
Introduction

　Soy sauce is a traditional fermented seasoning. 
Steamed soybeans, roasted wheat, and mold starter 
(Aspergillus oryzae or Aspergillus soja) are mixed and 
fermented for 2 days. Next, the fermenting material 
(termed koji) is mixed with salt water and matured for 
more than a year. If bacterial spore contaminants are 
present when the soybeans and wheat are mixed, 
such spores germinate and proliferate, resulting in in-
hibition of Aspergillus growth and spoiling of the fer-

mentation (Takazane et al., 1998). Bacterial spores are 
resistant to dried conditions and routine cleaning de-
tergents, and thus survive on the surface of soy sauce 
production equipment. However, the nature of spore-
forming bacteria contaminating such equipment is un-
known. Therefore, we isolated spore-forming bacteria 
from various items of equipment and investigated bac-
terial distribution, with the aim of effectively preventing 
such contamination. In our research, an unknown 
Sporosarcina strain was isolated from the surface of a 
hopper (an item of equipment used to receive steamed 
soybeans from the factory autoclave).
　The genus Sporosarcina, which belongs to the fam-
ily Bacillaceae, was proposed by Kluyver and van Niel 
(1936) to accommodate bacteria that have spherical 
or oval-shaped cells and contain MK-7 as the major 
menaquinone. Recently, S. antarctica, isolated from 

J. Gen. Appl. Microbiol., 55, 217‒223 (2009)

A Gram-variable, spore-forming, motile rod, designated strain Y1T, was isolated from the hopper 
surface of equipment used for soy sauce production. Phylogenetic analysis based on 16S rRNA 
gene sequence revealed that Y1T is affi liated phylogenetically to the genus Sporosarcina, and 
the strain showed sequence similarities of 95.8‒99.2% to those of Sporosarcina species with 
validly published names. The values of DNA-DNA relatedness between strain Y1T and related 
type strains of the genus Sporosarcina were below 27%. The major cellular fatty acids were iso-
C15:0 and anteiso-C15:0. The cell-wall peptidoglycan was of the A4α type (Lys-Glu) and the major 
isoprenoid quinone was MK-7. The major polar lipids were diphosphatidylglycerol, phosphatidyl-
glycerol, and phosphatidylethanolamine. The genomic DNA G+C content of the strain was 
43.6 mol%. On the basis of phylogenetic analysis and physiological and chemotaxonomic data, 
the isolate represents a novel species of the genus Sporosarcina, for which the name Sporo-
sarcina luteola sp. nov. is proposed. The type strain is strain Y1T (=JCM 15791T=NRRL B-59180T

=NBRC 105378T=CIP 109917T=NCIMB 14541T).

Key Words—soy sauce; spore; Sporosarcina luteola gen. nov., sp. nov.

　* Address reprint requests to: Tatsuya Tominaga, Saitama In-
dustrial Technology Center North Institute, 2‒133 Suehiro, Kuma-
gaya, Saitama 360‒0031, Japan.
　Tel: +81(485)210614　　Fax: +81(485)256052
　E-mail: tatsuyatominaga@gmail.com

Full Paper

Sporosarcina luteola sp. nov. isolated from 
soy sauce production equipment in Japan

Tatsuya Tominaga,1,* Sun-Young An,2 Hiroshi Oyaizu,3 and Akira Yokota2

1 Saitama Industrial Technology Center North Institute, Kumagaya, Saitama 360‒0031, Japan
2 Institute of Molecular and Cellular Biosciences, The University of Tokyo, Bunkyo-ku, Tokyo 113‒0032, Japan

3 Biotechnology Research Center, The University of Tokyo, Bunkyo-ku, Tokyo 113‒8657, Japan

(Received January 19, 2009; Accepted March 6, 2009)



218 Vol. 55TOMINAGA et al.

soil samples in the Antarctic, was reported by Yu et al. 
(2008), so the genus Sporosarcina now contains 
10 recognized species; Sporosarcina ureae (Claus 
and Fahmy, 1986; Claus et al., 1983), S. globispora 
(Larkin and Stokes, 1967; Yoon et al., 2001), S. psy-

chrophila (Nakamura, 1984; Yoon et al., 2001), S. pas-

teurii (Chester, 1898; Yoon et al., 2001), S. aquimarina 
(Yoon et al., 2001), S. macmurdoensis (Reddy et al., 
2003), S. koreensis and S. soli (Kwon et al., 2007) and 
S. saromensis (An et al., 2007).
　Here, we report on the characterization of a novel 
bacterium of the genus Sporosarcina, isolated from a 
hopper used in the soy sauce production process.

Materials and Methods

　Bacterial strains and isolation.　The surfaces of soy 
sauce production equipment were swabbed with cot-
ton-tipped swabs (Fukifuki-check, Eiken Chemical, To-
kyo, Japan). Swabbed samples were incubated for 
10 min at 80°C, and spread on Brain Heart Infusion 
(BHI) (Oxoid, Hampshire, United Kingdom) agar. After 
1 day incubation at 30°C, strain Y1T was isolated from 
the grown colonies.
　Physiological and biochemical test.　The cell mor-
phology of strain Y1T was examined using a BX50F4 
microscope (Olympus, Tokyo, Japan). Colony mor-
phology was observed following incubation on LB 
agar (Becton Dickinson, MD, USA) at 30°C. Gram-
staining was performed using Favor G “Nissui” (Nissui 
Pharmaceutical, Tokyo, Japan). Growth temperature 
was varied between 5‒45°C at 5°C intervals. Growth in 
the presence of NaCl was examined in BHI broth con-
taining NaCl at 0, 5, 7.5 or 10% (all w/v). The pH range 
for growth was determined using BHI broth adjusted 
to various pH values with HCl or NaOH. Anaerobic 
growth was investigated by use of an AnaeroPack 
(Mitsubishi Gas Chemical, Tokyo, Japan) on LB agar 
at 30°C. The motility was observed on BHI agar by mi-
croscope. General physiological tests were achieved 
using conventional methods (Barrow and Feltham, 
1993). API strips (API 20E and API 50CHB; bioMérieux, 
Lyon, France) were used, according to the manufac-
turer’s instructions, to determine the physiological and 
biochemical characteristics of strain Y1T. The API strips 
were recorded after 1 day at 30°C.
　16S rRNA gene sequencing, phylogenetic analysis 

and DNA-DNA hybridization.　Genomic DNA was iso-
lated using an ISOPLANT kit (Nippongene, Tokyo, Ja-

pan), according to the manufacturer’s instructions. 
The 16S rRNA gene was sequenced as described pre-
viously (Klijn et al., 1991; Mori et al., 1997). Multiple 
alignment was performed using CLUSTAL W (Thomp-
son et al., 1994) followed by a phylogenetic tree con-
struction using Kimura’s two-parameter model (Kimu-
ra, 1980). Clustering was performed employing the 
neighbor-joining algorithm (Saitou and Nei, 1987) im-
plemented in the program MEGA version 4.0 (Tamura 
et al., 2007). Resultant tree topologies were evaluated 
by a bootstrap analysis based on 1,000 resamplings. 
DNA-DNA hybridization was performed using the pho-
tobiotin-labeling method (Ezaki et al., 1989) and em-
ploying a multi-well plate reader (Cytofl uof; PerSeptive 
Biosystems, MA, USA).
　Chemotaxonomic investigation.　Respiratory qui-
nones were extracted and purifi ed according to a pub-
lished protocol (Nishijima et al., 1997), and were ana-
lyzed by HPLC (Waters 600 series; Waters, MA, USA). 
Cell-wall peptidoglycan was prepared and analyzed 
by HPLC (Waters). For analysis of fatty acid methyl es-
ters, strain Y1T was harvested from Trypticase Soy 
(Becton Dickinson (BD), NJ, USA) plates after incuba-
tion at 27°C for 2 days. Fatty acid methyl esters were 
extracted and prepared according to the standard pro-
tocol of the Sherlock Microbial Identifi cation System 
Version 5.0 (MIDI, DE, USA). Polar lipids were ana-
lyzed as described previously (Tindall, 1990a, b). G+C 
content of DNA was determined by HPLC (Mesbah et 
al., 1989).
　Nucleotide sequence accession numbers.　The 
nucleotide sequence determined in this study has 
been deposited with DDBJ under the accession num-
ber AB473560.

Results and Discussion

Phylogenetic analysis

　Pairwise analysis revealed that strain Y1T showed 
the highest 16S rRNA gene sequence similarity with 
the type strain of S. koreensis (99.2%), followed by the 
type strains of S. saromensis (99.1%), S. soli (98.2%), 
S. aquimarina (97.8%), S. psychrophila (97.4%), S. glo-

bispora (97.3%), S. ureae (96.9%), S. pasteurii (96.2%), 
S. macmurdoensis (95.9%) and S. antarctica (95.8%). 
On the other hand, 16S rRNA gene sequence similari-
ties of less than 96.0% were obtained with species of 
other related genera. The phylogenetic tree showed 
that strain Y1T was positioned in the genus Sporosarci-
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na (Fig. 1). Strain Y1T and S. ureae formed a cluster 
with 94% bootstrap support, indicating that strain Y1T 
is a member of the genus Sporosarcina.
　Strain Y1T, S. saromensis JCM 23205T, and S. kore-

ensis DSM 16921T formed a cluster with 81% bootstrap 
support indicating that DNA relatedness between Y1T 
and the other two strains should be compared. The 
levels of DNA-DNA relatedness between Y1T and S. 

saromensis JCM 23205T (27%), S. koreensis DSM 
16921T (24%), and S. soli 16920T (17%), were all much 
less than the 70% threshold value suggested by Wayne 
et al. (1987) for species differentiation. Therefore, 
strain Y1T is suggested to be a novel species distinct 
from other Sporosarcina species.

Morphological, physiological and biochemical analy-

sis

　Morphological, physiological, and biochemical char-
acteristics of strain Y1T are given in the species de-
scription below or are shown in Table 1. Strain Y1T 
could grow under anaerobic conditions, showed no 
urease activity, and could produce acid from D-glu-

cose; these are differences between strain Y1T on the 
one hand, and S. saromensis, S. koreensis, and S. soli, 
on the other hand; the latter three species are those 
most closely related to strain Y1T. In addition, strain 
Y1T produced acid from glycerol, D-ribose, D-galac-
tose, D-glucose, D-fructose, dulcitol, α-methyl-D-glu-
coside, maltose, and L-fucose, whereas S. saromensis 
produced no acid from any of the sugars in the API 
50CHB gallery (An et al., 2007). These data estab-
lished that strain Y1T showed phenotypic characteris-
tics distinct from those of S. saromensis, S. koreensis, 
and S. soli.

Chemotaxonomic analysis

　Strain Y1T contained MK-7 as the major menaqui-
none, in agreement with other Sporosarcina species. 
The peptidoglycan contained lysine, glutamic acid, 
and alanine at a ratio of 1：2.5：2.2, which is of the 
Lys-Glu type (variation A4α) (Schleifer and Kandler, 
1972). The predominant cellular fatty acids of strain 
Y1T were iso-C15:0 and anteiso-C15:0, as for S. saro-

mensis, S. koreensis, and S. soli, the closely related 

Fig.1.　Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences showing the posi-
tions of strain Y1T and other related taxa.
　Alignment gaps and ambiguous bases were not taken into consideration so that 1,271 bases of the 
16S rRNA gene nucleotide were compared. Numbers at nodes represent levels of bootstrap support 
(%) based on 1,000 resampled datasets. Bootstrap percentages more than 50% are shown. DDBJ 
accession numbers are given in parentheses. Bar, 1% sequence divergence.
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species (An et al., 2007; Kwon et al., 2007). The fatty 
acid profi les of strain Y1T and the other recognized 
Sporosarcina species are detailed in Table 2. The ma-
jor polar lipids were diphosphatidylglycerol, phos-
phatidylglycerol and phosphatidylethanolamine, as for 
S. saromensis and S. koreensis (An et al., 2007; Kwon 
et al., 2007). The DNA G+C content of strain Y1T was 
43.6 mol%.
　Based on the phenotypic, phylogenetic, and ge-
nomic evidence presented, strain Y1T is considered to 

represent a novel species of the genus Sporosarcina, 
for which the name Sporosarcina luteola sp. nov. is 
proposed.

Description of Sporosarcina luteola sp. nov.
Sporosarcina luteola (lu.te.o’ la. L. fem. adj. luteola as-
sociated with the colony color seen on LB agar).
　Cells are Gram-variable, spore-forming, motile rods, 
0.7‒0.8×1.5‒2.5 μm in size. Colonies formed on LB 
agar are yellow, smooth, circular, and convex, with en-

Table 2.　Comparison of the cellular fatty acids of strain Y1T and type strains of the genus Sporosarcina.

Fatty acid 1 2 3 4 5 6 7 8 9 10 11

Saturated fatty acids

C13:0 - - - - 0.5 - - - - - -

C14:0 0.8 - 0.8 2.1 0.5 1.9 0.6 0.9 1.1 0.8 -

C15:0 0.5 - - - 1.1 - 0.4 0.5 3.3 0.7 -

C16:0 1.1 1.4 1.1 3.6 0.7 3.8 0.9 1.5 4.7 2.1 -

C18:0 0.2 - - - - 0.5 - 0.2 - 0.6 -

Unsaturated fatty acids

C15:1 - - - - 1.5 - - - - - -

C16:1ω7c - - - - 1.1 - - - - - -

C16:1ω7c alcohol 1.9 0.4 1.2 - - 0.2 5.5 2.4 2.8 1.4 18.89

C16:1ω11c 0.7 - 0.7 0.6 - 0.6 3.1 1.8 3.2 2.1  3.67

C18:1ω9c - - - - - 0.4 - 0.3 0.8 0.5 -

Branched fatty acids

iso-C13:0 0.2 - - - - - - - - - -

anteiso-C13:0 - - - - - 0.3 - 0.1 - 0.7 -

iso-C14:0 9.0 5.6 6.5 6.1 11.1 3.6 3.4 4.1 15.4 2.1  7.55

iso-C15:0 45.6 49.5 44.4 36.8 4.0 5.4 4.0 6.4 6.9 7.0 -

anteiso-C15:0 31.8 33.3 38.1 44.2 37.4 77.3 61.8 68.4 48.6 68.7 39.75

iso-C16:0 4.5 4.2 3.4 2.7 3.2 1.9 1.5 2.1 7.5 1.1  7.01

iso-C16:1 - - - - 22.6 - - - - - -

iso-C17:0 1.1 - 0.7 0.9 3.0 - - 0.2 - 0.5 -

anteiso-C17:0 2.1 2.4 1.9 2.2 13.0 4.1 6.9 6.6 4.0 8.8  4.23

iso-C17:1ω10c 0.4 - - - - - - - - - -

Summed feature 4a 0.4 0.0 0.5 - - - 10.6 3.9 0.7 2.5 11.91

Unkown fatty acid - - - - - - 0.7 0.5 - - -

　Strains: 1, Y1T (Sporosarcina luteola sp. nov.); 2, S. saromensis HG645T; 3, S. koreensis F73T; 4, S. soli I80T; 5, S. macmurdoen-

sis CMS 21wT; 6, S. aquimarina SW28T; 7, S. globispora DSM 4T; 8, S. psychrophila IAM 12468T; 9, S. pasteurii NCIMB 8841T; 10, 
S. ureae DSM 2281T; 11, S. antarctica N-05 T. Data are from Yoon et al. (2001), Reddy et al. (2003), Kwon et al. (2007), An et al. 
(2007), Yu et al. (2008) and this study. aSummed feature 4: iso-C17:1 I + anteiso-C17:1 B.
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tire margins after 48 h incubation at 30°C. Endospores 
are positioned terminally. Produces catalase and 
oxidase. Growth occurs under anaerobic conditions 
on LB medium. Growth occurs at 10‒40°C and 
pH 6.0‒10.0, with optimum growth at 25‒30°C and ap-
proximately pH 7.0. Growth occurs in the presence of 
0‒7.5% (w/v) NaCl. Nitrate is reduced and hydrogen 
sulfi de is not produced. Negative for indole production 
and the Voges-Proskauer reaction. Negative for argi-
nine dihydrolase, lysine decarboxylase, ornithine de-
carboxylase, urease, β-galactosidase, tryptophan 
deaminase, phenylalanine deaminase, DNase, citrate 
utilization and hydrolysis of casein, Tween 20 and 
Tween 40. Positive for gelatinase and for hydrolysis of 
Tween 60 and Tween 80. Acid is produced from glyc-
erol, D-ribose, D-galactose, D-glucose, D-fructose, dul-
citol, α-methyl-D-glucoside, maltose and L-fucose, but 
not from the other carbohydrates of the API 50CHB 
test suite. The major isoprenoid quinone is MK-7. The 
cell wall contains peptidoglycans of the Lys-Glu type 
(variation A4α). The predominant cellular fatty acids 
are iso-C15:0 and anteiso-C15:0. The major polar lipids 
are diphosphatidylglycerol, phosphatidylglycerol and 
phosphatidylethanolamine. The DNA G+C content of 
the type strain is 43.6 mol%.
　The type strain is strain Y1T (=JCM 15791T=NRRL 
B-59180T=NBRC 105378T=CIP 109917T=NCIMB 
14541T), which was isolated from the surface of soy 
sauce production equipment in Japan.
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