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Abstract
Thermus species are widespread in natural and artificial thermal environments. Two new yellow-pigmented strains,  L198T and 
L423, isolated from Little Hot Creek, a geothermal spring in eastern California, were identified as novel organisms belonging 
to the genus Thermus. Cells are Gram-negative, rod-shaped, and non-motile. Growth was observed at temperatures from 45 
to 75 °C and at salinities of 0–2.0% added NaCl. Both strains grow heterotrophically or chemolithotrophically by oxidation 
of thiosulfate to sulfate.  L198T and L423 grow by aerobic respiration or anaerobic respiration with arsenate as the terminal 
electron acceptor. Values for 16S rRNA gene identity (≤ 97.01%), digital DNA–DNA hybridization (≤ 32.7%), OrthoANI 
(≤ 87.5%), and genome-to-genome distance (0.13) values to all Thermus genomes were less than established criteria for 
microbial species. The predominant respiratory quinone was menaquinone-8 and the major cellular fatty acids were iso-C15:0, 
iso-C17:0 and anteiso-C15:0. One unidentified phospholipid (PL1) and one unidentified glycolipid (GL1) dominated the polar 
lipid pattern. The new strains could be differentiated from related taxa by β-galactosidase and β-glucosidase activity and 
the presence of hydroxy fatty acids. Based on phylogenetic, genomic, phenotypic, and chemotaxonomic evidence, the novel 
species Thermus sediminis sp. nov. is proposed, with the type strain  L198T (= CGMCC 1.13590T = KCTC XXX).

Keywords Thermus sediminis sp. nov. · Thermophile · Polyphasic taxonomy · Genome sequencing · Geothermal springs · 
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Introduction

Brock and Freeze (1969) described Thermus aquaticus, 
which was isolated from the hot springs of Yellowstone 
National Park in the USA. Thereafter, many species of the 
genus Thermus have been isolated and described from vari-
ous thermal environments worldwide. Thermus inhabits both 
natural and artificial thermal environments, including ter-
restrial geothermal areas, hot water taps, self-heating com-
post manure, and deep mines (Albuquerque et al. 2018). The 
genus Thermus currently includes 15 species with validly 
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published names, with the biotechnologically exalted T. 
aquaticus as the type species. Thermus species are of special 
interest with regard to biotechnology, horizontal gene trans-
fer, and denitrification, and have been studied extensively 
(Blesa et al. 2018; Hedlund et al. 2011; Liu et al. 2015; 
Zhou et al. 2016). Their enzymes exhibit thermostability and 
resistance to other physical and chemical factors, which is 
important for biotechnological applications (Pantazaki et al. 
2002; Vieille and Zeikus 2001). In addition, the high growth 
yield under laboratory conditions and genetic tractability of 
some strains has led to the use of some Thermus strains as 
models for basic research, particularly strains of T. thermo-
philus (Sazanov and Hinchliffe 2006; Yusupov et al. 2001).

Little Hot Creek (LHC), located on the eastern edge of 
the resurgent dome of the Long Valley Caldera near Mam-
moth Lakes, CA, USA, consists of several small circum-
neutral springs with different temperatures and discharge 
rates. Compared to other hydrothermal systems of the United 
States, such as Yellowstone National Park, the microbiology 
of LHC and other hot springs in the endorheic Great Basin 
have received little attention (Connon et al. 2008; Costa 
et al. 2009). A previous cultivation-independent 16S rRNA 
gene survey revealed moderately diverse, but highly novel 
microbial communities in the three distinct sources of LHC, 
including apparently abundant populations of Aquificae, 
Thermodesulfobacteria, and Chloroflexi (Vick et al. 2010). 
Phylotypes affiliated with phylum Thermus–Deinococcus 
represented 3% of the total bacterial sequences, and half of 
those were most closely related to T. aquaticus (Vick et al. 
2010). We here describe the isolation and characterization 
of Thermus strains from LHC sediments, including novel 
strains  L198T and L423.

Materials and methods

Sample collection and Thermus strains isolation

Water and sediment samples were collected aseptically 
from LHC1 hot spring (GPS location N 37°41.436′, W 
118°50.664′), in the Long Valley Caldera, located near 
Mammoth Lakes, CA, USA (Vick et al. 2010). The source 
temperature of LHC1 is about 80 °C and the water flows 
quickly into an outflow channel and dissipates into a marsh. 
One sediment sample, LHC1-D, was taken from the spring 
source. Another sediment, LHC1-H, was taken from the out-
flow channel of LHC1 at approximately 65 °C. The samples 
were transported to the laboratory in the dark and without 
temperature control. Thermus strains were obtained by 
standard serial dilution plating on Thermus medium (Cas-
tenholz 1969), and incubation at 65 °C, and presumptive 
Thermus colonies were restreaked > 3 times to obtain axenic 
cultures. All strains were routinely cultivated on Thermus 

medium at 65 °C unless otherwise stated. The strains were 
maintained as glycerol suspensions (20%, w/v) at − 80 °C. 
Strain  L198T was deposited in China General Microbiologi-
cal Culture Collection Center (CGMCC) and Korean Col-
lection for Type Cultures (KCTC) with the number CGMCC 
1.13590T and KCTC XXX, respectively.

16S rRNA gene analysis and genome 
sequencing, assembly, annotation 
and comparation

Genomic DNA for 16S rRNA gene PCR was extracted and 
the near-complete 16S rRNA genes were amplified and 
sequenced using methods described previously (Li et al. 
2007). The EzBioCloud database was used to identify clos-
est related taxa and to determine an approximate phyloge-
netic affiliation (Yoon et al. 2017). The 16S rRNA gene 
sequences of strains  L198T and L423 were deposited in Gen-
Bank under accession number LC382246 and LC382245, 
respectively. CLUSTAL_X was used to align the 16S rRNA 
gene sequences of strains  L198T, L423 and type strains of 
species of the genus Thermus (Thompson et al. 1997). Gaps 
at the 5′ and 3′ ends of the alignment were omitted from the 
analysis. Phylogenetic analyses were performed using the 
MEGA software package version 7.0 (Kumar et al. 2016) 
with neighbor-joining (Saitou and Nei 1987), maximum-
likelihood (Felsenstein 1981) and maximum-parsimony 
(Fitch 1971) algorithms. The topology of the phylogenetic 
trees was evaluated by the bootstrap resamplings method 
with 1000 resamplings (Felsenstein 1985).

DNA for genome sequencing was isolated using the Joint 
Genome Institute’s CTAB bacterial genomic DNA isolation 
protocol (http://my.jgi.doe.gov/gener al). The draft genome 
of strain  L198T was generated at the DOE’s JGI using Pacific 
Biosciences sequencing technology (Eid et al. 2009). All raw 
reads were assembled using HGAP version 2.3.0 (Chin et al. 
2013). The final draft assembly produced four contigs on 
four scaffolds, totaling 2,160,271 bp in size and with a mol% 
G + C of 68.2. The genome was annotated using the JGI 
microbial genome annotation pipeline (Mavromatis et al. 
2009). Genes were identified using Prodigal (Hyatt et al. 
2010) and manually curated with the JGI GenePRIMP pipe-
line (Pati et al. 2010). The predicted coding sequences were 
translated and used to search against the integrated micro-
bial genomes (IMG) non-redundant database, Pfam, KEGG, 
COG, and InterPro databases to annotate predicted protein-
coding genes. rRNA genes were predicted using hmmsearch 
tool from HMMER 3.0 (Eddy 2011); tRNA genes were 
identified using tRNAscan-SE 1.3.1 (Lowe and Eddy 1997); 
other non-coding RNAs and regulatory RNA features were 
found by searching the genome for the corresponding Rfam 
profiles using INFERNAL 1.0.2 (Nawrocki et al. 2009). 

http://my.jgi.doe.gov/general
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The draft genome sequence has been deposited at DDBJ/
ENA/GenBank under the accession QURO00000000. The 
version described in this paper is version QURO01000000. 
Average nucleotide identity (ANI) and genome-to-genome 
distance (GGD) were calculated using the OrthoANI cal-
culator (Lee et al. 2016). Digital DNA–DNA hybridization 
analysis was performed on the DSMZ genome-to-genome 
distance calculator platform (Meier-Kolthoff et al. 2013; 
http://ggdc.dsmz.de/distc alc2.php). To assess relationships 
between the sequenced Thermus strains, we performed a 
phylogenomic analysis and constructed the evolutionary tree 
based on single-copy marker genes using ezTree software 
with the default parameters (Wu et al. 2018). The bacterial 
pan genome analysis (BPGA) tool was employed to conduct 
an additional core- and pan genome analysis for comparative 
purposes with default settings (Chaudhari et al. 2016).

Morphological, physiological and chemotaxonomic 
characteristics

To determine the optimal growth conditions, strains 
 L198T and L423 were also cultured on R2A and T5 agar 
medium (Yu et al. 2013). Growth at different temperatures 
(30–80 °C), pHs [4–10, using the buffer system described 
by Xu et al. (2005)], and salt concentrations (0–5%, w/v 
NaCl), were tested with Thermus medium. All tests were 
performed at 65 °C, except when testing for the optimal 
growth temperature and temperature range. Gram staining 
was performed using the standard Gram reaction and was 
confirmed using the KOH lysis test method (Cerny 1978). 
Cell morphology of strains  L198T and L423 was examined 
by phase-contrast microscopy (BX51, Olympus) and scan-
ning electron microscopy (JSM-6700F, JEOL) after growth 
in liquid Thermus medium for 48 h at 65 °C. Nitrate, ferric 
nitrilotriacetate (NTA), ferric citrate, and sulfur were eval-
uated as possible terminal electron acceptors in Thermus 
medium under anaerobic conditions as described by Kieft 
et al. (1999). The oxidation of thiosulfate was determined 
as described by Skirnisdottir et al. (2001). Arsenite oxida-
tion and arsenate respiration were evaluated as described by 
Gihring and Banfield (2001). Catalase activity was deter-
mined by the formation of bubbles in 3% (v/v)  H2O2 and 
oxidase activity was detected by the oxidation of tetrame-
thyl-p-phenylenediamine. Single-carbon-source utilization 
tests were performed in modified minimal Thermus 162 
medium without yeast extract and tryptone, and containing 
0.05%  NH4Cl (Bjornsdottir et al. 2009; Vajna et al. 2012). 
The filter-sterilized (0.22 μm, Millipore) carbon sources 
were added in concentrations of 0.2% (w/v). Hydrolysis of 
starch, carboxymethyl cellulose, casein, and Tweens 20, 40, 
60 and 80 was tested as described by Yu et al. (2013). The 
API ZYM, API 20NE (BioMérieux, France), and GEN III 
microplates (Biolog Inc., Hayward, CA, USA) were used to 

evaluate other enzyme activities and to determine additional 
physiological characters according to the manufacturer’s 
instructions and Ming et al. (2014). Extraction and analy-
sis of polar lipids was performed according to the method 
described by Minnikin et al. (1979) and Collins and Jones 
(1980). Quinones were extracted and purified as described 
by Collins et al. (1977) and analyzed by HPLC (Groth et al. 
1997). The biomass for fatty acid analysis was harvested 
after 24 h of growth under standard conditions and analysis 
following the standard protocol of the microbial identifi-
cation system (Agilent Technologies 7890A gas chromato-
graph; Sherlock Version 6.1; MIDI database: TSBA6).

Results and discussion

Isolation and diversity of Thermus strains in Little 
Hot Creek

In total, 19 Thermus isolates were obtained from LHC1-
D and LHC1-H. Preliminary analysis based on the 16S 
rRNA gene sequence comparison indicated 15 isolates 
were most closely related to T. aquaticus (97.89–97.93% 
16S rRNA gene identity to T. aquaticus YT-1T); two isolates 
were related to T. oshimai (99.87% 16S rRNA gene iden-
tity with T. oshimai DSM  12092T); the other two isolates, 
 L198T from LHC1-H and L423 from LHC1-D, were almost 
identical (99.9% 16S rRNA gene identity), and shared rela-
tively low 16S rRNA gene identity to existing Thermus type 
strains (97.01% with T. islandicus DSM  21543T, 96.79% 
with T. igniterrae RF-4T, 96.73% with T. aquaticus YT-1T, 
96.66% with T. arciformis CGMCC 1.6992T, 96.11% with 
T. composti DSM  21686T; < 96% for all other type strains). 
The phylogeny based on the maximum-likelihood method 
(Fig. 1) showed clustering of strains  L198T and L423 on a 
branch with type strains of T. islandicus and T. composti. 
Although bootstrap support was low for each method, the 
phylogenetic position of both strains was consistent in both 
neighbor-joining and maximum-parsimony phylogenies 
(supplementary Figure S1 and Figure S2). This suggested 
that strains  L198T and L423 are close relatives of T. islandi-
cus DSM  21543T and T. composti DSM  21686T. To further 
investigate the taxonomic position and describe the novel 
strains, T. islandicus DSM  21543T and T. composti DSM 
 21686T were obtained from DSMZ and cultured under the 
same conditions as appropriate for specific comparative 
tests.

Phenotypic characters and chemotaxonomy 
of novel strains

Strains  L198T and L423 could growth on Thermus medium, 
R2A medium, and T5 agar. Both strains formed yellow 

http://ggdc.dsmz.de/distcalc2.php
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colonies and were rod-shaped (2.0–5.0 μm in length and 
0.2–0.5 μm in width, supplementary Figure S3) and non-
motile. The growth of both strains occurred at salinities of 
0–1.5% (w/v) added NaCl. Weak growth was also observed 
at salinities of 2.0% (w/v) added NaCl for strain L423. The 
new isolates could grow aerobically or with arsenate (1 mM) 
as a terminal electron acceptor under anaerobic conditions. 
Anaerobic respiration of arsenate is consistent with rela-
tively high As concentrations (> 9 μM of total As) in LHC 
and nearby Hot Creek (Vick et al. 2010; Wilkie and Hering 
1998) and high rates of As cycling in these streams (Wilkie 
and Hering 1998). The detailed physiological and biochemi-
cal characteristics of strain  L198T and L423 are given in 
the species description and Table 1. The chemotaxonomic 
features of strain  L198T were similar to that of other species 
of Thermus (Da Costa et al. 2006). The predominant respira-
tory quinone was menaquinone MK-8 (98%), with menaqui-
none MK-7 (2%) as the minor fraction. Major cellular fatty 
acids of strain  L198T were iso-C15:0, iso-C17:0, and anteiso-
C15:0. The overall fatty acid composition of strains  L198T 
and L423 were very similar (supplementary Table S1), and 
broadly similar to that of T. islandicus DSM  21543T; how-
ever, iso-C15:0 was more abundant in strains  L198T and L423 
than in T. islandicus DSM  21543T, and the opposite was 
true for anteiso-C15:0. The fatty acid composition of T. com-
posti DSM  21686T was distinct from the other three strains, 

especially with respect to higher relative abundance of iso-
C17:0 and anteiso-C17:0. Hydroxy fatty acids were detected 
as minor fractions only in strains  L198T and L423, but not 
in strains DSM  21543T and DSM  21686T. Low levels of 
branched chain 3-hydroxy fatty acids were also present in 
some strains of T. aquaticus, T. filiformis, and T. tengchon-
gensis (Carreto et al. 1996; Hudson et al. 1987; Yu et al. 
2013). The predominant polar lipids of strain  L198T were 
one unidentified phospholipid (PL1) and one unidentified 
glycolipid (GL1), which is similar with T. islandicus DSM 
 21543T and T. composti DSM  21686T, and consistent with 
other members of genus Thermus. Strain  L198T was distinct 
from DSM  21543T and DSM  21686T by the presence of an 
unidentified phospholipid (PL2). The complete polar lipid 
profiles of all strains of this study are given in supplemen-
tary Figure S4.

General genome properties and comparative 
genomics

The strain  L198T high-quality draft genome is 2.16 Mbp 
long with a 68.21% G + C content. Strain  L198T has a chro-
mosome (scaffold Ga0070539_14) and at least two likely 
plasmids (scaffold Ga0070539_12 and Ga0070539_13). A 
total of 2308 genes were predicted, comprising 2251 pro-
tein-coding and 57 RNA genes. Three CRISPR arrays were 
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Fig. 1  Maximum-likelihood phylogenetic tree based on 16S rRNA 
gene sequences showing the position of strains  L198T and L423-2 
within the genus Thermus. Sequences of Marinithermus hydrother-
malis DSM  14884T (NR 074587) and Oceanithermus profundus 
DSM  14977T (CP002361) were used as outgroups. Bootstrap values 

(expressed as a percentage of 1000 replications) greater than 50% are 
given at the respective branching points. Bar: five substitutions per 
100 nucleotide position. Asterisks denote nodes that were also recov-
ered using the neighbor-joining and maximum-parsimony methods
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identified. The coding regions accounted for 97.53% of the 
whole genome and 1815 genes were assigned to a putative 
function with the remaining annotated as hypothetical pro-
teins. A total of 1618 genes (70.10%) were assigned into 
clusters of orthologous groups (COGs). The most abundant 
COG category was amino acid transport and metabolism 
(10.8%, COG category E), followed closely by general func-
tion prediction only (10.6%, COG category R), and trans-
lation, ribosomal structure, and biogenesis (10.2%, COG 
category J). The properties of the genomes and the distribu-
tion of genes into COGs are presented in supplementary 
Table S2. The genome sequence similarity between strains 
 L198T and genome sequences of other Thermus strains with 
sequenced genomes are shown in supplementary Table S3. 
The highest digital DDH, orthoANIb, and GGDC values 

were 32.7%, 87.47%, and 0.13 for T. aquaticus YT-1T, which 
are below the standard DDH (70%), ANI (95–96%), and 
GGDC (0.258) values used for delineation of bacterial spe-
cies (Goris et al. 2007; Kim et al. 2014; Richter and Ros-
selló-Móra 2009; Stackebrandt and Goebel 1994; Wayne 
et al. 1987). 442 single-copy marker genes were identified 
from the genomes sequences of 15 Thermus species. The 
maximum-likelihood phylogenetic tree based on the concat-
enation of single-copy marker genes revealed strain  L198T 
represents a close relative of T. aquaticus YT-1T, which is 
in agreement with the highest overall genome related index. 
Strain  L198T and T. aquaticus YT-1T belong to a highly 
supported branch (100% bootstrap value) along with T. 
islandicus DSM  21543T, T. arciformis CGMCC 1.6992T 
and T. thermophilus  HB8T (supplementary Figure S5). 

Table 1  Phenotypic characteristics differentiate strain  L198T from related Thermus strains

Data were confirmed in this work unless otherwise specified. Tests are scored as positive (+), negative (−) or weakly positive (w)
a Data for T. aquaticus YT-1T was taken from Brock and Freeze (1969), and Chung et al. (2000)
b Data for enzyme activities of β-galactosidase and β-glucosidase were obtained with API ZYM strip in this work

Characteristic L198T L423 T. islandicus
DSM  21543T

T. composti
DSM  21686T

T. aquaticus
YT-1Ta

Isolation source Hot spring in USA Hot spring in USA Hot spring in Iceland Thermophilic 
phase of 
compost in 
Hungary

Hot spring in USA

Pigmentation Yellow Yellow Yellow White Yellow
Temperature range for growth (°C) 45–75 45–75 45–79 40–80 40–79
pH range for growth 5.0–9.0 5.0–9.0 5.5–10.5 5.0–9.0 6.0–9.5
Salinity for growth (NaCl %, w/v) 0–1.5 0–2.0 0–0.5 0–1.5 0–1.0
Catalase + + − + +
β-galactosidaseb + + − − −
β-glucosidaseb + + − − +
Hydrolysis of
 Starch − − + − +
 Aesculin + + + + −
 Tween 20 − − + + +
 Tween 40 + − + + +
 Tween 60 + − + + +
 Tween 80 − − − + −

Utilization of
 d-glucose − − − + +
 l-arabinose + + − − −
 d-fructose + + − + +
 d-galactose + + − − −
 l-rhamnose + + − − −
 Sucrose w + − − +
 Maltose w + + + +

Major fatty acids (> 10%) Iso-C15:0, iso-C17:0, 
anteiso-C15:0

Iso-C15:0, iso-C17:0, 
anteiso-C15:0

Iso-C15:0, iso-C17:0, 
anteiso-C15:0, anteiso-
C17:0

Iso-C17:0, 
anteiso-C17:0, 
iso-C16:0

Iso-C17:0, iso-
C15:0,  C16:0, 
iso-C16:0

Presence of 3-OH fatty acids + + − − +
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The pan genome for the 15 genome Thermus genome set 
included 5193 genes, including 1295 core genes (supple-
mentary Table S4). Among the 1295 core genes, ~ 89.4% 
could be assigned to COG categories with general functional 
prediction only (COG category R). The numbers of species-
specific genes ranged from 51 to 230 genes in the genomes, 
with 92 in the genome of strain  L198T.

Analysis of the genome sequence

Analysis of the genome of strain  L198T was generally con-
sistent with the phenotypic data. Genes for flagellar assembly 
and L- and P rings were absent from the genome. Genes for 
nitrogen oxyanion and nitrogen oxide respiration were also 
absent from the genome, also in agreement with the cultiva-
tion experiments. The  L198T genome has a sox gene cluster 
(soxABCDXYZ, IMG gene ID 2617069958–2617069969) 
predicted to encode a thiosulfate oxidation system (Frie-
drich et al. 2005), which is consistent with the ability to 
oxidize thiosulfate. A high affinity phosphate transport sys-
tem (Pts, IMG gene ID 2617070823) was identified in  L198T 
genome, likely allowing arsenate to enter the cells due to 
the structural similarity of arsenate and phosphate (Mul-
ler et al. 2007). Genes for both respiratory arsenate reduc-
tion (arsenate reductase, ArsC, IMG gene ID 2617070204) 
and an arsenite efflux pump protein (ArsB, IMG gene ID 
2617070395) were present, consistent with the arsenate 
respiration phenotype in strain  L198T. A search for carbo-
hydrate-active enzymes (CAZymes) (Lombard et al. 2013; 
Yin et al. 2012) revealed a total of 58 CAZymes, of which 
15 are glycoside hydrolases (GHs), including GHs that prob-
ably are involved in depolymerization of chitin (GH23) and 
starch (GH4, GH42, GH57, GH77, four genes belonging to 
GH13 family, two genes belonging to GH31 family, and two 
genes belonging to GH2 family). The strain also encodes 
for GH36, which may aid in removal of terminal galactosi-
dase from glycolipids or glycoproteins. The  L198T genome 
encodes 44 peptidases as identified by the MEROPS data-
base (Rawlings et al. 2016). Both CAZymes and peptidases 
are generally compatible with the abilities of  L198T to utilize 
various carbohydrates or amino acids as carbon and energy 
sources, and these characteristics are common to other Ther-
mus species (Albuquerque et al. 2018).

Phylogenetic and genomic analysis clearly place the new 
isolates within the genus Thermus, as supported by a num-
ber of phenotypic traits, including negative Gram stain, rod 
shape, lack of motility, use of menaquinone 8 (MK-8) as 
the predominant respiratory quinone, and phospholipids and 
glycolipids as the major polar lipids. However, they differ 
from closely related species based on their genomic distinct-
ness (16S rRNA gene, dDDH, ANI, and GGDC) and on 
their colony color, enzyme activities, and different carbon 
substrate oxidation ability (Table 1). Strains  L198T and L423 

formed yellow colonies distinct from T. composti DSM 
 21686T, which are white. Strain  L198T has a wider NaCl 
tolerance range (0–1.5%) than T. islandicus DSM  21543T 
(0–0.5%) and T. aquaticus YT-1T (0–1.0%). Similarly to T. 
islandicus DSM  21543T, strains  L198T also exhibits mixo-
trophic growth by oxidation of thiosulfate and has a sox gene 
cluster predicted to encode a thiosulfate oxidation system. 
However, the activity of thiosulfate oxidation is negative 
for T. aquaticus YT-1T. The activities of β-galactosidase 
and β-glucosidase, and the ability to oxidize l-arabinose, 
d-galactose, and l-rhamnose distinguish strain  L198T and 
closely related type strains T. composti DSM  21686T and T. 
islandicus DSM  21543T. Deviations were also observed con-
cerning the cellular fatty acid profiles, which mainly differed 
in the amount of iso-C15:0, iso-C16:0, iso-C17:0, anteiso-C15:0, 
and anteiso-C17:0, and the presence of hydroxy fatty acids in 
strains  L198T and L423 (supplementary Table S1).

In conclusion, on the basis of phylogenetic, genomic, and 
phenotypic analyses, we suggest that strains  L198T and L423 
represent a novel species of the genus Thermus. We, there-
fore, propose the name Thermus sediminis sp. nov. with the 
type strain  L198T.

Description of Thermus sediminis sp. nov.

Thermus sediminis (se.di′mi.nis. L. gen. n. sediminis of a 
sediment, referring to the source from which the type strain 
was isolated).

Cells are Gram  stain-negative and rod-shaped and 
2.0–5.0 μm in length and 0.2–0.5 μm in width. Non-motile. 
Good growth on Thermus medium, R2A medium, and T5 
agar. Form circular, convex, yellow-pigmented colonies on 
Thermus medium. Thermophilic, with an optimum growth 
temperature of 60–70 °C (range 45–75 °C). Growth occurs 
from pH of 5.0–9.0 (optimum 7.0). Tolerant salinities of 
0–2% (w/v) added NaCl. Aerobic; does not grow anaerobi-
cally with nitrate (4.5 mM), ferric nitrilotriacetate (NTA-
Fe, 10 mM), ferric citrate (10 mM), or sulfur as terminal 
electron acceptors and does not ferment glucose. Grows 
mixotrophically by oxidation of thiosulfate to sulfate. 
Oxidase and catalase were positive. Positive for hydroly-
sis of aesculin, gelatin, and galactosidase, but negative 
for hydrolysis of starch, carboxymethyl cellulose, casein, 
arginine and Tweens 20 and 80, nitrate reduction, urease, 
indole production, and glucose fermentation. Hydrolysis 
of Tweens 40 and 60 are variable. d-fructose, d-galactose, 
l-rhamnose, and l-arabinose can be utilized as sole carbon 
sources, but d-glucose, d-lactose, d-cellobiose, d-trehalose, 
d-raffinose, d-melibiose, myo-inositol, and malate are not 
utilized. Weak growth is exhibited on sucrose, maltose, and 
glycerol. Utilization of pyruvate is variable. Results from 
API ZYM test strips are positive for alkaline phosphatase, 
esterase C4, esterase lipase C8, leucine arylamidase, 
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naphthol-AS-BI-phosphohydrolase, β-galactosidase, 
α-glucosidase, and β-glucosidase, negative for valine 
arylamidase, cystine arylamidase, trypsin, α-chymotrypsin, 
β-glucuronidase, α-mannosidase, β-fucosidase, or N-acetyl-
β-glucosaminidase, and variable for lipase C14, acid phos-
phatase, and α-galactosidase. The Biolog GEN III Micro-
Plate system results indicated oxidation of limited carbon 
sources: d-turanose, d-fructose, d-galactose, 3-methyl 
glucose, l-rhamnose, d-glucose-6-PO4, d-fructose-6-PO4, 
d-galacturonic acid, l-galactonic acid, d-glucuronic acid, 
glucuronamide, α-keto-glutaric acid, and acetoacetic acid. 
Weak results were observed for d-maltose, sucrose, d-man-
nose, glycerol, N-acetyl-d-glucosamine, and l-fucose. The 
predominant respiratory quinone is menaquinone MK-8. The 
major fatty acids are iso-C15:0, iso-C17:0 and anteiso-C15:0. 
The polar lipids include two unidentified phospholipids 
(PL1–PL2), an unidentified aminophospholipid (PLN), and 
three unidentified glycolipids (GL1–GL3).

The type strain  L198T (= CGMCC 1.13590T = KCTC 
XXX), was isolated from LHC1 hot spring in the Long Val-
ley Caldera, California, USA. The DNA G + C content is 
68.21% deduced from the genomic data. Strain L423 is an 
additional strain of this species.
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