain S2-20-2T (Supplementary Fig. S1). 
The profile of polar lipids is similar to that of closely 
related species of genus Hymenobacter with major 
component of PE; however, strain S2-20-2T contains 
three unidentified aminolipids that are absent in the 
closest relative H. duratus  BT646T, and strain S2-20-
2T does not contain glycolipids that are detected in H. 
duratus  BT646T.

Phylogenetic and whole genome sequence analysis

The 16S rRNA sequences of strains S2-20-2T and 
S2-21-1 were determined and compared with related 
species in the EzTaxon-e server (Yoon et  al. 2017), 
and both strains showed 97.6 −  99.3% similarities 
with H. duratus  BT646T, H. psychrotolerans Tibet-
IIU11T and H. kanuolensis T-3T and less than 97% 
with all other species within the genus Hymenobac-
ter. Strains S2-20-2T and S2-21-1 shared 100% 16S 
rRNA gene sequence similarity. Based on the neigh-
bor-joining phylogenetic analysis, strains S2-20-
2T and S2-21-1 clearly clustered with H. duratus 
 BT646T, H. psychrotolerans Tibet-IIU11T, H. kanu-
olensis T-3T and H. guriensis  BT594T, this dendro-
gram was also observed both in maximum-parsimony 
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and maximum-likelihood phylogenetic trees (Sup-
plementary Fig. S2). The phylogenomic tree based 
on the genome-wide amino acid sequences also sup-
ported that type strain S2-20-2T formed an evolution-
ary lineage clustered with H. duratus  BT646T and H. 
psychrotolerans Tibet-IIU11T (Fig.  1). The topology 

of the phylogenetic and phylogenomic trees is in 
accordance with the sequence similarities for the 16S 
rRNA gene of the novel strains versus the type strains 
of the Hymenobacter species. The 16S rRNA gene 
similarity between these two isolates and H. duratus 
 BT646T and H. psychrotolerans Tibet-IIU11T, which 

Table 1  Comparative 
characteristics of strains 
S2-20-2T and S2-21–1 from 
some close members of 
Hymenobacter 

Strains: 1, S2-20-
2T; 2, S2-21-1; 3, H. 
duratus  BT646T; 4, H. 
psychrotolerans DSM 
 18569T; 5, H. kanuolensis 
KCTC  32407T; 6. H. 
guriensis  BT594T. All data 
were from this study, unless 
indicated. All strains were 
observed to be negative 
for activities of nitrate 
reduction, inlole production, 
arginine dihydrolase, 
α-chymotrypsin, 
α-fucosidase, 
α-galactosidase, 
β-galactosidase, 
β-glucuronidase lipase 
(C14), α-mannosidase, and 
trypsin; carbon assimilation 
of acetate, N-acetyl-
glucosamine, adipate, 
l-arabinose, caprate, citrate, 
gluconate, 4-hydroxy-
benzoate, itaconate, 
2-ketogluconate, dl-
lactate, malonate, d-ribose, 
suberate, and valerate. + , 
positive; –, negative
a Data taken from Damdin-
togtokh et al. (2021)
b Zhang et al. (2008)
c Su et al. (2014)

Characteristics 1 2 3 4 5 6
Isolation source Sediment Sediment Soil Permafrost 

sediment
Soil Soil

Growth range (°C) 4–30 4–30 10–30 4–28 4–37 10–30
pH range 5–8 5–8 6–9 5–10 6–8 6–9
Oxidase/Catalase −/+ −/+ +/+ +/+ −/+ +/+
Urease − − − − − +
Glucose acidification − − − + − −
Esculin hydrolysis − − − + − +
Gelatine hydrolysis + + + − + −
Enzyme activities:
N-acetyl-β-glucosaminidase + − − − + +
Acid phospatase + − − + + +
Cystine arylamidase + + − + + −
Esterase (C4) + + − + + +
α-Glucosidase − − − − − +
β-Glucosidase − − − − − +
Naphthol-AS-BI-phosphohydrolase + + − + + +
Carbon utilization:
l-Alanine + − − − + −
l-Fucose + + − − − −
d-Glucose + − + + + +
Glycogen − − + − − +
Histidine + + − − + −
3-Hydroxy-butyrate + + + − − −
Inositol − − + − + −
Malate + + − − − −
Maltose + + + − + −
d-Mannitol + − − − − −
d-Mannose + + + + − −
d-Melibiose + − − − − −
Phenyl acetate − + − − − −
l-Proline − − − − + −
Propionate − − + − − −
Rhamnose + − + − + −
Salicin + − − − − −
l-Serine + − − − − −
d-Sorbitol + + − − − −
d-Sucrose + + − + − −
DNA G + C content (mol%) 57.9 57.7 59.5a 60.8b 69.2c 59.8a
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is much higher than the species discrimination value 
of 98.7% (Stackebrandt and Ebers 2006). For further 
characterization, ANI, AAI and dDDH analysis based 
on whole-genome sequences was applied. Table  2 
shows that relative to the type strain S2-20-2T, the 
ANI values of the named species varied between 
75.7% (H. wooponensis JCM  19491T) and 91.4% (H. 
duratus  BT646T), which is lower than the threshold 
value of 95–96% for bacterial species circumscrip-
tion (Fig.  2). The AAI (dDDH) values obtained for 
all pairwise comparisons between type strain and 
related Hymenobacter species ranged from 71.7 to 
94.6% (21.2 to 43.9%), which is also in borderline 
of 95% (ANI) and 70% (dDDH) species delineation 
(Goris et al. 2007; Richter and Rosselló-Móra 2009; 
Kim et al. 2014; Luo et al. 2014; Konstantinidis et al. 
2017; Nicholson et al. 2020). The conclusion is also 

supported by genome alignment and comparison 
between S2-20-2T and the two most closely related 
strains, H. duratus  BT646T and H. psychrotolerans 
DSM  18552T (Fig.  3). According to analyses of the 
resulting architecture, the genomes of S2-20-2T and 
H. duratus  BT646T were collinear and shared 91.4% 
of their content. Large structural differences between 
S2-20-2T and H. psychrotolerans DSM  18552T, how-
ever, consist of intra-chromosomal translocation 
and inversion. The complete circular chromosome 
of strain S2-20-2T was of 4,511,071 bp with the GC 
content of 57.9%, and the genome encoded a total of 
3,860 genes, including 3,785 protein-coding genes, 
49 tRNA genes, 9 rRNA genes, 3 ncRNA genes and 
14 pseudo genes (Supplementary Table  S2). The 
circular genome map of strain S2-20-2T was shown 
in Fig.  4. The genome sequence of strain S2-20-2T 

Fig. 1  A Phylogenomic tree reconstructed by core gene sets 
on the autoMLST web platform shows that the position of 
type strain S2-20-2T among the type species within the genus 
Hymenobacter. The MLSA tree was reconstructed based on 

85 different housekeeping genes. Pontibacter actiniarum DSM 
 19842T was used as the outgroup. Bar, 5% nucleotide substitu-
tion
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was deposited at DDBJ/EMBL/GenBank with the 
accession number CP060202. Since members of the 
genus Hymenobacter demonstrated UV radiation 
resistance, we concentrated on identifying the genes 
responsible for its high tolerance to UV-light irradia-
tion and ability to survive under harsh environmental 
circumstances. A total of 38 genes associated with 
DNA repair were observed. Based on their function, 
these genes were categorized into several groups: 
the bacterial MutL–MutS system (4), UvrABC sys-
tem (5), bacterial photolyase (1), the DNA repair 
system including RecA and MutS (3), the bacte-
rial RecFOR pathway (8), RecA and RecX (2), and 
other DNA (15). In addition, the S2-20-2T strain pos-
sesses a large number of genes for stress tolerance 
(29) and resistance to heavy metals, antibiotics, and 
toxic compounds (15) (Fig. 4). Additionally, S2-20-2T 
contained cold shock protein genes (GenBank acces-
sion numbers QNH62622, QNH63062, QNH63812, 
QNH61051, and QNH61773). Carbon storage-
related genes and the glycogen-debranching gene 
(QNH62608) were also discovered in the genome, 
both of which assist the microorganism in adapting to 
frigid environments during growth. Strain S2-20-2T 

possesses numerous genes responsible for metal 
transport/resistance, including copper-translocating 
P-type ATPase (QNH63542), cation-transporting 
P-type ATPase (QNH63944), cadmium-translocating 
P-type ATPase (QNH64153), and heavy metal trans-
locating P-type ATPase (QNH61699).

Based on phenotypic and phylogenetic and phy-
logenomic characteristics, strains S2-20-2T and 
S2-21-1 are considered to be members of the genus 
Hymenobacter. Some physiological evidences, like 
temperature growth range, carbon utilization, and 
enzyme activities, differentiated the two strains from 
their closely related species of Hymenobacter. Here, 
we propose that strains S2-20-2T and S2-21-1 repre-
sents a novel species of the genus Hymenobacter, for 
which the name Hymenobacter sediminicola sp. nov. 
is proposed.

Description of Hymenobacter sediminicola sp. nov.

Hymenobacter sediminicola (se.di.mi.ni’co.la. L. 
n. sedimen, -inis sediment; L. suff. -cola inhabitant, 
dweller; N.L. n. sediminicola sediment-dweller, refer-
ring to the source of the type strain).

Table 2  General features and relationship of the genomes of type strain S2-20-2T with the closely related species of the genus 
Hymenoobacter 

No Strains 16S rRNA ANI AAI dDDH

1 Hymenobacter aerophilus DSM  13606T (ARNJ00000000) 94.7 76.8 72.4 22.6
2 Hymenobacter amundsenii CCM  8682T (NIRR00000000) 96.2 76.2 72.4 22.4
3 Hymenobacter chitinivorans DSM  11115T (PGFA00000000) 94.7 75.9 72.4 21.2
4 Hymenobacter daecheongensis DSM  21074T (FQYN00000000) 94.6 76.6 73.1 21.6
5 Hymenobacter duratus  BT646T (JACWZZ000000000) 99.3 91.4 94.6 43.9
6 Hymenobacter gelipurpurascens DSM  11116T (FYEW00000000) 95.5 76.5 74.9 22.0
7 Hymenobacter glacieicola CGMCC 1.12990T (BMGS00000000) 95.9 76.9 75.0 19.5
8 Hymenobacter guriensis  BT594T (JADWYK010000000) 96.7 76.7 72.8 22.4
9 Hymenobacter mucosus DSM  28041T (FZNS00000000) 94.2 75.2 75.0 21.2
10 Hymenobacter norwichensis DSM  15439T (ATVL00000000) 94.4 77.2 77.3 21.5
11 Hymenobacter perfusus LMG  26000T (RWIU00000000) 96.5 77.7 75.5 23.8
12 Hymenobacter persicinus 1-3-3-3T (SEWE00000000) 94.2 76.3 73.4 21.2
13 Hymenobacter psychrophilus CGMCC 1.8975T (FNOV00000000) 95.1 76.0 71.7 22.2
14 Hymenobacter psychrotolerans Tibet-IIU11T (FRAS00000000) 99.3 84.0 87.8 27.4
15 Hymenobacter rigui KCTC  12533T (RWIT00000000) 96.5 77.2 74.7 23.5
16 Hymenobacter rubripertinctus CCM  8852T (QYCN00000000) 95.0 76.7 73.1 22.8
17 Hymenobacter sediminis  ELS1360T (QKNS00000000) 95.1 76.4 74.8 22.1
18 Hymenobacter swuensis  DY53T (CP007145) 96.9 77.5 75.3 23.7
19 Hymenobacter wooponensis JCM  19491T (SRKZ00000000) 95.0 75.7 74.4 22.3
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Fig. 2  Heatmap of ANI values for closely related Hymenobacter genomes from NCBI. Genomes are clustered using hierarchical 
clustering of ANI values, as implemented in the R package “pheatmap” (v1.0.12)

Fig. 3  The whole genome alignment and comparison between the genomes of S2-20-2T, H. duratus  BT646T and H. psychrotolerans 
 DSM18569T
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Cells are Gram-stain-negative, non-motile, rods 
grown for 48 h at 25  °C on R2A agar. Colonies are 
smooth, circular, convex, and pink-coloured on R2A 
agar. Growth occurs at 4–30  °C (optimum 25  °C), 
at pH 5.0–8.0 (optimum pH 7.0), and in 0–1% NaCl 
(0–2% for strain S2-21-1). Catalase-positive and 
oxidase-negative. Positive for gelatin hydrolysis, but 
negative for nitrate reduction, indole production, glu-
cose acidification, arginine dihydrolase, urease, aes-
culin hydrolysis and β-galactosidase activities. The 
major fatty acids are iso-C15:0, anteiso-C15:0, summed 
feature 3  (C16:1 ω6c and/or  C16:1 ω7c/t), and summed 
feature 4  (C17:1 anteiso B and/or  C17:1 iso I). The 
major polar lipids are identified as phosphatidyletha-
nolamine and an unidentified lipid. The DNA G + C 
content of the type strain is 57.9%.

The type strain S2-20-2T (= CGMCC 
1.18734T = JCM  35801T) was isolated from a sedi-
ment sample collected in Huaihe River, China. The 
GenBank/EMBL/DDBJ accession numbers for the 
16S rRNA gene sequence of strains S2-20-2T and 
S2-21-1 are MW073560 and MW073561, respec-
tively. The GenBank accession number for the 
whole genome sequence of type strain S2-20-2T is 
CP060202.

Author contributions RT and ZC: conceptualization, data 
curation, and writing-original draft preparation; JCZ, JFJ, LT, 
and OHM: data curation and visualization; JL: supervision and 
writing-reviewing and editing.

Funding This research was funded by the Korea Environ-
ment Industry and Technology Institute (KEITI) through a 
project to develop new, ecofriendly materials and processing 

Fig. 4  Graphic representation of circular chromosome of 
S2-20-2T. From inside to outside, the circles represent: the 
first and second circles represent protein-coding regions (CDS) 
and RNA-coding regions; the third and fourth circles represent 

sequence coverage; the fifth circle represents the genome’s GC 
skew ([G C]/[G + C]) plot; and the seventh circle represents 
variation in G + C content



826 Antonie van Leeuwenhoek (2023) 116:817–828

1 3
Vol:. (1234567890)

technology derived from wildlife, funded by the Korea Min-
istry of Environment (MOE), grant number 2021003240004; 
by the Korea Research Institute of Bioscience and Biotech-
nology (KRIBB) Research Initiative Program, grant number 
KGM5252221; and the National Research Council of Science 
& Technology, grant number CAP20023-200).

Declarations 

Conflict of interest The authors declare that the study was 
conducted in the absence of any commercial or financial re-
lationships that could be constructed as a potential conflict of 
interest.

Ethical approval No experiments with humans or animals 
were carried out.

References

Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards 
RA, Formsma K, Gerdes S, Glass EM, Kubal M, Meyer F, 
Olsen GJ, Olson R, Osterman AL, Overbeek RA, McNeil 
LK, Paarmann D, Paczian T, Parrello B, Pusch GD, Reich 
C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko 
O (2008) The RAST server: rapid annotations using sub-
systems technology. BMC Genom 9:75

Aziz RK, Devoid S, Disz T, Edwards RA, Henry CS, Olsen 
GJ, Olson R, Overbeek R, Parrello B, Pusch GD, Stevens 
RL, Vonstein V, Xia F (2012) SEED servers: high-per-
formance access to the SEED genomes, annotations, and 
metabolic models. PLoS ONE 7:e48053

Boulanger E, Barst BD, Alloy MM, Blais S, Houde M, Head 
JA (2019) Assessment of environmentally contami-
nated sediment using a contact assay with early life stage 
zebrafish (Danio rerio). Sci Total Environ 659:950–962

Buczolits S, Denner EB, Busse HJ (1999) Proposal of Hymeno-
bacter norwichensis sp. nov., classification of ‘Taxeobac-
ter ocellatus’,‘Taxeobacter gelupurpurascens’ and ‘Tax-
eobacter chitinovorans’ as Hymenobacter ocellatus sp. 
nov., Hymenobacter gelipurpurascens sp. nov. and Hyme-
nobacter chitinivorans sp. nov., respectively, and emended 
description of the genus Hymenobacter Hirsch et al. Int J 
Syst Evol Microbiol 56:2071–2078

Buczolits S, Denner EB, Kämpfer P, Busse HJ (2006) Proposal 
of Hymenobacter norwichensis sp. nov., classification of 
‘Taxeobacter ocellatus’, ‘Taxeobacter gelupurpurascens’ 
and ‘Taxeobacter chitinovorans’ as Hymenobacter ocella-
tus sp. nov., Hymenobacter gelipurpurascens sp. nov. and 
Hymenobacter chitinivorans sp. nov., respectively, and 
emended description of the genus Hymenobacter Hirsch 
et al. 1999. Int J Syst Evol Microbiol 56:2071–2078

Collins MD, Hutson RA, Grant IR, Patterson MF (2000) Phy-
logenetic char-acterization of a novel radiation-resistant 
bacterium from irradiated pork: description of Hymeno-
bacter actinosclerus sp. nov. Int J Syst Evol Microbiol 
50:731–734

Dai J, Wang Y, Zhang L, Tang Y, Luo X, An H, Fang C 
(2009) Hymenobacter tibetensis sp. nov., a UV-resistant 

bacterium isolated from Qinghai-Tibet plateau. Syst Appl 
Microbiol 32:543–548

Damdintogtokh T, Cha IT, Kim MK (2021) Hymenobacter 
guriensis sp. nov., and Hymenobacter duratus sp. nov., 
radiation-resistant species isolated from soil in South 
Korea. Curr Microbiol 78:3334–3341

Felsenstein J (1981) Evolutionary trees from DNA sequences: 
a maximum likelihood approach. J Mol Evol 17:368–376

Felsenstein J (1985) Confidence limit on phylogenies: an 
approach using the bootstrap. Evolution 39:783–791

Feng GD, Zhang J, Zhang XJ, Wang SN, Xiong X, Zhang YL, 
Huang HR, Zhu HH (2019) Hymenobacter metallilatus 
s. nov., isolated from abandoned lead-zinc ore. Int J Syst 
Evol Microbiol 69:2142–2146

Fitch WM (1971) Toward defining the course of evolution: 
minimum change for a specific tree topology. Syst Zool 
20:406–416

Goordial J, Raymond-Bouchard I, Zolotarov Y, de Bethen-
court L, RonholmJ SN, Woyke T, Stromvik M, Greer 
CW, Bakermans C, Whyte L (2015) Cold adaptive traits 
revealed by comparative genomic analysis of the eurypsy-
chrophile Rhodococcus sp. JG3 isolated from high eleva-
tion McMurdo Dry Valley permafrost, Antarctica. FEMS 
Microbiol Ecol 92:154

Goris J, Konstantinidis KT, Klappenbach JA, Coenye T, Van-
damme P, Tiedje JM (2007) DNA–DNA hybridization 
values and their relationship to whole-genome sequence 
similarities. Int J Syst Evol Microbiol 57:81–91

Hall TA, Hall TA (1999) BioEdit: a user-friendly biological 
sequence alignment editor and analysis program for Win-
dows 95/98/NT. Nucl Acids Symp Ser 41:95–98

Han J, Ten LN, Lee DH, Kang IK, Jung HY (2018) Hymeno-
bacter agri sp. nov., a novel bacterium isolated from soil. 
Antonie Van Leeuwenhoek 111:1815–1823

Hirsch P, Ludwig W, Hethke C, Sittig M, Hoffmann B, Gal-
likowski CA (1998) Hymenobacter roseosalivarius gen. 
nov., sp. nov. from continental Antarctic soils and sand-
stone: bacteria of the Cytophaga/Flavobacterium/Bacte-
roides line of phylogenetic descent. Syst Appl Microbiol 
21:374–383

Jin L, Lee HG, Kim SG, Lee KC, Ahn CY, Oh HM (2014) 
Hymenobacter ruber sp. nov., isolated from grass soil. Int 
J Syst Evol Microbiol 64:979–983

Jin CZ, Zhuo Y, Wu X, Ko SR, Li T, Jin FJ, Ahn CY, Oh HM, 
Lee HG, Jin L (2020) Genomic and metabolic insights 
into denitrification, sulfur oxidation, and multidrug efflux 
pump mechanisms in the bacterium Rhodoferax sediminis 
sp. nov. Microorganisms 8:262

Jin CZ, Wu XW, Zhuo Y, Yang Y, Li T, Jin FJ, Lee HG, Jin L 
(2022) Genomic insights into a free-living, nitrogen-fix-
ing but non nodulating novel species of Bradyrhizobium 
sediminis from freshwater sediment: three isolates with 
the smallest genome within the genus Bradyrhizobium. 
Syst Appl Microbiol 45:126353

Kaur A, Pan M, Meislin M, Facciotti MT, El-Gewely R, 
Baliga NS (2006) A systems view of haloarchaeal strate-
gies to withstand stress from transition metals. Genome 
Res 16:841–854

Kim M, Oh HS, Park SC, Chun J (2014) Towards a taxo-
nomic coherence between average nucleotide identity 
and 16S rRNA gene sequence similarity for species 



827Antonie van Leeuwenhoek (2023) 116:817–828 

1 3
Vol.: (0123456789)

demarcation of prokaryotes. Int J Syst Evol Microbiol 
64:346–351

Klassen JL, Foght JM (2011) Characterization of Hymeno-
bacter isolates from Victoria Upper Glacier, Antarctica 
reveals five new species and substantial non-vertical 
evolution within this genus. Extremophiles 15:45–57

Kojima H, Watanabe M, Tokizawa R, Shinohara A, Fukui 
M (2016) Hymenobacter nivis sp. nov., isolated from 
red snow in Antarctica. Int J Syst Evol Microbiol 
66:4821–4825

Komagata K, Suzuki KI (1988) Lipid and cell wall analysis 
in bacterial systematics. Methods Microbiol 19:161–207

Konstantinidis KT, Rosselló-Móra R, Amann R (2017) 
Uncultivated microbes in need of their own taxonomy. 
ISME J 11:2399–2406

Kumar S, Stecher G, Tamura K (2016) Molecular evolution-
ary genetics analysis version 7.0 for bigger datasets. 
Mol Biol Evol 33:1870–1874

Lee I, Kim YO, Park SC, Chun J (2016) OrthoANI: an 
improved algorithm and software for calculating aver-
age nucleotide identity. Int J Syst Evol Microbiol 
66:1100–1103

Luo C, Rodriguez-r LM, Konstantinidis KT (2014) MyTaxa: 
an advanced taxonomic classifier for genomic and 
metagenomic sequences. Nucleic Acids Res 42:e73–e73

Maeng S, Kim MK, Subramani G (2020) Hymenobacter 
jejuensis sp. nov., a UV radiation-tolerant bacterium 
isolated from Jeju Island. Antonie Van Leeuwenhoek 
113:553–561

Meier-Kolthoff JP, Auch AF, Klenk H-P, Göker M (2013) 
Genome sequence-based species delimitation with con-
fidence intervals and improved distance functions. BMC 
Bioinform 14:60

Nicholson AC, Gulvik CA, Whitney AM, Humrighouse BW, 
Bell ME, Holmes B, Steigerwalt AG, Villarma A, Sheth 
M, Batra D, Rowe LA, Burroughs M, Pryor JC, Bernardet 
JF, Hugo C, Kämpfer P, Newman JD, McQuiston RJ 
(2020) Division of the genus Chryseobacterium: obser-
vation of discontinuities in amino acid identity values, a 
possible consequence of major extinction events, guides 
transfer of nine species to the genus Epilithonimonas, 
eleven species to the genus Kaistella, and three species to 
the genus Halpernia gen. nov., with description of Kaist-
ella daneshvariae sp. nov. and Epilithonimonas vandam-
mei sp. nov. derived from clinical specimens. Int J Syst 
Evol Microbiol 70:4432–4450

Nies DH (2003) Efflux-mediated heavy metal resistance in 
prokaryotes. FEMS Microbiol Rev 27:313–339

Parte AC, Sardà Carbasse J, Meier-Kolthoff JP, Reimer LC, 
Göker M (2020) List of prokaryotic names with standing 
in nomenclature (LPSN) moves to the DSMZ. Int J Syst 
Evol Microbiol 70:5607–5612

Pratt DR, Lohrer AM, Pilditch CA, Thrush SF (2014) 
Changes in ecosystem function across sedimentary gra-
dients in estuaries. Ecosystems 17:182–194

Qi J, Wang B, Hao BI (2004) Whole proteome prokaryote 
phylogeny without sequence alignment: a K-string com-
position approach. J Mol Evol 58:1–11

Richter M, Rosselló-Móra R (2009) Shifting the genomic 
gold standard for the prokaryotic species definition. 
Proc Natl Acad Sci USA 106:19126–19131

Saitou N, Nei M (1987) The neighbour-joining method; a 
new method for reconstructing phylogenetic trees. Mol 
Biol Evol 4:406–425

Sedláček I, Králová S, Kýrová K, Mašlaňová I, Busse HJ, 
Staňková E, Vrbovská V, Němec M, Barták M, Holo-
chová P, Švec P, Pantůček R (2017) Red-pink pigmented 
Hymenobacter coccineus sp. nov., Hymenobacter lapi-
darius sp. nov. and Hymenobacter glacialis sp. nov., iso-
lated from rocks in Antarctica. Int J Syst Evol Microbiol 
67:1975–1983

Sedláček I, Pantůček R, Králová S, Mašlaňová I, Holochová 
P, Staňková E, Vrbovská V, Švec P, Busse HJ (2019) 
Hymenobacter amundsenii sp. nov. resistant to ultravio-
let radiation, isolated from regoliths in Antarctica. Syst 
Appl Microbiol 42:284–290

Sheu SY, Li YS, Young CC, Chen WM (2017) Hymenobac-
ter pallidus sp. nov., isolated from a freshwater fish cul-
ture pond. Int J Syst Evol Microbiol 67:2915–2921

Srinivasan S, Lee JJ, Park KR, Park SH, Jung HY, Kim MK 
(2015) Hymenobacter terrae sp. nov., a bacterium iso-
lated from soil. Curr Microbiol 70:643–650

Stackebrandt E, Ebers J (2006) Taxonomic parameters 
revisited: tarnished gold standards. Microbiol Today 
33:152–155

Su S, Chen M, Teng C, Jiang S, Zhang C, Lin M, Zhang 
W (2014) Hymenobacter kanuolensis sp. nov., a novel 
radiation-resistant bacterium. Int J Syst Evol Microbiol 
64:2108–2112

Subhash Y, Sasikala Ch, Ramana ChV (2014) Hymenobac-
ter roseus sp. nov., isolated from sand. Int J Syst Evol 
Microbiol 64:4129–4133

Sullivan MJ, Petty NK, Beatson SA (2011) Easyfig: a genome 
comparison visualizer. Bioinformatics 27:1009–1010

Tamaoka J, Komagata K (1984) Determination of DNA base 
composition by reverse-phased high-performance liquid 
chromatography. FEMS Microbiol Lett 25:125–128

Tatusov RL, Koonin EV, Lipman DJ (1997) A genomic per-
spective on protein families. Science 278:631–637

Tatusov RL, Fedorova ND, Jackson JD, Jacobs AR, Kiryu-
tin B, Koonin EV, Krylov DM, Mazumder R, Mekhedov 
SL, Nikolskaya AN, Rao BS, Smirnov S, Sverdlov AV, 
Vasudevan S, Wolf YI, Yin JJ, Natale DA (2003) The 
COG database: an updated version includes eukaryotes. 
BMC Bioinform 4:41

Ten LN, Lee YH, Lee JJ, Park SJ, Lee SY, Park S, Lee DS, 
Kang IK, Jung HY (2017) Hymenobacter daeguensis sp. 
nov. isolated from river water. J Microbiol 55:253–259

Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Hig-
gins DG (1997) The Clustal X windows interface: flex-
ible strategies for multiple sequence alignment aided by 
quality analysis tools. Nucleic Acids Res 24:4876–4882

Tindall BJ (1990) A comparative study of the lipid composition 
of Halobacterium saccharovorum from various sources. 
Syst Appl Microbiol 13:128–130

Weisburg WG, Barns SM, Pelletier DA, Lane DJ (1991) 16S 
ribosomal DNA amplification for phylogenetic study. J 
Bacteriol 173:697–703

Wick RR, Judd LM, Gorrie CL, Holt KE (2017) Unicycler: 
resolving bacterial genome assemblies from short and 
long sequencing reads. PLoS Comput Biol 13:e1005595



828 Antonie van Leeuwenhoek (2023) 116:817–828

1 3
Vol:. (1234567890)

Wu X, Jin CZ, Jin FJ, Li T, Sung YJ, Oh HM, Lee HG, Jin 
L (2020) Lacisediminimonas profundi gen. nov., sp. 
nov., a member of the family Oxalobacteraceae isolated 
from freshwater sediment. Antonie Van Leeuwenhoek 
113:253–264

Wu D, Liu H, Wu J, Gao X (2022) Spatial distribution, ecolog-
ical risk assessment and source analysis of heavy metals 
pollution in urban lake sediments of Huaihe River Basin. 
Int J Environ Res Public Health 19:14653

Xu M, Wang R, Sun W, Wang D, Wu X (2023) Source identifi-
cation and ecological risk of potentially harmful trace ele-
ments in lacustrine sediments from the middle and lower 
reaches of Huaihe River. Water 15:544

Yang Y, Jin CZ, Jin FJ, Li T, Lee JM, Kim CJ, Lee HG, Jin L 
(2020) Caulobacter soli sp. nov., isolated from soil sam-
pled at Jiri Mountain, Republic of Korea. Int J Syst Evol 
Microbiol 70:4158–4164

Yoon SH, Ha SM, Kwon S, Lim J, Kim Y, Seo H, Chun J 
(2017) Introducing EzBioCloud: a taxonomically united 
database of 16S rRNA and whole genome assemblies. Int 
J Syst Evol Microbiol 67:1613–1617

Zhang Q, Liu C, Tang Y, Zhou G, Shen P, Fang C, Yokota A 
(2007) Hymenobacter xinjiangensis sp. nov., a radiation-
resistant bacterium isolated from the desert of Xinjiang, 
China. Int J Syst Evol Microbiol 57:1752–1756

Zhang G, Niu F, Busse HJ, Ma X, Liu W, Dong M, Feng H, 
An L, Cheng G (2008) Hymenobacter psychrotolerans sp. 
nov., isolated from the Qinghai-Tibet Plateau permafrost 
region. Int J Syst Evol Microbiol 58:1215–1220

Zhang L, Qin X, Liu J, Sun C, Mu Y, Gao J, Guo W, An S, 
Lu C (2016) Geochemistry of sediments from the Huaibei 
Plain (east China): implications for provenance, weath-
ering, and invasion of the Yellow River into the Huaihe 
River. J Asian Earth Sci 121:72–83

Zuo G (2021) CVTree: a parallel alignment-free phylogeny and 
taxonomy tool based on composition vectors of genomes. 
GPB 19:662–667

Publisher’s Note Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

Springer Nature or its licensor (e.g. a society or other partner) 
holds exclusive rights to this article under a publishing 
agreement with the author(s) or other rightsholder(s); author 
self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement 
and applicable law.


	Description of Hymenobacter sediminicola sp. nov., isolated from contaminated sediment
	Abstract 
	Introduction
	Materials and methods
	Isolation, morphological and physiological characterization
	Chemotaxonomic characterization
	Genomic and phylogenetic analyses

	Results and discussion
	Phylogenetic and whole genome sequence analysis
	Description of Hymenobacter sediminicola sp. nov.

	Anchor 11
	References




