
As a molecular-based identification method for fas-
tidious or unculturable bacteria, the 16S rRNA gene
sequence has been the most successfully applied (7).
Huge rRNA gene sequence databases such as GenBank
and RIDOM allow for a rapid comparison and identifi-
cation of unknown bacteria that are difficult to identify
by conventional methods (5).  In addition, 16S rRNA
gene sequence analysis can lead to the discovery and
description of novel pathogens (1).  Thus, the applica-
tion of the 16S rRNA gene sequence to diagnostic
microbiology has greatly expanded the list of pathogen-
ic or opportunistic bacteria in humans (6, 9, 12).  Here
we report a novel Gram-negative bacterium isolated
from the bone marrow of a patient with leukemia in
Korea.  The bacterium, designated SMC-6271T, was not
identified with conventional microbiologic methods,
and was subject to molecular identification using 16S
rRNA gene sequence and fatty acid composition analy-
ses.

A 50-year-old woman with a history of easy bruis-

ability and dizziness for 3 months was admitted to the
hospital.  With persistent symptoms, she visited the
local hospital and was found abnormal in her blood cell
count.  Thus, she was referred from the hospital to a
tertiary care hospital (Samsung Medical Center, Seoul,
Korea) for the evaluation of the abnormality and persis-
tent symptoms.  At the emergency room, she was found
to have petechia on her trunk, arm and leg, and
hepatosplenomegaly was also observed.  Her initial
complete blood cell count with differential at the emer-
gency room was as follows: WBC 7,690/mm3 (blast
64%, seg 1%), Hb 9.0 g/dl, and platelet 43,000/mm3. To
evaluate the abnormal blood cell count, a bone marrow
biopsy was done and so she was diagnosed with acute
myelogenous leukemia (FAB classification M2).  Under
the diagnosis of myelogenous leukemia, induction
chemotherapy with idarubicin and cytarabine was done
for 7 days.  After induction chemotherapy, febrile neu-
tropenia developed (hospital day 8) and she was treated
with cefepime and teicoplanin.  During the treatment,
the bone marrow biopsy cultured a Gram-negative bac-
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terium (hospital day 21).  It was not easily discriminated
with conventional microbiologic methods.  She was
treated with nafcillin and ceftriaxone under the diagno-
sis of staphylococcal infective endocarditis and infec-
tion of a Gram-negative microorganism for 4 weeks.
She was in a good state without the recurrence of
leukemia or infectious complications after induction
and consolidation chemotherapy.

A Gram-negative strain, SMC-6271T, was cultured
and preserved on a blood or chocolate agar plate.  To
identify and characterize the strain SMC-6271T, the
Vitek 2 system and API 20NE (bioMerieux, Inc.,
Hazelwood, Mo., U.S.A.) were applied following the
manufacturer’s recommendations.  The strain SMC-
6271T is a rod-shaped bacterium and forms non-pig-
mented and translucent colonies.  It was firstly isolated
on a blood agar plate at 37 C but was grown slowly.
The optimum growth temperature in chocolate medium
was around 50 C.  The Vitek 2 system and API 20NE
(bioMerieux Vitek, Hazelwood, Mo., U.S.A.) were
applied but no fitted microorganism could be found.
When tested repeatedly using the Vitek 2 system, it was
positive for α-galactosidase, γ-glutamyl-transferase, and
L-lysine-arylamidase but negative for the others.  In the
analysis using API 20NE, it was positive only for
nitrate reduction to nitrite and cytochrome oxidase
(Table 1).  Thus, we tried to identify and characterize
this bacterium by 16S rRNA gene analysis.

The template DNA for the amplification of the 16S
rRNA gene was extracted using the simple boiling-lysis
method.  Colonies were suspended in lysis buffer (100
mM NaCl, 10 mM Tris-HCl, 1 mM EDTA, and 1% Tri-
ton X-100), and were incubated at 80 C for 10 min.
Then, the mixture was centrifuged for a moment and
the aqueous phase was used as a template for PCR.
Universal PCR primers (16S-F0, 5'-GAT CCT GGC
TCA GGA CGA AC-3'; 16S-R0, 5'-CTT GTT ACG
ACT TCA CCC CA-3') and an internal sequencing
primer (16S-F5, 5'-TAT TGG GCG TAA AGC GAG
CGC-3') were used to amplify and sequence the 16S
rRNA gene fragment.  The determined 16S rRNA gene
sequence of the strain SMC-6271T (1,442 bp) was con-
catenated using the program EditSeq within DNASTAR
(Madison, Wis., U.S.A.).  Through the BLAST search

(http://www.ncbi.nlm.nih.gov/BLAST/), the 16S rRNA
gene sequence of the strain SMC-6271T was compared
with those deposited at the GenBank database and the
sequences showing high similarity were retrieved.  The
phylogenetic relationships of the strain SMC-6271T to
other bacterial species was inferred using the Neighbor-
joining method (8) on the basis of multiple alignments,
which were accomplished by using the program Clustal
X (11).  The robustness of the branch was assessed by
bootstrap analysis from 1,000 replications.

Phylogenetic analysis based on the 16S rRNA gene
sequence showed that the strain SMC-6271T showed
close relationship with Tepidimonas ignava, an
unnamed bacterium Dha-73, and an uncultured clone
tmbr 15-22 with relatively high bootstrap values (Fig.
1).  In a comparison of sequence similarity, the 16S
rRNA gene sequence of SMC-6271T showed the highest
similarities with those of strain Dha-73 (96.3%) and T.
ignava (95.7%).  This implies that SMC-6271T is close
to but different from T. ignava. Although the 16S rRNA
gene sequence of another species of Tepidimonas, T.
aquatica, is not yet available, it was reported that it is
closely related to strain Dha-73, showing 99.8%
sequence similarity (2).  Thus, SMC-6271T must also
be distinct from T. aquatica. It has been proposed that
members of one genus that share less than 97% 16S
rRNA gene sequence similarity should be regarded as
separate species (10).  Thus, the strain SMC-6271T

must be a novel and separate species within the genus
Tepidimonas.

Analyses of cellular fatty acid (CFA) compositions
were performed using Hewlett-Packard 6890A gas
chromatography and the MIDI Aerobe method (Chem
Station ver. 4.02) at MicroID. Co., Ltd. (Seoul, Korea).
The comparison of fatty acid composition confirmed
the finding that SMC-6271T is different from two
Tepidimonas species (Table 2).  The fatty acid composi-
tion of SMC-6271 was dominated by 16:0 (51.3%), fol-
lowed by 17:0 cyclo (17.2%) and 16:1 ω7c (16.7%).
Although 16:0 is also the main fatty acid in two Tepidi-
monas species, their relative proportions were different
from that of SMC-6271T.  In addition, the relative pro-
portion of other fatty acids such as 17:0 cyclo and 16:1
ω7c were also different from one another.
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Table 1. Comparison of phenotypic characteristics of T. arfidensis SMC-6271T and related species

SMC-6271T T. ignava T. aquatica
Characteristics (�KCTC 12412T SPS-1037T CLN-1T

�JCM 13232T) (�DSM 12034T) (�ATCC BAA-469T)

Nitrate reduction � � �
Urease � � �
α-Galactosidase � � �
Malate assimilation � � �



The G�C (mol%) contents of DNA from the three
strains were determined spectrophotometrically by the
thermal denaturation method (3).  The G�C content of
the strain SMC-6271T was 69.2 mol%.

Comparing the 16S rRNA gene sequence, phenotypic

characteristics, and fatty acid composition, strain SMC-
6271T represents a new species of the genus Tepidi-
monas, for which we propose the name Tepidimonas
arfidensis. To date, only two species have been
described within the genus Tepidimonas, T. ignava and
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Table 2. Fatty acid composition of strain SMC-6271T (�KCTC 12412T�JCM 13232T) grown at 50 C

Strainsa)

Fatty acid SMC-6271T T. ignava SPS-1037T T. aquatica CLN-1T

(�KCTC 12412T�JCM 13232T) (DSM 12034T) (ATCC BAA-469T)

8:0 3-OH — 0.8 0.6
15:1 ω6c — 1.3 2.6
15:0 1.0 5.3 4.9
16:1 ω7c 16.7 12.4 27.5
16:0 51.3 34.7 28.0
17:0 cyclo 17.2 11.8 —
17:0 2.7 18.0 14.9
18:1 ω7c 6.6 6.1 12.3
18:0 1.6 2.7 2.0
19:0 cyclo ω8c 1.1 0.9 —

a) Fatty acid compositions of T. ignava SPS-1037T(�DSM 12034T) and T. aquatica CLN-1T(�ATCC BAA-
469T) were obtained from Moreira et al. (4) and Freitas et al. (2), respectively.

Fig. 1. Phylogenetic tree based on 16S rRNA gene sequences. This tree is derived using Neighbor-joining method.
Numbers at branching nodes are percentages of 1,000 bootstrap replications. Only values greater than 10% are repre-
sented. The scale bar indicates 2.5 substitutions per 100 nucleotides.



T. aquatica. Tepidimonas ignava, type species of
Tepidimonas, was firstly described from the hot spring
in 2000 and is a chemolithoheterotrophic and ther-
mophilic bacterium (4).  T. aquatica, which is also
slightly thermophilic and facultatively chemolitho-
heterotrophic, was isolated from a hot water tank (2).
Another not yet described strain Dha-73, one of the
bacteria degrading dehydroabietic acid (Dha) (13), is
assumed to be T. aquatica considering the very high
similarity of 16S rRNA gene sequences (99.8%) (2).
The comparison of phenotypic characteristics also
showed that strain SMC-6271T is distinct species from
other two Tepidimonas species.  Unlike T. ignava, strain
SMC-6271T was negative for urease and malate assimi-
lation and positive for α-galactosidase.  SMC-6271T

differed from T. aquatica in that it does not reduce
nitrate to nitrite and is positive for α-galactosidase
(Table 1).  As for fatty acid composition, strain SMC-
6271T and the other two Tepidimonas species share the
main fatty acid as 16:0 (Table 2).  However, the relative
composition of 17:0 cyclo and 16:1 ω7c differentiates
SMC-6271T from T. ignava and T. aquatica.

Like the other Tepidimonas species, strain SMC-
6271T is also slightly thermophilic; its optimum temper-
ature is around 50 C.  The result that strain SMC-6271T

isolated from bone marrow is slightly thermophilic is
unexpected.  So far its pathogenic significance remains
unknown and there is a possibility that it is a colonizer.
Moreover, the possibility that it was isolated from a
human due to contamination cannot be excluded.

The 16S rRNA gene sequence of SMC-6271T was
deposited in GenBank and DDBJ and given accession
number AY594193 and AB206468, respectively.

The description of Tepidimonas arfidensis sp.  nov. is
as follows.  The species name arfidensis is derived from
the research foundation, Asian-Pacific Research Foun-
dation for Infectious Diseases (ARFID), where this bac-
terium was firstly characterized.

It is a Gram-negative rod.  It grows aerobically on a
chocolate agar plate after 2–3 days of incubation at 50
C.  It is aerobic and positive for α-galactosidase, γ-glu-
tamyltransferase, L-lysine-arylamidase, cytochrome
catalase, and nitrate reduction to nitrite in Vitek 2 sys-
tem and API 20NE.  It has the cellular fatty acids 16:0,
cyclo-17:0 cyclo, and 16:1 ω7c as the major fatty acid
components.  It was isolated from the bone marrow of a
patient with leukemia.  16S rRNA gene sequence analy-
sis showed that it is closely related to Tepidimonas
ignava and Tepidimonas aquatica but distinct from
them.  G�C content is 69.2 mol%.  The type strain of T.
arfidensis is the strain SMC-6271T (�ABB 0301T

�KCTC 12412T �JCM 13232T).
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