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Abstract
Two bacterial strains (XCT-34T and XCT-53) isolated from sediment samples of an artificial freshwater reservoir were ana-
lyzed using a polyphasic approach. The two isolates are aerobic, Gram-stain-negative, oxidase-negative, catalase-positive, 
motile with polar flagella, rod-shaped, and approximately 1.4–3.4 × 0.4–0.9 μm in size. Phylogenetic analyses based on 
16S rRNA gene and whole-genome sequences showed that the two strains formed a distinct branch within the evolution-
ary radiation of the genus Pannonibacter, closest to Pannonibacter carbonis Q4.6T (KCTC 52466). Furthermore, lower 
than threshold average nucleotide identity values (ANI, 85.7–86.4%) and digital DNA–DNA hybridization values (dDDH, 
22.3–30.5%) of the two strains compared to the nearest type strains also confirmed that they represented a novel species. 
Genomic analyses, including annotation of the KEGG pathways, prediction of the secondary metabolism biosynthetic gene 
clusters and PHI phenotypes, supported functional inference and differentiation of the strains from the closely related taxa. 
Results of chemotaxonomic and physiological studies revealed that their distinct phenotypic characteristics distinguished 
them from existing Pannonibacter species. Thus, the two strains are considered to represent a novel species of Pannonibac-
ter, for which the name of Pannonibacter tanglangensis sp. nov. is proposed, with XCT-34T (= KCTC 82332T = GDMCC 
1.1947T) as the respective type strain.
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Introduction

Pannonibacter phragmitetus, the type species of the 
genus Pannonibacter within the α-subclass of the Pro-
teobacteria, was isolated in 2003 from the surface of 
decomposing reed rhizomes in Lake Fertő (Borsodi et al., 
2003). Members of this genus are Gram-stain-negative, 
motile, straight to slightly curved rods, with Q-10 as the 
predominant menaquinone and C18:1ω7c as the primary 
fatty acid. At the time of writing, the only three members 
of the genus with validly published names (https://​lpsn.​
dsmz.​de/​genus/​panno​nibac​ter) are P. carbonis (Xi et al., 
2018), P. indicus (Bandyopadhyay et al., 2013), and P. 
phragmitetus (Borsodi et al., 2003). All Pannonibacter 
species were isolated from extreme environments, such 
as coal mine water (Xi et al., 2018), hot-spring sediment 
(Bandyopadhyay et al., 2013) and alkaline lake (Borsodi 
et al., 2003), suggesting that they are extremophiles. Previ-
ous studies have indicated that Pannonibacter strains were 
highly alkaline- (Bandyopadhyay et al., 2013; Borsodi 
et al., 2003; Xi et al., 2018), chromium- (Shi et al., 2012) 
or arsenate-tolerant (Bandyopadhyay & Das, 2016) bacte-
ria. Tolerance to extreme environments in Pannonibacter 
species was due to the presence of certain exceptional bio-
logical functions, such as physiological responses to the 
reduction of Cr(VI), the adsorption of Pb(II) (Liao et al., 
2020) or the removal of toxic lead (Saravanan et al., 2021). 
Furthermore, it had been shown that P. phragmitetus was 
associated with human infectious diseases, as this species 
was isolated from human blood cultures (Holmes et al., 
2006) and also identified in a clinical sample of a bactere-
mic patient (Gallardo et al., 2020). We specifically chose 
the sediment samples from a pond located in a suburban 
park near the Tanglang Mountain in Shenzhen of China 
to study bacterial diversity. In this study we analyzed the 
two novel strains (XCT-34T, XCT-53) via a polyphasic 
taxonomic approach and propose that they represent a new 
species of the genus Pannonibacter.

Materials and Methods

Isolation and Culture

Sediment samples were collected in May 2018 from 
the bottom surface layer (depth of 10–15 cm) of a pond 
located around the Tanglang mountain in Shenzhen of 
China. Briefly, sediment samples were collected into ster-
ile tubes, placed in an icebox, transported to the labora-
tory within 2 h and stored in a freezer (− 80 °C). After 
thawing samples at room temperature, one gram of each 

sample was serially diluted in 1% sterile PBS, plated on 
Brain Heart Infusion (BHI) agar and Reasoner’s 2A (R2A) 
agar plates (HiMedia), and the plates were incubated at 
20–40 °C for 3–5 days under aerobic conditions. Two 
separate pure cultures (hereafter XCT-34T and XCT-53) 
were isolated from two different sediment samples (XCT-
34T from sample No. 3, 22°34′13″N/113°59′16″E; XCT-53 
from sample No. 5, 22°34′15″N/113°59′18″E) and sub-
jected next to 16S rRNA gene sequence analysis. Strain 
XCT-34T had been deposited in the Guangdong Microbial 
Culture Collection Center (GDMCC) and Korean Collec-
tion for Type Cultures (KCTC), with the deposit numbers 
of GDMCC 1.1947 and KCTC 82332, respectively.

16S rRNA Phylogeny

To genetically characterize the isolates, the nearly complete 
16S rRNA gene sequence of each strain was PCR-amplified 
and sequenced with universal primers 27F (5′-AGA GTT 
TGA TCM TGG CTC AG-3′) and 1492R (5′-GGY TAC 
CTT GTT ACG ACT T-3′) (Delgado et al., 2006; Jin et al., 
2013). Then, we submitted the 16S rRNA gene sequence 
to EzBioCloud (https://​www.​ezbio​cloud.​net) (Yoon et al., 
2017a), a high quality database of 16S rRNA sequences, to 
obtain preliminary indications of a suspected new bacterial 
species (with a similarity below 98.7% to the closest known 
species). Phylogenetic tree was constructed with three 
algorithms (Neighbor-Joining, NJ; Maximum-Likelihood, 
ML; and Maximum-Parsimony, MP) using MEGA version 
11 software (http://​www.​megas​oftwa​re.​net) (Kumar et al., 
2016) with a bootstrap analysis (1000 replications) as an 
estimation of grouping stability (Kimura, 1980). Kimura’s 
two-parameter model was used to calculate the evolutionary 
distance matrices.

Whole‑Genome Sequencing and Phylogenomic 
Analyses

In order to do complete 16S rRNA gene and the whole 
genome analyses, genomic DNA of the two suspected new 
bacterial species was extracted using a Wizard Genomic 
DNA purification kit (Promega) (Jin et  al., 2013). The 
genome of strain XCT-34T was sequenced by the Single 
Molecule Real-Time (SMRT) technology on the PacBio 
Sequel platform, assembled by SOAPdenovo, and analyzed 
using the HGAP v4 application (Pacific Biosciences, SMRT 
Link 6.0) (Tamura et al., 2021). Meanwhile, strain XCT-53 
was sequenced on the Illumina sequencing platform. The 
full-length sequence of the 16S rRNA gene was extracted 
using the RNAmmer-1.2 software and resubmitted to EzBio-
Cloud database, searching for closest phylogenetic neighbors 
using BLAST algorithm (Lagesen et al., 2007).

https://lpsn.dsmz.de/genus/pannonibacter
https://lpsn.dsmz.de/genus/pannonibacter
https://www.ezbiocloud.net
http://www.megasoftware.net
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To verify their phylogenetic position within the genus 
Pannonibacter, a phylogenomic tree was constructed by 
clustering and aligning the 945 core genes in MAFFT using 
the approximate ML algorithm in FastTree (Price et al., 
2009), and visualized in Dendroscope 3 (Huson & Scor-
navacca, 2012). Because only 19 genomes of the 34 closest 
species were available in the public database for the 16S 
rRNA gene analysis, the core genes were determined based 
on 22 genome sequences which included those of the two 
isolates, three validated species in the genus Pannonibac-
ter, and 16 closest strains from the EzTaxon database, plus 
Breoghania corrubedonensis UBF-P1T used as an outgroup. 
CD-HIT with a 0.4 protein sequence identity threshold was 
used for the determination. To further confirm the taxonomic 
distances, the OrthoANIu algorithm (Yoon et al., 2017b) 
and GGDC 2.1 (Meier-Kolthoff et al., 2013) were used to 
calculate the ANI and dDDH values of strains XCT-34T and 
XCT-53 with other species.

The predicted protein sequences from the genomes of 
strains XCT-34T, XCT-53, and their closest taxonomic rela-
tives were submitted to BlastKOALA (http://​www.​kegg.​
jp/​blast​koala/) for functional annotation based on KEGG 
orthology (Kanehisa et al., 2016) using the software's default 
parameters. The gene annotation results were presented in 
the form of numbers, with the numbers indicating the count 
of genes successfully annotated to that specific function. 
Putative secondary metabolites biosynthetic gene clusters 
(BGCs) were detected using antiSMASH (version 7.0.0) 
with default parameters (Blin et al., 2023), and the patho-
genic characteristics were generated from the Pathogen-Host 
Interactions Database (PHI, version 5.0) (Urban et al., 2022).

Phenotypic, Physiological, and Biochemical 
Analyses

Considering their closeness to the two isolates in 16S 
rRNA similarity and phylogenomic analyses, P. carbonis 
Q4.6T (KCTC 52466), P. indicus HT23T (JCM 16851) and 
P. phragmitetus C6/19T (DSM 14782) were purchased for 
parallel study respectively from the Korean Collection for 
Type Cultures (KCTC), Japan Collection of Microorganisms 
(JCM), and Deutsche Sammlung von Mikroorganismen und 
Zellkulturen GmbH (DSMZ).

Seven media [Reasoner’s 2 agar (R2A), Brain–heart infu-
sion (BHI) agar, Nutrient agar, tryptone soya agar (TSA), 
LB, Mac and Mueller–Hinton broth medium] were screened 
for optimal growth of the two strains, with R2A yielding the 
fastest growth. Then the effects of other conditions (with or 
without oxygen) on growth were evaluated by incubating on 
R2A for 2–4 days. Optimal growth conditions were deter-
mined using R2A at several temperatures (4, 10, 16, 28, 30, 
35, 37, 42, 45, or 50 °C), eleven pH conditions (pH 3.0–13.0, 
at interval of 1.0 pH unit), and NaCl concentrations (0.5, 1.0, 

2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, or 10.0% [w/v]). The fol-
lowing phenotypic experiments were performed using cells 
cultured under optimal growth conditions. Gram-staining 
was performed using the Color Gram 2 kit following the 
manufacturer's guidelines. Morphological features were 
observed under a transmission electron microscope and a 
light microscope using bacterial cells in the early log and 
stationary phase. Catalase reaction was determined using 
the ID Color Catalase kit, while oxidase and urease activi-
ties were tested using API reagents. Motility was tested by 
observing the spreading growth of bacterial cells after inocu-
lation by piercing into semisolid (0.4%, [w/v] agar) R2A 
medium in test tubes.

To test carbon source utilization, acid production, enzyme 
activity from specific substrates, and additional physiologi-
cal characteristics, the two newly isolated strains and their 
three closely related species were analyzed in parallel with 
API 50CH strips (suspended with API 50 CHB/E medium, 
for carbohydrate fermentation tests) and API ZYM tests 
(bioMérieux) following the manufacturer’s instructions.

Cellular fatty acids were extracted from saponified and 
methylated material of each strain with the Sherlock auto-
matic bacterial identification system and analyzed using gas 
chromatography. Respiratory quinones in XCT-34T were 
analyzed by reverse phase high-performance liquid chro-
matography (HPLC), and polar lipids were analyzed by two-
dimensional thin-layer chromatography (TLC).

GenBank Accession Numbers

The GenBank accession numbers for the nearly full-
length 16S rRNA genes and genome sequences of strains 
XCT-34T and XCT-53 are MN904904, MN905516, 
JAABLP000000000 and JAABLQ000000000, respectively. 
One Supplementary Table and six Supplementary Figures 
are available with the online Supplementary Materials.

Results and Discussion

16S rRNA Phylogeny

Analysis of 16S rRNA gene sequence-based identity 
revealed that strains XCT-34T and XCT-53 were identical 
to each other, sharing high similarity with P. carbonis Q4.6T 
(98.57%), P. phragmitetus C6/19T (97.51%) and P. indicus 
HT23T (97.29%). As shown in the three phylogenetic trees 
(Fig. 1; Figs. S1 and S2) constructed using 16S rRNA gene 
sequences from 34 closest related strains in EzTaxon data-
base, strains XCT-34T and XCT-53 were clustered together, 
forming an independent branch with members of the genus 
Pannonibacter, closest to P. carbonis Q4.6T, P. indicus 
HT23T and P. phragmitetus C6/19T.

http://www.kegg.jp/blastkoala/
http://www.kegg.jp/blastkoala/
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Fig. 1   Neighbour-joining tree based on the 16S rRNA gene. The tree 
shows the taxonomic position of strains XCT-34T, XCT-53 and other 
closely related species. The numerals (values > 50% are noted) indi-

cate percentage of bootstrap samplings as derived from 1000 replica-
tions. The sequence of Breoghania corrubedonensis UBF-P1T serves 
as an outgroup. Bar, 0.01 substitutions per nucleotide position
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Genome Characteristics

Devoid of plasmid, the whole genome of strain XCT-34T 
(detailed in Table S1) consisted of a circular chromosome 
(4,588,697 bp long; 4263 genes; 4042 CDSs; 53 tRNA; 9 
rRNA). Significantly, the DNA G + C contents of the two 
strains (67.2–67.3%) were higher than those of the other spe-
cies (63.1–63.6%) in the genus Pannonibacter. The ANI and 
dDDH values between strains XCT-34T and XCT-53 were 
98.7% (higher than the 95–96% species threshold) and 95.3% 
(higher than the 70% species threshold), respectively, sup-
porting that they were of the same species. By contrast, the 
ANI and dDDH values of the two strains against other strains 
in the genus Pannonibacter ranged from 85.7 to 86.4% and 
22.3 to 30.5% (Table 1), both lower than the threshold for 
delineating species (Chun et al., 2018; Meier-Kolthoff et al., 

2014; Richter & Rossello-Mora, 2009). The phylogenomic 
tree based on 945 core genes showed that strains XCT-34T 
and XCT-53 formed a singular cluster within the genus Pan-
nonibacter branch (Fig. 2), close to P. carbonis Q4.6T, P. 
indicus HT23T, and P. phragmitetus C6/19T.

Genome Analyses

The distribution of genes in the KEGG functional catego-
ries indicated that the two new isolates and the other three 
Pannonibacter species had similar pathways in the global/
overview maps and the energy metabolism, with similar 
numbers (32–35) of genes for flagellum synthesis (Pathway 
and module 02040 in Table 2 under ‘Xenobiotics biodeg-
radation and metabolism’). However, strains XCT-34T and 
XCT-53 had more genes for bisphenol degradation, and 
nitrogen metabolism, whereas this transcriptional level was 
predicted to be less prevalent in their neighboring species. 
KEGG gene function analysis revealed that the two new iso-
lates contained two putative pathways for biosynthesis of 
C5 and C10–C20 isoprenoids, which were absent in their 
neighboring species. By contrast, they lacked the puta-
tive pathways for biosynthesis of deoxyribonucleotide and 
pyrimidine deoxyribonucleotide, while their neighboring 
species had them. Taken together, the above genetic infra-
structural differences between the two new isolates and their 
closely related species suggested their phenotypic stratefica-
tion potentials.

Additional insights into the genome relatedness of eco-
logical functions were investigated using the section of 

Table 1   Values of ANI and dDDH between strains XCT-34T and 
XCT-53, and their closely related species

Strains: 1, XCT-34T; 2, XCT-53; 3, P. carbonis Q4.6T; 4, P. indicus 
HT23T; 5, P. phragmitetus C6/19T

dDDH ANI

1 2 3 4 5

XCT-34T – 98.7 86.4 81.1 81.2
XCT-53 95.3 – 85.7 81.2 81.3
1 22.3 30.5 – 80.9 80.9
2 22.1 22.1 21.7 – 93.6
3 22.0 22.0 21.7 50.0 –

Fig. 2   Phylogenomic tree of Pannonibacter strains XCT-34T, XCT-
53, and closely related species. This tree is constructed based on 945 
core genes from 20 genome sequences available on the GenBank 
database. The numbers in the tree indicate the reliability of each split 

with the Shimodaira-Hasegawa test calculated from 1000 resamples. 
The sequence of Breoghania corrubedonensis DSM 23382T serves as 
an outgroup. Bar, 0.01 substitutions per nucleotide position
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environmental information processing in the KEGG data-
base. Briefly, all strains exhibited a similar ecological func-
tional pattern, with ATP-binding cassette (ABC) transporters 
and two-component signal transduction systems dominating 
(Fig. S3). AMP-activated protein kinase (AMPK), a serine 
threonine kinase highly conserved through evolution, acts as 
a sensor of cellular energy status and governs cell-autono-
mous adaptations during metabolic stress (Mahmoud et al., 
2016). It is noteworthy that strains XCT-34T and XCT-53 
had no genes for AMPK signaling pathway, which were pre-
sent in P. indicus HT23T and P. phragmitetus C6/19T. Con-
sidering that strains XCT-34T and XCT-53 were motile (see 
below) with dominating presence of ABC transporters and 

two-component signal transduction systems in their environ-
mental information processing, these properties definitely 
will give them the corresponding advantages when compet-
ing with other bacteria but their impact on sediment ecology 
remains to be seen.

All strains in Fig. 3 carried genes for synthesis of betalac-
tones, proteusin and terpenes; when compared to the exist-
ing species, the synthetic gene numbers in strains XCT-34T 
and XCT-53 were similar for betalactone, but far more for 
terpene and much less for proteusin (similar to P. carbonis 
Q4.6T though). Regarding other biosynthetic gene clusters 
(BGCs), only P. carbonis Q4.6T had BGCs for homoser-
ine lactone. BGCs encoding for non-ribosomal peptide 

Table 2   Predicted differences of gene expression across six main categories in the KEGG database between the two novel strains and their 
neighboring strains
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synthetase-independent, IucA/IucC-like siderophores, and 
N-acetylglutaminylglutamine amide (NAGGN) existed in 
P. indicus HT23T and P. phragmitetus C6/19T but absent 
in others. BGCs for synthesis of acyl-amino-acids, RiPP 
and type I polyketide synthase (T1PKS) were strikingly 
similar between the two novel isolates and P. carbonis 
Q4.6T, in contrast to P. indicus HT23T and P. phragmitetus 
C6/19T, which was consistent with the strain closeness result 
returned by the program (top, Fig. 3). Summary of the PHI 
phenotypes indicated that they shared similar characteristics 
within pathogen groups, and the gene group associated with 
reduced virulence was abundant in all strains (Fig. S4).

Phenotypic, Physiological, and Chemotaxonomic 
Characteristics

Growth of strains XCT-34T and XCT-53 was observed in 
R2A medium (optimum), 10–40 °C (optimum, 35–37 °C), 
pH 4.0–10.0 (optimum, pH 8.0), and with up to 4% NaCl 
(w/v; optimum, 0.5%). Under optimal growth conditions, 
both strains were aerobic (neither grew under anaerobic 
condition), Gram-stain-negative, motile with polar flagella, 
oxidase-negative, catalase-positive, and rod-shaped with an 
approximately size of 1.4–3.4 × 0.4–0.9 μm (Fig. S5). The 
colonies were ivory, circular, smooth with an entire margin.

Some of the key physiological and biochemical differ-
ences of our isolates with the type strains of the three 

existing species were summarized in Table 3 and high-
lighted below. The two new isolates were strictly aero-
bic, similar to P. indicus HT23T, in sharp contrast to the 
facultatively anaerobic feature presented by the other two 
species (Table 3). They produced acid from D-mannose 
(weakly from potassium 5-keto-gluconate) but not from 
salicin, in sharp contrast to P. carbonis Q4.6T, P. indicus 
HT23T, and P. phragmitetus C6/19T. C18:ω7c (72.6%) was 
the primary fatty acid in strains XCT-34T and XCT-53 
(Table 4), similar to their relatives in the genus but higher 
than P. carbonis Q4.6T and P. indicus HT23T (average, 
65.7%) (Bandyopadhyay et al., 2013) and lower than P. 
phragmitetus C6/19T (75.8%) (Borsodi et al., 2003). The 
sole respiratory quinone in XCT-34T was Q-10, same as 
other species in the genus Pannonibacter. The polar lipids 
comprised diphosphatidylglycerol, phosphatidylcholine, 
phosphatidylethanolamine, phosphatidylglycerol, one or 
two unidentified aminolipid(s) and aminophospholipid(s), 
one unidentified lipid, and four or six unidentified phos-
pholipids (Fig. S6). The polar lipid profiles of the novel 
strains differed from their close relatives by having more 
phospholipids and the presence of aminophospholipid(s) 
but lacking phosphatidyl serine in P. phragmitetus C6/19T 
(Borsodi et al., 2003) and phosphatidyl monomethyl ethan-
olamine in P. indicus HT23T (Bandyopadhyay et al., 2013).

Table 2   (continued)

Strains: 1, XCT-34T; 2, XCT-53; 3, P. carbonis Q4.6T; 4, P. indicus HT23T; 5, P. phragmitetus C6/19T. The numbers below each strain are the 
count of genes successfully annotated to that specific function
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Taxonomic Conclusion

In conclusion, the phenotypic, phylogenetic, biochemical, 
chemotaxonomic, and genomic findings provided sufficient 

evidence to distinguish our two isolates from their closely 
related type strains of the other species of the genus. These 
results reveal that the two isolates (XCT-34T and XCT-53) 
represent one novel species of the genus Pannonibacter, 

Fig. 3   Secondary metabolite 
biosynthetic genes identified 
in Pannonibacter strains using 
antiSMASH version 7.0.0
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for which the name Pannonibacter tanglangensis sp. nov. 
is proposed.

Description of Pannonibacter tanglangensis sp. nov.

Pannonibacter tanglangensis (tang.lang.enˊsis. N.L. masc. 
adj. tanglangensis referring to the Tanglang mountain in 
Shenzhen of China where this species was isolated from).

Cells are aerobic, Gram-stain-negative, oxidase-negative, 
catalase-positive, motile with polar flagella, rod-shaped, 
approximately 1.4–3.4 × 0.4–0.9 μm in size. After growth 
on R2A agar for 2 days at 35 °C, colonies are ivory, circular, 
smooth with an entire margin. Growth occurs on R2A at 

10–40 °C (optimum, 35–37 °C), at pH 4.0–10.0 (optimum, 
pH 8.0), and with up to 4% NaCl (w/v; optimum, 0.5%). 
In the API 50CH strip, acid is produced from d-fructose, 
d-fucose, d-glucose, d-mannose, d-xylose, l-fucose, malt-
ose, polychrome esculine citrate, sucrose, and trehalose, and 
weakly produced from d-arabinose, d-galactose, d-ribose, 
d-turanose, cellobiose, glycerol, inositol, l-arabinose, 
melibiose, N-acetyl-glucosamine, and potassium 5-keto-
gluconate, but not produced from amygdaline, arbutin, 
d-adonitol, d-arabitol, d-mannitol, d-sorbitol, d-tagatose, 
dulcitol, erythritol, gentiobiose, glycogen, inulin, lactose, 
l-arabitol, l-rhamnose, l-sorbose, l-xylose, melezitose, 
methyl α-d-glucopyranoside, methyl α-d-mannopyranoside, 
methyl β-d-xylopyranoside, potassium gluconate, potassium 
2-keto-gluconate, raffinose, salicin, starch, and xylitol. In 
the API ZYM strip, positive for acid phosphatase, alkaline 
phosphatase, esterase (C4), esterase lipase (C8), leucine 
arylamidase, naphthol-AS-BI-phosphohydrolase, phos-
phohydrolase, trypsin, valine arylamidase, α-galactosidase, 
β-galactosidase, β-glucosidase, and β-glucuronidase; weakly 
positive for α-glucosidase; variable for cystine arylamidase, 
and α-chymotrypsin, but negative for lipase (C14), N-acetyl-
β-glucosaminidase, and α-mannosidase. The major fatty 
acid is C18:ω7c, and the principal respiratory quinone is 
Q-10. Polar lipids include diphosphatidylglycerol, phos-
phatidylcholine, phosphatidylethanolamine, phosphatidyl-
glycerol, 1–2 unidentified aminolipid(s), 1–2 unidentified 
aminophospholipid(s), one unidentified lipid, and 4–6 uni-
dentified phospholipids.

The type strain, XCT-34T (= KCTC 82332T = GDMCC 
1.1947T), with a genomic DNA G + C content of 67.2%, 
was isolated from an artificial freshwater reservoir near the 

Table 3   Phenotypic characteristics that differentiate strains XCT-34T and XCT-53 from their closely related species

Strains: 1, XCT-34T; 2, XCT-53; 3, P. carbonis Q4.6T; 4, P. indicus HT23T; 5, P. phragmitetus C6/19T. +, positive. w, weakly positive. −, nega-
tive. All data were from this study

Characteristics 1 2 3 4 5

Temperature range (°C, optimum) 10–40 (35–37) 10–40 (35–37) 4–55 (30–35) 15–45 (30–37) 15–45 (30–37)
NaCl (%, w/v) tolerance 4 4 5.5 5 5
pH range for growth 4–10 4–10 3.5–10 3–9 3–9
Oxygen for growth Strictly aerobic Strictly aerobic Facultatively anaerobic Strictly aerobic Facultatively anaerobic
Production of
 α-Chymotrypsin w − − − −
 Cystine arylamidase w − − − −
 Valine arylamidase + w w w w

Acid production from
 Potassium 5-keto-gluconate w w − − −
 d-Mannose + + w w w
 Salicin − − w w +
 d-Arabinose w w + + +
 d-Xylose + + w − −

Table 4   Fatty acid contents (%) of strains XCT-34T and XCT-53, and 
their closely related species

Strains: 1, XCT-34T; 2, XCT-53; 3, P. carbonis Q4.6T; 4, P. indicus 
HT23T; 5, P. phragmitetus C6/19T

NA data not available
a Data from Bandyopadhyay et al. (2013)
b Data from Borsodi et al. (2003)

Fatty acid 1 2 3 4a 5b

C14:0 3OH/iso-C16:1 8.5 6.9 3.7 3.4 1.3
C16:0 3.7 4.5 7.3 7.2 6.5
C18:0 2.9 2.2 7.5 8.7 1.6
C18:0 3OH 2.4 3.1 3.2 2.2 2.2
C18:1ω7c 72.4 72.8 68.4 62.9 75.8
11-methyl C18: 1ω7c 0.9 1.1 2.0 7.4 9.9
Cyclo-C19:0ω10c/19ω6 5.3 6.5 2.0 0.7 0.6
Summed Feature 2 9.4 8.2 4.2 NA NA
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Tanglang mountain in Shenzhen of China. The GenBank 
accession numbers for the 16S rRNA gene and genome 
sequences of strains XCT-34T/XCT-53 are MN904904/
MN905516 and JAABLP000000000/JAABLQ000000000, 
respectively.
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