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ABSTRACT - Forty-five acetic acid bacteria, which were isolated from fruits, flowers and other materials collected in Thailand by an
enrichment culture approach, were assigned to the genus Gluconobacter by phenotypic and chemotaxonomic characterisations. On
the basis of 165-23S rRNA gene ITS restriction and 16S rRNA gene sequence analyses, the forty-five isolates were grouped into five
groups and identified at the specific level as follows: 1) seventeen isolates were grouped into Group A and identified as G. oxydans;
2) twelve isolates were grouped into Group B and identified as G. cerinus; 3) nine isolates were grouped into Group C and identified
as G. frateurii; 4) six isolates were included into Group D and identified as G. thailandicus; 5) one isolate was grouped into Group E,
characterised by a restriction pattern comprised of 667 and 48-bp fragments in Avall digestion, differing from those of strains of Group
C or G. frateurii and Group D or G. thailandicus, and unidentified.

Key words: acetic acid bacteria, Gluconobacter, Thai isolates, 165-23S rRNA gene ITS restriction analyses, 16S rRNA gene sequence

analyses.

INTRODUCTION

Acetic acid bacteria (AAB) are Gram-negative, strictly aerobic
rods and commonly found in nature on various plants such as
flowers, herbs, fruits, etc. They have an ability to oxidise different
kinds of alcohols and sugars to commercially important foods and
chemical products such as vinegar, kombucha, tea, L-sorbose,
D-gluconic acid, etc (Kersters et al., 2006). In addition, AAB do
not only have the capability of producing considerable amounts
of extracellular polysaccharides but also spoiling beer, juice, wine
and fruits.

AAB are presently classified into eleven genera: Acetobacter,
Gluconobacter, Acidomonas, Gluconacetobacter, Asaia, Kozakia,
Swaminathania, Saccharibacter, Neoasaia, Granulibacter and
Tanticharoenia in the family Acetobacteraceae (Skerman et al.,
1980; Jojima et al., 2004; Loganathan and Nair, 2004; Greenberg
et al., 2006; Kersters et al., 2006; Yukphan et al., 2005a, 2006,
2008a, 2008b).

In the genus Gluconobacter Asai 1935, eight species were
once described: Gluconobacter oxydans De Ley 1961 (the
type species), Gluconobacter cerinus Yamada and Akita 1984,

* Corresponding author. Phone: +66-2-218-8376;

Fax +66-2-254-5195; E-mail: Somboon.T@chula.ac.th

§ JICA Senior Overseas Volunteer, Japan International
Cooperation Agency (JICA), Tokyo, Japan;

Professor Emeritus, Shizuoka University, Shizuoka, Japan.

Gluconobacter frateurii Mason and Claus 1989, Gluconobacter
asaii Mason and Claus 1989, Gluconobacter albidus Yukphan et
al. 2005a, Gluconobacter thailandicus Tanasupawat et al. 2005,
Gluconobacter kondonii Malimas et al. 2008 and Gluconobacter
roseus Malimas et al. 2008 (De Ley, 1961; Skerman et al., 1980;
Yamada and Akita, 1984a, 1984b; Mason and Claus, 1989;
Yukphan et al., 2004a, 2005b; Tanasupawat et al., 2004, 2005;
Malimas et al., 2007, 2008a, 2008b, 2008c). Of the eight species,
G. asaii was a junior subjective synonym of G. cerinus (Tanaka et
al., 1999; Yamada et al., 1999; Katsura et al., 2002).

AAB have traditionally been classified and identified on
the basis of morphological, physiological, biochemical and
chemotaxonomic characteristics. For species classification and
identification of Gluconobacter strains, phenotypic features
characterised morphologically by Gram-negative, strictly aero-
bic, polar-flagellated rods, physiologically by no oxidisation of
acetate and lactate, requirement of nicotinic acid and growth on
D-arabitol, L-arabitol and meso-ribitol and chemotaxonomically
by ubiquinone-10 (Q-10) are generally utilised (Asai et al., 1964,
Gosselé et al., 1983; Yamada and Akita, 1984a; Yamada et al.,
1969, 1999; Tanaka et al., 1999; Katsura et al., 2002). However,
the phenotypic classification and identification are not so easy
but rather difficult, and the results obtained are sometimes not
only inaccurate but also time-consuming. The application of
molecular methods based, for example, on 16S-23S rRNA gene
internal transcribed spacer (ITS) restriction and sequence analy-
ses achieves quick and accurate classification and identification
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of these microorganisms, along with 16S rRNA gene sequence
analysis (Tanasupawat et al., 2004; Yukphan et al., 2004a;
Malimas et al., 2007, 2008b; Kommanee et al., 2008).

This paper deals with a large number of Gluconobacter
strains isolated in Thailand on the basis of 165-23S rRNA gene
ITS restriction and 16S rRNA gene sequence analyses as well as
the phenotypic characterisation.

MATERIALS AND METHODS

Isolation of acetic acid bacteria and reference strains.
Forty-five strains of AAB were isolated from 14 fruits, 20 flowers
and three other materials collected in Bangkok and nine prov-
inces, Thailand by an enrichment culture approach using glucose/
ethanol/yeast extract (GEY) medium. An isolation source was
incubated at pH 4.5 and 30 °C for 3-5 days in a liquid medium (15
ml/tube) composed of 2.0% D-glucose, 5.0% ethanol and 1.0%
yeast extract (all by w/v). When microbial growth was found,
the culture was streaked onto a GEY-agar plate containing 0.3%
CaCOs3 (w/v) (Yamada et al., 1976). AAB were selected as an acid-
producing bacterial strain that formed a clear zone around the
colony on the agar plate. Gluconobacter oxydans NBRC 148197,
G. cerinus NBRC 32677, G. frateurii NBRC 32647, G. albidus NBRC
32507, G. thailandicus NBRC 1006007, G. kondonii NBRC 32667
and G. roseus NBRC 3990T were used for reference strains.

Phenotypic characterisation. Phenotypic characterisation was
carried out by incubating test strains at 30 °C and pH 6.8 for
two days on glucose/yeast extract/peptone/glycerol (GYPG)
agar, which was composed of 1.0% D-glucose, 1.0% glycerol,
0.5% yeast extract, 1.0% peptone, and 1.5% agar (all by w/v),
unless otherwise mentioned. For Gram stain of bacterial cells,
the Hucker-Conn modified method was used (Hucker and Conn,
1923). Physiological and biochemical characterisations were
made by the methods of Asai et al. (1964), Gosselé et al. (1983),
Yamada and Akita (1984a), Mason and Claus (1989), Yamada et
al. (1999) and Katsura et al. (2002).

Chemotaxonomic characterisation. AAB were grown in
GYPG broths containing 10% potato extract on a rotary shaker
(150-200 rpm) at 30 °C for 24 h (Moonmangmee et al., 2000).
Ubiquinone was extracted from freeze-dry cells by shaking with
a mixture of chloroform-methanol (2:1, v/v). Cells were removed
by filtration, and the combined filtrates were evaporated to
dryness under a reduced pressure on a rotary evaporator. The
resulting residue was dissolved in a small volume of acetone,
followed by thin-layer chromatography on a silica gel plate (20 x
20 cm, silica gel 60F,s4, Art 5715, E. Merck, Darmstdt, Germany)
with a solvent system of pure benzene (Yamada et al., 1969).
The purified ubiquinone preparation was applied to analysis
for its homologues by reversed-phase paper chromatography
(Yamada et al., 1969) and by high performance liquid chroma-
tography (Tamaoka et al., 1983).

16S-23S rRNA gene ITS PCR amplification. The 16S-23S
rRNA gene ITS PCR amplification was made by using the two
primers of Tré¢ek and Teuber (2002), which were 5'TGCGG(C/T)
TGGATCACCTCCT-3" (position 1522-1540 on 16S rRNA by the
Escherichia coli numbering system; Brosius et al., 1981) and 5’
GTGCC(A/T)AGGCATCCACCG-3’ (position 38-22 on 23S rRNA).
Isolate AN1-1 of Group E was sequenced for 165-23S rRNA gene
ITS (Yukphan et al., 2004b), and the sequence determined was
analysed with the program NEBcutter (ver. 2.0, New England

BioLabs, Beverly, Massachusetts, USA) for Mboll, Bsp1286I and
Avall digestions.

Digestion of PCR products with restriction endonucleases.
The purified PCR products were separately digested with restric-
tion endonucleases Bsp12861, Mboll and Avall (New England
BioLabs). The resulting reaction products were analysed by 2.5%
(w/v) agarose gel electrophoresis developed at 100V for 40 min
in 1x Tris-acetate running buffer.

16S rRNA gene sequencing. The bacterial 165 rRNA genes
were amplified by PCR with Tag DNA polymerase and prim-
ers 20F (5-GAGTTTGATCCTGGCTCAG'-3, the Escherichia
coli numbering system, Brosius et al., 1981) and 1500R
(5'GTTACCTTGTTACGACTT'-3) and sequenced as described previ-
ously (Tanasupawat et al., 2004). The 16S rRNA gene sequencing
was carried out with an ABI PRISM BigDye Terminator v3.1 Cycle
sequencing kit on an ABI PRISM model 310 Genetic Analyzer
(Applied Biosystems, Foster, California, USA). The following six
primers were used for the 16S rRNA gene sequencing; 20F,
1500R, 520F (5'-CAGCAGCCGCGGTAATAC-3'; positions 519-
536), 520R (5'-GTATTACCGCGGCTGCTG-3'; positions 536-519),
and 920F (5’AAACTCAAATGAATTGACGG-3'; positions 907-926),
and 920R (5-CCGTCAATTCATTTGAGTTT-3’; positions 926-907).

Sequence analyses. Multiple sequence alignments (ca. 1382
bases) were performed with a program CLUSTAL_X (version
1.83) (Thompson et al., 1997). Gaps and ambiguous bases were
eliminated from calculation. Distance matrices for the aligned
sequences were calculated by the two-parameter method of
Kimura (1980). A phylogenetic tree based on 16S rRNA gene
sequences was constructed by the neighbor-joining method of
Saitou and Nei (1987) with the program MEGA 4 (Tamura et al.,
2007). The confidence values of individual branches in the phy-
logenetic tree were determined by using the bootstrap analysis
of Felsenstein (1985) based on 1000 replications. Pair-wise 16S
rRNA gene sequence similarities were calculated for 1435 bases
between phylogenetically related strains.

Base sequence deposition numbers. All the 16S rRNA gene
sequences determined were deposited in the DDBJ] database
under the accession numbers, AB436557, AB436556, AB436558,
AB436559 and AB436555 respectively for isolates JR70-1, AK33-
2, LD51-1, MG71-2 and AN1-1.

RESULTS AND DISCUSSION

The 45 Thai isolates that were Gram-negative, aerobic rods, pro-
duced catalase but not oxidase and showed clear zones on GEY/
CaCO5 agar plates and growth at pH 3.5 were assigned to the
genus Gluconobacter, since the isolates did not oxidise acetate
and lactate and had Q-10 as the major quinone. The isolates
showed growth on mannitol agar, but not on glutamate agar.
Production of dihydroxyacetone from glycerol was positive. The
45 isolates were divided into five groups, i.e., Groups A, B, C, D
and E on the basis of the restriction patterns obtained in Mboll,
Bsp12861 and Avall digestions.

Group A was composed of 17 isolates, which included AG21-
1, BA28-1, etc. (Table 1). The 17 isolates gave the same restric-
tion patterns as G. oxydans NBRC 148197, when digested with
restriction endonucleases Bsp12861 and Mboll, which showed
respectively 362, 177, 92 and 82-bp fragments and 585, 58,
35 and 35-bp fragments (Fig. 1) (Yukphan et al., 2004a), In a
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TABLE 1 - Identification of Thai isolates assigned to the genus Gluconobacter based on 16S-23S rRNA gene ITS restriction

analysis

Isolate Isolation source Restriction pattern by digestion with
Source Province Bsp12861 Mboll Avall

Group A or G. oxydans
AM26, AM28, AM46 Pagoda flower Rayong Go Go -
AM48, AM68 Baccaurea Rayong Go Go -
AG21-1 Petunia Rayong Go Go -
BA28-1 Salas Rayong Go Go -
SB20-2 Chaba Rayong Go Go -
1187-2 Jujube Trad Go Go -
LK88-2 Long-gong Trad Go Go -
ST79-1 Strawberry Trad Go Go -
LP92-1 Look-pang Khon Kaen Go Go -
RP55-2 Flower of golden shower tree  Khon Kaen Go Go -
JR70-1 Mango Nontaburi Go Go -
LD51-2 Plumeria flower Chonburi Go Go -
SF61-1 Star fruit Chantaburi Go Go -
HG45-1 Honey Phuket Go Go -
Group B or G. cerinus
MR40-1 Spider flower Bangkok Gc Gc -
PH32-2 Peach Bangkok Gc Gc -
PP42-1 Bottle tree Bangkok Gc Gc -
AK33-2 Musk-melon Bangkok Gc Gc -
AG21-2 Petunia Rayong Gc Gc -
AM10-3 Cordia Rayong Gc Gc -
AM14-1 Baccaurea Rayong Gc Gc -
MM86-2 Musk-melon Saraburi Gc Gc -
AN34-2 Night jasmine Saraburi Gc Gc -
DM52-2 Cordia Chonburi Gc Gc -
MK44-1 Papaya Phuket Gc Gc -
PS49-2 Petunia Nontaburi Gc Gc -
Group C or G. frateurii
AM10-1 Cordia Rayong Gf Gf Gf
CR16-1 Caricature plant Rayong Gf Gf Gf
CR84-1 Custard apple Khon Kaen Gf Gf Gf
LP92-2 Look-pang Khon Kaen Gf Gf Gf
KT43-2 Ixora Bangkok Gf Gf Gf
LR4-1 Heliconia Bangkok Gf Gf Gf
HP27-2 Hog plum Nongkhai Gf Gf Gf
JR70-2 Mango Nontaburi Gf Gf Gf
LD51-1 Plumeria Chonburi Gf Gf Gf
Group D or G. thailandicus
AM29, AM 47, AM24 Little yellow star Rayong Gf Gf Gt
ZN22-2 Zinnia Rayong Gf Gf Gt
MG71-2 Mango Bangkok Gf Gf Gt
CK36-2 Flower of golden shower tree Khon Kaen Gf Gf Gt
Group E (unidentified)
AN1-1 Flower of rain tree Rayong Gf Gf unident.

Go: G. oxydans, Gc: G. cerinus, Gf: G. frateurii, Gt: G. thailandicus, -:

not tested, unident.: unidentified.
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FIG. 1 - Restriction of 165-23S rRNA gene ITS PCR products of Thai isolates assigned to the genus Gluconobacter. The restriction
analysis was made for Thai isolates assigned to the genus Gluconobacter with restriction endonucleases Bsp12861 (A), Mboll

(B) and Avall (C). For estimation of digestion fragments,

50 bp DNA markers were used in the agarose gel electrophoresis.

Lane 1: G. oxydans NBRC 148197, lane 2: G. albidus NBRC 32507, lane 3: G. cerinus NBRC 32677, lane 4: G. thailandicus
NBRC 1006007, lane 5: G. frateurii NBRC 32647, lane 6: isolate JR70-1 of Group A, lane 7: isolate AK33-2 of Group B, lane
8: isolate LD51-1 of Group C, lane 9: isolate MG71-2 of Group D, lane 10: isolate AN1-1 of Group E, M: 50 bp DNA marker.

phylogenetic tree based on 16S rRNA gene sequences, isolate
JR70-1 of Group A was located within the cluster of G. oxydans
(Fig. 2) and had 99.8% pair-wise 16S rRNA gene sequence
similarity to the type strain of G. oxydans. The isolates produced
acetyl methyl carbinol from lactate and grew at 30 and 37 °C.
2-Keto-D-gluconate and 5-keto-D-gluconate were produced, but
2,5-diketo-D-gluconate was not. The isolates did not show any
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growth on D-arabitol, L-arabitol and meso-ribitol, being different
from strains of other groups (Table 2). They produced acid from
D-mannose (weakly positive), myo-inositol (weakly positive),
maltose and melibiose (weakly positive), but not from D-sorbitol
and sucrose. The 17 isolates of Group A were therefore identi-
fied as G. oxydans. They were found in fruits of mango, jujube,
long-gong, salas, strawberry, star fruit, baccaurea, in flowers of

g6 |G- frateurii NBRC 3264" (X82290)
LD51-1 (AB436558)
AN1-1 (AB436555)
G. thailandicus NBRC 100600" (AB128050)
93| MG71-2 (AB436559)
G. cerinus NBRC 32677

AK33-2 (AB436556)

G. albidus NBRC 32507 (AB178392)
G. oxydans NBRC 14819 (X73820)

JR70-1 (AB436557)

Knuc
0.005

A. aceti NBRC 14819" (X74066)

FIG. 2 - A phylogenetic tree based on 16S rRNA gene sequences for Thai isolates assigned to the genus Gluconobacter. The phyloge-
netic tree was constructed by the neighbor-joining method. The type strain of Acetobacter aceti NBRC14818T was used for
an outgroup. Numerals (%) at nodes indicate bootstrap values derived from 1000 replications. Bar: 0.005 substitutions per

100 nucleotide position.
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TABLE 2 - Differential characteristics of Thai isolates assigned to the genus Gluconobacter

Characteristics Group A G. oxydans

Group B G. cerinus

Group C G. frateurii  Group D G. thailandicus Group E

17 isolates NBRC 148197 12 isolates NBRC 32677 9 isolates NBRC 32647 6 isolates NBRC 1006007 1 isolate

Acetate oxidation - - -
Lactate oxidation - - -

Ubiquinone Q-10 Q-10 Q-10 Q-10 Q-10 Q-10 Q-10 Q-10 Q-10
Growth at 37 °C + + - - - - w w +
Growth at pH 3.0 + + - - + + + + +
Growth on:

D-Arabitol - - + + + + + + -
L-Arabitol - - - - w w w w w
meso-Ribitol - - - - w w w w w
Acid production from:

D-Mannose w w + + + + - - +
D-Sorbitol - - + + - - - - -
myo-Inositol w w + + + + - - -
Maltose + + - - - - - - +
Melibiose w w + + + + - - +
Sucrose - - - - + + - - +
+: positive, w: weakly positive, -: negative.

petunia, plumeria, chaba, pagoda, golden shower tree, in honey
and in look-pang.

Group B was composed of 12 isolates, which included DM52-
2, MK44-1, etc. (Table 1). The 12 isolates gave the same restric-
tion patterns as G. cerinus NBRC 32677, when digested with
restriction endonucleases Bsp12861 and Mboll, which showed
respectively 241, 177, 121, 92 and 82-bp fragments and 356,
186 and 171-bp fragment (Fig. 1) (Yukphan et al., 2004a). In
a phylogenetic tree based on 16S rRNA gene sequences, isolate
AK33-2 of Group B was located within the cluster of G. cerinus
(Fig. 2) and had 99.9% pair-wise 16S rRNA gene sequence
similarity to the type strain of G. cerinus. The isolates produced
acetyl methyl carbinol from lactate and grew at 30 °C but not
at 37 °C. 2-Keto-D-gluconate and 5-keto-D-gluconate were pro-
duced, but 2,5-diketo-D-gluconate was not. The isolates showed
growth on D-arabitol, being different from strains of G. oxydans,
but not any growth on L-arabitol and meso-ribitol, being different
from strains of G. frateurii and G. thailandicus (Table 2). They
produced acid from D-mannose, D-sorbitol, myo-inositol and
melibiose, but not from maltose and sucrose. The 12 isolates of
Group B were therefore identified as G. cerinus. They were found
in fruits of baccaurea, peach and musk-melon and in flowers of
petunia, papaya, spider, night jasmine, cordia and bottle tree.

Group C was composed of nine isolates, which included
AM10-1, CR16-1, CR84-1, etc. (Table 1). The nine isolates gave
the same restriction patterns as G. frateurii NBRC 32647, when
digested with restriction endonucleases Bsp1286l, Mboll and
Avall, which showed respectively 244, 125, 121, 92, 82 and
51-bp fragments, 360 and 355-bp fragments and 610 and 105-
bp fragments (Fig. 1) (Tanasupawat et al., 2004; Yukphan et al.,
2004a; Malimas et al., 2006). In a phylogenetic tree based on
16S rRNA gene sequences, isolate LD51-1 of Group C was locat-
ed within the cluster of G. frateurii (Fig. 2) and had 99.8% pair-
wise 16S rRNA gene sequence similarity to the type strain of G.
frateurii. The isolates produced acetyl methyl carbinol from lac-
tate and grew at 30 °C but not at 37 °C. 2-Keto-D-gluconate and
5-keto-D-gluconate were produced, but 2,5-diketo-D-gluconate
was not. The isolates showed growth on D-arabitol, L-arabitol
(weakly positive) and meso-ribitol (weakly positive), being dif-
ferent from strains of G. oxydans and G. cerinus. They produced

acid from D-mannose, myo-inositol, melibiose and sucrose, but
not from D-sorbitol and maltose. The nine isolates of Group C
were therefore identified as G. frateurii. They were found in fruits
of custard apple, mango, hog plum, in flowers of cordia, carica-
ture, ixora, plumeria and heliconia and in look-pang.

Group D was composed of six isolates, which included
MG71-2, ZN22-2, AM24, etc. (Table 1). The six isolates gave
the same restriction patterns as G. thailandicus NBRC 1006007,
when digested with restriction endonucleases Bsp1286l, Mboll
and Avall, which showed respectively 244, 125, 121, 92, 82
and 51-bp fragments, 360 and 355-bp fragments and a 715-bp
band without any fragmentation (Fig. 1) (Yukphan et al., 2004a;
Tanasupawat et al., 2004; Malimas et al., 2006). In a phyloge-
netic tree based on 16S rRNA gene sequences, isolate MG71-2
of Group D was located within the cluster of G. thailandicus (Fig.
2) and had 99.8% pair-wise 16S rRNA gene sequence similarity
to the type strain of G. thailandicus. The isolates produced acetyl
methyl carbinol from lactate and grew at 30 °C but weakly at 37
°C. 2-Keto-D-gluconate and 5-keto-D-gluconate were produced,
but 2,5-diketo-D-gluconate was not. The isolates showed growth
on D-arabitol, L-arabitol (weakly positive) and meso-ribitol
(weakly positive), being different from strains of G. oxydans and
G. cerinus, but not from G. frateurii. The isolates did not produce
acid from D-mannose, D-sorbitol, myo-inositol, maltose, meli-
biose and sucrose, differing from strains of G. frateurii. The six
isolates of Group D were therefore identified as G. thailandicus.
They were found in flowers of golden shower tree, little yellow
star, zinnia and in fruit of mango.

Group E was composed of one isolate AN1-1 (Table 1). The
isolate gave the same restriction patterns as G. frateurii NBRC
32647 and G. thailandicus NBRC 1006007, when digested with
restriction endonucleases Bsp1286l and Mboll. However, a dif-
ferent restriction pattern was given in Avall digestion (Fig. 1).
The computerized calculation of restriction patterns showed 360
and 355-bp fragments in Mboll digestion, 244, 125, 121, 92,
82, 51-bp fragments in Bsp12861 digestion and showed 667
and 48-bp fragments in Avall digestion, when analysed with
the program NEBcutter (ver. 2.0). In a phylogenetic tree based
on 16S rRNA gene sequences, isolate AN1-1 was located in the
sublineage of G. frateurii and G. thailandicus but formed an inde-
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pendent cluster, which was phylogenetically related to the type
strain of G. thailandicus (Fig. 2). The calculated sequence simi-
larities of the isolate were 98.0% to G. frateurii NBRC 32647 and
99.5% to G. thailandicus NBRC 100600T. The isolates produced
acetyl methyl carbinol from lactate and grew at 30 and 37 °C.
2-Keto-D-gluconate and 5-keto-D-gluconate were produced, but
2,5-diketo-D-gluconate was not. The isolate grew on L-arabitol
(weakly positive) and meso-ribitol (weakly positive), but not on
D-arabitol, being different from strains of other groups. Acid was
produced from D-mannose, maltose, melibiose and sucrose, but
not from D-sorbitol and myo-inositol. The isolate was found in a
flower of rain tree. From the data obtained, the isolate was not
identified, and further studies are required to elucidate whether
the isolate constitutes a new taxon.

In a previous study, the presence of three groups or three
species assigned to the genus Acetobacter, i.e., Group A or
A. pasteurianus, Group B or A. orientalis and Group C or A.
lovaniensis was reported in 97 Thai isolates (Kommanee et al.,
2008). In the present study, however, four groups or four species
were recognised in the 45 Thai isolates assigned to the genus
Gluconobacter except for one isolate, which was grouped into
Group E and supposed to constitute a new taxon.

Yamada et al. (1999) isolated a large number of acetic acid
bacteria from Indonesian sources. Among the 11 isolates of the
genus Gluconobacter, seven isolates were identified as G. oxy-
dans, the remaining four isolates were identified as G. frateurii,
and there were no isolates to be identified as G. cerinus. Tanaka
et al. (1999) obtained similar results in Gluconobacter strains
isolated from Japanese isolation sources. Huong et al. (2007)
examined 44 Thai isolates assigned to the genus Gluconobacter
and grouped the isolates into seven groups. However, there were
no isolates to be identified as G. cerinus. In this study, however,
the 12 isolates were actually identified as G. cerinus, which was
one of the most unusual acetic acid bacteria.

From the results obtained above, a large number of Thai
isolates assigned to the genus Gluconobacter physiologically
by no oxidation of acetate and lactate and chemotaxonomically
by Q-10 were successfully identified at the species level by the
molecular-biological techniques including 16S-23S rRNA gene
ITS restriction analysis using three restriction endonucleases,
Bsp12861, Mboll and Avall as well as 16S rRNA gene sequence
analysis.

Acknowledgements
This study was supported in part by the 90th Anniversary of
Chulalongkorn University Research Grant (2006).

REFERENCES

Asai T., lizuka H., Komagata K. (1964). The flagellation and
taxonomy of genera Gluconobacter and Acetobacter
with reference to the existence of intermediate strains.
J. Gen. Appl. Microbiol., 10: 95-126.

Brosius J., Dull T.J., Sleeter D.D., Noller H.F. (1981). Gene organi-
zation and primary structure of a ribosomal RNA operon from
Escherichia coli. J. Mol. Biol., 148: 107-127.

De Ley J. (1961). Comparative carbohydrate metabolism and
a proposal for a phylogenetic relationship of the acetic acid
bacteria. J. Gen. Microbiol., 24: 31-50.

Felsenstein J. (1985). Confidence limits on phylogenies: an
approach using the bootstrap. Evolution, 39: 783-791.

Gosselé F.,, Swings J., Kersters K., De Ley J. (1983). Numerical
analysis of phenotypic features and protein gel electroph-
erograms of Gluconobacter Asai 1935 emend. mut. char.
Asai, lizuka, and Komagata 1964. Int. J. Syst. Bacteriol.,
33: 65-81.

Greenberg D.E., Porcella S.F, Stock F., Wong A., Conville P.S.,
Murray P.R., Holland S.M., Zelazny A.M. (2006). Granulibacter
bethesdensis gen. nov., sp. nov., a distinctive pathogenic
acetic acid bacterium in the family Acetobacteraceae. Int. J.
Syst. Evol. Microbiol., 50: 1981-1987.

Hucker G.J.,, Conn H.J. (1923). Method of Gram staining.
Technical Bulletin, New York State Agricultural Experiment
Station, Ithaca, 93: 3-37.

Huong V.T.L., Malimas T.,, Yukphan P., Potacharoen W.,
Tanasupawat S., Loan L.T.T.,, Tanticharoen M., Yamada Y.
(2007). Identification of Thai isolates assigned to the genus
Gluconobacter based on 16S-23S rDNA ITS restriction analy-
sis. J. Gen. Appl. Microbiol., 53: 133-142.

Jojima Y., Mihara Y., Suzuki S., Yokozeki K., Yamanaka S., Fudou
R. (2004). Saccharibacter floricola gen. nov., sp. nov., a novel
osmophilic acetic acid bacterium isolated from pollen. Int. J.
Syst. Evol. Microbiol., 54: 2263-2267.

Kimura M. (1980). A simple method for estimating evolutionary
rates of base substitutions through comparative studies of
nucleotide sequences. J. Mol. Evol., 16: 111-120.

Katsura K., Yamada Y., Uchimura T., Komagata K. (2002).
Gluconobacter asaii Mason and Claus 1989 is a junior
subjective synonym of Gluconobacter cerinus Yamada
and Akita 1994. Int. J. Syst. Evol. Microbiol., 52: 1635-
1640.

Kersters K., Lisdiyanti P., Komagata K., Swings J. (2006).
The family Acetobacteraceae: The genera Acetobacter,
Acidomonas, Asaia, Gluconacetobacter, Gluconobacter
and Kozakia. In: Dworkin M., Falcow S., Rosenberg E.,
Schleifer K.H., Stackebrands E., Eds, The Prokaryotes,
Vol. 5, 3 edn., Springer, New York, pp. 163-200.

Kommanee J., Akaracharanya A., Tanasupawat S., Malimas
T., Yukphan P., Nakagawa Y., Yamada Y. (2008).
Identification of Acetobacter strains isolated in Thailand
based on 165-23S rRNA gene ITS restriction and 16S
rRNA gene sequence analyses. Ann. Microbiol., 58:
319-324.

Loganathan P., Nair S. (2004). Swaminathania salitolerans gen.
nov., sp. nov., a salt-tolerant, nitrogen-fixing and phosphate-
solubilizing bacterium from wild rice (Porteresia coarctata
Tateoka). Int. J. Syst. Evol. Microbiol., 54: 1185-1190.

Malimas T., Yukphan P., Takahashi M., Potacharoen W.,
Tanasupawat S., Nakagawa Y., Tanticharoen M., Yamada Y.
(2006). Heterogeneity of strains assigned to Gluconobacter
frateuii Mason and Claus 1989 based on restriction analysis
of 16S-23S rDNA internal transcibed spacer regions. Biosci.
Biotech. Biochem., 70: 684-690.

Malimas T., Yukphan P., Takahashi M., Kaneyasu M., Potacharoen
W., Tanasupawat S., Nakagawa Y., Tanticharoen M., Yamada
Y. (2007). Gluconobacter kondonii sp. nov., an acetic
acid bacterium in the alpha-Proteobacteria. J. Gen. Appl.
Microbiol., 53: 301-307.

Malimas T., Yukphan P., Takahashi M., Kaneyasu M., Potacharoen

W., Tanasupawat S., Nakagawa Y., Tanticharoen M., Yamada
Y. (2008a). Gluconobacter kondonii Malimas et al. 2008. In:



Ann. Microbiol., 58 (4), 741-747 (2008)

747

Validation of publication of new names and new combinations
previously published outside the IJSEM, Validation List no.
120. Int. J. Syst. Evol. Microbiol., 58: 529-530.

Malimas T., Yukphan P., Takahashi M., Muramatsu Y., Kaneyasu M.,
Potacharoen W., Tanasupawat S., Nakagawa Y., Tanticharoen
M., Yamada Y. (2008b). Gluconobacter roseus (ex Asai 1935)
sp. nov., nom. rev., a pink-colored acetic acid bacterium in
the Alphaproteobacteria. J. Gen. Appl. Microbiol., 54: 119-
125.

Malimas T., Yukphan P., Takahashi M., Muramatsu Y., Kaneyasu M.,
Potacharoen W., Tanasupawat S., Nakagawa Y., Tanticharoen
M., Yamada Y. (2008c). Gluconobacter roseus (ex Asai
1935) Malimas et al. 2008. In: Validation of publication of
new names and new combinations previously published
outside the IJSEM, Validation List no. 122. Int. J. Syst. Evol.
Microbiol., 58: 1511-1512.

Mason L.M., Claus G.W. (1989). Phenotypic characteristic corre-
lated with deoxyribonucleic acid sequence similarity for three
species of Gluconobacter: G. oxydans (Henneberg 1897) De
ley 1961, G. frateurii sp. nov., and G. asaii sp. nov. Int. J.
Syst. Bacteriol., 39: 174-184.

Moonmangmee D., Adachi O., Ano Y., Shinagawa E.,
Toyama H., Theeragool G., Lotong N., Matsushita K.
(2000). Isolation and characterization of thermotolerant
Gluconobacter strains catalyzing oxidative fermentation
at higher temperatures. Biosci. Biotech. Biochem., 64:
2306-2315.

Saitou N., Nei M. (1987). The neighboring-joining method:
a new method for reconstructing phylogenetic trees.
Mol. Biol. Evol., 4: 406-425.

Skerman V.B.D., Mcgowan V., Sneath P.H.A. (1980).
Approved lists of bacterial names. Int. J. Syst. Bacteriol.,
30: 225-420.

Tamaoka J., Katayama-Fujimura Y., Kuraishi H. (1983). Analysis
of bacterial menaquinone mixtures by high-performances
liquid chromatography. J. Appl. Bacteriol., 54: 31-36.

Tamura K., Dudley J., Nei M., Kumar S. (2007). MEGA4: molecu-
lar evolutionary genetics analysis (MEGA) software version
4.0. Mol. Biol. Evol., 24: 1596-1599.

Tanaka M., Murakami S., Shinke R., Aoki K. (1999). Reclassification
of the strains with low G+C contents of DNA belonging to the
genus Gluconobacter Asai 1935 (Acetobacteraceae). Biosci.
Biotechnol. Biochem., 63: 989-992.

Tanasupawat S., Thawai C., Yukphan P., Moonmangmee D., Itoh
T., Adachi O., Yamada Y. (2004). Gluconobacter thailandi-
cus sp. nov., an acetic acid bacterium in the [alpha]-
proteobacteria. J. Gen. Appl. Microbiol., 50: 159-167.

Tanasupawat S., Thawai C., Yukphan P., Moonmangmee D., Itoh
T., Adachi O., Yamada Y. (2005). Gluconobacter thailandi-
cus Tanasupawat et al. 2005. In: Validation of publication
of new names and new combinations previously published
outside the IJSEM, Validation List no. 103. Int. J. Syst. Evol.
Microbiol., 55: 983-985.

Thompson J.D., Gibson T.J., Plewniak F., Jeanmougin F., Higgins
D.G. (1997). The CLUSTAL_X windows interface: flexible
strategies for multiple sequence alignment aided by quality
analysis tools. Nucleic Acids Res., 25: 4876-4882.

Tréek J., Teuber M. (2002). Genetic restriction analysis of the

16S-23S rRNA internal transcribed spacer regions of the ace-
tic acid bacteria. FEMS Microbiol. Lett., 208: 69-75.

Yamada Y., Aida K., Uemura T. (1969). Enzymatic studies on the
oxidation of sugar and sugar alcohol. V. Ubiquinone of acetic
acid bacteria and its relation to classification of Gluconobacter
and Acetobacter, especially of the so-called intermediate
strains. J. Gen. Appl. Microbiol., 15: 186-196.

Yamada Y., Okada Y., Kondo K. (1976). Isolation and characteri-
zation of polarly flagellated intermediate strains in acetic acid
bacteria. J. Gen. Appl. Microbiol., 22: 237-245.

Yamada Y., Akita M. (1984a). An electrophoretic comparison of
enzymes in strains of Gluconobacter species. J. Gen. Appl.
Microbiol., 30: 115-126.

Yamada Y., Akita M. (1984b). Gluconobacter cerinus. In:
Validation of the publication of new names and new combi-
nations previously effectively published outside the 1JSB, List
no. 16. Int. J. Syst. Bacteriol., 34: 503-504.

Yamada Y., Hosono R., Lisdyanti P.,, Widyastuti Y., Saono S.,
Uchimura T.,, Komagata K. (1999). Identification of acetic
acid bacteria isolated from Indonesian sources, especially of
isolates classified in the genus Gluconobacter. J. Gen. Appl.
Microbiol., 45: 23-28.

Yukphan P., Takahashi M., Potacharoen W., Tanasupawat
S., Nakagawa Y., Tanticharoen M., Yamada Y. (2004a).
Gluconobacter albidus (ex Kondo and Ameyama 1958) sp.
nov., nom. rev., an acetic acid bacterium in the a-Proteobac-
teria. J. Gen. Appl. Microbiol., 50: 235-242.

Yukphan P., Potacharoen W., Potacharoen W., Nakagawa Y.,
Tanticharoen M., Yamada Y. (2004b). Identification of strains
assigned to the genus Gluconobacter Asai 1935 based on the
sequence and the restriction analyses of the 16S-23S rDNA
internal transcribed spacer regions. J. Gen. Appl. Microbiol.,
50: 9-15.

Yukphan P.,, Malimas T.,, Potacharoen W., Tanasupawat S.,
Tanticharoen M., Yamada Y. (2005a). Neoasaia chiangmai-
ensis gen. nov., sp. nov., a novel osmotolerant acetic acid
bacterium in the o-Proteobacteria. J. Gen. Appl. Microbiol.,
51: 301-311.

Yukphan P., Takahashi M., Potacharoen W., Tanasupawat
S., Nakagawa Y., Tanticharoen M., Yamada, Y. (2005b).
Gluconobacter albidus (ex Kondo and Ameyama 1958)
Yukphan et al. 2005. In: Validation of publication of new
names and new combinations previously published out-
side the IJSEM, Validation List no. 103. Int. J. Syst. Evol.
Microbiol., 55: 983-985.

Yukphan P., Malimas T., Takahashi M., Kaneyasu M., Potacharoen
W., Tanasupawat S., Nakagawa Y., Tanticharoen M., Yamada
Y. (2006). Identification of strains assigned to the genus
Asaia Yamada et al. 2000 based on 16S rDNA restriction
analysis. J. Gen. Appl. Microbiol., 52: 241-247.

Yukphan P., Malimas T., Muramasu Y., Takahashi M., Kaneyasu M.,
Tanasupawat S., Nakagawa Y., Suzuki K.I., Potacharoen W.,
Busabun T., Yamada Y. (2008a). Tanticharoenia sakaeratensis
gen. nov., sp. hov., @ new osmotolerant acetic acid bacterium
in the alpha-Proteobacteria. Biosci. Biotechnol. Biochem., 72:
672-676.

Yukphan P., Malimas T., Muramatsu Y., Takahashi M., Kaneyasu
M., Tanasupawat S., Nakagawa Y., Potacharoen W., Yamada Y.
(2008b). Tanticharoenia Yukphan et al. 2008: Tanticharoenia
sakaeratensis Yukphan et al. 2008. In: List of new names
and new combinations previously effectively, but not validly
published, Validation List no. 122. Int. J. Syst. Evol. Microbiol.
58: (In Press).



