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Abstract
A novel bacterium, designated as strain RS5-5T, was isolated from lake water in northwestern China. Cells of the isolate 
were observed to be rod shaped and Gram stain negative. Its growth occurred at 4–37 ℃, pH 6.5–9.0 and in the presence of 
0–5% (w/v) NaCl. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain RS5-5T was most closely 
related to Qipengyuania sediminis GDMCC 1.2497T (97.5%), followed by Erythrobacter dokdonensis DSW-74T (97.3%) 
and Qipengyuania algicida GDMCC 1.2535T (97.0%). Phylogenomic analysis revealed that strain RS5-5T formed a distinct 
branch with the genus Parerythrobacter. The sole quinone was ubiquinone-10, and the major fatty acids (≥ 10%) were 
unsaturated fatty acids including  C17:1 ω6c, summed feature 3  (C16:1 ω7c/C16:1 ω6c) and summed feature 8  (C18:1 ω7c/C18:1 
ω6c). The polar lipids were phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine, 
one unidentified sphingoglycolipid, three unidentified glycolipids, one unidentified aminoglycolipid, one unidentified ami-
nolipid, two unidentified phospholipids and four unidentified polar lipids. Chemotaxonomic characteristics of strain RS5-5T 
were coincident with those of the genus Parerythrobacter members. The average nucleotide identity, average amino acid 
identity and digital DNA–DNA hybridization values between strain RS5-5T and two Parerythrobacter reference strains were 
in the ranges of 73.2–77.7%, 69.0–78.0% and 18.9–20.4%, respectively. The genomic DNA G + C content of strain RS5-5T 
was 64.1%. The results of phenotypic, phylogenetic and genomic analyses suggested that strain RS5-5T represents a novel 
species in the genus Parerythrobacter, for which the name Parerythrobacter lacustris sp. nov. is proposed. The type strain 
is RS5-5T (= GDMCC 1.3163T = 
KCTC  92277T).
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Introduction

The genus Parerythrobacter belonging to the family Eryth-
robacteraceae was proposed by Xu et al. (2020) based on 
the core-genomic phylogeny, with two species Erythrobacter 
jejuensis and Altererythrobacter lutipelagi reclassified into 
the genus Parerythrobacter (https:// lpsn. dsmz. de/ genus/ 
parer ythro bacter). Members of the genus Parerythrobacter 
inhabit aquatic environments, such as seawater (Yoon et al. 
2013) and tidal mudflat (Lee 2019). The cells of members of 
the genus Parerythrobacter are aerobic, rod shaped, Gram 
stain negative and non-motile. Genomic G + C contents 
of the genus Parerythrobacter are 60.2–60.6% calculated 
from genome sequences. The major polar lipids are diphos-
phatidylglycerol, phosphatidylglycerol, sphingoglycolipid, 
phosphatidylethanolamine and phosphatidylcholine, and the 
predominant isoprenoid quinone is ubiquinone-10 (Q-10). In 
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this study, strain RS5-5T was isolated from a surface water 
sample during an investigation of bacterial diversity in Say-
ram Lake located in northwestern China. Then a polyphasic 
taxonomic study including phenotypic, chemotaxonomic 
and genome-based approaches was applied to determine the 
taxonomic status of the strain RS5-5T.

Materials and methods

Isolation of bacterial strain and culture conditions

The surface water sample was collected from Sayram Lake 
(81°04′E, 44°41′N), Xinjiang Uygur Autonomous Region, in 
August 2019. The sample was plated onto the surface of the 
R2A agar. After incubation for 2 weeks, one yellow-colored 
strain, designated as RS5-5T, was picked and purified by 
subcultivation. Strain RS5-5T was maintained in R2A broth 
with glycerol suspensions (20%, v/v) at − 80 °C for long-
term preservation. Parerythrobacter jejuensis JCM  16677T 
and Parerythrobacter lutipelagi NBRC  113275T, obtained 
from the Japan Collection of Microorganisms (JCM) and 
the Biological Resource Center, National Institute of Tech-
nology and Evaluation (NBRC), were selected as reference 
strains.

16S rRNA gene sequence and phylogenetic analysis

Genomic DNA was extracted by using the bacterial genome 
DNA rapid extraction kit (Dongsheng Biotech, China, 
N1152) according to the manual, and the 16S rRNA gene 
was amplified and sequenced as described previously (Xu 
et al. 2007). The 16S rRNA gene sequence identity was 
analyzed by using the EzBioCloud database (https:// www. 
ezbio cloud. net/). The 16S rRNA gene sequences of its rela-
tives were obtained from GenBank and aligned by using 
CLUSTAL W (Thompson et al. 1994). The phylogenetic 
reconstructions were performed with MEGA X software 
(Kumar et al. 2018) based on three algorithms including 
maximum likelihood (Felsenstein 1981), maximum parsi-
mony (Fitch 1971) and neighbor joining (Saitou and Nei 
1987). The nucleotide substitution model was adopted by 
using the Kimura two-parameter model (Kimura 1980) and 
the bootstrap analysis was set as 1000 replications for obtain-
ing confidence levels for the branch nodes (Felsenstein1985).

Genome sequencing and phylogenomic analysis

The draft genome of strain RS5-5T was sequenced by 
Illumina sequencing technology and the HiSeq platform 
(Novogene Co., Ltd, Nanjing). The genome sequence was 
assembled using the gcType online server (Shi et al. 2021). 
Genomic annotation of strain RS5-5T was carried out by 

using the Rapid Annotation using Subsystem Technology 
(RAST) platform (Overbeek et al. 2014), and genes involved 
in metabolic pathways were analyzed using the BlastKO-
ALA (Kanehisa et al. 2016). The phylogenomic tree was 
constructed using the GTDBtk pipeline (Chaumeil et al. 
2022; Parks et al. 2022). The average nucleotide identity 
(ANI) between strain RS5-5T and the type strains Pareryth-
robacter lutipelagi NBRC  113275T as well as Parerythro-
bacter jejuensis JCM  16677T was calculated using EzBio-
Cloud (https:// www. ezbio cloud. net/, Chun et  al. 2018). 
Average amino acid identity (AAI) was calculated using the 
Online tools of Genome-wide Identity Suite (Rodriguez-
R and Konstantinidis 2016), and the digital DNA–DNA 
hybridization (dDDH) was determined by the Genome-to-
Genome Distance Calculator (GGDC 3.0, https:// ggdc. dsmz. 
de/ ggdc. php#) with the recommended formula 2 (Meier-
Kolthoff et al. 2022).

Phenotypic characteristics

Cellular morphology was observed using a transmission 
electron microscope (JEM1230, JEOL, Japan). The motil-
ity test was assessed by using R2A broth with 0.25% (w/v) 
agar for 2 weeks. The temperature range (4, 10, 15, 25, 
30, 37, and 40 °C) for growth was determined in the R2A 
broth. Growth at different pH values (5.0–10.5 at 0.5 pH 
units interval) was measured using appropriate biologi-
cal buffers at 50 mM concentration monohydrate for pH 
5.0–6.0, 1,4-piperazinediethanesulfonic acid for pH 6.5–7.0, 
N-[tris(hydroxymethyl)methyl] glycine for pH 7.5–8.5, 
3-(cyclohexylamino)-2-hydroxy-1-propanesulfonic acid for 
pH 9.0–10.5 in R2A broth at 25 ℃. The NaCl range for 
growth was tested at 0–7.5% (w/v) NaCl with the interval 
of 0.5% in the R2A broth. Oxidase and catalase activity was 
examined using the oxidase reagent kit (bioMérieux) and 
3.0% (v/v)  H2O2 solution. Hydrolysis of starch, gelatin, CM-
cellulose (carboxymethyl cellulose) and Tweens 20, 40, 60 
and 80 (1.0%, w/v) and production of  H2S were according to 
the methods described by Xamxidin et al. (2016). Pigments 
were extracted using acetone/methanol (7:2, v/v) and deter-
mined using 300–800 nm wavelength scanning (SP-756P 
UV/Vis scanning spectrophotometer, Shanghai Spectrum 
Instruments Co., Ltd). The flexirubin-type pigment was 
tested using the color change of the colonies when immersed 
in a 20% (w/v) KOH solution (Bernardet et al. 2002). Acid 
production was examined by MOF medium supplemented 
with 1% (w/v) alcohols or carbohydrates (Leifson 1963). 
The medium contained (per liter distilled water): 5 g NaCl, 
2.5 g  MgCl2·2H2O, 1.0 g  MgSO4·  7H2O, 0.5 g KCl, 0.25 g 
 CaCl2, trace  FeSO4, 0.5 g  (NH4)2SO4, 1.0 g casitone (Difco), 
0.1 g yeast extract (Difco), 0.5 g Tris and 0.01 g phenol red 
(pH 8.0). Other physiological and biochemical tests were 
assessed using API 20NE, API ZYM kit (bioMérieux) and 
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https://www.ezbiocloud.net/
https://ggdc.dsmz.de/ggdc.php#
https://ggdc.dsmz.de/ggdc.php#


Archives of Microbiology         (2023) 205:279  

1 3

Page 3 of 7   279 

GENIII Microplate (Biolog) according to the manufacturer’s 
instructions.

Chemotaxonomic characterization

Cellular fatty acids of strains RS5-5T, Parerythrobacter luti-
pelagi NBRC  113275T and Parerythrobacter jejuensis JCM 
 16677T were analyzed by the protocol of MIDI (method: 
TSBA6) with cells collected at the mid-exponential phase. 
Respiratory quinones of strain RS5-5T were extracted from 
400 mg freeze-dried cell material with chloroform/methanol 
(2:1, v/v), identified by TLC (thin layer chromatography) 
and then identified by an HPLC–MS system (Agilent 1200 
and Thermo Finnigan LCQ DECA XP MAX mass spectrom-
eter) (Minnikin et al. 1984). For polar lipid analyses, cells of 
strain RS5-5T were collected and lyophilized following the 
cultivation in R2Abroth at 25 °C for 5 days, their polar lipids 
were extracted according to the procedure described by Min-
nikin et al. (1984), separated by two-dimensional TLC and 
identified by spraying reagents including molybdophos-
phoric acid, ammonium molybdate reagent, ninhydrin and 
α-naphthol–sulfuric acid (Tindall 1990).

Results and discussion

Genetic features and phylogenetic relationship

The 16S rRNA gene sequence identity analysis showed that 
strain RS5-5T was closely related to Qipengyuania sediminis 
GDMCC 1.2497T (97.5%) (Feng et al. 2015), Erythrobac-
ter dokdonensis DSW-74T (97.30%) (Yoon et al. 2006) and 
Qipengyuania algicida GDMCC 1.2535T (97.0%) (Kristy-
anto et al. 2017; Xu et al. 2020). The phylogenetic relation 
of strain RS5-5T needed to be further investigated by using 
additional analyses including the phylogenomic recon-
struction and overall genome relatedness index calculation 
(Table S1).

The genomic size of strain RS5-5T was 3.06 Mb with a 
total of 12 contigs and the G + C content was 64.1%. The 
genome of strain RS5-5T contained 49 RNA genes (3 rRNA 
genes and 46 tRNA genes) and 3048 coding sequences. 
Genome annotation by RAST results showed that RS5-5T 
with closely related strains shared many common subsystem 
features including membrane transport, stress response, res-
piration, metabolism of carbohydrates, DNA, RNA, protein, 
etc. (Table S2). In addition, the genomic G + C content of 
strain RS5-5T was higher than that of Parerythrobacter luti-
pelagi NBRC  113275T and Parerythrobacter jejuensis JCM 
 16677T (60.2–60.6%).

The whole genome-based phylogeny tree reconstructed 
using GTDBtk showed that strain RS5-5T formed a reliable 
clade with Parerythrobacter lutipelagi NBRC  113275T, 

which branched from Parerythrobacter jejuensis JCM 
 16677T (Fig. 1) Moreover, the AAI, ANI and dDDH values 
of strain RS5-5T with Parerythrobacter lutipelagi NBRC 
 113275T and Parerythrobacter jejuensis JCM  16677T were 
69.0–78.1%, 73.2–77.7% and 18.9–20.4%, respectively, 
which were lower than the thresholds for species delineation 
(Konstantinidis and Tiedje 2005; Goris et al. 2007; Richter 
and Rosselló-Móra 2009; Stackebrandt and Goebel 1994). 
Thus, it is strongly suggested that strain RS5-5T could be 
classified as a novel species of the genus Parerythrobacter.

Biochemical features

C e l l s  o f  s t r a i n  R S 5 - 5 T we re  ro d  s h a p e d 
(0.4–0.6 µm × 1.0–1.6 µm), non-flagellated (Fig. S2) and 
Gram stain negative. Colonies of strain RS5-5T were yel-
low, which was consistent with Parerythrobacter lutipe-
lagi NBRC  113275T and Parerythrobacter jejuensis JCM 
 16677T. The temperature, pH and NaCl range for growth 
were 4–37 °C, 6.5–9.0 and 0–5% (optimum 25 °C, pH 8.0, 
0%). Compared with two reference strains, strain RS5-5T 
grew optimally in NaCl-free medium. Moreover, strain RS5-
5T could produce acids from cellobiose and xylan, which 
were different from Parerythrobacter lutipelagi NBRC 
 113275T and Parerythrobacter jejuensis JCM  16677T. 
Detailed results and other physiological and biochemical 
characteristics of strain RS5-5T are given in the species 
description, and similarities and differences with reference 
strains are described in Table 1. All negative traits from 
API ZYM, API 20NE kits and acid production are listed in 
Table S4, and the unavailability of carbon sources (GENIII 
Microplate) is listed in Table S5.

Chemotaxonomic features

Q-10 was determined as the sole respiratory quinone for 
strain RS5-5T, which is in accord with that found in mem-
bers of the family Erythrobacteraceae (Xu et al. 2020). 
The dominant cellular fatty acids (> 10%) of strain RS5-
5T were  C17:1 ω6c and summed feature 8  (C18:1 ω7c/C18:1 
ω6c), which were similar to Parerythrobacter jejuensis JCM 
 16677T and Parerythrobacter lutipelagi NBRC  113275T, 
while the amount percentages of  C17:1 ω6c (40.1%) and 
summed feature 8 in strain RS5-5T were obviously different 
from those in Parerythrobacter lutipelagi NBRC  113275T. 
Furthermore, the amount percentage of summed feature 
3 in strain RS5-5T was 16.7%, which was higher than in 
the Parerythrobacter lutipelagi NBRC  113275T (6.2%) 
and Parerythrobacter jejuensis JCM  16677T (3.4%). The 
detailed amount percentages of fatty acids are listed in 
Table S3. The polar lipid profiles of strain RS5-5T and ref-
erence strains all included phosphatidylethanolamine (PE), 
phosphatidylglycerol (PG), diphosphatidylglycerol (DPG), 
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phosphatidylcholine (PC) and sphingoglycolipid (SGL). 
Two unidentified phospholipids (PL), three unidentified gly-
colipids (GL), one unidentified aminoglycolipid (AGL) and 
unidentified aminolipid (AL) were detected in strain RS5-5T, 
but were absent in two reference strains (Fig.S3).

Conclusions

The genotypic, phylogenetic, chemotaxonomic and other 
phenotypic characteristics of strain RS5-5T were closely 
related, but also different from Parerythrobacter jejuen-
sis JCM  16677T and Parerythrobacter lutipelagi NBRC 
 113275T. Strain RS5-5T should be classified within the genus 
Parerythrobacter as representing a novel species, for which 
the name Parerythrobacter lacustris sp. nov. is proposed.

Emended description of the genus Parerythrobacter

In addition to the characteristics described for the genus 
Parerythrobacter by Xu et al. (2020), some species do not 
necessarily require NaCl for growth. The summed feature 3 
(C16:1 ω7c/C16:1 ω6c) is present as the major component. 
The DNA G + C contents range from 60 - 64% (by genome).

Description of Parerythrobacter lacustris sp. nov.

Parerythrobacter lacustris (la.cus’tris. N.L. masc./fem. adj. 
lacustris, referring to the site from which the type strain was 
isolated: from L. gen. masc. n. lacus, a lake).

Cells are Gram stain negative, non-motile, aerobic, rod 
shaped (0.4–0.6 µm in width and 1.0–1.6 µm in length) and 
non-spore-forming. Colonies are circular, convex, smooth, 
slimy and yellow after 5 days of incubation at 25 °C on R2A 
agar. Growth occurs at 4–37 °C, NaCl (0–5%, w/v) and pH 
6.0–9.0, with optimal growth at 25 °C, 0% NaCl and pH 8.0. 
Cells are positive for oxidase and catalase, but negative for 
 H2S production; hydrolyze gelatin, tyrosine and starch, but 
not CM-cellulose and Tweens 20, 40, 60 and 80. Flexirubin-
type pigments are absent, but carotenoid pigments are pre-
sent. In the API 20NE tests, positive for hydrolysis of aescu-
lin and gelatin, β-galactosidase (PNPG) activity, assimilation 
of glucose, maltose, adipic acid, malate and potassium glu-
conate and weakly positive for assimilation of arabinose, 
mannitol, trisodium citrate and phenylacetic acid. In the API 
ZYM kit, positive for alkaline phosphatase esterase (C4), 
esterase lipase (C8), leucine arylamidase, valine arylami-
dase, cystine arylamidase and α-chymotrypsin activities, and 
weakly positive for lipase (C14), trypsin, acid phosphatase, 

Fig. 1  The phylogenomic 
tree based on 120 marker 
gene sequences showing the 
relationship of strain RS5-5T 
with representative members 
of the genus Parerythrobacter. 
Rhodospirillum rubrum ATCC 
 11170T (CP 003046) was 
selected as the outgroup. Bar, 
0.1 substitutions per nucleo-
tide position. Bootstrap values 
shown for branches with more 
than 50% support. Visualiza-
tion of phylogenetic tree using 
https:// www. chipl ot. online/ 
tvbot. html

https://www.chiplot.online/tvbot.html
https://www.chiplot.online/tvbot.html
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naphthol-AS-BI-phosphohydrolase, β-galactosidase and 
α-glucosidase. Produce acid from xylan and cellobiose 
(weak), but not from a-lactose, fructose, mannitol, manni-
tol, maltose, raffinose, sorbose, sucrose, L-arabinose, D-glu-
cose, D-galactose, D-mannose, D-ribose, L-rhamnose and 
D-xylose. Positive for GENIII Microplate substrates includ-
ing D-serine, D-fructose-6-PO4, glucuronamide, acetoacetic 
acid and acetic acid. The major quinone is ubiquinone 10 
(Q-10), the major fatty acids (≥ 10%) were unsaturated fatty 
acids including  C17:1 ω6c, summed feature 3  (C16:1 ω7c/C16:1 
ω6c) and summed feature 8  (C18:1 ω7c/C18:1 ω6c), and the 
polar lipids were diphosphatidylglycerol, phosphatidylglyc-
erol, sphingoglycolipid, phosphatidylcholine, phosphati-
dylethanolamine, one unidentified aminoglycolipid, three 
unidentified glycolipids, one unidentified aminolipid, two 
unidentified phospholipids and four unidentified polar lipids.

The type strain RS5-5T (= KCTC  92277T = GDMCC 
1.3163T) was isolated from a lake water sample col-
lected from Sayram Lake, Xinjiang Uygur Autonomous 
Region, PR China. The genomic DNA G + C content of the 

type strain is 64.1%. The GenBank/EMBL/DDBJ acces-
sion numbers for the 16S rRNA gene sequence and the 
genome sequence of strain RS5-5T are OM267786 and 
JANKHH000000000, respectively.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00203- 023- 03616-7.
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Table 1  Differential 
characteristics between strain 
RS5-5T and closely related 
reference strains

All data were obtained from this study unless stated otherwise. 1, RS5-5T; 2, Parerythrobacter lutipelagi 
NBRC  113275T; 3, Parerythrobacter jejuensis JCM  16677T

 +  positive,  w weakly positive, − negative
§ Data obtained from Lee (2019)
# Data obtained from Yoon et al. (2013)

Characteristic 1 2 3

Source Lake water Tidal  mudflat§ Seawater#

Ranges and optimum for growth
 pH 6.5–9.0 (8.0) 6.0–10.0 (7.0)§ 6.0–10.0 (7.0–8.0)#

 Temperature (°C) 4–37 (25) 10–30 (30)§ 15–37 (30)#

 NaCl (w/v, %) 0–5 (0) 0.5–5 (0.5)§ 2–5 (2–4)#

Hydrolysis of
 Tyrosine  + −  + 
 Starch  + −  + 
 Gelatin  +  + −
 Tween 80 −  +  + 

API 20NE test
 Assimilation of D-glucose, L-maltose 

and potassium gluconate
 + − −

API ZYM test
 Acid phosphatase  + −  + 
 Cystine arylamidase  + − −
 α-galactosidase − −  + 
 β-galactosidase and α-glucosidase  +  + −

Acid production from
 Cellobiose w − −
 D-Glucose −  +  + 
 D-Mannose −  + −
 Xylan  + − −

DNA G + C content (%) 64.1 60.6 60.2
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