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One hundred and forty-seven isolates of acetic acid bacteria were isolated from fruits, flowers,
and other materials in Thailand. They were divided into 4 genera, Acetobacter (86 isolates),
Gluconobacter (42 isolates), Asaia (15 isolates), and Gluconacetobacter (4 isolates) based on their
phenotypic and chemotaxonomic characteristics including RFLP-ITS analysis and the 16S rDNA
phylogenetic analysis. Acetobacter isolates contained Q-9 as major quinone while the other genera
contained Q-10. The DNA G+C contents ranged from isolates 52.2-64.3 mol%. Acetobacter isolates
were identified as A. pasteurianus (Group 1, 26 isolates), A. orientalis (Group 2, 13 isolates), A.
lovaniensis (Group 3, 10 isolates), A. indonesiensis (Group 4, 13 isolates), A. tropicalis (Group 5, 4
isolates), A. ghanensis (Group 6, 8 isolates), A. orleanensis (Group 7, 4 isolates), A. syzygii (Group 8, 4
isolates) and Acetobacter sp. (Group 9, 3 isolates). Gluconobacter isolates were identified as G. frateurii
(Group 10, 8 isolates), G. japonicus (Group 11, 8 isolates), G. thailandicus (Group 12, 6 isolates), G.
oxydans (Group 13, 13 isolates), Gluconobacter sp. (Group 14, 3 isolates) and Gluconobacter sp. (Group
15, 4 isolates). Asaia isolates were identified as As. bogorensis (Group 16, 8 isolates), As. siamensis
(Group 17, 5 isolates) and As. sphathodeae (Group 18, 2 isolates), and Gluconacetobacter isolates were
identified as Ga. liquefaciens (Group 19, 4 isolates). The isolates G360-1, G361-1 and G362-1 (Group 9)
showed 99.7% 16S rDNA sequence similarity to A. orleanensis NBRC 13752" and discriminated from
known Acetobacter species when digestion with Hpall and Avall and low DNA-DNA relatedness (15-
38%). Therefore, they should be proposed as a new species in the genus Acetobacter. The isolates RBY -
1", PHD-1 and PHD-2 (Group 14) showed 98.1% ITS genes sequence similarity to G. japonicus NBRC
3271" and discriminated from other Gluconobacter species when digestion with Taql, Alul, Hpall and
Avall and low DNA-DNA relatedness (11-38%) Therefore, the name Gluconobacter nephelii sp. nov.
was proposed for them. The isolates ZW160-2, LC155-1, LG156-2 and JJ157-2 (Group 15) showed
97.3% ITS genes sequence similarity to G. oxydans NBRC 14818" and discriminated from other
Gluconobacter when digestion with Taqgl, Alul, Hpall and Avall and low DNA-DNA relatedness (11-
26%). Therefore, they should be proposed as a new species in the genus Gluconobacter. The isolates
GB23-2" and GB23-3 (Group 18) showed 99.9% 16S rDNA sequence similarity to As. siamensis NBRC
16457" and discriminated from other Asaia species when digestion with Styl, Bsall, SnaBl, Hpall and
HpyAV and low DNA-DNA relatedness (21-48%). Therefore, the name Asaia spathodeae sp. nov. was
proposed for them.

ADH activity was determined in Acetobacter isolates and the activity ranged from 2.05 to 7.52
unit/mg at 30°C. The isolate PHD-23 could produce highest acetic acid when the medium composed of
ethanol 4% and with out addition of acetic acid. Forty-two Gluconobacter isolates were screened for
DHA and L-sorbose production. The isolates could produce DHA ranged from 20.05 to 42.52 g/l at
30°C. Isolate PHD-27 could produce the DHA with a maximum of 44.08 g/l at 30°C by conversion time
of 84 h and generated DHA at a rate of 0.52 g/l/h at 30°C. The tested isolates produced L-sorbose
ranged from 19.99 to 48.39 g/l at 30°C and G. frateurii AP59-1 produced the largest amount of L-
sorbose.
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CHAPTER |

INTRODUCTION

Acetic acid bacteria (AAB) are-Proteobacteria in the familyAcetobacteraceae and
they are classified into twelve genersetobacter (Beijerinck, 1898)Gluconobacter (Asai,

1964), Acidomonas (Urakamiet al., 1989),Gluconacetobacter (Yamadaet al. 1997),Asaia
(Yamadaet al., 2000),Kozakia (Lisdiyanti et al., 2002), Svaminathania (Logonathan and

Nair. 2004), Saccharibacter (Jojima et al., 2004), Neoasaia (Yukphan et al., 2005),
Granulibacter (Greenberget al., 2006), Tanticharoenia (Yukphan et al., 2008) and
Ameyamaea (Yukphanet al., 2009). They are gram negative, ellipsoidal to rod-shaped. They
are motile due to the presence of flagella, which can be either peritrichous or polar. They do
not form endospore as a defensive resistance. AAB occur in sugar and alcoholics, slightly
acid niches such as flowers, fruits, beer, wine, cider, vinegar, and souring fruit juices.

AAB species have conventionally been identified by testing physiological and
chemotaxonomic properties (Delay al., 1984). The identification of the AAB, using
phenotypic characteristics, especially on the species level, is difficult and is not only
inaccurate, but also very time-consuming. Therefore, the application of the molecular
methods based on the restriction fragment length polymorphism (RFLP) analysis and
sequence analysis, could be a proper solution for a quick and accurate identification of these
microorganisms. Recently, the 16S-23S rDNA internal transcribed spacer (ITS) region was
genetic variation on 16S rDNA in the AAB and other microorganism&Krand Teuber,
2002). In addition, the RFLP of ITS was not useful for identification of AAB at the species
level although it might be a variation spacer on 16S rDNA similar with the other regions but
as well as these details were useful for generic level identificatiéel Bnd Teuber, 2002).

At the specific level identification of AAB, the phenotypic characteristics were traditionally
utilized. Therefore, we selected the restriction pattern or RFLP analysis and sequence analysis
for identification of AAB at the species level.

The strains in genug\cetobacter are classified into 19 specie#y aceti, A
indonesiensis, A. cerevisiae. A cibinongensis, A pasteurianus, A lovaniensis, A. orleanensis,

A estunensis, A malorum, A orientalis, A. peroxydans, A pomorum, A syzygdii, A tropicalis,

A. oeni, A. ghanensis, A. nitrogenifigen, A. senegalensis and A. fabarum(Cleenwercket al.,

2008). They are frequently used for the industrial vinegar (Ssheki, 1997). They are well
known as vinegar producers from ethanol by two sequential catalytic reactions of membrane-

bound alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH). The oxidation



reactions are called “oxidative fermentation” (Matsuskital., 1994). Vinegar fermentation

by AAB is usually carried out at 30°C and strict, temperature control is necessary because if a
temperature increase of 2-3°C causes a serious in both the fermentation rate and fermentation
efficiency (Saeket al., 1997). Therefore, if favorable strains of AAB that can work optimally

at 37-40°C were available, the cooling expensive would be reduced greatly.

The genusGluconobacter is classified into 11 specie§. oxydans, G. cerinus, G.
frateurii, G. thailandicus, G. albidus, G. sphericus, G. kondonii, G. japonicus, G. roseus, G.
kanchanaburiensis and G. wancherniae (Yukphan et al., 2010). Gluconobacter strains
generally produce acid during growth on several carbohydrates and show a pronounced and
efficient ketogenesis from polyhydroxyalcohols via a single-step oxidation. The latter
property finds numerous applications in industry. They produce gluconic acid, 2-ketogluconic
acid, 5-ketogluconic acidL-sorbose, tagatose, dihydroxyacetone (DHA), fructose, etc.
(Manzoni et al, 2001; Adachi et al 2003)

AAB occur in sugar and alcoholics, slightly acid niches such as flowers, fruits, beer,
wine, cider, vinegar and souring fruit juices. On these substrates they oxidize the sugars and
alcohols, resulting an accumulation of organic acids as final products. When the substrate is
ethanol, acetic acid is produced, and this is where the name of the bacterial group comes
from. However, these bacteria also oxidize glycerol to DidAjalactitol to tagatose,-
sorhitol to L-sorbose, etc. Some of these transformations carried out by AAB are of
consderable interest for the biotechnological industry.

Recently, many new AAB have been reported in Thailand, including the genera
Neoasaia, Tanticharoenia, Ameyamaea and the speciesAsaia Samensis, Asaia
krungthepensis, Asaia lannensis,  Gluconobacter  thailandicus,  Gluconobacter
kanchanaburiensis, Nepasaia chiangmaiensis, Tanticharoenia sakaeratensis and Ameyamaea
chiangmaiensis (Katsura et al, 2001; Malimas et a] 2008a, 2009b; Tanasupavegal., 2004;
Yukphan et al, 2004, 2005, 2008, 2009).

Thailand is located in the tropical area that is hot and humid, additionally, the
relatively diverse fruit, flower types and natural high biodiversity of this region which is
highly conducive for microbial growth. This work deals with the isolating, identifying and
classifying AAB in Thailand based on phenotypic, chemotaxonomic characteristics, ITS-
RFLP analysis, DNA sequencing analysis and DNA-DNA hybridization including study the

oxidative products of Acetobacter and Gluconobacteatrains



The main objectives of this presence study are as follows:
1. To isolate, screen and identify acetic acid bacteria based on the phenotype and
genotypic characteristics.

2. To study oxidative products of Acetobactemd Gluconobacterstrains.



CHAPTER Il

LITERATURE REVIEWS

2.1 General characteristics of acetic acid bacteria

AAB are gram negative, ellipsoidal to rod-shaped. They are motile due to the
presence of flagella, which can be either peritrichous or polar. They do not form endospores
as a defensive resistance. They have an obligate aerobic metabolism, with oxygen as the
terminal electron acceptor. The optimum pH for the growth of AAB is 5-6.5 @dait.,
1994). However these bacteria can grow at lower pH values of between 3-4. They have wide
ranged from 0.4-1 um and 0.8-4.5 um of length. They are catalase positive and oxidase
negative. The ubiquinone system was Q-9 or Q-10. The optimum temperature @a¥80°
colonies were arounded with clear zone when they grown on calcium carbonate agar medium.
The base composition ranges from 54.0-65.0 mol% of G+C content. AAB some strain can
present pigmentation in solid cultures and can produce different kinds of polysaccharides (De
Ley et al., 1984). AAB occur in sugar and alcoholics, slightly acid niches such as flowers,
fruits, beer, wine, cider, vinegar and souring fruit juices. On these substrates they oxidize the
sugars and alcohols, resulting an accumulation of organic acids as final products. Acetic acid
was produced when the substrate is ethanol, and this is where the name of the bacterial group
comes from. However, these bacteria also oxidize glycerol to DHfslactitol to tagatose,
L-sorbitol to L-sorbose etc. Some of these transformations carried out by AAB are of

consderable interest for the biotechnological industry.

2.2 Taxonomy of acetic acid bacteria

The French scientist name Pasteur should be considered as the first taxonomist of this
bacterial group. Studying the Orléans method of vinegar production, he demonstrated that the
acetic acid came from ethanol oxidation and that long-term oxidation of acetic acid converted
it into CQ, and water. His results led him to formulate the involvement of the microorgansism
in the process of transforming alcohol into vinegar, and confirmed the existence of
Mycoderma aceti which Persoon had already described in 1822. Subsequently, in the year
1879, Hansen observed that the microbial flora which converted alcohol into acetic acid was
not pure and consisted of various bacterial species. The gacsitdacter was proposed
later by Beijerinck (1898).

The first classifications were proposed by Hansen in 1894, based on the occurrence of

a film in the liquid media, and its reaction with iodine. The first to propose a classification



based on biochemical and a physiological criterion was Vissert Hooft (1925). Asai (1934-
1935) formulated the proposal of classifying AAB into two genekeetobacter and
Gluconobacter. The main differences between these two genera were both cytological and
physiological. The main physiological difference was #adtobacter oxidized ethanol into
acetic acid and, subsequently, completed the oxidation of acetic acid into water and CO
Gluconobacter species, on the other hand, were unable to complete this oxidation of acetic
acid.

It was Frateur (1950) who formulated a classification based mainly on five
physiological criteria: the presence of catalase, gluconic acid production from glucose, the
oxidation of acetic acid into G@&nd water, the oxidation of lactate into £fd water, and
the oxidation of glycerol into hydroxyacetone. On the basis of these criteria he divided
Acetabacter genera into four groups: peroxydanexydans mesoxydans and suboxydans

Leifson (1954) grouped those AAB that had peritrichous flagella and were able to
oxidize ethanol into the geneégetobacter and those that had polar flagella and unable to
perform the complete oxidation into the gen&aconobacter. The taxonomical keys for
bacteria taxonomy have been historically collected in Bergey's Manual of Systematic
Bacteriology. In its last edition (De Lesgt al., 1984), some molecular techniques were
included as fatty acid composition, soluble protein electrophoresis, mol% of G+C content,
and DNA-DNA hybridization.

Nowadays the AAB were classified into twelve genekeetobacter (Beijerinck,

1898) Gluconobacter (Asai, 1964),Acidomonas (Urakamiet al., 1989),Gluconacetobacter
(Yamadaet al. 1997), Asaia (Yamadaet al., 2000), Kozakia (Lisdiyanti et al., 2002),
Swvaminathania (Logonathan and Nair. 2004accharibacter (Jojimaet al., 2004),Neoasaia
(Yukphanet al., 2005),Granulibacter (Greenberggt al., 2006), Tanticharoenia (Yukphanet

al., 2008) andAmeyamaea (Yukphanet al., 2009). Their characteristics are shown in Table
2.1



Table 2.1 Characteristics of the genera belonging to family Acetobacteraféaphan et al, 2009)

Characteristic Am T A G Ac Ga As K S Sa N Gr
1 2 3 4 5 6 7 8 9 10 11 12
Flagellation po n pe po pc® pe pe n pe n n n
Oxidation of
Acetate + - + - + + w w w - - w
Lactate w - + - - + w w w - +
Growth on
30%p-Glucose (w/v) - + - - +¢ - + w + + + nd
Glutamate agar w w - - - + + - + + + +
Mannitol agar + + vw + w + + + + + + w
Methanol w - - - + - - - - - - +
Growth in the presence of
0.35% acetic acid (w/v) + + + + + + + + - + nd
1% KNG - - - - + - - - + nd - nd
Production of acetic acid
from ethanol + + + + + + - + + w/- + vw
Water-soluble brown
pigment production - + - - - + - - + - - nd
Production of dihydroxy-
acetone from glycerol w + + + - + w w + - w -
Production of levan-like
polysaccharide - - - - - - - + nd - - nd
Assimilation of ammoniac
nitrogen on
D-Glucose vw - - w w - + - nd - - +
p-Mannitol vw - - w w - + - nd - w nd
Ethanol vw - + - w - - - nd - - nd
Production of
2-Ketob-gluconate + + + + nd + + + nd + + nd
5-Ketod-gluconate + + + + nd + + + nd + + nd
2,5-Diketop-gluconate - + - - nd + - - nd nd - nd
Acid production from
p-Mannitol - - - + w - + - - + w -
D-Sorbitol - - - + - - +(d) - + - +(d) -
Dulcitol - - - w - - +(d) - v - w -
Glycerol w + + + + + + + + - + w/-
Ethanol + + + + + + - + + - + +
16S rRNA gene restriction
pattern with
Tagl Gal Ts Aa Go Acm Gal Asb Kb Asb Saf Nc Grb
Hin6l Amc Ts Aa Go Acm Gal Asb Kb Ss Saf Nc Grb
Major isoprenoid quinone  Q-10 Q-10 Q-9 Q10 Q10 Q10 Q-10 Q10 Q-10 Q10 Q-10 Q-10
DNA G+C mol% 65.6 65.6 58.6 60.6 62 64.5 60.2 57.2 57.6- 52.3 63.1 59.1
59.9

po, polar; pe, peritrichous; n, none; +, positive; -, negative; w, weakly positive; vw, very weakly positive

d, delayed; v, variable; nd, not determined; Acm, Acidomonas methanalica;, @lLiconacetobacter

liquefaciens; Ash, Asaia bogorensis Kb, Kozakia baliensis Ss, Svaminathania salitolerans Saf,

Saccharibacter floricola; Nc, Neoasaia chiangmaiensis; Grb, Granulibacter bethesdensis

Abbreviations: Am, Ameyamaea; T, Tanticharoenia; A, Acetobacter; G, Gluconobacter; Ac,
Acidomonas; Ga, Gluconacetobacter; As, Asaia; K, Kozakia; S, Svaminathania; Sa, Saccharibacter;
N, Neoasaia; Gr, Granulibacter; 1, Ameyamaea chiangmaiensis, 2, Tanticharoenia sakaeratensis
isolate AC37; 3, Acetobacter aceti NBRC 14818; 4, Gluconobacter oxydans NBRC 14819; 5,
Acidomonas methanolica NRIC 0498; 6, Gluconacetobacter liquefaciens NBRC 12388; 7, Asaia
bogorensis NBRC 16594; 8, Kozakia baliensis NBRC 16664; 9, Svaminathania salitolerans strain
PA51"; 10, Saccharibacter floricola strain S-877: 11, Neoasaia chiangmaiensis isolate AC28; 12,
Granulibacter bethesdensis CGDNIH1'



In the family Acetobacteraceae, they are eight monotypic genera, i&Acjdomonas,

Kozakia, Svaminathania, Saccharibacter, Neoasaia, Granulibacter, Tanticharoenia and
Ameyamaea, in which only one species is described. The occurrence of strains assigned to
some of the eight genera is rather rare in common isolation sources such as vinegar, wine,
fruits and flowers. For example, any additiodakzakia isolated from palm brown sugar and

ragi collected in Indonesia (Lisdiyardt al., 2002),Neoasaia isolated from flower of red

ginger in Thailand (Yukphast al., 2005) andSvaminathania isolated from the rhizosphere,

roots and stems of salt-tolerant, mangrove-associated wild rice (Logonathan and Nair. 2004)
strains have not yet been isolated from the common isolation sources. In addition,
Acidomonas strains were isolated mostly from sludge (Yamashita. e28i04).

In the remaining four generAcetobacter, Gluconobacter, Gluconacetobacter and
Asaia, the genus level identification is not impossible phenotypically by combination of only
two conventional tests comprised of acetate and lactate oxidation and acetic acid production
from ethanol (Asai et al 1964; Yamada et gl 1976).

In strains to be assigned to the geAuaatobacter, a deep blue color appears fast and
clearly in the acetate and lactate oxidation test, and acetic acid is produced in the acetic acid
production test. In acetate and lactate oxidation, strains to be assigned to the genus
Gluconobacter generally show a clear yellow color, and the color change to blue is not so
vigorous in strains to be assigned to the géBlusonacetobacter, in contrast toAcetobacter
strains. Strains to be assigned to the geksaga show no or little production of acetic acid
from ethanol, differing in this respect from strains of the above-mentioned three genera, and
the color change is very slow in acetate and lactate oxidation. The combination of the two
phenotypic features mentioned above is very useful, especially when a large number of

isolates are routinely classified at the generic level (Yamada and Yukphan., 2008).



2.2.1 Acetobacter

Acetobacter strains exhibit the capability for producing acetic acid from ethanol.
They oxidize acetate and lactate to carbon dioxide and water and contain the major
ubiquinone with nine isoprene units (Q-9) (Yamatial., 1997; Cleenwerclkt al., 2002).
Colonies are smooth, raised, beige to brown color, and regular too smaller. The DNA base
composition range from 56.0-60.7 mol % of G+C content (Cleenwerck &G8). They can
produce vinegar from ethanol and carried out by sequential membrane bound alcohol and
aldehyde dehydrogenase functions.

The genugicetobacter comprises 19 specied; aceti, A indonesiensis, A. cerevisiae.
A cibinongensis, A pasteurianus, A lovaniensis, A. orleanensis, A estunensis, A malorum,
A orientalis, A peroxydans, A pomorum, A syzygii, A tropicalis, A. oeni, A. ghanensis, A.
nitrogenifigen, A. senegalensis and A. fabarum(Cleenwercket al., 2008). Their differential
characteristics are shown in Table 2.2

Acetobacter sp. were reported in Thailandy pasteurianus, A lovaniensis, A

orientalis, A syzygii, and Atropicalis (Kommanee et al 2008; Tanasupawat et.a2009).



Table 2.2 Differential characteristics of Acetobactapecies (Cleenwerck et.aR008)

Characteristics 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
5-Keto-D-
gluconic acid - - - - - - - - - - - - - - - ND + + -
2-Keto-D-
gluconic acid - + - - % - - + + + + + + + + ND - + +
Growth in
ammonium
with ethanol v(+) + - - - - + - - + - + - - - + - + +
Growth on
Glycerol + + w + v + - + +
Maltose - - - + Y, - + + w - + - v - - + R v _
Methanol + + - - - - - - w
Groeth in 10%
ethanol v(-) - v - + - - - - - - + - + ND + + - -
Growth on
YE+30%D-
glucose - - + - v - - - - + - + _ + . + _ .
Catalase + + + + + + - + + + + + + + + + + + +
56.8 57.1 56.9 54.3 53.2 59.7 540 52.0 53.8 55.6 55.6 55.7 56.0 56.9
DNA G+C - - - - - - - - - - - - - -
(mol%) 58.0 589 573 554 543 521 60.7 542 528 545 56.2 56.0 58.1 572 576 64.1 581 583 59.2

1, A fabarum; 2, A. lovaniensis; 3, A. ghanensis; 4, A. syzygii; 5, A. pasteurianus; 6, A. pomorum; 7, A. peroxydans; 8, A. indonesiensis; 9,
A. orientalis; 10, A. cibinongensis; 11,A. tropicalis; 12,A. senegalensis; 13, A. orleanensis; 14,A. malorum; 15,A. cerevisiae; 16,
A. nitrogenifigens; 17,A. oeni; 18,A. aceti; 19, A. estunensis. +, Positive; -, negative; W, weakly positive; V, variable
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2.2.2 Gluconaobacter
Gluconobacter strains are incapable for completely acetate and lactate oxidation to

carbon dioxide and water. They contain ubiquinone-10 (Q-10) as major ubiquinone in
oxidation respiratory system (Yamadaal., 1997). Some species no exhibited motility but
some motile with polar flagella. They are able to oxidize ethanol to acetic acid and utilize
various sugars, sugar acids and alcohol sugars suclylasose p-sorbitol, D-arabitol, meso-
erytritol, glycerol and so on (Matsushitet al., 2003). Gluconobacter species are very
important for L-ascorbic acid or vitamin C, cost valuable sugars production and so on.
Gluconobacter strains are mostly found in fruits and flowers. The DNA base composition

range from 54-60 mol% of G+C content (Katsura et 2D02).

The genusGluconobacter comprises 11 specieS; oxydans, G. cerinus, G. frateurii,
G. thailandicus, G. albidus, G. sphericus, G. kondonii, G. japonicus, G. roseus, G.
kanchanaburiensis and G. wancherniae (Yukphan et al., 2010). Their differential

characteristics are shown in Table 2.3.

Table 2.3 Differential characteristics of Gluconobactepecies (Yukphaet al., 2010)

Characteristics Gj Gf Gt Gc Go Ga Gko Gr Gs Gkn Gw

Growth without
nicotinic acid + + + +
Water-soluble

brown pigment

2,5-diketob-

gluconate formation

Dihydroxyacetone
from glycerol w

Acid production

from

meso-Erythritol +
Maltose -
Raffinose

Growth on

L-Sorbose
meso-Erythritol
Raffinose
D-Arabitol
L-Arabitol
meso-Ribitol

vw - vw

+ = s
+

VW

+
=
=
=
+
+
+
+
=

+

=
o+ 2 4o+

vw

+ S +2 + +
+ 4+ + +
s+ g0

+

=

=

=

ITS gene restriction

pattern with
Mboll Gf Gf Gf Gc Go Ga Gk Go Go Go Gw

Bsp12861 Gf Gf Gf Go Go Go Gk Gr Go Gk Go
DNA G+C (mol%) 56.4 55.1 55.8 55.9 60.3 60.0 59.8 60.5 59.5 59.5

56.6

Gj, G. japonicus NBRC 3271; Gf, G. frateurii NBRC 3264; Gt, G. thailandicus BCC
14116; Gc, G. cerinus NBRC 3267; Go, G. oxydans NBRC 14819; Ga, G. albidus NBRC
3250; Gko, G. kondonii NBRC 3266; Gr, G. roseus NBRC 3990; Gs, G. sphaericus NBRC
12467; G.kn, G. kanchanaburiensis BCC 15889; Gw, G. wancherniae BCC 15778,

+, postive; w, weakly positive; -, negative
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Since 1984, Yamada and Akita studies forty-three strair@lufonobacter species
by used electrophoretic comparison of six-enzyme produced in this genus. The agarose gel
electrophoretic pattern of enzymes presented to separate this genus into two groups, Group |
and II. By the similarity value of relation between of two groups was 0 %. Group | described
to a high G+C content of DNA ranging from 58.1 to 62.8 mol%. Group Il included of
organism with a distinctly lower G+C content of DNA ranging from 54.2-57.6 mol%. This
study proposed a new speci€uconobacter cerinus, sp. nov., nom. rev, classified into
Group Il. Subsequently, Yamada and Akita (1984) were examinated of DNA homology for
twenty strains ofluconobacter species with other genera relation. From this study, used for
the characteristics for identification and classification in the current time.

Gluconabacter species have been isolated in Thaila@dthailandicus were isolated
from flower of Glossy ixora, flower of Barbados pride, flower of Indian cork tree and flower
of China box tree (Tanasupawett al., 2004); G. kanchanaburiensis were obtained from
spoiled fruits of Artocarpus heterophllus (jackfruit) collected at Tong Pha Phum,
Kanchanaburi, Thailand. (Malimast al., 2009b); G. wancherniae were isolated from an
unknown seed and an unknown yellow fruit collected in Sakaerat, Thailand (Y uipilan
2010).

2.2.3 Acidomonas

Acidomonas strains are facultative methylotrophic bacteria. They utilizes methanol,
ethanol, acetic acidy-Glucose, glycerol and pectin as carbon and energy source. Colonies
chaacteristics are shiny, smooth surface, raised elevation, entire edge and white to pale-
yellow colors. The major ubiquinone system is along between Q-10 with Q-9 and minor
ubiquinone was Q-11 components (Yamatda., 1968). They can not produce water-soluble
pigment and unable to reduce nitrate to nitrite but produce ammonia. They can not produce
dihydroxyacetone from glycerol. The DNA base composition range from 63.0-65.0 mol % of
G+C content (Urakamét al., 1989). This genus comprise only one spediesjomonas
methanolica (Urakami et al, 1989).

2.2.4 Gluconacetobacter

Gluconacetobacter strains are ellipsoidal to rod and straight or slightly curved, 0.8-
1.2 um by 1.3-1.6 um, non motile, occurring singly, in chains and mainly in pairs and non
spore-forming. The major ubiquinone is Q-10. (Yamada and Kondo, 1984). They grow only
on the acetic acid presented, ethanol and glucose medium by the concentration exceed about

6.0 %. They can oxidize acetic acid from ethanol but did not over-oxidization. They high
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grow on glucose, fructose and sucrose presented in AE agar medium. Unassimilated
gluconate, glycerol and lactate. They can not produce ketogluconic acid from glucose and can
not detect formation cellulose on solid media or in broth. The DNA base composition rang
from 55-63 mol % of G+C content.

The genusGluconacetobacter comprises 16 specieGa. diazotrophicus, Ga.
europaeus, Ga. hansenii, Ga. xylinus, Ga. liquefaciens, Ga. sacchari, Ga. intermedius, Ga.
oboediens, Ga. entanii, Ga. azotocaptans, Ga. johannae, Ga. rhaeticus, Ga. swingsii, Ga.
nataicola, Ga. saccharivorans, and Ga. kombuchae(Dutta and Gachhui 2007).

Gluconacetobacter sp. was reported in Thailan@a. liquefaciens, the isolates were

isolated from sugar cane juice, plam juice, and coconut juice (Seearunruangch084).

2.2.5 Asaia

Asaia strains are various characteristics such as white, yellowish, pale-pink to pink
colors, shiny, smooth, and raised. They can oxidize acetate and lactate completely to carbon
dioxide and water. The major ubiquinone is Q-10. They can not produce water-soluble brown
pigment. Most member not produced acetic acid from ethanol. They can not grow in the
present of 0.35% of acetic acid and on methanol. They can produces2gdletmmnate and
5-keto-D-gluconate fromb-glucose but can not produce 2,5-diketgluconate. The DNA
base composition range from 59.3-61.0 mol% of G+C contd&wadays, genugf\saia
comprises 4 speciegis. bogorensis; As. siamensis; As. krungthepensis and As. lannensis
(Malimas et al, 2008b).

Asaia species have been isolated in ThailaAd; samensis was isolated from a
flower of crown flower (Katsurat al., 2001),As. krungthepensis was isolated from heliconia
flowers collected in Bangkok, Thailand (Yukpheinal., 2004),As. lannensis was isolated

from flowers of the spider lily collected in Chiang Mai, Thailand (Malimas.¢24108a).
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Table 2.4 Differential characteristics of Asagpecies (Malimas et al2008a)

As. bogorensis As. siamensis  As. krungthepensis  As.lannensis

Characteristic BCC 12264 BCC 12268 BCC 12978 BCC 15733
Oxidation of acetate and
lactate w w w w

Production of acetic aicd
from ethanol on

ethanol/CaC@ - - - +
Dihydroxyacetone
production from glycerol w w + w

Acid production from

Dulcitol w - + w
L-Arabitol + + + w
Ethanol + w - w
Maltose - - w -
16S rRNA gene restriction
group A B C F
DNA G+C content (mol%) 60.2 59.3 60.3 60.8

+, positive; w, weakly positive; -, negative

2.2.6 Kozakia

The Kozakia species differentiated from other membersAcdtobacteraceae as the
capable production levan-like mucous substance from sucrosdroctose. They are non
motile. The major ubiquinone is Q-10. They can not produce gelatinase, hydrogen sulfide,
indole or ammonia from-arginine and no grow on 30 % ofglucose. They are weakly
acivity when oxidize acetate and lactate to carbon dioxide and water and production acetic
acid from ethanol. They can grow on mannitol agar but not on glutamate and on 80% of
glucose. The DNA base composition range from 56.8-57.2 mol% of G+C content (Lisdiyanti
et al., 2002). This genus has only one species; K. bali¢h&sliyantiet al., 2002).

K. baliensis was reported in Thailand by Kommaneteal (2008), the two isolates
CT8-1 and CT8-2 showed the same phenotypic feature as the type stkairbabfensis.
However, the isolation sources of the two isolates were quite different from those of the four
strains isolated in Indonesia (Lisdiyastial., 2002). The former was from fruit of sapodilla
collected in Thailand however, the latter was either palm brown sugar or ragi (starter)

collected in Bali or Java, Indonesia.

2.2.7 Swaminathania
Swaminathania has straight rods with round ends, approximately 0.7-0.9 x 1.9-3.1
mm, possesses peritrichous flagella, oxidase-negative and catalase-positive. They can oxidize

ethanol to acetic acid in neutral and acid conditions. They can oxidize acetate and lactate.
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They can able to produce water-soluble brown pigments on GYC agar medium. They do not
hydrolyse gelatin and starch. They grows well in the presence of 0.35% acetic acid, 3% NaCl
and 1% KNQ. They can able to fix nitrogen and solubilize phosphate. DNA G+C content is
57.6-59.9 mdél and the major quinone is Q-10. This genus has only one species;
Swvaminathania salitolerans (Logonathan and Nair. 2004).

Sw. salitolerans was reported in Thailand by Kommaneteal (2008), the isolation
sources of the two isolates SI15-1 and SI15-2 were quite different from those of the two
strains isolated at Pichavaram, Tamil Nadu, India (Logonathan and Nair. 2004). The former
was from ixora collected in Thailand, however, the latter was mangrove-associated wild rice
collected at Pichavaram, Tamil Nadu, India. Accordingly, it is of interest that the two strains
identified asSw. salitolerans were isolated from seeds of ixora, a kind of flowers other than

materials such as mangrove-associated wild rice.

2.2.8 Saccharibacter

Cells are Gram-negative, non-motile, straight rods measOré..0 x 2.5-4.0 um.
Non-pigmented. They produces neither cellulopmllicles nor water-soluble mucous
subgances. The optimum pldr growth is around 5.0-7.0; mgoowth above pH 8.0 or below
pH 4.0. They can not assimilate ammonia on Hoyer—Fratedium with glucose, mannitol
or e¢hanol. They can not utilize methanol and can not produce dihydroxyacetone from
glycerol. The DNA G+C contelig about 52-53 mol%. The major quinone type is QFhis

genushas only one speci€accharibacter floricola. (Jojima et al, 2004)

2.2.9 Neoasaia

During the course of studies on microbial diversity of AAB in Thailand, Yukmhan
al (2005b), proposedNeoasaia chiangmaiensis gen. nov., Sp. nov. in the family
Acetabacteraceae, which was isolated from a flower of red ginger (khing daeng in Thai;
Alpinia purpurata) collected in Chiang Mai, Thailand. The isolated an osmotolerant AAB,
colonies were pink, shiny, smooth, raised, and with an entire margin. They oxidized acetate
and lactate. They produced acetic acid from ethanol, dihydroxyacetone from glycerol and 2-
ketoD-gluconate and 5-ketb-gluconate fromb-glucose. They grew on glutamate agar,
mannitol agar, 30%D-glucose and in the presence of 0.35% acetic acid but did not grow in
thepresence of 1.0% KNQOThey did not produce either a water-soluble brown pigment on a
glucose/peptonelyeast extract/CaC@edium or a levan-like polysaccharide on a sucrose
medum. DNA base composition was 63.1 mol% G+C. This genus has only one; $yeecie
chiangmaiensis (Yukphanet al., 2005).
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2.2.10 Granulibacter

Cells are non-motile and coccobacillus to rod-shagdwy produce a yellow
pigment. They have optimum temperaturedoowth is 35-37 °C, optimum pH for growth is
5.0-6.5They can oxidize lactate and acetate to carbon dioxide and watére adtivity of
the latter is weak. They can produce little acetic domn ethanol but can not produce
dihydroxyacetondrom glycerol. They can use methanol as a sole carbon source. They grow
on gutamate agar and on mannitol agar. DNA base composition is 59.1 mol% G+C. This

genus has only one sped&ranulibacter bethesdensis (Greenberg et a 2006).

2.2.11 Tanticharoenia

During the course of studies on microbial diversity in the natural environment of
Thailand, Yukphanet al. (2008), proposed three strains, AG3AC38, and AC39, as
Tanticharoenia sakaeratensis gen. nov., sp. nov. in the famiAcetobacteraceae. They were
isolated from soil collected at Sakaerat, Nakhon Ratchasima, Thailand. Strains were rods,
non-motile, measuring 0.6-0.8 x 1.0-1.6 um. Colonies were creamy and smooth with entire
margin when grown on glucose/ethanol/peptonel/yeast extract/calcium carbonate agar. They
did not oxidize acetate or lactate. They produced acetic acid from ethanol, dihydroxyacetone
from glycerol and produced a water-soluble brown pigment intensely on
glucose/peptonel/yeast extract/calcium carbonate agar. They grew on glutamate agar (weakly
positive), mannitol agar, 30% D-glucose but did not grow on methanol. They grew in the
presence of 0.35% acetic acid but not of 1% KNIe major quinone was Q-10. DNA base
conpostion is 64.5-65.6 mol%. This genus has only one spe@emticharoenia
sakaeratensis (Yukphanet al., 2008).

2.2.12 Ameyamaea

Cells are Gram-negative, motile with polar flagella, straight rods mea$uén.8 x
1.0-1.8 um. Colonies are creamy and smooth with entire margin when grown on
glucose/ethanol/peptone/yeast extract/calcium carbonate agar. They show intensely oxidize
acetate to carbon dioxide and water but weakly oxidize lactate. They produced acetic acid
from ethanol, dihydroxyacetone from glycerol and produced a water-soluble brown pigment
intensely on glucose/peptone/yeast extract/calcium carbonate agar. They grow on glutamate
agar (weakly positive), mannitol agar but can not grow on 30% D-glucose and in methanol.
They grow in the presence of 0.35% acetic acid. The major quinone is Q-10. DNA base
composition is 66.0-66.1 mol%. This genus has only one spenéyamaea chiangmaiensis
(Yukphan et al, 2009).
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2.3 Molecular analysis for taxonomy of acetic acid bacteria

2.3.1 DNA sequencing analysis

Ribosomal RNA represents only a small part (about 0.3-0.4%) of the genome and the
cistrons coding for it are highly conserved. They have evolved less rapidly than the rest of
the chromosome. The three rDNAs in bacteria are classified by their sedimentation rates as
23S, 16S, and 5S, which have chain lengths of about 3,300, 1,600, and 120 nucleotides,
respectively (Stent, 1981). Bacterial 16S rDNA sequences are attractive targets for developing
identification methods because they represent conserved regions in all bacteria and species
having 70% or greater DNA similarity usually have more than 97% sequence identity
(Stackebrandt and Goebel, 1994, Stackebranhdt., 2002). But this recommendation has
been questioned (Faet al., 1992). Recently, it has been suggested that a difference rate of
>0.5% could be considered indicative of a new species within a known genuseRallys
1997). In the present study, in the absence of an accepted cut-off value, which 99% similarity
as a suitable cutoff for identification at the species level and 97% similarity as a suitable
cutoff for identification at the genus level (Drancourt e 2000).

Automated DNA Sequencing; one of the major advances in sequencing technology in
recent years is the development of automated DNA sequencers. There are based on the chain
termination method and use of fluorescent labels. The fluorescent dyes can be attached to the
sequencing primer, to the dNTPs or the terminators and are incorporated into the DNA chain
during strand synthesis reaction mediated by DNA polymerase. During the electrophoresis of
the newly generated DNA fragments on a polyacrylamide gel, a laser beam excites the
fluorescent dyes. Detectors collect the emitted fluorescence and the information analyzed by
the computer. The data are automatically converted to nucleotide sequence (Fig. 2.1). Several
automated DNA sequencers are now commercially available and are becoming increasingly

popular.
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Fig. 2.1 Automated DNA sequencer

2.3.1.1 Anaysis of nucleotide sequence and phylogenetic tree

Analysis of nucleotide sequence

a. Homology search: The most frequent analysis of an unknown sequence is
to perform homology search, which is a search for sequence similarity with known sequence
in the database. There are three international DNA databases available that provide sequence
information as no cost over the internet (Table 2.5). All databases exchange their data daily to

update the sequence information.

Table 2.5 Lists of international primary sequence databases.

Database Sponsor Location (URL)

GenBank National Center for http://www.ncbi.nlm.nih.gov

Biotechnology in formation

EMBL Data Library European Molecular Biology http://www.ebi.ac.uk/embl.html
Laboratory

DNA Data Bank of Japan (DDBJ) National Institute of Genetics http://www.ddbj.nig.ac.jp
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b. Phylogenetic analysis phylogenetic analysis is the technique of
methodically demonstrating a family relationship between species. The sequences are
pairwisely compared by BLAST Homology Search (http://www.ncbi.nlm.nih.gov/). Multiple
alignments of the sequences were carried out with the program CLUSTAL X (Version 1.81)
(Thompsonet al., 1997). Distance matrices for the aligned sequences were calculated by
using the two-parameter method of Kimura (1980) The neighbour-jointing (NJ) method was
used to constructed a phylogenetic tree (Saitou & Nei, 1987). Sites where gaps existed in any
sequences are excluded. Bootstrap analysis is performed from 1,000 random re-samplings
(Felsenstien, 1985).

2.3.2 Restriction fragment length polymorphism (RFLP) analysis

RFLP analysis is method for identification and typing of microorganism by used
restriction enzymes are specific locus sites to cutting nucleotide fragment for differently DNA
profiles on electrophoresis. PCR-RFLP method are initialed by amplification of target DNAs
with Taq polymerase and oligonucleotide primers at the specific locus sites thus as 16S, 23S
and 16S-23S rDNA spacer regions (ITS). After amplified DNAs following to cleaving PCR
products by restriction enzyme and examine DNA fragment by agarose gel electrophoresis.
This method is application for identify microorganism and useful for DNA genomic
fingerprinting in plant identifications (Olive and Bean, 1999; Griffiths gt2000).

F al

I & 1M 1541 L] 05

165 RNA RAY KA I 1S RNA

| ITS1RNA |

Fig. 2.2The 16S-23S rDNA internal transcribed spacer regions (ITS)
(Girtle and Stanisich, 1996)
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The ribosomal operon is a classic marker used to trace genetic relationships and to
identify strains rapidly. Of all the different regions of the ribosomal operon, the ITS region
between 16S and 23S ribosomal DNA are frequently used as molecular markers to identify
microbial species and analyze the phylogenetic relationship between strains. The ITS regions
are generally found in multiple copies in most bacterial genomes. Since ITS regions are
hypervariable with respect to adjacent genes, due to a higher mutation rate, they can
differentiate between multiple operons in the cell. The ITS contains genes for encode 0, 1, or
2 tRNA such as tRNX and tRNA"™ addition to the antitermination box B-box A motifs
which prevent premature termination of transcription and also have a role in holding in
secondary structure of the nascent rRNA for processing to mature rRNs&& @lrrd Teuber,

2002).

Tréek and Teuber (2002) reported the genetic and restriction analysis of the ITS gene
of the AAB. Fifty-seven strains were amplified the ITS regions and digestediaélhi and
Hpall. The results of these enzymes affected belong to 12 distinct groups of restriction types.
All the restriction profiles obtained after analysis of microbial populations from vinegar
matched one of the 12 groups.

Yukphanet al. (2004a), examined new approach for identificatioflaiconobaceter
asai 1935 based on ITS regions restriction and sequence analysis. This study included thirteen
reference strains such as the type strains ottexydans NBRC 14819, G. cerinus NBRC
3267, G. asaii NBRC 3276, andG. frateurii (IFO 3264). Several restriction endonucleases
disaiminating the three species from one another were selected by computer analyses such as
Bsp12861, Mboll, Sapl, BpulOl, Earl, BssHKAI and Fatl. On digestion of the PCR products
with restriction endonucleas@sp12861 andMiboll, all the restriction patterns coincided with
those of the type strains of the three species except for strain NBRC 3251. This strain gave a
different pattern fronGs. frateurii, when digested witMboll. However, they proposed strain
3251 was included phylogenetically in tBefrateurii cluster. In addition, the results of this
study showed ability to identify the Gluconobactepecies at the species level.

Yukphanet al. (2005), proposetlleoasaia chiangmaiensis gen. nov., sp. nov. in the
family Acetobacteraceae based on phenotypic, biochemical characteristic and genetic
analysis. In the RFLP analysis, when ITS region PCR products of isolate’ A@2B59 bp
were digested with the four restriction endonuclea3gg509I, Mboll, Bccl and Hinél,), the
resulting restriction fragments by digestion witgp5091 andMboll, the type strains of the
three Asaia species gave identical restriction patterns, designated as the As. bogyensé
patterns. Other restriction patterns were designated a&detlohiangmaiensis type of patterns

and theK. baliensis type of patterns. By digestion wiBtcl andHin6l, respective restriction
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patterns were given, designated asAhebogorensis type of patterns, thAs. samensis type

of patterns, thés. krungthepensis type of patterns, thK. baliensis type of patterns, and the

Ne. chiangmaiensis type of patterns. The restriction data obtained above differentiated isolate
AC28" molecular biologically from the type strains A. bogorensis, As. samensis, As.
krungthepensis, and K. baliensis

Malimas et al. (2008a), proposedd new spedhs, lannensis based on phenotypic,
chemotypic including sequencing and RFLP analysis. The 16S rDNA PCR products of the
two isolates, AB92 and AB93, were analyzed by digestion with four restriction
endonuteases3yl, BsaJl, ShaBl, andHpall. The two isolates were practically discriminated
from the type strains ofs. samensis and As. krungthepensis by the absence of a 214-bp
fragment inSyl digestion; the type strain ohs. samensis by the absence of a 327-bp
fragment inBsaJl digestion; the type strain 8. krungthepensis by the absence of both 850-
bp and 561-bp fragments #naBl digestion; and the type strains &$. bogorensis and As.
siamensis by the presence of a 311-bp fragment in Hdagestion.

Malimas et al. (2009b) proposed new speci€s; kanchanaburiensis. The two
isolates, AD92 and AD93 inG. kanchanaburiensis isolated from spoiled fruits dfrtocarpus
hetterophyllus (jackfruit). They were identified based on phenotypic, chemotaxonomic and
sequencing including RFLP-ITS analyses. Several restriction endonuclBgsE236l,
Mboll, BstNI, BsaJl and BsoBI discriminating AD92and AD93 isolates from one another.

2.3.3 DNADNA hybridization

The DNA-DNA hybridization technique is the hybridization of the total genomic
DNA of one organism to that of another. The relatedness of strains can be expressed as a
percent homology. Strains related at the species level should show homology in the 60 % to
90 % range, whereas strains with increasing taxonomic divergence show progressively less
homology. These finding are now a major factor in decisions on the taxonomic classification
of all microorganism, allowing species, genus, and higher taxonomic groupings to be assessed
by means that are not subject to the phenotypic variation inherent with classical methods
(Ryan, 1994).

Bacterial DNA-DNA homology was done by the hybridization of the total genomic
DNA of one strain to that of another. The relatedness of strains can be expressed as a percent
homology. Strains related at the species level should show homology over 70% (Wayne et al
1987), whereas strains with increasing taxonomic divergence show progressively less
homology. These finding were now a major factor in decisions on the taxonomic

classification of all microorganism, allowing species, genus, and higher taxonomic groupings
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to be assessed by means that were not subject to the phenotypic variation inherent with

classical methods

2.4 Oxidative fermentation of acetic acid bacteria

AAB well known as vinegar producers and also known to be able to oxidize various
sugars and sugar alcohols suctbagucose, glycerolp-sorbitol, and so on, in addition to
ethanol (Fig. 2.3). Such oxidation reactions are called oxidative fermentation, since they
involve incomplete oxidations of such alcohols or sugars accompanied by an accumulation of
the corresponding oxidation products in large amounts in the culture medium.

Of the two genera of AABGluconobacter species extensively catalyze the oxidation
of sugars and sugar alcohols except for ethanol, weobacter species have a high ability
to oxidize ethanol to acetic acid. These oxidation reactions of sugars or sugar alcohols seem
to be carried out by membrane-bound dehydrogenases linked to the respiratory chain located
in the cytoplasmic membrane of the organism (Matsushita, et 294).

The membrane-bound dehydrogenases can be divided into quinoproteins and
flavoproteins that have pyrroloquinoline (PQQ) and covalently-bound flavin adenine
dinucleotide (FAD) as prosthetic groups, respectively. These quinoproteins and flavoproteins
dehydrogenases have been shown to function by linking to the respiratory chain which
transfers electrons to the final electron acceptor, oxygen, and generating energy for growth. In
addition, the enzymes are involved in production of the oxidation products, carboxylic acids
and sugar acids, in the culture medium. Thus, AAB are also important for the fermentation
industries to produce biomaterials such as vinegasorbose, dihydroxyacetone, ketogluconic
add, L-erythrulose (Saeket al., 1997; Moonmangmeet al., 2000; Hekmagt al., 2003;
Matsushita et al, 2003; Moonmangmee et.a002).
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D-Glucose D-Gluconate 2-Keto-D-gluconata 2,5-Diketo-D-gluconate
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Dihydroxyacetone 5-Keto-D-fructose L-Sorbose

Fig. 2.3 Primary dehydrogenases in alcohol- and sugar-oxidizing system of AAB
(Matsushiteet al., 1994)

2.4.1 Acetic acid production

Acetic acid produced from a wide variety of substances, the main requirement is
sufficient alcohol or sugar from which alcohol can be derived with a satisfactory flavoring
substance. Louis Pasteur (1862) was the first who discovered the tiny creature, the vinegar
bacteria that convert alcohol into acetic aéicetobacter strainswere frequently used for the
industrial vinegar (Saeki et 211997).

Vinegar is an acidic liquid processed from the fermentation of ethanol in a process
that yields its key ingredient, acetic acid (ethanoic acid). Commercial vinegar is produced
from 2 fermentation processes, 1) slow methods are traditional vinegars and fermentation
proceeds (Orleans process), this method show slowly over the course of weeks or months in
vinegar production, 2) fast methods will add mother of vinegar (i.e. bacterial culture) to the
source liquid and incubated in fermenter, called “Frings generator”. Mother of vinegar is
Acetobacter, their catalyses the biological oxidation of ethanol in acetic acid by the
association of two enzymes (primary dehydrogenases) membrane bound: a quinoprotein
ADH and ALDH (Fig. 2.3) (Matsushita et 211994).
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Ethanol oxidation by AAB takes place in two steps. In the first one, ethanol is
oxidized to acetaldehyde and in the second step acetaldehyde is oxidized into acetate. In both
reactions, electrons are transferred and these are later accepted by oxygen d€Aaachi
1978). The ADH consists of two or three subunits, which include the dehydrogenase (72-78
kDa) and cytochrome (48 kDa) that are essential for the activity of the enzyme. The third
subunit is a protein of 20 kDa, foundAnaceti andA. pasteurianus. The two larger subunits
play a role in the intramolecular transport of electrons from the ADH to ubiquinone and
further to the terminal cytochrome oxidase during the oxidation of ethanol. The smallest one
helps the two functional subunits with their association to the membrane (Saeki854).

This membrane-bound alcohol dehydrogenase has pyrroloquinoline as a cofactor and
is independent of NADP A cytoplasmatic NADPR dependent alcohol dehydrogenase has
also been identified, although it has a much lower specific activity than the membrane-bound
alcohol dehydrogenase and a higher optimal pH (6-8), which limits its contribution to the
oxidation process of ethanol (Adactt al., 1978; Matsushitat al., 1994). The NADP
independent enzyme has an optimal pH of 4, but it is still active at lower pH levels. The ADH
acivity of Acetobacter is more stable under acetic conditions than thaGlotonobacter,
which explains why Acetobacter produces more acetic acid (Matsushita,t294).

The other enzyme involved in the oxidation of ethanol is aldehyde dehydrogenase. It
is also a NADP independent enzyme and located in the cytoplasmatic membrane. Its
optimum pH is between 4 and 5, although it can catalyse the oxidation of acetaldehyde to
acetate at lower pH values (Adachial., 1980). It is an enzyme that is sensitive to oxygen
concentrations, and when these are low its activity decreases, accumulating acetaldehyde. It is
also more sensitive to the presence of ethanol than ADH.

These bacteria can produce high concentrations of acetic acid, up to (Séwgts
et al., 1997; Luet al., 1999), which makes them very important to the vinegar industry. The
enzyme citrate synthase plays a key role in this resistance, because it detoxicates acetic acid
by incorporation into the tricarboxylic or glyoxylate cycles, but only when ethanol is not
present in the media. Menzel and Gottschalk (1985) reporteddétabacter strains decrease
their internal pH in response to a lower external pH. However, an adaptation to high acetate
concentrations seems to be a prerequisite for high tolerance (Laska2&0f)).

Vinegar fermentation by AAB is usually carried out at 30°C and strict, temperature
control is necessary irrespective of whether the culture is static or submerged. A temperature
increase of 2-3°C causes a serious problem in both the fermentation rate and fermentation
efficiency. Therefore, if favorable strains of AAB that can work optimally at 37-40°C were

available, the cooling expensive would be reduced greatly.
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Saekiet al. (1997) reported a thermotolerant AAB that were collected from Thailand,
A. rancens subsp. pasteurianus, A. lonaniensis subsp. lovaniensis, A. aceti subsp.
liguefaciens, and A. xylinum subsp. xylinum. These isolates were show rapid ethanol
oxidation, rapid acetate oxidation, growth at 40°C, growth in 3% acetic acid, growth in 8%
ethanol, formation of thermotolerant alcohol and aldehyde dehydrogenase. They produced
acetic acid at high temperature, 38 to 40°C and they still oxidized ethanol to acetic acid when
initially acetic acid added to 4%. They oxidized higher concentrations of ethanol up to 9%
without any lag phase. Vinegar production with thermotolerant strains at 38 to 40°C was

almost the same as mesophilic strains at 30°C.

Lu et al. (1999) reported a thermotolerant bacterium with high production of acetic
acid was isolated from spoiled from banana in Taiwan. The isolate, 114-2 was identified as
Acetobacter sp. Cultural conditions to produce acetic acid were studied under cultivation in a
medium containing 2 mg/l acetic acid and 5% ethanol & 3[14-2 can produced 41 g/l of
acetic acid after 3 days incubation. This bacterium is thermotolerant and retained 68% of

acetic acid-producing activity compare with that when incubated &t 30°

Ndoye et al. (2006) isolated AAB from mango and cereals. Two isolates, CWBI-
B418 and CWBIB419 were selected for their ability of growth and acetate production at
higher temperatures. They have confirmed\asopicalis andA. pasteurianus, respectively.
In another hand, their ability of growth and acetification with those of the wild-type strain
pasteurianus LMG 1625 showed that CWBI-B41&nd CWBI-B419 strains developed an
optimum of growth without any appreciable lag phase and a high level of acetic acid
production at 35and 38T, respectively. The two strains exhibited thermoresistance and
acidoresistance property. The measure of ADH and ALDH activity realized on a range of
temperatures from 2t 40C, showed an increasing denaturation more marked in the wild
type strain. The inactivation constant of the enzymes ADH and ALDtHexe strains was
indeed much lower than that of the wild strain. By taking into account of all these
physiological potentialities, the use of t88/BI-B418 and CWBI-B419 strains in industrial
vinegar production in Sub-Saharan Africa would make it possible to reduce in a considerable

way the cooling water expenses.
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2.4.2 Dihydroxyacetone (DHA) production

DHA is the oxidation product of glycerol (Salusjagtial., 2004) and is industrially
produced byG. oxydans. This product is commonly used as a tanning agent in the cosmetics
industry. Moreover, DHA constitutes a building block for several chemical compounds, e.g.,
methotrexate, which is used in the chemotherapeutical treatment of cancer patientgt(Claret
al., 1994).G. oxydans has been most extensively used in industrial processes to produce DHA
(Deppenmeieet al., 2002). Yields of around 90%DHA (in g/g glycerol) have been reported;
the highest initial substrate concentration tested was 200 g/l glycerol (Claretl&S).

Corneliaet al (2007), studied biotransformation of glycerol to dihydroxyacetone by
recombinanG. oxydans DSM 2343. They demonstrated the impact of SsSdAB over-expression
on glycerol oxidation: Beside a beneficial effect on the transcript level (fdBegene, the
growth on glycerol as a carbon source was significantly improved in the over-expression
strains compared to the control strains. Furthermore, the DHA formation rate, as well as the
final DHA concentration, was affected so that up to 350 mM of DHA was accumulated by the
over-expression strains when 550 mM glycerol was supplied (control strain: 200 to 280 mM
DHA). Finally, they investigated the effect ®ldAB over-expression on th&. oxydans
transcriptome and identified two genes involved in glycerol metabolism, as well as a regulator
of the LysR family.

DHA production was improved by genetic engineering (Gatgemsé., 2007). The
final DHA concentration bys. oxydans in shake-flask experiments reached 30 g/l while the

wild type produced 18-25 g/l of DHA from 50 g/l glycerol.

2.4.3L-Sorbose production

L-Sorbose has been used as an intermediate for synthesis of vitamin C following the
method of Reichstein Grussner (Hancock and Viola., 200:8orbose is produced froo:
sorhtol by Gluconobacter suboxydan (Kim et al., 1999). Sinced-sorbitol is oxidized ta.-
sorbese by D-sorbitol dehydrogenase, which is bound to the cell membrane, the oxygen
demand is relatively large (Shinnagawa., 1988)Sorbose is the oxidation product of
sorhtol, produced by the action of membrane bound SDH (Shinghala 1982).L-Sorbose
is further converted to sorbosone by SNDH (Hoslara., 1990, 1991).

SDH SNDH
D-Sorbitol - L-Sorbose - L-Sorbosone
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Shinagawaet al. (1982) described the solubilization, purification and characterization
of D-sorbitol dehydrogenase from the membrane fraction of G. suboxydandFO3254. The
production ofL-sorbose by cells db. suboxydans ATCC621 immobilized in polyacrylamide
gel has beertarried out in a continuous process. The entrapped a@eliest completely
convertedp-sorbitol intoL-sorbose ak rate of about 7 kg/fth over a long period of time
(Stefanova et al., 1987).

Rosenberget al. (1993) studied thgparameters influencing the conversion of
sorhitol to L-sorboseby stationary phase cultures of an industrial strai.obxydans from
Farmakon, Czechoslovakia. Thesorbitol concentration influenced the, @onsimption rate
acording to Michaelis Menton Kinetic®-sorbitol at 20-200g/l had no inhibitory effect.
However, high concentration afsorbose inhibited the Lxonsumption rate. Optimurmb-
sorhtol conversion occurred at pH 5.0 and 35-401CGsorbose formation occurred in a batch
culture lasting 34 (sorbitol concentration 200 g/l), and the yield was 9B%the fed-batch
cultures (30°C, 1 vvm aeration, 0.1 mpiessure, 5% vol. inoculum) havingbasorbitol
concentration of 410g/l, the yield was found to be 92%.

Kim et al. (1999), report conversion af-sorbitol to L-sorbose by immobilized
Gluconobacter suboxydans cells, they found that-sorbose yield was increased when bead
size was reduced and holes were made in the beads as a means of reducing the thickness of
the oxygen diffusion layer.

Girdhar and Srivastava (2000) cultivat€al oxydans NRRL B72 in fed-batch
fermentation using an initial sorbitol concentration of 200 g/l and demonstrated a productivity
of 17.7 g/l/h.

Moonmangmeet al. (2000) isolated and screened thermotole@uotonobacter for
D-fructose andL-sorbose production. In the part afsorbose production, fermentation
efficiency and fermentation rate of the strain CHM54 was quite high and rapidly oxmdized
sorhtol to L-sorbose at almose 100% within 24 h at 30°C. The efficiency-sirbose

fermentation by the strain CHM54 at 37°C was superior to that observed at 30°C.
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EXPERIMENTAL

Instruments, materials, chemical reagents and media
Name list of all Instruments, materials, chemical reagents and media were shown in
Appendix A, C and D.

Methods
3.1 Sample collection and isolation of acetic acid bacteria

AAB were isolated from 30 fruits, 10 flowers, 1 fermented starch, 1 khao-mak and 1
seed-ixora collected in Thailand. The sample was cut into small pieces and placed in 10 ml of
4 enrichment culture approach using 1) Glucose-ethanol medium, 2) Sorbitol medium, 3)
Sucrose-acetic acid medium and 4) Methanol-peptone-yeast extract medium (Appendix A) in
25x250 mm test tube and were incubated on a rotary shaker at 200 ?Enfipi36 days and
then the cultures were streaked onto GEY-Ca@@ar plates (Appendix A) and incubated at
30°C for 5 days. (Yamada et .al1976, 1999).

Thebacteria that formed clear zones around colonies on the agar plates were selected
as acid-producing bacterial strains. They were streaked for purification on GEYz@g&O
plate and were preserved mainly atG4 Twenty % of Glycerol in Glucose- Peptone-Yeast

extract was used as a cryoprotectant.

3.2 ldentification methods
3.2.1 Cell morphology and cultural characteristics

The colonies grown on GEY-CaG@&gar medium at 3C for 2 days were examined
for their cell shape and colonial appearance, motility, and pigmentation as described by
Barrow and Feltham (1993).

3.2.1.1 Gram staining: Thin smear of bacterial colony on a clean slide was fixed by
passing through flame and stained with Gram’s crystal violet for 30 sec, rinsed with water,
followed by covering with Gram’s iodine solution for 30 sec then rinsed with water,
decolorized with 95% (v/v) ethanol and washed with water. Then, the smear was countered
stained with safranin for 30 sec, blot dried and examined under microscope at 1000X
magpnification.

3.2.1.2 Flagella staining: Standard microscopic slides, precleaned by the

manufacturer, were used. The slide briefly flamed and drawn a thick line with a wax pencil
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across its width to confine a stain to be two-thirds of the slide surface. Three drops of sterile
distilled water was added to this area and gently mixed with cells. There was no visible
opalescence. The suspension was smeared over the staining area and then tapped off onto a
disinfectant-soaked gauze sponge, and air dried on a level surface. Staining method by
Forbes (1981), staining (Appendix A) was timed for 1 min with 1 ml of stain at ambient
temperature. The slide was washed in tap water, counterstained with the Hucker and Conn
(1923) modification of Gram crystal violet for 1 min, washed, blotted, and examined under oil

immersion starting near the wax line.

3.2.2 Physiological and biochemical characteristics

3.2.2.1 Oxidation/Fermentation catabolism testThe isolates were inoculated in
Hugh and Leifson’s medium (Appendix A) by stabbing with a straight needle. After
inoculation, overley the medium in only one tube with approximately 2 ml of sterile liquid
paraffin. The incubation was done at @0Interpret the results as follow, if only the aerobic
tube is acidified, the organism catabolizes the carbohydrate by oxidation. If both the aerobic
and anaerobic tubes are acidified, the organism is capable of fermentation. If neither tube
becomes acidified, the organism is unable to catabolized the carbohydrate.

3.2.2.2 Catalase testA small amount of pure growth was transferred from agar onto
the slide. Hydrogen peroxide {8) 3% (v/v) was immediately placed onto a portion of a
colony on the slide. The evolution of gas bubbles indicating a positive test was observed.

3.2.2.3 Growth at different pH: The isolates were suspended in 0.85% NaCl and
inoculated into the different pH medium (Appendix A). The culture was incubated with out
shaking for 7 days at 3G° The pH was tested in this study are followed: pH 3.0, 3.5, 4.0, 4.5
and 5.0.

3.2.2.4 Oxidation of acetate and lactate: The isolates were inoculated into oxidation
of acetate and lactate test medium (Appendix A). The cultures were incubated without
shaking for 7 days at 3G. A positive was indicated by blue color whereas a negative was by
yellow color.

3.2.2.5 Growth in the media containing 30%D-glucose: The isolates were
inoaulated into the medium containing 3086glucose (Appendix A). The cultures were

incubated without shaking for 7 days at°80

3.2.2.6 Formation of water-soluble brown pigmentThe isolates were inoculated
on the GEY-CaCg@agar medium. After incubating at 3DYor 7-15 days, water soluble

brown to dark brown pigments were observed.
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3.2.2.7 Dihydroxyacetone from glycerol:Cell were inoculated on the Glucose-
Glycerol-Yeast extract (GGY) medium (Appendix A) and incubated at 37°C for 5 days, then
flooded with Fehling’s solution (Appendix A). Yellow or yellow orange colonial appearance

indicated a positive test.

3.2.2.8 Growth and acid production from different kind of carbohydrates: The
isolates were suspended in 0.85% NaCl and inoculated into the growth and acid production
test medium (Appendix A). The culture were incubated without shaking for 7 daysGat 30°
and observed the results everyday. The carbon sources used in this study were as fBllowed:
glucose,bD-mannosep-galactosep-fructose,L-sorbose p-xylose, D-arabinosel -arabinose,
L-rhamnose,D-mannitol, D-sorbitol, dulcitol, meso-erythritol, glycerol, maltose, lactose,

melibiose, sucrose, raffinose and ethanol.

3.2.2.9 Production of ketogluconate fronD-glucose:The isolates were inoculated

into 5 ml medium (appendix A) and shaken at@@or 14 days. The cell suspensions were
centrifuged and 1Qu supernatant was spotted on microcrystalline cellulose plates (TLC
aluminium sheets 20 x 20 cm, CelluloseF). Between each elution, the plates were dried
completely in a cold air flow. The plates were sprayed with detection reagent (appendix A)
and dried at 10%>. The results of different colour were read under UV light: glucose
produces a brown-red colour, 2-ketogluconic acid produces blue-fluorescent colour, 5-
ketogluconic acid produces green-colour and 2,5-diketogluconic acid produces yellow-

fluorescent colour.

3.2.2.10 Transmission electron microscopeCells were coated with copper grids
and were stained by submerging the grids in 2% (w/v) uranyl acetate for 1 min. The grids
were rinsed with distilled water (Dijkstra and De Jager, 1998) and examined WiEMa
(JSM-1230, JEOL LTD., Japan).

3.2.3 Chemotaxonomic characteristics

3.2.3.1 Ubiquinone analysis: The representative strians of each group were extracted
and quanlitative determined. The isolates were cultured in GEY medium (Appendix A) with
shaking condition at 3@ for 48 h. Cells were collected by centrifugation and approximately
1 g wet cell were suspended in 100 ml of absolute ethanol: diethylether (1:3) and shaked for
20 min. After filtration, the extract was completely evaporated and dissolved in a small
amount of acetone. The acetone solution was applied to silica gel TLC (0.5 mm silica gel,

60Fs5, layers on 20x20 cm glass plate, Merck) and developed with hexane:diethyl ether
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(85:15) about 30 min. A yellow band, corresponding to a yellow spot of the reference
standard that also visualize as a dark band under short wave UV light, is scrapped off. The
silica gel powder is transferred to a tube and extracted with 1 ml of acetone. The solution is
filtered with a 0.2um membrane filter and concentrated by gds. This sample could be
stored at -20€ until use. Ubiquinone homologues are separated and identified by HPLC,
using Cosmosil column (Waters, 5C18, 4.6 mm x 250 mm), methanol:isopropy! alcohol (2:1)
as mobile phase at the flow rate of 1 ml/min. Ubiquinones is detected at 275 nm and with

known ubiquinones as standards.

3.2.3.2 DNA base composition

DNA was extracted by the method described by Saito and Miura (1963). Briefly, log
phase cells grown in the complex agar medium %€ 3ar 1 day were harvested by scraping
andsuspended in 10 ml of saline-EDTA buffer pH 8.0 (Appendix C). Bacterial cell lysis was
induced by 20 mg/ml lysozyme in 0.1 M Tris buffer pH 9.0 and 10% (w/v) sodium dodecyl
sulfate (SDS) (Appendix C) at %5 for 10 min. After cell lysis, the suspension became
turbid to opalescent and viscous. Protein was denatured by extracting with 4 ml of phenol-
chloroform (1:1 v/v) for 30 sec, and then centrifuged at room temperature, 12,000 rpm (9,200
g) for 10 min. DNA was precipitated by adding cold 95% (v/v) ethanol into supernatant.
DNA was spooled with a grass-rod, rinsed with 70% then 95% (v/v) ethanol, air dried, then
dissolved in 5 ml of 0.1X SSC (Appendix C). RNase A (Appendix C) solution was added
into the DNA solution, incubated at ®7 for 20 min, then extracted by 2 ml of phenol-
chloroform (Appendix C). After centrifugation at room temperature at 9200 g 10 min, the
upper layer was transferred to the new tube. The DNA was precipitated by adding cold 95%
(v/v) ethanol and spooled with a grass-rod then rinsed with 70% then 95% (v/v) ethanol.
DNA was air dried and dissolved in 5 ml of 0.1X SSC. The purity and quality of DNA were
determined from the ratio of an absorbance at 260 and 280 pAG8) as described by
Marmur (1961).

DNA base composition was analyzed by the method described by Tamaoka and
Komagata (1984). DNA was hydrolysed into nucleosides by nuclease P1 (EC 3.1.3.30) and
alkaline phosphatase (EC 3.1.3.1). DNA sample (0.5-1.0 g of DNA/I distilled wateg; ©D
10-20)was boiled in boiling water bath for 5 min and immediately cooled in ice water. Ten
microliter of the DNA was mixed with 10l of nuclease P1 solution (Appendix C), incubated
at 50C for 1 h, and then 10l of alkaline phosphatase solution (Appendix C) was added and
kept at 37C for 1 h. DNA base composition of DNA hydrolysate was analyzed by HPLC

using conditions as shown in Table C-1 (Appendix C).
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3.2.4 Molecular characteristics
3.2.4.1 The ITS restriction fragments length polymorphism analyses (ITS-RFLP)

DNA of isolates were extracted by the method described previously. The extracted
DNA of AAB were amplified with two primers, 1522F-16S (5-TGC GG(CT) TGG ATC
ACC TCC T-3', position 1522 —1540) and 38R-23S(5'-GTG CC(AT) AGG CAT CCA CCG-
3’, position 38-22 based othe Escherichia coli numbering system, Brosiust al.,
1981). Each of polymerase chain reaction (PCR) contained 10 pl of 2mM dNTIRyf&5
mM MgCl,, 10 pl of 10XTaq buffer, 2 ul of 20 pmol 1522F and 38R, 0.5 plTafy DNA
polymerase, 4 ul of DNA template, mixed well and adjusted volumn as 100 ul.By dHe
PCRreaction were amplified with PCR cycling program started with an initial denaturation of
DNA at 94°C for 5 min, followed with 30 cycles of 92°C for 30 sec, 56°C for 45 sec, 72°C for
1 min and following by final extension at 72°C for 7 min, end temperature of PCR products
collected at 4°C by Peltier Thermal cycle model MJ Research DYAD ALD 1244.

The PCR products were checked by 0.8% agarose gel electrophoresis with submerged
in 1X TAE buffer. The 1-kb DNA ladder was used as standard marker. The electrophoresis
was analyzed at 100 V for 40 min. The agarose gel were stained with ethidium bromide
solution, washed by distilled water and observed under UV light by BIORAD Gel Doc UV

transilumination.

The PCR products were purified by QIAquick column as follows: @DOf PB
solution was added into 1.5 ml microfuge tube and mixed withuP@® PCR product. Then
placed the solution into the QIAquick column and centrifuged at 6,000 rpm for 30 sec.
Discarded the filtrate and added 48®f PE buffer into the column, centrifuged at 8,000 rpm
for 30 sec. The filtrate was discarded and centrifuged at 8,000 rpm again for 1.0 min. After
that moved the column to the new 1.5 ml microfuge tube, then dOEB buffer was pipette
into the center of the column filter, incubated at room temperature for 10 min and performed
at centrifuge at 14,500 rpm for 1.0 min. The purified PCR products were stored. athe®

purified DNA was checked to electrophoresis same on described above.

The purified PCR products were digested by each appropriate restriction
endonucleases separately. The restriction reaction contapdeaf testriction enzyme, 13l
of DNA, 2 ul of appropriate buffer, mixed well and adjusted volumn as 20 ul @ dFhen,
incubaed the restriction reaction at optimal temperature of each enzyme for overnight. The
restriction patterns were checked by 2.5% agarose gel electrophoresis with 10 pl of restriction

products. 50 bp DNA ladder was used as DNA size marker.



32

3.2.4.2 Gene sequencing and phylogenetic tree analysis

DNA of isolates were extracted by the method described previously. The extracted
DNA of isolates were amplified for the 16S rDNA regions with two primers, 20F (5'-GAG
TTT GAT CCT GGC TCA G-3’; positions 9-27 by tlsscherichia coli numbering system,
accession number V00348; Brosius et al., 1981) and 1500R (5'-GTT ACC TTG TTA CGA
CTT-3’; positions 1509-1492). Each of polymerase chain reaction (PCR) contained 10 pl of
2mM dNTP, 8 pl of 25 mM MgGJ 10 pl of 10XTaq buffer, 4 ul of 40 pmol 20F and 1500R,
0.5 pl of Tag DNA polymerase, 4 ul of DNA template, mixed well and adjusted volumn as
100 pl by dHO. The PCR reaction were amplified with PCR cycling program started with an
initial denaturation of DNA at 94°C for 3 min, followed with 30 cycles of 94°C for 1 min,
50°C for 1 min, 72°C for 2 min and following by final extension at 72°C for 3 min, end
temperature of PCR products collected at 4°C by Peltier Thermal cycle model MJ Research
DYAD ALD 1244. The ITS regions were amplified with two primers, 1522F-16S and 38R-

23S. PCR condition and reaction for ITS regions described as previously.

Amplified 16S rDNA and ITS were directly sequenced with an ABI PRISM BigDye
Terminator V3.1 Cycle sequencing kit on an ABI PRISM model 310 Genetic Analyzer
(Applied Biosystems, Foster, California, USA). For the direct sequencing for 16S rDNA, the
following six primers were used: 20F, 1500R, 520F (5'-CAG CAG CCG CGG TAA TAC-3';
positions 519-536), 520R (5’-GTA TTA CCG CGG CTG CTG-3’; positions 536-519), 920F
(5’AAA CTC AAA TGA ATT GAC GG-3’; positions 907-926), and 920R (5'-CCG TCA
ATT CAT TTG AGT TT-3’; positions 926-907). For ITS gene sequencing, the following four
primers were used; 1522F, 38R, Talaf (5 AGA GCA CCT GCT TTG CAA 3’) and Talar (5’
ACCCCCTGCTTG CAAAZJ).

Multiple sequence alignments were performed with a program CLUSTAL X (version
1.83) (Thompsormt 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 and ITS gene sequences was constructed by
the neighbor-joining method of Saitou and Nei (1987) with the program MEGA 4 (Ta&mura
al., 2007). The confidence values of individual branches in the phylogenetic tree were

determined by using the bootstrap analysis of Felsenstein (1985) based on 1,000 replications.

3.2.4.3 DNA-DNA hybridization: The DNAs of the isolates were extracted and
purified from their whole cells by the phenol method of Saito and Miura (1963). DNA-DNA
hybridization was carried out by the photobiotin-labeling method (Etaki, 1989). Briefly;
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under optimal condition, 100l of heat-denatured, purified DNA solution of unknown and
type strains were incubated at’@7for 2 h in microdilution plates (Nunc Corp., Denmark).
Photoliotinylation of DNA was performed by mixing Z&y/ml of photobiotin with an equal
volume of DNA solution (1Qug of DNA/mI), and then irradiated by sunlamp (500 W) for 25
min. After irradiation, free photobiotin was removed by n-butanol extraction. The

biotanylated DNA was used for hybridization immediately.

For quantitative detection of biotinylated DNA in microdilution wells, 20®f a
prehybridization solution (Appendix C) was added to microdilution plates and incubated at
37°C for 1 h. Then, the prehybridization solution was discarded and replaced Ipy 400
hybridization solution (20X SSC, 5% (v/v) Denhardt solution, 3% (w/v) dextran sulfate, 50%
(v/v) formamide, 10ug of denatured salmon sperm DNA/mI) containing 1§ of
biotinylated DNA.

The microplates were then sealed, and incubated for 15 h at°@0-B2er
hybridization, the microdilution wells were washed three times by 200 @2X SSC buffer,
and 100ul of streptavidin peroxidase conjugate solution (Boehringer, Germany) was added,
and incubated at 8C for 30 min. After incubation, the wells were washed three times by
phosphat buffered. Then the enzyme solution was discarded andl Hdbstirate, 3.3',5.5" —
tetramethyl benzidine —J@, solution (Wako, Japan), was added to each well. The plates
were incubated at 3T for 10 min. The reaction was stopped by addition of 2 4@ and
color intensity was measured by Microplate Reader Bio-Rad, Model 3350 (CA, USA) at
wavelength of 450 nm. The homology values for the DNA-DNA hybridization were
calculated. In practice, a DNA-homology above 70% indicates a relationship in the species
level as reported by Wayne et §1.987).

3.3 Oxidative products of Acetobacterand Gluconobacter strains
3.3.1 Acetic acid production

3.3.1.1 Alcohol dehydrogenase (ADH) activity assayhe activities of ADH was
measured colorimetrically with potassium ferricyanide as an electron acceptor described by
Adachi et al (1978).

Acetabacter strains were inoculated into 200 ml of potato medium (Appendix D) at
30°C for 48 h on a rotary shaker 200 rpm. Cells were harvested by centrifugation apf500
for 10 min and washed twice with cooled 5 mM potassium phosphate buffer (KPB), pH 6.0
(Appendix D). The washed cells were resuspended in the same buffer and passed through a

sonicator (16,000 Ib/min) for 10 min. Cells were removed by using centrifugatiosDét
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rom for 10 min and then the supernatant was used as ADH assay. The reaction mixture
contained enzyme solution, Mcllvaibeffer (McB), pH 5.0 (Appendix D), substrate (1M
ethanol) 100ul, 0.1M ferricyanide solution (Appendix D). After 5 min, 0.5 ml of dupanol
reagent (Appendix D) was added to the medium and was incubated for 20 min. After 20 min,
3.5 ml of dBO was added and well mixed. The absorbance was measured at 660 nm with an
UV spectrophotometer. One unit of enzyme activity was defined as the quantity of enzymes
catalyzing the oxidation of 1mol of the ethanol per minute under the operating conditions.

The specific activity was expressed as units per milligram of proteins and the protein
content was determined by Lowry method (Lovetyal., 1951) with BSA (bovine serum
albumin) as standard (Appendix D).

3.3.1.2 Effect of ethanol and initial acetic acid concentration on acetic acid
production

Inoculumn preparation: The selected strain (show highest ADH) was cultivated in
100 ml Potato medium at 30°C on a rotary shaker 200 rpm for 24 h.

Effects of initial ethanol concentration: Ten ml of inoculmn was transferred into 90
ml YE medium (Appendix D) in 500 ml embossed flask and cultivated at 30°C on a rotary
shaker 200 rpm for 3 days. The YE medium was varied ethanol concentrations as 0, 2%, 4%,
6%, 8%, 10% and 12% (v/v). Samples were taken for biomass evolution by using the
turbidimetrical method (the optical density, OD) at 600 nm. Acetic acid determination was
analyzed by a gas chromatography (GC).

Effects of initial acetic acid concentration Ten ml of inoculmn was transferred into
90 ml YEA medium (Appendix D) in 500 ml embossed flask and cultivated at 30°C on a
rotary shaker 200 rpm for 3 days. The YEA medium was varied acetic acid concentrations as
0%, 1%, 1.5%, 2%, 2.5%, 3% (v/v). Samples were taken for biomass evolution and acetic
acid accumulation. The biomass evolution and the acetic acid determination were analyzed

same on described above.

3.3.2 Dihydroxyacetone production (DHA)

3.3.2.1Preliminary screening for DHA production

Forty-two isolates oGGluconobacter were cultivated in Potato medium at 30°C on a
rotary shaker 200 rpm for 24 h and were transfered to DHA production medium (Appendix
D) and cultured at 30°C on a rotary shaker 200 rpm for 4 days. The quantitative DHA were
analyzed by diphenylamine reaction (Navretiél., 2001). The strain as show hightest DHA

production was selected for futher study.
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The diphenylamine reaction (Navratd al., 2001) as following; sample was
centrifuged and 250 ul of supernatant was diluted byOdi2.5 ul of diphenylamine was
addedand well mixed. The reaction was incubated aC8idr water bath for 20 min and the
reaction was stopped with ice box. The absorbance was measured at 615 nm with an UV

spectrophotometer.

3.3.2.2 DHA production

The tested strain was cultivated in 10 ml Potato medium at 30°C on a rotary shaker
200 rpm for 24 h and adjusted cell density to 0.544%)DOne ml of inoculum was transferred
to 200ml DHA production medium and incubated at 30°C on a rotary shaker 200 rpm for 96
h. Sample was taken every 12 h for biomass evolution by using the turbidimetrical method
(the optical density, OD) at 600 nm and quantitative DHA was analyzed by diphenylamine

reaction as described above.

3.3.3L-sorbose production

3.3.3.1Preliminary screening for L-sorbose production

Forty-two isolates ofGluconobacter were cultivated in Potato medium at 30°C on a
rotary shaker 200 rpm for 24 h and were transfered-sorbose production medium
(Moonmangmee et al., 2000; Appendix D) and were incubated at 30°C on a rotary shaker 200
rpm for 48 h. The quantitativesorbose was analyzed by resorcinol reaction.

The resorcinol reaction as following; sample was centrifuged and 250 ul of
supernatant was diluted by @bl 2.5 ml of resorcinol was added and well mixed. The
reaction mixer was incubated at 80°C in water bath for 10 min and the reaction was stopped

with ice box. The absorbance was measured at 480 nm with an UV spectrophotometer.
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RESULTS AND DISCUSSION

4.1 Isolation and sample collection of acetic acid bacter{AAB)

The AAB were isolated from 30 fruits, 10 flowers, 1 fermented starch, 1 khao-mak
and 1 seed-ixora collected in Thailand, using 4 enrichment culture 1) Glucose-Ethanol
medium, 2) Sorbitol medium, 3) Sucrose-Acetic acid medium and 4) Methanol-Peptone-
Yeast extract medium. One hundred and forty-seven isolates produced acid and showed
clearance zone around their colonies on GEY-Ga@édium. The source of isolation and

isolate number were listed in Table 4.1 and Appendix B-5.

Table 4.1 Source, location, and isolate number of AAB

Isolate no. Souce Location
AP59-1* AP59-2* Applée? Barngkok
BB90-1* Banana Bargkok
F143-1 Canna indica® Bargkok
GU1-1* GU1-3*, G375-3*, G375-4*, G377-1*, Fermented starch Uttaradit
G377-2*, G378-1*, G378-2*, G378-4*, G379-2*%

G379-3*, G379-4*, G380-1*, G380-2*, G362-1*,

G374-3*, G380-4* G360-1* G361-1* G363-1*,

G379-6*, G379-5*

PHD-3, PHD-4, PHD-5 Guavad Kanchanaburi
PHD-6, PHD-7 Guavd Ubon
GB222-1* Guavd Barngkok
PHD-8 Hog Plung Nongkhai
PHD-9 Ixoria / Ixora Rayong
PHD-10, PHD-11 Jackfruit Nongkhai
PHD-12, PHD-13, PHD-14 Jujubé Trad
JJ157-2* Jujubé Bargkok
PHD-15, PHD-16 Kaffir lime? Changmai
PHD-17, PHD-18 Kaffir lime? Samburi
KL13-2* KL13-3* Kaffir lime? Bangkok
PHD-19, PHD-20 Kaffir lime? Khon Kaen
G352-1* G355-1* Khao-mak (sweeted ricé) Nakonpathom
PHD-21, PHD-22 Langsat Chantaburi
LC155-1* Lichi? Bargkok
PHD-1, PHD-2 Litchi? Roie
PHD-23, PHD-24 Little Yellow Star Rayong
PHD-25, PHD-26 Longarf Rayong
LG5-1*, LG6-1* Longarf Bargkok
PHD-27, PHD-28, PHD-29 Longarf Changmai
PHD-30, PHD-31 Longarf Trad
LG156-2* Longarf Bargkok
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Isolate no. Souce Location
LP120-2* Loog-pang khaomak Pathumthani
PHD-32, PHD-33 Mangd Khon Kaen
PHD-34, PHD-35, PHD-36 Mangd Bangkok
PHD-37, PHD-38 Mangd Nontaburi
MG70-1* Mangd Bargkok
PHD-39, PHD-40, PHD-41 Mangosteeh Trad
GB132-1* Manila tamarind Bangkok
PHD-42, PHD-43 Musk-melord Bargkok
PHD-44, PHD-45 Musk-melor Samburi
MM129-2* Musk-melord Bangkok
PHD-46, PHD-47 Night Jasmink Rayong
PHD-48 Night Jasmink Samburi
PHD-49, PHD-50, PHD-51 Orangé Khon Kaen
PHD-52 Pagoda flower Rayong
PHD-53, PHD-54 Palm juicé Nongkhai
PHD-55 Papaya Phiket
PHD-56, PHD-57 Peach Barngkok
PH108-1 Peach Pahumthani
PHD-58 Periwinkle Rayong
PHD-59, PHD-60 Petunid Chanburi
PHD-61, PHD-62, PHD-63 Pineapplé Chantaburi
GB125*, GB126* GB127* Plum mangd Nakonpathom
PHD-66, PHD-67 Pum meld Ubon
PHD-64, PHD-65 Plumeria flowet Chanburi
PHD-68, PHD-69 Quassia Rayong
Rakam FZalacca
ZW160-2* wallichiana)? Bargkok
RBY-1, RBY-2 Rambutah Bargkok
PHD-70, PHD-71 Red Grape Rayong
PHD-72 Rose apple Ubon
PHD-73, PHD-74, PHD-75 Rumbutaf Khon Kaen
PHD-76, PHD-77, PHD-78 Salad Rayong
PHD-79, PHD-80 Sapodill& Chantaburi
PHD-81, PHD-82 Sapodill& Trad
SL21-2* SL22-1* Sapodill& Bamgkok
PHD-83 Seed Ixord Rayong
GB23-1*, GB23-3* Spathodea campanulata® Bangkok
PHD-84, PHD-85 Star fruit Chantaburi
PHD-86, PHD-87, PHD-88 Strawberry Trad
PHD-89, PHD-90 Sugar appfe Chantaburi
GB223-3* Sugar appfe Bargkok
GB223-2* Sugar apple Bargkok
PHD-91, PHD-92 Tamarind Chantaburi
TM7-1* TM7-3* Tomatd Bargkok

'Flower, ?Fruit, *Other materials

*|solates from Dr.Somboon Tanasupawat (51 isolates)
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The all isolates were streaked for purification on GEY-Ca&gar plate and kept in
cold room at 4°C at the Department of Biochemistry and Microbiology, Faculty of
Phamaceutical Sciences, Chulalongkorn University. Sterile 20% glycerol in Glucose-Yeast

extract-Peptone was used as a cryoprotectant.

4.2 ldentification of isolates

The all isolates were general charecteristics are Gram-negative and aerobic and rod-
shaped, produced catalase but not oxidase, and showed clear zones on GE¥IGaCO
plate. Groups 1-9 (86 isolates), colonies are cream, shiny, circular, motile with peritrichous
flagella; Groups 10-14 (38 isolates), colonies are white, shiny, raised circular, motile with
polar flagella; Group 15 (4 isolates) colonies are brown, shiny, smooth, and raised motile with
peritrichous flagella; Groups 16-18 (15 isolates) colonies are pink, shiny, smooth, and raised,
motile with peritrichous flagella; Group 19 (4 isolates) colonies are brown, produce a
brownish liquid pigment after 10 days and motile with peritrichous flagella.

All physiological and biochemical characteristics as showed in Table B-1 and Table
B-2 (Appendix B). Summary, all of the isolates were strictly aerobic and positive for catalase,
utilized glucose oxidatively. They grew at 30°C. Groups 1 to 9 and group 19 can oxidize
acetate and lactate. On the other hand, groups 10 to 15 did not oxidize acetate and lactate and
grew on mannitol agar but not on glutamate agar. They produggaconate, 2-ketob-
gluconate, and 5-ketp-gluconate fronb-glucose, but not 2,5-diket-gluconate. Group 16
to Group 18 can oxidize acetate and lactate to carbon dioxide and water, but the activity is not
intense. Acetic acid was produced on ethanol/calcium carbonate agar. Produce®-2-keto-
gluconate and 5-keto-gluconate, but not 2,5-dikemgluconate frombD-glucose. Only
Group18 could produce levan-like mucous substance. All isolates showed major ubiquinone
as Q-10 except isolates in Group 1 to Group 9 showed major ubiquinone as Q-9 therfore, they

can assigned as Acetobacter species (Asai, 1935).
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On the basis of their phenotypic and chemotaxonomic characteristics including ITS-
RFLP analysis and the rDNA sequencing analysis, were identified as 4 deswabacter
(86 isolates),Gluconobacter (42 isolates)Asaia (15 isolates), andsluconacetobacter (4

isolates).

4.2.1 Isolates assigned to the genus Acetobacter

The eighty-six isolates assigned to the geleesobacter were divived into 9 groups;
A. pasteurianus 27 isolates (Group 1A. orientalis 13 isolate{Group 2),A. lovaniensis 10
isolates(Group 3),A. indonesiensis 13 isolategGroup 4),A. tropicalis 4 isolategGroup 5),
A. ghanensis 8 isolates (Group 6)A. orleanensis 4 isolategGroup 7),A. syzygii 4 isolates
(Group 8), and Acetobacter sp. 3 isolatéSroup 9).

Group 1 composed of 27 strains G352-1, G377-2, G378-1, G378-2, G378-4, G379-2,
G380-1, G375-3, G363-1, G379-6, G377-1, LG5-1, MG70-1, LG6-1, SL21-2, BB90-1, PHD-
23, PHD-24, PHD-32, PHD-33, PHD-56, PHD-57, PHD-70, PHD-71, PHD-76, PHD-77 and
PHD-78.

They produced acid from-arabinose, meso-erythritolp-fructose, bD-galactose pb-
glucose,bD-mannosep-melibiose, and-xylose, and weakly fronm-arabinose, glycerob-
sorhtol, and sucrose. Some strains produced acid weakly from dulcitol and raffinose but none
produced acid from lactose, maltogemannitol, L-rhamnose, or-sorbose. They grew on
meso-erythritol, but not orb-arabitol, L-arabitol andmeso-ribitol. They did not produce 2-
ketoD-gluconate fronp-glucose. (Appendix B). All isolates grew at ®7. The DNA G+C
contents of LG5-1 and SL21-2 were 53.5 and 53.6 mol%. They showed almost the same
phenotypic characteristics @s pasteurianus TISTR 1056 (Cleenwercket al., 2008; Table
4.2). All of the isolates were located within the clusteAopasteurianus (Fig. 4.8) and had
99.9% pair-wise 16S rDNA sequence similarity with the type strain of A. pasteurianus TISTR
1056. The representative strain LG5-1 (line 16) showed restriction patterns that coincided
with those ofA. pasteurianus TISTR 1056 when digested witiTagl and Alul. In Tag|
restriction endonuceases, This strain showed the same restriction patterrorasntalis
NBRC 16606 (line 14) andA. pasteurianus TISTR 1056 (line 15) but discriminated from.
orientalis NBRC 16606 (line 14) when digested witAlul restriction endonuceases (Fig.
4.1).

Form the data obtained above, all isolates in Group 1 were identified. as

pasteurianus.
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Group 2 composed of 13 strains, LP120-2, KL13-3, KL13-2, MM129-2, PHD-12,
PHD-34, PHD-35, PHD37, PHD-38, PHD-51, PHD-73, PHD-74 and PHD-75.

They produced acid from-glucose, and some cases from mannose. Some isolates
producel acids weakly from-arabinose, raffinose, and xylose, but did not produce acid from
D-arabinose, dulcitolmeso-erythritol, D-galactosep-fructose, glycerol, lactose, maltose,
manntol, D-melibiose,L-rhamnoseL-sorbose D-sorbitol, or sucrose. The isolates did not
grow on meso-erythritol, D-arabitol,L-arabitol andmeso-ribitol (Appendix B). All the isolates
produced 2-ketm-gluconate fromb-glucose. DNA G+C content of KL13-2 and LP120-2
were 52.2 and 52.4 mol%. They showed almost the same phenotypic characterigtics as
orientalis NBRC 16608 (Lisdiyanti et al., 2001; Table 4.2). All the isolates were located
within the cluster ofA. orientalis (Fig. 4.8) and had ranged 99.9-100% pair-wise 16S
sequence similarity to the type strain &f orientalis. In ITS-RFLP analysis, the
representative strain PHD-12 (line 18) showed the same restriction pattarroraentalis
NBRC 166086 (line 14) andA. pasteurianus TISTR 10586 (line 15) when digested withaql
but discriminated fromA. pasteurianus TISTR 1056 (line 15) when digested witAlul
restriction endonuceases (Fig. 4.1).

Form the data obtained above, all isolates in Group 2 were identified as A. orientalis
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Fig. 4.1 Restriction patterns df6S-23S rDNA region PCR products tgpe strains of
Acetobacter species by digestion with Tagl (a) and Alul (b) restriction endonuceases

1,A. orleanensis NBRC 13752; 2, A. cerevisae LMG 1625; 3, A. sysgii NBRC 16604, 4,
A. ghanensis LMG 23848; 5, A. cibinongensis NBRC 166053; 6, A. estunensis NBRC
1375T; 7, A. peroxydans NBRC 13755; 8, A. senegalensis LMG 23690; 9, A. tropicalis
NBRC 16470; 10, A. indonesiensis NBRC 16471; 11, A. lovaniensis NBRC 13753; 12, A.
malorum LMG 1746; 13, A. nitrogenifigens LMG 23498; 14, A. orientalis NBRC 16606
15, A. pasteurianus TISTR 1056; 16, isolate LG5-1 (Group 1); 1A, aceti IFO 14818; 18,
isolate PHD-12 (Group 2); M, 50 bp DNA markers
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Group 3 contained 10 isolates included G374-3, G375-4, PHD-16, PHD-17, PHD-
18, PHD-25, PHD-26, PHD-63, PHD-9 and PHD-92.

They produced acid from-glucose, mannose;arabinose, raffinose, and xylose, but
not poduced acid fromb-arabinose, dulcitol,meso-erythritol, D-galactose,D-fructose,
glycerol, lactose, maltos@&-mannitol, D-melibiose, L-rhamnose L-sorbose,D-sorbitol, or
suciose. The isolates did not grow owmso-erythritol, D-arabitol, L-arabitol andmeso-ribitol
(Appendix B). Isolates PHD-16 and PHD-17 were 57.2 and 58.3 mol%G+C. They showed
almost the same phenotypic characteristic&.devaniensis (Lisdiyanti et al., 2000; Table
4.2). All of the isolates were located within the clusteAofovaniensis NBRC 13753 and
had99.9% 16S rDNA sequence similarities respectively to the type strain of this species (Fig.
4.8). The representative strain PHD-16 (line 17) showed restriction patterns that coincided
with those of the type strain @ orientalis NBRC 16606 when digested witffaqgl, Hpall
andAvall. In Tag|, it shown the same restriction patternfasovaniensis NBRC 13753 (line
11), A sysgii NBRC 16604 (line 3) and A. ghanensi$ MG 23848 (line 4) but discriminated
from A. ghanensis LMG 23848 (line 4) andA. sysgii NBRC 16604 (line 3) when digestion
with Hpall and Avall, respectively (Fig. 4.2).

Form the data obtained above, all isolates in Group 3 were identified. as

lovaniensis.
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Fig. 4.2 Restriction patterns df6S23S rDNA ITS region PCR products type strains of
Acetobacter species by digestion wiffagl (a), Hpall (b) and Avall (c) restriction

endonuceases

1,A. orleanensis NBRC 13752; 2, A. cerevisae LMG 1625; 3, A. sysgii NBRC
16604, 4, A. ghanensis LMG 23848; 5, A. cibinongensis NBRC 16605; 6, A. estunensis
NBRC 13751; 7, A. peroxydans NBRC 13753; 8, A. senegalensis LMG 23690; 9, A
tropicalis NBRC 16470; 10, A. indonesiensis NBRC 16471; 11, A. lovaniensis NBRC
13753; 12, A. malorum LMG 1746; 13,A. nitrogenifigens LMG 23498; 14, A. orientalis
NBRC 16608; 15, A. pasteurianus TISTR 1056; 16, A. aceti IFO 14818; 17, isolate PHD-
16 (Gioup 3); M, 50 bp DNA markers
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Group 4 contained 13 isolates included GU1-1, GU1-3, G379-4, G380-2, G355-1,
PHD-3, PHD-5, PHD-7, PHD-8, PHD-9, PHD-13, PHD-44 and PHD-45.

They produced acid fronp-glucose, L-arabinose,D-xylose, D-galactose, and-
mannog. Some isolates produced acids froAfructose, D-mannose p-melibiose andb-
xylose but none did frommeso-erythritol, dulcitol, lactose, maltose;mannitol,L-rhamnose,
raffinose,L-sorbose, or sucrose. The all isolates produgiiconate and 2-ketb-gluconate
from D-glucose, ketogenesis from glycerol (Appendix B). DNA G+C content of isolates
PHD-3 and PHD-5 were 54.0 and 54.3 mol%. They showed almost the same phenotypic
characteristics aA. indonesiensis (Lisdiyanti et al., 2000; Table 4.2). All of the isolates were
located within the cluster oh. indonesiensis and had sequence similarity in a ranged from
99.9-100% between the to the type strain of this species (Fig. 4.8). They also showed
restriction patterns that coincided with those of the type straiA. ohdonesiensis when
digested withAlul. The representative strain GU1-3 (line 11) showed the same restriction
pattern asA. indonesiensis NBRC 16471 (line 10) and discriminate form othécetobacter
species when digestion with Alul restriction endonuceases (Fig. 4.3).

Form the data obtained above, all isolates in Group 4 were identified. as
indonesiensis.

M 1 2 3 4 56 7 8 91011 M M 12 13 14 15 16 17 M

bp

500
250
100

Fig. 4.3 Restriction patterns df6S-23S rDNA ITS region PCR productstgpe strains of
Acetabacter species by digestion withlul restriction endonuceases

1, A orleanensis NBRC 13752; 2, A. cerevisae LMG 1625; 3, A. sysgii NBRC
16604, 4, A. ghanensis LMG 23848; 5, A. cibinongensis NBRC 16605; 6, A. estunensis
NBRC 13751; 7, A. peroxydans NBRC 137553; 8, A. senegalensis LMG 23690; 9, A.
tropicalis NBRC 16470; 10, A. indonesiensis NBRC 16471; 11, isolate GU1-3 (Group 4);
12, A. lovaniensis NBRC 13753; 13, A. malorum LMG 1746; 14,A. nitrogenifigens LMG
23498; 15A. orientalis NBRC 166086; 16, A. pasteurianus TISTR 1056; 17, A. aceti IFO
14818; M, 50 bp DNA markers

Group 5 composed of 4 isolates included GB23-1, PHD-4, PHD-6 and PHD-42.
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The isolates produced acids fromarabinose,D-galactose,D-glucose, andbp-
mannog, and to less of an extent from maltose, raffinose, mrgose, but not fronp-
arabinose, dulcitolmeso-erythritol, D-fructose, glycerol, lactos®-mannitol,D-melibiose,L-
rhammose, L-sorbose,D-sorbitol, and sucrose. They did not grow weso-erythritol, D-
arabitol, L-arabitol ormeso-ribitol (Appendix B). They produced-Gluconate and 2-ketb-
gluconate fromb-glucose, ketogenesis from glycerol. Isolates GB23-1 and PHD-4 were 55.5
and 56.0mol% G+C. They showed almost the same phenotypic characteristiés as
tropicalis NBRC 16470 (Lisdiyanti et al., 2000; Table 4.2). All the isolates were located
within the cluster of. tropicalis and showed 99.9% pair-wise 16S rDNA sequence similarity
with the type strain ofA. tropicalis (Fig. 4.8). All isolates gave restriction patterns that
coincided with those of the type strain Af tropicalis when digested withAlul. The
representative strain PHD-4 (line 11) showed the same restriction patténtrapicalis
NBRC 16470 (line 9) and discriminated form othacetobacter species when digestion with
Alul (Fig. 4.4).

Form the data obtained above, all isolates in Group 5 were identified as A. tropicalis.
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Fig. 4.4 Restriction patterns df6S-23S rDNA ITS region PCR productstgbe strains of
Acetaobacter species by digestion with Alul restriction endonuceases

1, A orleanensis NBRC 13752; 2, A. cerevisae LMG 1625; 3, A. sysgii NBRC
16604, 4, A. ghanensis LMG 23848 5, A. cibinongensis NBRC 16605; 6, A. estunensis
NBRC 13751; 7, A. peroxydans NBRC 13755; 8, A. senegalensis LMG 23690 9, A.
tropicalis NBRC 16470; 10, A. indonesiensis NBRC 16471; 11, isolate PHD-4 (Group 5);
12, A. lovaniensis NBRC 13753; 13, A. malorum LMG 1746; 14 A. nitrogenifigens LMG
23498 15, A. orientalis NBRC 166086; 16, A. pasteurianus TISTR 1056; 17, A. aceti IFO
14818; M, 50 bp DNA markers
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Group 6 composed of 8 isolates included PH108-1, TM7-1, TM7-3, PHD-14, PHD-
15, PHD-61, PHD-62 and PHD-72.

The isolates produced acid frawglucose p-arabinose and-sorbitol. Some isolates
producel acids fromL-arabinosep-fructose,b-mannosep-melibiose and-xylose but none
did from meso-erythritol, dulcitol, D-galactose, glycerol, lactose, maltogemannitol, L-
rhammose, raffinose (one weakly)-sorbose, or sucrose. They did not grow roeso-
erythritol, D-arabitol, L-arabitol andmeso-ribitol (one weakly). They did not produce 2-
ketogluconic acid, 5-ketogluconic acid or 2,5-diketogluconic acid from glucose, were able to
grow on glycerol (weakly), but not on maltose or methanol as carbon source (Appendix B).
DNA G+C content of isolate TM7-1 was 57.2 mol%. They showed the same phenotypic
characteristics a#é. ghanensis (Cleenwerck et al., 2007; Table 4.2). Therefore, they were
identified asA. ghanensis. All of the isolates were located within the clusterAofjhanensis
and showed 99.9% pair-wise 16S rDNA sequence similarity with the type stradn of
ghanensis (Fig. 4.8) and gave restriction patterns that coincided with those of the type strain
of A. ghanensis when digested witfiagl, Hpall and Avall. The representative strain PHD-14
(line 5) showed the same restriction patteriaghanensis LMG 23848 (line 4), A. sysgii
NBRC 16604 (line 3) and A. lovaniens NBRC 13753 (line 12) when digested wifFaqg|. It
can discriminate from. sysgii NBRC 16604 (line 3) andA. lovaniensis NBRC 13753 (line
12) whan digestion with Hpall and Avall, respectively (Fig. 4.5).

Form the data obtained above, all isolates in Group 6 were identified as A. ghanensis.
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Fig. 4.5 Restriction patterns df6S23S rDNA ITS region PCR products type strains of
Acetobacter species by digestion withagl (a), Hpall (b) and Avall (c) restriction
endonuceases

1, A orleanensis NBRC 13752; 2, A. cerevisae LMG 1625; 3, A. sysgii NBRC
16604, 4, A. ghanensis LMG 23848: 5, isolate PHD-14 (Group 6); &\. cibinongensis
NBRC 16603%; 7, A. estunensis NBRC 13751; 8, A. peroxydans NBRC 1375%; 9, A.
senegalensis  LMG 23690; 10, A. tropicalis NBRC 16470; 11, A. indonesiensis NBRC
16471; 12, A. lovaniensisNBRC 13753 13,A. malorum LMG 1746 ; 14, A. nitrogenifigens
LM G 23498: 15, A. orientalis NBRC 16608; 16, A. pasteurianus TISTR 1056; 17, A. aceti
IFO 14818:; M, 50 bp DNA markers
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Group 7 composed of 4 isolates included PHD-84, PHD-85, PHD-86 and PHD-87.

They produced acid fronp-glucose, maltosel.-arabinose but fronb-arabinose,
dulcitol, meso-erythritol, D-fructose,D-galactose, glycerol, lactose, maltosemannitol, D-
melibiose, L-rhamnose, raffinosea,-sorbose p-sorbitol, sucrose, and-xylose. It grew on
meso-erythritol, but did not grow ob-arabitol,L-arabitol ormeso-ribitol (Appendix B). They
produced gluconic acid from glucose. They did not produce 5-ketogluconic acid from
glucose. Isolates PHD-84 and PHD-85 were 55.8 and 56.3 mol%G+C. They showed the same
phenotypic characteristics a&. orleanensis (Lisdiyanti et al., 2000; Table 4.2). In a
phylogenetic tree, all of the isolates were located within the clustér ofleanensis and
showed 99.9% pair-wise 16S rDNA sequence similarity with the type stréinooffeanensis
(Fig. 4.8). All isolates also gave restriction patterns that coincided with those of the type
strain of A. orleanensis when digested witlidpall and Avall (Table 4.5 and Fig. 4.7). The
representative strain PHD-85 (line 2) showed the same restriction pattArrordeanensis
NBRC 13752 (line 1), A. malorum LMG 1746 (line 13) when digested withipall and
discriminate fromA. malorum LMG 1746 (line 13) when digestion witivall restriction
endonuceas, respectively (Fig. 4.6).

Form the data obtained above, all isolates in Group 7 were identified. as

orleanenss.
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Fig. 4.6 Restriction patterns df6S-23S rDNA ITS region PCR productstgpe strains of
Acetobacter species by digestion with Hpall (a) and Avall (b) restriction endonuceases

1, A. orleanensis NBRC 13752; 2, isolate PHD-85 (Group 7); B, cerevisiae LMG
1625; 4, A. sysgii NBRC 16604, 5, A. ghanensis LMG 23848; 6, A. cibinongensis NBRC
16605; 7, A. estunensis NBRC 13751; 8, A. peroxydans NBRC 137583; 9, A. senegalensis
LMG 23690; 10, A. tropicalis NBRC 16470; 11, A. indonesiensis NBRC 16471; 12, A.
lovaniensis NBRC 13753; 13, A. malorum LMG 1746 14, A. nitrogenifigensLMG 23498
15, A. orientalis NBRC 16606; 16, A. pasteurianus TISTR 1056; 17, A. aceti IFO 14818;
M, 50 bp DMA markers
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Group 8 composed of 4 isolates included SL22-1, G379-3, G380-4 and G379-5.

The isolates produced acid framaglucose and maltose but not frararabinosep-
arabinose, dulcitol,meso-erythritol, D-fructose, b-galactose, glycerol, lactose, maltose,
manntol, D-melibiose L-rhamnose, raffinose-sorbosep-sorbitol, sucrose, anokxylose. It
grew weakly on meso-erythritol, but did not grow om-arabitol, L-arabitol ormeso-ribitol
(Appendix B). Isolate SL22-1 was 53.8 mol% G+C. They showed the same phenotypic
characteristics asA. syzygii NBRC 16604 (Lisdiyanti et al., 2001; Table 4.2). In a
phylogenetic tree, all of the isolates were located within the clustersgtyqgii (Fig. 4.8) and
showed 99.9% pair-wise 16S rDNA sequence similarity to the type strainsgeygii and
gave restriction patterns that coincided with those of the type straéinapfeanensis when
digested withTagl and Hpall. The representative strain G379-3 (line 4) showed the same
restriction pattern a8. sysgii NBRC 16604 (line 3), A. ghanenesisLMG 23848 (line 5) and
A. lovaniensis NBRC 13753 (line 12) when digested witFag|l. It can discriminate fronA.
ghanenesis LMG 23848 (line 5) andA. lovaniensis NBRC 13753 (line 12) when digestion
with Hpall, respectively (Fig. 4.7).

Form the data obtained above, all isolates in Group 8 were identified as A..syzygii
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Fig. 4.7 Restriction patterns df6S23S rDNA ITS region PCR products type strains of
Acetaobacter species by digestion with Tagl (a) and Hpall (b) restriction endonuceases

1, A orleanensis NBRC 13752; 2A. cerevisiae LMG 1625; 3, A. sysgii NBRC
16604; 4, G379-3 (Group 8); 3. ghanenesis LMG 23848; 6,A. cibinongensis NBRC
16605; 7, A. estunensis NBRC 13751; 8A. peroxydans NBRC 13755; 9A. senegalensis
LMG 23690; 10,A. tropicalis NBRC 16470; 11, A. indonesiensis NBRC 16471; 12, A.
lovaniensis NBRC 13753; 13, A. malorum LMG 17486 14, A. nitrogenifigensLMG 23498

15, A. orientalis NBRC 16606; 16, A. pasteurianus TISTR 1056; 17, A. aceti IFO 14818;
M, 50 bp DMA markers



Table 4.2 Differential characteristics of isolates in Acetobacter

Characteristics Gl Ap G2 Aori G3 Al G4 Al G5 At G6 Ag G7 Aorl G8 As G9

Oxidation of

Acetate + + + + + + + + + + + + + + + + +

Lactate + + + + + + + + + + + + + + + + +
Growth at 37°C w(+10) w -(w2) - -(w2) - - - - - - -(W2) - - - - -
Growth at 40°C -(W7) - - - - - - - - - - - - - - - -
Growth on

30% Glucose - - - - - - - - - - - - - - - - i

Glutamate agar - - - - - - - - - - - - - - - - i

Mannitol agar w(-7) - w(-3) - w(-2) - w - w - w(-2) w w - w w -
Production of

2-keto gluconic acid - - + + + + + + + + - - + + - - +

5-keto gluconic acid - - - - - - - - - - - - - - - - -
Major quinone Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9 Q-9
Acid production from

meso-Erythritol + + - - - - - - - - - - - - - R -

Maltose - - - - - - w - - w(-4)  -(w2) - - - - - w

Raffinose w(-2) W -(W5) - - - - - w w -(wl) - - - - - -

53.2- 52.0- 57.1- 54.0- 55.6- 56-9- 55.7- 54.3-

DNA G+C mol% 535 543* 552 528 583 589* 543 542* 56.0 56.2* 572 573* 558 581* 53.8 b554* 56.3

Ap, A. pasteurianus TISTR 1056; G1, Group 1 (27 isolates); AorA. orientalis NBRC 16606; G2, Group 2 (13 isolates); M. lovaniensis NBRC 13753;
G3, Goup 3 (10 isolatespi, A. indonesiensis NBRC 16471; G4, Group 4 (13 isolates); M. tropicalis NBRC 16470; G5, Group 5 (4 isolates); Ag, A.
ghanensis LMG 23848"; G6, Group 6 (8 isolates); AgrA. orleanensis NBRC 13752; G7, Group 7 (4 isolates); As, fyzgii NBRC 16604; G8, Group 8 (4

isdates); G9, Group 9 (3 isolates); *, data cite from Cleenwerck et al (2008).

cs
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Fig. 4.8 Neighbour-joining-tree showing the phylogenetic position of Group 1 to Group 9
basd on 16S rDNA sequences. Bar, 0.002 substitution per nucleotide

position. Bootstrap values (%) derived from 1,000 replications.



Table 4.3 Restriction pattern type of isolates when digested with Tagl, Alulllldpd Avdl restriction endonuclease

Group/Isolate no.

Restriction pattern digested with

Taql

Alul

Hpall

Avall

Group 1

G377-2, G378-1, G378-2, G378-4, G379-2, G380-1
G375-3, G363-1, G379-6, G377-1, G352-1, LG5-1,
MG70-1, LG6-1, SL21-2, BB90-1, PHD-23, PHD-24
PHD-32, PHD-33, PHD-56, PHD-57, PHD-70, PHD
71, PHD-76, PHD-77, PHD-78

Aori, Ap

Ap

Group 2
LP120-2, KL13-3, KL13-2, MM129-2, PHD-12, PHD
34, PHD-35, PHD-37, PHD-38, PHD-51, PHD-73,
PHD-74, PHD-75

Aori, Ap

Aori

Group 3
G374-3, G375-4, PHD-16, PHD-17, PHD-18, PHD-
PHD-26, PHD-63, PHD-91, PHD-92

5,

As, Ag, Al

As, Al

Al

Group 4
GU1-1, GU1-3, G379-4, G380-2, G355-1, PHD-3,
PHD-5, PHD-7, PHD-8, PHD-9, PHD-13, PHD-44,
PHD-45

Al

Group 5
GB23-1, PHD-4, PHD-6, PHD-42

At

Group 6
PH108-1, TM7-1, TM7-3, PHD-14, PHD-15, PHD-6
PHD-62, PHD-72

As, Ag, Al

Ag, Al

Ag

Group 7
PHD-84, PHD-85, PHD-86, PHD-87

Aorl, Am

Aorl

Group 8
SL22-1, G379-3, G380-4, G379-5

As, Ag, Al

Group 9
G360-1, G361-1, G362-1

Aorl, As

A.sp

12
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Group 9 composed of 3 isolates included G360-1, G361-1 and G362-1.

The isolates produced acid fromglucose,D-mannose)-arabinosep-xylose and
matltose (weakly positive) but not fromarabinosep-arabinose, dulcitolneso-erythritol, D-
fructose, D-galactose, glycerol, lactose, maltosesmannitol, D-melibiose, L-rhamnose,
raffinose, L-sorbose,D-sorbitol, sucrose. Growth reached to %87 in 2 days but weakly
posiive. All isolates oxidized ethanol to acetic acid and produced gluconic acid from glucose.
They did not produce 5-ketogluconic acid from glucose. The DNA G+C content of isolates
ranged from 56.9-57.3 mol% G+@ll strains have phenotypic characteristics similaito
orleanensis (Lisdiyantiet al., 2000) but they are clearly distinguished frAnorleanensis by
ITS-RFLP analysis and DNA-DNA relatedness.

In a phylogenetic tree based on 16S rDNA sequences (1,402 bp), the isolates were
located in the lineage of the genfisetobacter and constituted a cluster separate from the
type strains of the known species, The sequence similarity were 99.7% sequence similarity to

the type strains of Arleanensis (Fig. 4.9).
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636041
% G36141
63 |5362-1

A. orleanensis LMG1583 (AJ419845)
— A. malorum LMG1746 (AJ419844)
54 — A. cerevisiae LMG1625 (AJ419843)
’7 A. aceti NBRC 14818 (X74066)

H_Ii A. indonesiensis NRIC 0313( AB032356)

66 A. cibinongensis 4H-1 (AB052710)

A orientalis 21F-2 (AB052706)
[ A. pasteurianus LMD22.1 (X71863)
58 94— A. pomorum LMG18848 (AJ419835)

— A tropicalis NRIC0312 (AB032354)
J_L A. senegalensis (AY883036)
59 A. nitrogenifigens (AY669513)
57 [ A estunensis LMG1626 (AJ419838)
65 A. oeni (AY829472)
A. lovaniensis LMG1579 (AJ419837)
( % [ A. syzygii (AB052712)

75~ A. ghanensis (EF030713)

A. peroxydans IFO13755 (AB032352)

74

79

G. oxydans NBRC14819 (X73820)
Knuc

0.005

Fig. 4.9 Neighbour-joining-tree showing the phylogenetic position of isolates
G36041, G361-1 and G362-1 in Group 9 based on 16S rDNA sequences. Bar, 0.005

substitution per nucleotide position. Bootstrap values as previously.
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In ITS-RFLP analysis, the representative strain G360-1 (line 2) showed the same
restriction pattern forms a& orleanensis NBRC 13752 (line 1), A. cerevisaeLMG 1625
(line 3),A. malorum LMG 1746 (line 13) when digested witHpall but different pattern
from other Acetobacter species when digestion witlfwvall restriction endonuceas,
respectively (Fig. 4.10).

(a) Taql
M1 2 3 4 5 6 7 8 9 10 11 M M 12 13 14 15 16 17 M
bp
bp
500
500 250
250 100
100
(b) Avall
M 1 2 3 4 5 6 7 8 9 10 11 M M 12 13 14 15 16 17 M
bn
500
250

100

Fig. 4.10 Restriction patterns df6S23S rDNA region PCR products tffpe strains of
Acetobacter species by digestion with Tagl (a) and Avall (b) restriction endonuceases

1, A orleanensisNBRC 13752; 2, isolate G360-1; 3. cerevisiae LMG 1625’; 4, A.
sysgii NBRC 16604, 5, A. ghanenesisLMG 23848; 6, A. cibinongensisNBRC 16603; 7, A.
estunensis NBRC 13751; 8, A. peroxydans NBRC 13755; 9, A. senegalensis LMG 23690;
10, A. tropicalis NBRC 16470; 11, A. indonesiensis NBRC 16471; 12, A lovaniensis
NBRC 13753; 13, A. malorum LMG 1746; 14, A. nitrogenifigens LMG 23498; 15, A.
orientalis NBRC 16606; 16, A. pasteurianus TISTR 1056; 17, A. aceti IFO 14818; M, 50
bp DNA markers
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Table 4.4 DNA-DNA relatedness of strains G360-1, G361-1 and G362-1
%DNA-DNA relatedness with labeled strains

Strain G360-1 NBRC 13752 LMG 1746  LMG 1625
G360-1 100 36 24 19
G361-1 100 38 27 22
G362-1 100 39 35 20

A. orleanensis NBRC 13752 38 100 42 31

A. malorum LMG 1746 29 39 100 22

A. cerevisiae LMG 1625 22 35 26 100
A. aceti NBRC 14818 15 22 36 43

G. oxydans NBRC 14819 6 5 9 5

Strain G360-1 represented levels of DNA-DNA relatedness of 100, 100, 100, 38, 29,
22, 15 ad 6% respectively to strains G360-1, G361-1 and G36R-drleanensis NBRC
13752, A. malorum LMG 1746, A. cerevisiae LMG 1625, A. aceti NBRC 14818 and G.
oxydans NBRC 14819 (Table 4.4).

The da&a obtained above supported that strains G360-1, G361-1 and G362-1 should

be proposed as a new species in the genus Acetobacter

4.2.2 Isolates assigned to the genus Gluconobacter

The forty-two isolates that were assigned to the g&lusonobacter were divided
into 6 groups; G. frateurii 8 isolates (Groufd0), G. japonicus 8 isolates (Group 11).
thailandicus 6 isolategGroup 12), G. oxydans 13 isolates (Group 13), Group 14 (3 isolates),
Group 15 (4 isolates).

Group 10 composed of 8 isolates included, GB222-1, GB223-3, AP59-1, AP59-2,
PHD-30, PHD-31, PHD-66 and PHD-67.

The isolates produced dihydroxyacetone from glycerol and grew ‘@t 3Gome
strains did not grow at 3%C. They produced 2-keto-gluconate and 5-ketb-gluconate from
D-glucose but not 2,5-diketo-gluconate. They produced acids fromarabinose,D-
galactose,D-glucose, meso-erythritol (weakly), andb-xylose (weakly) glycerol, maltose
(weakly), and sucrose but not fromarabinose, dulcitolp-fructose, lactosep-mannosep-
manntol, D-melibiose,L-rhamnose, raffinose,-sorbose, ana-sorbitol (Appendix B). The
isdates grown or-arabitol,L-arabitol andmeso-ribitol (weakly) but not on meso-erythritol,
being different from strains of G. oxydans and G. cerindsolates GB222-1 and AP59-1 were

55.1 and 55.2 mol% G+C. They showed almost the same phenotypic characteri€ics as
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frateurii NBRC 3264 (Yukphan et al, 2004c) All the isolates were located within the cluster

of G. frateurii (Fig. 4.11) and had 99.9% pair-wise ITS gene sequence similarity to the type
strain ofG. frateurii. All the isolates gave the same restriction patterns as the type st@in of
frateurii when digested witiBstNI, Mboll and Mbol. The representative strain GB222-1
showed the same restriction patterrGagrateurii NBRC 3264 (line 3) andG. thailandicus

BCC 14116 (lane 5) when digested wiBstNI but it discriminate fronG. thailandicus BCC
14116 (lane 5) when digestion with Mbol restriction endonucease (Table 4.6, Fig. 4.12).

Formthe data obtained above, all isolates in Group 10 were identified as G. frateurii

Group 11 composed of 8 isolates included, GB132-1, F143-1, FB125, GB126,
GB127, GB223-2, PHD-28 and PHD-29.

They produced acids from-glucose andneso-erythritol (weakly), and some cases,
from L-arabinose p-galactose, glycerol, D-mannose b-melibiose, sucrose, anokxylose.
Someisolates produced acids weakly fravarabinose, dulcitolp-fructose, lactose, ano-
manntol, but none produced acids from maltose, raffinasehamnosel-sorbose, omD-
sorhitol. They grew on meso-erythritol D-arabitol, L-arabitol (weakly), andmeso-ribitol
(Appendix B). The isolates produced dihydroxyacetone weakly from glycerol. All the isolates
were distinguished fron®. frateurii by the ability to grow ommeso-erythritol and produce
acid (weakly) from raffinose. Isolates GB125 and GB132-1 were 56.2 and 56.4 mol% G+C.
They showed almost the same phenotypic characteristid3. @aaponicus NBRC 3271
(Maimas et al., 2009a). All isolates were located within the clusteiGofiaponicus (Fig.

4.11) and had 99.8% pair-wise ITS gene sequence similarity with the type str&n of
japonicus. All the isolates gave the same restriction patterns as the type st@ijapbnicus
when digested witlBstNI, Mboll and Mbol. The representative strain GB132-1 showed the
same restriction pattern & japonicus NBRC 3271 (line 8) andG. oxydans NBRC 14819
(lane 1) when digested wiBstNI but it discriminate fronG. oxydans NBRC 14819 (lane 1)
when dgestion with Mboll restriction endonucease (Table 4.6, Fig. 4.12).

Form the data obtained above, all isolates in Group 11 were identified. as

japonicus.
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Group 12 composed of 6 isolates included PHD-11, PHD-21, PHD-22, PHD-36,
PHD-39, and PHD-40.

All isolates produced dihydroxyacetone from glycerol. They grevb-anabitol, L-
arabitol, meso-ribitol, and meso-erythritol, but not on dulcitol, their growth inrarabitol, and
meso-ribitol (weakly). Acid were produced from-arabinose D-fructose, D-galactose,D-
glucose, glycerolp-mannitol (variable and weak);:ribose,L-sorbose (weakp-xylose, and
ethanol. In contrast, no acid production were found from maltesmannose, melibiose,
raffinose, L-rhamnose,D-sorbitol and sucrose. They grew on mannitol agar but not on
glutamate agar (Appendix B). They produaegdluconate, 2-ketm-gluconate, and 5-keto-
D-gluconate frombD-glucose, but not 2,5-diketd-gluconate or a water-soluble brown
pigment. The isolates were growth reached to 37°C. Isolates PHD-21 and PHD-22 were 57.2
and 58.3 mol% G+C. They showed almost the same phenotypic characteristis as
thailandicus (Tanasupawatt al., 2004). All isolates were located within the clusterGof
thailandicus and had 99.9% pair-wise ITS gene sequence similarity with the type stfain of
thailandicus (Fig. 4.11). The representative strain PHD-11 showed the same restriction
pattern asG. thailandicus BCC 14118 (line 5) andG. frateurii NBRC 3264 (line 3) when
digested withBstNI but it discriminate fronG. frateurii NBRC 3264 (line 3) when digestion
with Mbol restriction endonucease (Table 4.6, Fig. 4.12).

Form the data obtained above, all isolates in Group 12 were identifigd. as

thailandicus.

Group 13 composed of 13 isolates included PHD-10, PHD-19, PHD-20, PHD-27,
PHD-41, PHD-55, PHD-59, PHD-60, PHD-81, PHD-82, PHD-43, PHD-83 and PHD-88.

They produce acid from L-arabinogefructose b-galactosep-glucose, glycerolp-
manntol (weak), D-ribose (weak)L-sorbose, maltose anp-xylose. In contrast, no acid
producton were found fromb-mannose, melibiose, raffinosesrhamnosep-sorbitol and
suciose.They grew om-glucose,D-fructose, D-mannitol, D-sorbitol, glycerol,meso-ribitol
(weakly)and maltose but not on sucrose, raffinose dulatalabitol andL-arabitol. They
grew on mannitol agar but not on glutamate agar (Appendix B). The isolates produced
acetylmethyl carbinol from lactate and grew at@0They produces 2-ketd-gluconate and
5-keto-D-gluconate but not 2,5-ket-gluconate (Appendix B). They showed almost the same
phenotyic characteristics &S. oxydans (Yukphanet al., 2004c) All of isolates were located
within the cluster of5. oxydans NBRC 14819 (Fig. 4.11) and had 99.9% pair-wise ITS gene
sequance similarity with G. oxydans NBRC 14819. The representative strain PHD-10
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showed the same restriction patternGaxydans NBRC 14819 (line 1), G. roseus NBRC
3990 (lane 7) andG. sphaericus NBRC 12467 (lane 9)when digested wittMboll but it
discriminate fromG. roseus NBRC 3990 (lane 7) ands. sphaericus NBRC 12467 (lane 9)
when dgestion with Mbol restriction endonucease (Fig. 4.12).

Form the data obtained above, all isolates in Group 13 were identified as G. oxydans.

Table 4.5 Differential characteristics of Gluconobacter isolates

Characteristics G10 Gf Gl1 Gja G12 Gt G13 Go G14 G15
Oxidation of
Acetate - - - - - - - - - -
Lactate - - - - - - - - - -
Water soluble brown
pigment - - - - - - - - - +
Glutamate agar - - - - - -
Mannitol agar + + + + + + + + + +
Production of
2-keto gluconate + + + + + + + + + +
5-keto gluconate + + + + + + + + + +
2,5-diketo gluconate - - - - - - - - - -
Major quinone Q-10 Q-10 Q-10 Q-10 Q-10 Q-10 Q-10 Q-10 Q-10 Q-10
Acid production from
meso-Erythritol w(+2) w +(w3) + +(W2) + +(w4) + + +
Maltose w(-2) w - - w(-2) w + + w +
Raffinose + + + + w w w w + +
DNA G+C mol% 55.2 55.1* 56.2 56.4* 572 558* 60.2 60.3* 572 604

Gf, G. frateurii NBRC 3264; G10, Group 10 (8 isolates); Gja, G. japonichEBRC 3271; G11,
Group 11(8 isolates); Gt@. thailandicus BCC 14116; G12, Group 12 (6 isolates); Go, G.

oxydans NBRC 14819; G13, Group 13 (13 isolates); G14, Group 14 (3 isolates); G15, Group 15
(4 isolates); * data cite from Malimas et.aR009b.
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GB222-1 (AB470921)
AP59-1(AB489249

AP59-2 (AB489247
G. frateurii NBRC 3264 (x82290) | Group 10

GB223-3(AB489249

GB132-1(AB470922

G. japonicus NBRC 3271 (AB253435)

L — GB223-2(AB489249
F143-1(AB489250 Group 11
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51 GB126(AB48925)

92 GB127 (AB489253
G. thailandicus F149-1 (AB128050) , Group 12

3 PHD-11
G. cerinus NBRC 3267 (AB063286)
RBY-1(AB470467 | Group 14
ZW160-2| Group 15
G. oxydans NBRC 14819 (X73820) |Gr0up 13
PHD-10
G. roseus NBRC 3990 (AB178429)

G. kondonii NBRC 3266 (AB178405)
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Fig. 4.11Neighbour-joining-tree showing the phylogenetic position of Group 10 to Group 15
based on 16S rDNA sequences. Bar, 0.005 substitution per nucleotide

position. Bootstrap values as previously.



Table 4.6 Restriction pattern type of isolates when digested withl Bstboll and Mbol restriction endonuclease

Groups/Isolates no.

Restriction pattern digested with

BstNI

Mboll

Mbol

Group 10
GB222-1, GB223-3, AP59-1, AP59-2, PHD-30,
PHD-31, PHD-66, PHD-67

Gf, Gt

Gf

Group 11
GB132-1, F143-1, GB125, GB126, GB127,

GB223-2, PHD-28, PHD-29

Go, Gj

Gj

Group 12
PHD-11, PHD-21, PHD-22, PHD-36, PHD-39,
PHD-40

Gf, Gt

Gt

Group 13

PHD-10, PHD-19, PHD-20, PHD-27, PHD-41,
PHD-55, PHD-59, PHD-60, PHD-81, PHD-82,
PHD-43, PHD-83, PHD-88

Go, Gr, Gs

Go

Group 14
RBY-1, PHD-1, PHD-2

Go, Gj

Gj

G.spl

Group 15
ZW160-2, LC155-1, LG156-2, JJ157-2

Go, Gr, Gs

G. sp2

€9
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(a)
M123 45 6 78 910111212M
bp bp
500 500
250 250
10 100
(b)
M 123 45 6 78 9101112 13 M
hp
hp
500 .:— 00
250 E 50
(C) 3 45 6 78 9101112 13M

Fig. 4.12 Digestion of ITS PCR products of type strainsGdticonobacter with restriction
endonucleases Bst (a), Mboll (b) andMbol (c).

1, G. oxydans NBRC 14819; 2, G. cerinus NBRC 3267; 3, G. frateurii NBRC
3264; 4, G. albidus NBRC 3250; 5, G. thailandicus BCC 14116; 6, G. kondonii NBRC
3266; 7, G. roseus NBRC 3990; 8, G. japonicus NBRC 3271; 9, G. sphaericus NBRC
12467; 10, G. kanchanaburiensis BCC 15889; 11, G. nephelii strain RBY-1'; 12, G.
nephelii strain PHD-2; 13G. nephdlii strain PHD-2; M, 50-bp DNA marker.
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Group 14 composed of 3 isolates included RBY-1, PHD-1, PHD-2.

All isolates motile with polar flagella (Fig. 4.13). The DNA G+C contents of the
strainswere 57.2-57.6 mol%. Strains RBY-1, PHD-1 and PHD-2 produced dihydroxyacetone
from glycerol, differing from the type strains & oxydans, G. albidus, G. cerinus, andG.
japonicus (weakly positive) (Table 4.5). In acid production, the three strains produced acid
from meso-erythritol, differing from the type strains d@. albidus (weakly positive),G.
kanchanaburiensis (weakly positive)G. frateurii (weakly positive)G. roseus (negative) and
G. sphaericus (negative). The three strains produced acid from maltose weakly, but the type
strains ofG. japonicus and G. thailandicusdid not (Malimaset al., 2009; Tanasupawat al .,

2004). The three strains grew oeso-erythritol weakly, but the type strains Gf frateurii
and G. albidus did not. In growth on pentitols, the three strains grewp@mabitol andL-

arabitol, differing from the type strain of G. japonicysveakly positive) as show in Table 4.7.

Fig. 4.13 Transmission electron micrograph of strain RBYedltivated on mannitol agar
slants at 30°C for 24 h.



Table 4.7 Differentiatial characteristics of G. nephetiirains RBY-1, PHD-1 and PHD-2

Characteristic RBY-1 PHD-1 PHD-2 Gj Gf Gt Gc Go

Ga

Gko

Gr

Gs

Gkn

Gw

Dihydroxyacetone

from glycerol + + + w

Water-soluble

brown pigment

2,5-diketo-D-

gluconate

formation

Acid production

from
L-Sorbose - - - + -
meso-Erythritol
D-Mannitol
Glycerol
Melibiose
Maltose

Growth on
meso-Erythritol
D-Arabitol
L-Arabitol
meso-Ribitol

DNA G+C

(mol%) 57.2 57.6 57.4 564 55.1 55.8 55.9 60.3

+ + w w
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60.0
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50.8
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+

60.5

59.5

59.5

'EE-{-

C o+ s

56.6

Gj, G. japonicus NBRC 3271; Gf, G. frateurii NBRC 3264; Gt, G. thailandicus BCC 141186; Gc, G. cerinus NBRC 3267; Go, G. oxydans
NBRC 14819; Ga, G. albidus NBRC 3250; Gko, G. kondonii NBRC 3268; Gr, G. roseus NBRC 3990; Gs, G. sphaericus NBRC 12467;
G.kn, G. kanchanaburiensis BCC 15889: Gw, G. wancherniae BCC 15775. +, positive; w, weakly positive; -, negatiJ@ata from Yukpharet

al. (2010)

99



In a phylogenetic tree based on

consttuted a cluster along with the type
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gene ITS sequences (715 bases) the three strains

strain@f japonicus (Fig. 4.15). The calculated

pair-wise sequence similarity in ITS gene sequences of the strain was 98.1% when compare

with with the type strain of G. japonicusThe data obtained above supported that strain RBY-

1 was separated phylogenetically from the type trains of the e(@wennobacter species in

ITS gene sequences (Fig. 4.14).

100 G. nephélii strain RBY-1 (AB540145)
99’—‘ G. nephelii strain PHD-1 (AB540146)

G. nephelii strain PHD-2 (AB540147)
99 L G. japonicus NBRC 3277 (AB162709)

100 -~ G. frateurii NBRC 3264 (AB111898)

71

98l . thailandicus strain F149-1(AB127941)
—— G. cerinus NBRC 3267 (AB111899)

99

G. wancherniae NBRC 103581 (AB511062)

——— G. kanchanaburiensis BCC 15889 (AB459532)

251 G. albidus NBRC 3250 (AB162710)
L G. kondonii NBRC 3266 (AB162712)

G. roseus NBRC 3990 (AB163865)

76U7 G. oxydans NBRC 14819 (AB111901)

57| G. sphaericus NBRC 12467 (AB163867)

Knuc
0.05

A. aceti NBRC 14818 (AB111902)

Fig. 4.14Phylogenetic relashionships Gluconobacter nephelii strains RBY-1, PHD-1 and

PHD-2. The phylogenetic trees based on

16S-23S rDNA sequences were constructed by the

neighbor-joining method. The type strain Afetobacter aceti was used as an outgroup.

Numbers at nodes indicate bootstrap percentages derived from 1000 replications.
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The three strains producing restriction fragments BsiNI, Mboll and Mbol
respectively comprising 499, 111, 98 and 7 bp, 360 and 355 bp and 306 and 355 bp and 306,
302, 85, 14 and 8 bp and distinguished from the type strains of kBhwonobacter species
by BstNI digestion as well as from the type strain &f oxydans by Mboll and Mbol
digestions (Fig. 4.13). Additionally, the three strains were distinguished from the type strain

of G. japonicus by Mbol digestion.

The data obtained indicate that the three strains are discriminated from the type
strains of theGluconobacter species by the ITS gene restriction analysis uBstyl, Mboll
and Mbol.

Strain RBY-1 represented low level of DNA-DNA relatedness ranged from 11-34%
to know Gluconobacter (Table 4.8). The data obtained above indicate that the three strains are
genetically separated at the species level from the type strains of the @legemobacter
species and constituted a single species.

Therefore strains RBY-1, PHD-1 and PHD-2 identified were proposed as a new

species of the genus Gluconobacteamely, Gluconobacter nephelii

Table 4.8 DNA-DNA relatedness of Gluconobacter nephelsirains RBY-1, PHD-1
and MD-2.

%DNA-DNA relatedness with labeled strains
NBRC NBRC BCC

Strain RBY-1 3271 3264 14116
RBY-1 100 38 30 25
PHD-1 100 40 33 28
PHD-2 100 42 33 26
G. japonicus NBRC 3271 34 100 49 57
G. frateurii NBRC 3264 34 46 100 41
G. thailandicus BCC 14116 29 53 37 100
G. cerinus NBRC 3267 27 30 33 42
G. albidus NBRC 3250 23 28 36 30
G. kondonii NBRC 3268 18 25 45 40
G. kanchanaburiensis NBRC 14819 15 22 38 39
G. roseus NBRC 3990 12 19 30 32
G. oxydans NBRC 14819 11 15 23 26
G. sphaericus NBRC 12467 11 11 14 19

A. aceti NBRC 14818 6 4 6 5
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Group 15 composed of 4 isolates included ZW160-2, LC155-1, LG156-2 and JJ157-

All the isolates grew at pH 3.0, 7.5, and®@7They did not growth at pH 8.0 and 40
°C. They grew on mannitol agar but not on glutamate agar. They probugledonate, 2-
keto-D-gluconate, 5-ket®-gluconate, 2,5-diket@-gluconate, and a water-soluble brown
pigment fromD-glucose. The isolates produced dihydroxyacetone from glycerol. They grew
on D-arabitol andmeso-erythritol, but not on.-arabitol, meso-ribitol, and dulcitol (Table 4.9).
Acid was produced from-arabinose D-fructose, D-galactose,D-glucose, glycerolmyo-
inositol (weak),D-mannoseD-mannitol, melibiosep-ribose, D-sorbitol, L-sorbose (weak),
D-xylose, and ethanol. In contrast, no acid production was found from amygdalin, cellobiose,
malose, meletzitose, raffinose;rhamnose, salicin, sucrose, and trehalose. The DNA base
compodion of the four isolates (60.4-60.6 mol% G+C) was similar to that of the type strain
of G. oxydans (60.3 mol% G+C), but higher than that of the type strai@® &fateurii andG.
cerinus (55.1 and 55.9 mol% G+C, respectively) (Table 4.9) (Yukpéiaal., 2010). The
major ubiquinone homologue of the isolates was Q-10, as found in the type str@ns of
oxydans, G. cerinus, andG. frateurii. The isolate ZW160-2 contained 93.4% Q-10, 6.4% Q-9,
and 0.7% Q-8; isolate LC155-1 contained 93.4% Q-10 and 6.6% Q-9 whereas LG156-2
contained 93.2% Q-10, 5.9% Q-9 and 0.9% Q-8.



Table 4.9 Differential characteristics of isolates ZW160-2, LC155-1, LG156-2 and JJ157-2

Characteristic ZW160-2 LC155-1 LG156-2 JJ157-2 Gj Gf Gt Gc Go Ga Gko Gr Gs Gkn Gw
Water-soluble brown pigment + + + + - - - - - - - N ¥ T T
2,5-diketo-D-gluconate formation + + + + - - - - - - - R + + +
Growth at 37°C + + + + - - w - +
Acid production from
Inositol w w w w + + + + w + - w w w
Maltose - w - + w w w - - w -
D-Mannose + + + + w - + w + w w + + + +
Melibiose + + + + + + + + - + - + w w
Sucrose w - - + + w + + w w
D-Sorbitol + + + + w + - + + + + w w w
Growth on
D-Arabitol + + + + w + + - + - w w w + +
L-Arabitol - - - - w w w - - - - - - - -
meso-Ribitol - - - - + w w w - - - - - - -
DNA G+C (mol%) 60.5 60.6 60.5 60.4 564 551 558 559 603 600 598 605 595 595 56.6

Gj, G. japonicus NBRC 3271; Gf, G. frateurii NBRC 3264; Gt, G. thailandicus BCC 14116; Gc, G. cerinus NBRC 3267; Go, G. oxydans NBRC
14819; Ga, G. albidus NBRC 3250; Gko, G. kondonii NBRC 3268; Gr, G. roseus NBRC 3990; Gs, G. sphaericus NBRC 12467; Gkn, G.
kanchanaburiensis BCC 15889; Gw, G. wancherniae BCC 15775. +, positive; w, weakly positive; -, negativ@ata from Yukphan et al(2010)

0L
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The phylogenetic tree based on 16S-23S rDNA ITS region sequences showed that
strainZW160-2 was located in the sublineagezofbxydans and constituted a cluster separate
from the type strains of the known speci@scerinus, andG. frateurii. Sequence similarity
of ZW160-2 represented 97.3, 83.9, 81.9, and 62.4% respectively to the type sti@ins of
oxydans, G. cerinus, G. frateurii, and A. aceti (Fig. 4.15)

% G. japonicus NBRC 3271 (AB162709)
100 —[[ G. frateurii NBRC3264" (AB111898)
G. thailandicus F149-17 (AB128050)
94 L— G. cerinus NBRC 3267 (AB111899)
57— G. albidus NBRC3250" (AB162710)
G. kondonii NBRC3266" (AB162712)
G. roseus NBRC3990" (AB 163865)
G. sphaericus NBRCI12467" (AB163867)
G. oxydans NBRC 14819 (AB111901)

ZW160-2
LC155-1
LG156-2
JJ157-2

A. aceti NBRC 14818 (AB111902)
Knuc
—
0.05
Fig. 4.15Phylogenetic relashionships of strains ZW160-2, LC155-1, LG156-2 and JJ157-2.
The phylogenetic trees based on ITS gene sequence. ITS sequences were constructed by the
neighbor-joining method. The type strain Afetobacter aceti was used as an outgroup.

Numbers at nodes indicate bootstrap percentages derived from 1000 replications.
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In the ITS-RFLP analysis, the representative strain ZW160-2 (line 14) showed the
same restriction pattern forms @soxydans NBRC 14819 (line 1), G. roseus NBRC 3990
(lane 7) andG. sphaericus NBRC 12467 (lane 9when digested withMboll but it
discriminate fronG. oxydans NBRC 14819 (line 1), G. roseus NBRC 3990 (lane 7) andG.
sphaericus NBRC 12467 (lane 9Wvhen digestion witlBstNI restriction endonucease (Table
4.5, Fig. 4.16).

(a) Mboll

M1 234 5 6 7 8 91011 121314M

(b) BN
M1 234 5 6 7 8 91011 121314 M

bp

Fig. 4.16Digestion of ITS PCR products of Gluconobact&wW160-2 with restriction
endonucleases Mboll (a) and Bst(b).

1, G. oxydans NBRC 14819; 2, G. cerinusNBRC 3267; 3, G. frateurii NBRC 3264; 4, G.
albidus NBRC 3250; 5, G. thailandicus BCC 14118; 6, G. kondonii NBRC 3266; 7, G.
roseus NBRC 3990; 8, G. japonicus NBRC 3271; 9, G. sphaericus NBRC 12467; 10, G.
kanchanaburiensis BCC 15889; 11, strain RBY-1; 12, strain PHD-2; 13, strain PHD-2; 14,
isoate ZW160-2 (Group 15); M, 50-bp DNA marker.
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Table 4.10 DNA-DNA relatedness of strains ZW160-2, LC155-1, LG156-2 and JJ157-2.

%DNA-DNA relatedness with labeled strains

strain ZW160-2 NBRC 14819 NBRC 12467 NBRC 3990

ZW160-2 100 24 26 21
LC155-1 100 28 38 54
LG156-2 100 31 41 52
JJ157-2 100 34 43 53
G. oxydans NBRC 14819 26 100 21 29
G. sphaericus NBRC 12467 22 14 100 26
G. roseus NBRC 3990 19 23 35 100
G. kondonii NBRC 3266 19 21 38 43
G. albidus NBRC 3250 17 28 38 30
G. cerinus NBRC 3267 16 30 33 42
G. thailandicus BCC 14116 13 53 37 26
G. frateurii NBRC 3264 12 46 38 41
G. japonicus NBRC 3271 11 33 47 42
G. kanchanaburiensis NBRC 14819 11 25 36 45
A. aceti NBRC 14818 5 4 5 3

Strain ZW160-2 represented levels of DNA-DNA relatedness of 100, 100, 100, 100,
26, 22, 20,19, 17, 16, 13, 12, 11, 11 and 5% respectively to strains ZW160-2, LC155-1,
LG156-2, JJ157-2G. oxydans NBRC 14819, G. sphaericus NBRC 12467, G. roseus
NBRC 3990, G. kondonii NBRC 3268, G. albidus NBRC 3250, G. cerinus NBRC 3267,
G. thailandicus BCC 14116, G. frateurii NBRC 3264, G. japonicus NBRC 3271, G.
kanchanaburiensis BCC 15889, and A. acetiNBRC 14818 (Table 4.10).

Thedata obtained above supported that the four strains ZW160-2, LC155-1, LG156-2

and JJ157-2 should be proposed as a new species of the genus Gluconobacter
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In Asaia species were divived 3 groupAs. bogorensis 8 isolates (Grouf6), As.

siamensis 5 isolates (Groufi7), Asaiasp. 2 isolates (Group3).

Table 4.11 Differential characteristics of isolates in Assp@cies

Characteristic G16 Asb G17 Ass Ask Ad GB23-2 GB23-3

Oxidation of acetate and

lactate w w w w w w w w

Growth on
30% Glucose + + + + + + + +
0.35% acetic acid w w w w w - w w
L-Rhamnose +(wW6) + w w w + w w
D-Mannitol +(w3) + +(w5h) + w + w +
D-Sorbitol +(w3) + +(W6) + w + w w
Dulcitol w w - - w + - -
Maltose w w w(-2) w - - - -
Lactose - - - - - - - -

Acid production from
L-Rhamnose +(w4) + w + + - -
D-Mannitol +(wW6) + + + w w w w
D-Sorbitol w w +(w4) w w w w
Dulcitol w w - - w w - -
Sucrose - - - - - - - w
Raffinose w w - - - - - -
Ethanol - - w w - w + +

16S rDNA gene restriction

pattern typawith®
HpyAV Ab Ab Ab Ab Ab Ab Asp Asp

DNA G+C content (mol%) 60.1 60.2* 59.4 59.3* 60.3* 60.8* 59.7 59.8

+, positive; w, weakly positive; -, negativV&or detailed information of restriction fragments,
seethe references (Malimas et a008a; Yukphan et gl 2004).

*The data were cited from the references (Katsura,e2@D1; Malimas et a] 2008a;Yamada

et al., 2000; Yukphan et al 2004).

Asb, Asaia bogorensisBCC 12264; G186, Group 16 (8 isolates); A¥ssaia siamensis BCC
12268; G17, Group 17 (5 isolates); Asksaia krungthepensis BCC 12978; Ad, Asaia

lannensis BCC 15733
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Group 16 composed of 8 isolates included PHD-46, PHD-47, PHD52, PHD-64,
PHD-65, PHD-68, PHD-79 and PHD-80.

All isolates grew on glutamate agar and mannitol agar, but did not grow at the
expense of methanol. They did not produce water-soluble brown pigment. All isolates did not
produce acetic acid from ethanol. They produced dihydroxyacetone from glycerol was
weakly. The isolates produced 2-ketajluconate and 5-ketb-gluconate, but not 2,5-diketo-
D-gluconate. All the isolates produced acid frarglucose, D-mannose,D-fructose, L-
sorbee, D-xylose, L-arabinose b-ribose, dulcitol, myo-inositol, ribitol, D-arabitol, xylitol,
meso-erythritol, glycerol, melibiose and sucrose, but not from lactose. They produced acid
from D-mannitol andd-sorbitol differed among strains (Appendix B). The G+C content of
isdate PHD-46 was 60.1 mol%. They showed the same phenotypic characteristies as
bogorensis (Yamadaet al., 2000) All of the isolates were located within the clusterAsf
bogorensis and showed 100% pair-wise 16S rDNA sequence similarity with the type strain of
As. bogorensis (Fig. 4.17). All isolates also gave restriction patterns that coincided with those
of the type strain ofs. bogorensis when digested witl&yl, BsoJl, ShaBl, and Hpall (Fig.

4.19).

From data obtained above, all isolated in Group 16 identified as As. bogorensis.

Group 17 composed of 5 isolates included PHD-48, PHD-49, PHD-50, PHD-58 and
PHD-69.

They grew on glutamate agar and mannitol agar and produced acetic acid from
ethanol. They did not growth on methanol. They produced dihydroxyacetone from glycerol,
2-ketob-gluconate and 5-ketb-gluconate fronD-glucose, but not 2,5-diketd-gluconate,
and produced a water-soluble brown pigment. They produced acid is frgfocose,D-
mannog, D-fructose L-sorbosep-xylose,L-arabinosep-ribose,D-mannitol,D-sorbitol, myo-
inogtol, ribitol, D-arabitol, xylitol, meso-erythritol, glycerol, melibiose and sucrose, but not
from lactose and dulcitol (Appendix B). The isolates had a major ubiquinone as Q-10. The
DNA G+C content of isolate PHD-48 was 59.4 mol%. They showed the same phenotypic
characteristics a#s. samensis (Katsuraet al., 201). All of the isolates were located
within the cluster ofAs. siamensis and showed 100% pair-wise 16S rDNA sequence
similarity with the type strain of\s. siamensis (Fig. 4.17). All isolates also gave restriction
patterns that coincided with those of the type straifsoiamensis when digested witlstyl,

BsoJl, ShaBl, and Hpall (Fig. 4.19).
From data obtained above, all isolated in Group 16 identified as As. siamensis
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74|GB23-2" (ABS11277)
| Group 13

GE23-3 (AB463049)

Asaia siamensis isolate 56017 (ABU3541E) | gyoup 17

FHD-50
PHD-46

) Group 16
96!4saia bog;rens:’sstram?f (AB025928) I P

saia runghepensisisolate AANST (AB 102953)
“Asaia lannensisisolate ABI2T (AB286050)

Sweminethania seliolerans stean PAS 1T (AF459454)

94

Kozaise, bahensisisolae Vo-3" (AB056321)

%3 Heoasaia chiongmasensis isolate AC 287 (AE255437)
Acembacteracens NBRC 143187 (X74066)
Knue
0.002

Fig. 4.17Neighbour-joining-tree showing the phylogenetic position of Group 16 to Group 18
based on 16S rDNA sequences. Bar, 0.002 substitution per nucleotide

position. Bootstrap values as previously.

Group 18 composed of 2 isolates included GB23-2 and GB23-3.

They grew on glutamate agar and mannitol agar. They produced acetic acid on
ethanol/calcium carbonate agar, 2-ketgluconate and 5-ketb-gluconate but not 2,5-
diketo-D-gluconate fronD-glucose. They produced dihydroxyacetone from glycerol, but the
acivity is not intense. They produced acid framglucose,D-mannose,D-galactose,D-
xylose, D-arabinose,L-arabinose D-fructose, L-sorbose,bD-mannitol (weakly positive)p-
sorhtol (weakly positive), D-arabitol, L-arabitol, meso-ribitol, meso-erythritol, glycerol,
melibiose, and ethanol but did not franrrhamnose, dulcitol, sucrose (weakly positive in
isdate GB23-3), and raffinose. They grew bfglucose,b-mannosep-galactosep-xylose,
D-arabinose,L-arabinose (weakly positive),-rhamnose (weakly positivep-fructose, L-
sorbese, D-mannitol (weakly positive in isolate GB23)2 D-sorbitol (weakly positive)p-
arabitol, L-arabitol, meso-ribitol, meso-erythritol, glycerol, melibiose, sucrose, and ethanol but
did not on dulcitol, raffinose, maltose, and lactoB®NA base composition is 59.7-59.8

mol%.
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A phylogenetic tree, isolates GB23-2 and GB23-3 were located within the lineage of
the genusAsaia and formed an independent cluster from the type strains of the four known
Asaia species (Fig. 4.18). The calculated pair-wise sequence similarities of isolate GB23-2
were 99.7, 99.9, 99.4, and 99.3®%spectively to the type strains Afaia bogorensis, Asaia
siamensis, Asaia krungthepensis, and Asaia lannensis. The data obtained suggested that

isolates GB23-2 and GB23-3 constitute a new taxon within the genus Asaia.

76| Asaia spathodeae GB23-2(AB511277
79 | | psaia spathodeae GB23-3 (AB469044
Asaia siamensis isolateS60-1 (AB035416

66 ’7Asaia krungthepensis isolate AA08 (AB102953
Asaia bogorensis strain 71 (AB025928
L AsaialannensisisolateAB92" (AB286050)

97

L Syaminathania salitolerans strain PA51 (AF459454

95 Kozakia. baliensisisolate Yo-3 (AB056321
Neoasaia chiangmaiensisisolate AC 28 (AB255433)
Acetobacter aceti NBRC 14818 (X74066

Knuc
0.002

Fig. 4.18Phylogenetic relationships éfaia spathodeae isolates GB23-2 and GB23-
3 based on 16S rDNA gene sequences. The phylogenetic tree was constructed by the
neighbor-joining method. Numbers at nodes indicate bootstrap percentages derived from

1,000 replications.

The two isolates produced restriction fragments comprised of: 1) 790, 327, 214, and
83 bp in Sy digestion; 2) 738, 205, 172, 148, 123, 91, 87, 87, 55, 29, 28, 24, 16, and 11 bp in
Bsall digestion; 3) no restriction fragment$aBl digestion; 4) 445, 421, 216, 210, 58, 53,
15, and 11 bp iHpall digestion; 5) 454, 350, 190, 196, 169, 152, and 99 bHpyAV
digestion. On the other hand, the type strains of the Asara species produced almost
identical restriction fragments comprised of 454, 295, 190, 166, 151, 99, and 5HyAM

digestion.
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Fig. 4.19 Restriction of 16S rDNA gene PCR producté\sfia spathodeae isolates
GB23-2 and GB23-3 by digestion with five restriction endonucleases.

The restriction patterns were obtained by digestion @&ith(a), Bsall (b), ShaBl (c),
Hpall (d), andHpyAV (e). Lanes: 1Asaia bogorensis BCC 12264; 2, Asaia siamensis BCC
12268; 3, Asaia krungthepensis BCC 12978; 4, Asaia lannensis BCC 15733; 5, Asaia
spathodeae isolate GB23-2 6, Asaia spathodeaeisolate GB23-3; M, 50-bp DNA marker.
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Isolates GB23-2 and GB23-3 were hybridized with DNAs from test strains, levels of
DNA-DNA hybridization were 100, 100, 27, 38, 44, 36, and 5% and 100, 100, 31, 40, 48, 40,
and 6% respectively with isolates GB23-2 and GB23-3 and the type straiAsaiaf
bogorensis, Asaia siamensis, Asaia krungthepensis, Asaia lannensis, and Acetobacter aceti
(Table 4.12).

Table 4.12 DNA base composition and DNA-DNA hybridization of Asaia sp. GB23-2 and
GB23-3.

DNA-DNA relatedness (%) of
BCC BCC BCC BCC NBRC
Labeled DNA from GB23-2 GB23-3 12264 12978 12268 15733 14818

GB23-2 100 100 27 38 43 36 5
GB23-3 100 100 31 40 48 40 6
As. bogorensis
BCC 12264 21 28 100 56 59 46 8
As. krungthepensis
BCC 12978 35 43 27 100 39 23 5
As. samensis
BCC 12268 41 53 22 38 100 34 6
As. lannensis
BCC 15733 31 41 30 36 23 100 5

In this isolates was proposed, the namAsaia spathodeae sp. nov. to accommodate

the two isolates as the fifth species of the genus Asaia.

4.2.4 Isolates assigned to the genus Gluconacetobacter
Group 19 composed of 4 isolates included PHD-53, PHD-54, PHD-89 and PHD-90.

They were gram-negative, obligate aerobes, motile and non motile rods. Formed
orange, round, mucous, smooth and convex colonies. They were oxidize acetate and lactate.
All the isolates grew in the presence of 0.35% acetic acid. They grew on glutamate agar.They
produced acid from glyceral;arabinonep-glucose, glycerolp-mannose and sorbitaleso-
erythritol but not on ducitol (Appendix B). The DNA G+C content of isolates PHD-53 and
PHD-89 were 62.3 and 64.3 mol% respectively. They showed the same phenotypic
characteristics aGa. liquefaciens so they were identified &Sa. liquefaciens (Frankeet al.,

1999).

The calculated pair-wise sequence similaritie of the strains were 99.9% pair-wise 16S

rDNA sequences with the type strain of G. liquefaciandor 1412 bases (Fig. 4.20).
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Table 4.13 Characteristics of isolates in Gluconacetobacsgrecies

G19

Characteristic (4 isolates) Ga.l Ga.s
Oxidation of acetate and lactate + + +
Growth on

Glutamate agar + + +

Mannitol agar + + +

30% Glucose - - +
Ketogenesis from glycerol + + -
Acid production from

D-Mannitol - - -

D-Sorbitol - - -

Dulcitol - - -
DNA G+C content (mol%) 62.3-64.3 62-65* 62-67*

"Cited from Frankest al (1999). G19, Group 19; GaGa. sacchari SRI 1794:Ga.l,
Ga. liquefaciens IFO 12388

PHD-53
44 [Ga_ liguefaciens IFO12338 (X75617)

65 —— & sacchari ERI1794 (AF127407)

Ga. diasorophicus ATCCA9037 (X75618)

73 — G asorocaprans CFN-Ca54 (AF 192761}
99 ———Ga johannae CFN-CISS (AF111841)

ES| Ga. ervaniy LTH4360 (AJ251110)
Ga. persimmonensis KI45 (AB095100)

Ga. hansenis NCIB£746 (X75620)
100 37 [C-‘a inrermedius TF2 (Y 14694)
Ga. oboediens LTH2460 {AJ001631)
99 Ga. wylinusNCIB 11664 (X75619)

Ga. ewropeeus DEME160 (Z221936)
88! Ga. swingsiy (AY180960)

100

82

A acery NERC 14818 (X74066)
K
I nuc I
0.003
Fig. 4.20Neighbour-joining-tree showing the phylogenetic position of Group 19 based on
16SrDNA sequences. Bar, 0.005 substitution per nucleotide position. Bootstrap values

Bootstrap values as previously.
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4.3 Oxidative products ofAcetobacter and Gluconobacter

4.3.1 Acetic acid production

4.3.1.1 ADH activity assay:

The eighty-six isolates dficetobacter showed ADH activity ranged from 2.05 to 7.52
unit/mg at 30°C. The isolate PHD-23 showed the highest ADH activity, 7.52 unit/mg at 30°C

(Fig. 4.21). ThereforeA. pasteurianus isolate PHD-23 was selected for optimization in acetic

acid production.

ADH activit
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Fig. 4.21 Alcohol dehydrogenase (ADH) activity of isolated assigned to Acetobacter
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4.3.1.2 Effect of ethanol and initial acetic acid concentration acetic acid production

Effects of initial ethanol concentrations

1.6 ¢ 1.5039 - 0.6
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. +— 0.5
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Fig. 4.22 Effect of initial ethanol concentrations on acetic acid production fAam
pasteurianus isolate PHD-23 at 0, 2, 4, 6, 8, 10, 12% ethanol. Symbols: acetic acid
(coloumn), growth (line).

(The medium composed of 0.3% yeast extract and various concentrations of ethanol were

added initially as indicated, incubated at 30° C, 200 rpm for 3 days.)

The optimum ethanol concentration for acetic acid production was 4%. At the peak at
4% ethanol A. pasteurianus isolate PHD-23 produced about 1.5% acetic acid. When ethanol
was added higher 4% up to 8%, low acetic acid were observed (Fig. 4.22) and this strain still
growth at ethanol concentration up to 8%. On the other Harldyaniensis SKU 1108 and
SKU 1112 have an ethanol tolerance up to 9% and no appreciable lag period but when

ethanol was fed to 10%, a fairly long lag time was observed (Saekj £98I7).
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Effects of initial acetic acid concentration
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Fig. 4.23 Effect of initial acetic acid concentration on acetic acid production ffom
pasteurianus isolate PHD-23 at 0, 1, 1.5, 2, 2.5, 3% acetic acid. Symbols: acetic acid
(coloumn), growth (line).

(The medium composed of 0.3% yeast extract, 4% ethanol and various concentrations of

acetic acid were added initially as indicated, incubated at 30° C, 200 rpm for 3 days.)

The effect of initial acetic acid concentration on acetic acid production &om
pasteurianus isolated PHD-23 at 0-2% as indicated and ethanol was added initially to 4% to
all cultures found thaf. pasteurianus isolate PHD-23 still oxidized ethanol, and acetic acid
was accumulated when the initial concentrations of acetic acid were less than 2% (Fig. 4.23).
From the data suggested tiapasteurianus isolate PHD-23 could produce the highest acetic
acid concentration grown in the medium with out addition of acetic acid, growth this strain
was decreased when acetic acid increased and found that it showed no growth when acetic
acid was added at 2.5 and 3%. On the other handyvaniensis SKU 1108 and SKU 1112
still oxidized ethanol, and acetic acid was accumulated when the initial concentrations of
acetic acid were less than 4% (Saeki et H097).
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4.3.2 Dihydroxyacetone production (DHA) by Gluconobacterstrains

4.3.2.1 Preliminary screening for DHA production

Forty-two isolates ofGluconobacter were tested for their ability to produce DHA.
Initial screening was tested based on the diphenylamine method. DHA was observed by the
blue color development. The sugar quantity can be estimated based on the standard graph of a
series of known concentration of the DHA. It was found that 42 isolates were produced large
accumulations of DHA ranged from 20.05 to 42.52 g/l at 30°C for 4 days (Appendix D). The
G. oxydans isolate PHD-27 showed the highest DHA production reached to 42.52 g/l (Fig

4.24) and was selected for futher experiment.
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Fig. 4.24Preliminary screening for DHA production from strains assigned to Gluconobacter
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4.3.2.2 DHA production
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Fig. 4.25Time-course of DHA production and growth for the G. oxyd@swate PHD-27
(The medium composed of 5% glycerol and 1% yeast extract, incubated at 30° C, 200 rpm for
4 days.)

The G. oxydans isolate PHD-27 produced the DHA reached the maximum to 44.08
g/l at 30°C by conversion time of 84 h and generated DHA at a rate of 0.52t@0RC. In
the growth period, G. oxydanssolate PHD-27 showed good growth without lag phase and
produced rapid DHA after late log phase (Fig. 4.25).

The final DHA concentration byG. oxydans that was improved by genetic
engineering in shake-flask experiments reached 30 g/l while the wild type produced 18-25 g/l
of DHA from 50 g/l glycerol (Gatgenet al., 2007). These data suggested that the DHA
production fromG. oxydans isolate PHD-27 higher tha®. oxydans was improved by genetic
engineering and wild type (Gatgens et @007).

Lili et al. (2006) reportedicetobacter sp. produced the DHA concentration reached
the maximum of 26.12 g/l at by co000000nversion time of 96 h with residual glycerol of 8.7
g/l. The data supported thaMcetobacter has lower ability DHA production than

Gluconobacter.
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4.3.3L-sorbose production byGluconobacter strains

4.3.3.1Preliminary screening for L-sorbose production

Forty-two isolates ofGluconobacter were tested for their ability to produce
sorbese. Initial screening was tested based on the resorcinol method. This assay is rapid and
simple in determining the presence of ketoses as observed by the cherry-red colour
development. The sugar quantity can be estimated based on the standard graph of a series of
known concentration of the-sorbose. It was found that 42 isolates were produced large
accumulations ofL-sorbose ranged from 19.99 to 48.39 g/l at 30°C for 48 h (Fig 4.26). In the
pH of the culture broth came down from 6.3 to 4.7 (data not show).

Moonmangmeet al. (2000) isolated and screened thermotole@uotonobacter for
D-fructose andL-sorbose production. In the part afsorbose production, fermentation
efficiency and fermentation rate of the strain CHM54 was quite high and rapidly oxidized D-
sorbitol to L-sorbose at almose 100% within 24 h at 30°C. The efficiency-sidrbose
fermentation by the strain CHM54 at 37°C was superior to that observed at 30°C. Therefore,
in the present work are interested in screening thermotol&tanonobacter for L-sorbose

producton.
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CHAPTER V

CONCLUSION

One hundred and forty-seven isolates of AAB were isolated from fruits, flower and
other materials collected in Thailand. All isolates were Gram-negative, aerobic, catalase
positive, and oxidase-negative rod-shaped bacteria. They produced clear zones on the GEY-
CaCQ agar plates and grew on the GEY broth at pH 3.5. The straifsceabbbacter
containedQ-9 as the major quinone while the other genus contained Q-10. The DNA G+C
contents ranged from 52.2-58.3 mol% Aunetobacter, 55.1-60.4 mol% inGluconobacter,
59.7-60.1 mol% inAsaia, and 62.3-64.3 mol% iGluconacetobacter. On the basis of their
phenotypic and chemotaxonomic characteristics, RFLP-ITS analysis and the rDNA
sequencing analysis, they were divided into 4 genus and 19 groupAce{@bacter (86
isolates), (2)Gluconobacter (42 isolates), (3Asaia (15 isolates), and (4pluconacetobacter
(4 isolates).

Acetobacter isolates were identified a&. pasteurianus (Group 1, 26 isolatesA.
orientalis (Group 2, 13 isolates)A. lovaniensis (Group 3, 10 isolates)). indonesiensis
(Group 4, 13 isolatesh. tropicalis (Group 5, 4 isolatesp. ghanensis (Group 6, 8 isolates),

A. orleanensis (Group 7, 4 isolates)A. syzygii (Group 8, 4 isolates), aniicetobacter sp.
(Group 9, 3 isolates)he isolates G360-1, G361-1 and G362-1 (Group 9) were constituted a
cluster separate from orleanensis NBRC 13752 and showed 99.7% sequence similarity to

A. orleanensis NBRC 13752 and discriminated from knowrcetobacter species when
digestion withHpall and Avall and low DNA-DNA relatedness (15-38%). Therefore, they
should be proposed as a new species in the genus Acetabacter

Gluconabacter isolates were identified a8. frateurii (Group 10, 8 isolates)G.
japonicus (Group 11, 8 isolates§. thailandicus (Group 12, 6 isolates);. oxydans (Group
13, 13 isolates)Gluconobacter sp.(Group 14, 3 isolates) artéluconobacter sp. (Group 15, 4
isolates). The isolates RBY-1, PHD-1 and PHD-2 (Group 14) showed 98.1% ITS genes
sequence similarity toG. japonicus NBRC 3271 and discriminated from known
Gluconobacter species when digestion witfagl, Alul, Hpall and Avall and low DNA-DNA
relatedness (11-38%). Therefore, the n@h&onobacter nephelii sp. nov. was proposed for
them. The isolates ZW160-2, LC155-1, LG156-2 and JJ157-2 (Group 15) showed 97.3% ITS
genes sequence similarity 8. oxydans NBRC 14818 and discriminated from known

Gluconobacter when digestion withTagl, Alul, Hpall and Avall and low DNA-DNA
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relatedness (11-26%). Therefore, they should be proposed as a new species in the genus
Gluconobacter.
Asaia isolates were identified a&s. bogorensis (Group 16, 8 isolates)As. siamensis
(Group17, 5 isolates)As. sphathodeae (Group18, 8 isolates). The isolates GB23-2 and GB23-
3 (Group 18) were 99.9% 16S rDNA gene sequence similaritg.tsamensis NBRC 16457
and dscriminated from othefsaia species when digestion wislyl, BsaJl, ShaBl, Hpall and
HpyAV and low DNA-DNA relatedness (21-43%). Therefore, the nésaa spathodeae sp.
nov. was proposed for them.

Gluconacetobacterisolates were identified &3a. liquefaciens (Group19, 4 isolates).

The isolates PHD-53, PHD-54, PHD-89 and PHD-90 were 99.9% 16S rDNA gene sequences.

Eighty-six isolates oAcetobacter were screened for ADH activity and they exhibited
ADH activity ranged from 2.05 to 7.52 unit/mg at 30°C. The isolate PHD-23 showed the
highest ADH activity and was selected for further study. Effect of ethanol and initial acetic
acid concentration acetic acid productimvealed that this isolate could produce highest
acetic acid when the medium composed of ethanol 4% and with out the addition of acetic
acid.

Forty-two isolates ofGluconobacter were screened for DHA and L-sorbose
production, the isolates could produce DHA ranged from 20.05 to 42.52 g/l at G0°C.
oxydans PHD-27 showed the highest DHA production. Isolate PHD-27 could produce the
DHA with the maximum of 44.08 g/l at 30°C by conversion time of 84 h and generated DHA
at a rate of 0.52 g/liat 30°C. The tested isolates produced L-sorbose ranged from 19.99 to
48.39 gf at 30°C and G. frateurii AP59-1 produced the largest amount of L-sorbose.

The identification, distributioned, ADH activity, DHA and L-sorbose production of
all isolates were summaried in Appendix B-5.

In Thailand, the diversity and distribution of acetic acid bacteria have been
repoted however the screening of oxidative products should be intensive further
studies.
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APPENDIX A

CULTURE MEDIA AND REAGENTS FOR IDENTIFICATION

All media were dispensed and steriled in autoclave for 15 min at 15 Ib. pressure (121

°C) except for acid from carbon sources test which was sterilized at 10 Ib for (110 °C) 10 min.

1. Enrichment Media

1.1 Glucose-Ethanol medium

Glucose 1.5%
Ethanol 0.5%
Peptone 0.3%
Yeast Extract 0.3%
Acetic acid 0.35%

(Adjust pH 3.5 with HCI)

1.2 Sorbitol medium

Sorbitol 2.0%
Peptone 0.3%
Yeast extract 0.3%

(Adjust pH 3.5 with HCI)

1.3 Sucrose-Acetic acid medium

Sucrose 2.0%
Peptone 0.3%
Yeast extract 0.3%
Acetic acid 0.35%

(Adjust pH 3.5 with HCJ
1.4 Methanol-Peptone-Yeast extract (MPY) medium

Methanol 0.8% (added after autoclaving)
Peptone 0.3%
Yeast extract 0.3%

(Adjust pH 4.0 with HCI)
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2. Glucose-Ethanol-Yeast extract-CaC@(GEY- CaCQs) agar plate

Glucose 2.0%
Ethanol 0.5%
Peptone 0.3%
Yeast Extract 0.3%
CaCQ 0.7%
Agar 1.5%

3. Cryoprotectant for preservation (20% glycerol)

Glucose 2.5%
Glycerol 20%

Peptone 0.5%
Yeast Extract 0.3%

4. Growth in test media (4 kinds)

4.1 Glucose-ethanol with 0.3% acetic acid medium

Glucose 1.5%
Ethanol 0.5%
Peptone 0.3%
Yeast Extract 0.3%
Acetic acid 0.3%

(Adjust pH 3.5 with HCI)

4.2 Glucose-ethanol without acetic acid medium

Glucose 1.5%
Ethanol 0.5%
Peptone 0.3%
Yeast Extract 0.3%

(Adjust pH 3.5 with HCI)

4.3 Sorbitol medium

Sorbitol 2.0%
Peptone 0.3%
Yeast extract 0.3%

(Adjust pH 3.5 with HCI)



4.4 Sucrose with 0.3% acetic acid medium
Sucrose
Peptone
Yeast extract

Acetic acid

(Adjust pH 3.5 with HCI)

5. Oxidation/fermentation medium
Glucose
Peptone
NacCl
K,HPO,
Bromthymol blue
Agar

2.0%

0.3%

0.3%
0.3%

10%
2.0%
5%

0.3%
0.03%
3%

(Adjust pH 7.1, autoclave at 110°C, 10 min)

6. Acetate/Lactate medium
Peptone

Yeast extract

Sodium acetate or Ca-DL-lactate

Bromthymol blue

(Adjust pH 6.4)

7. Acid production medium
Yeast extract
Bromocresol purple

Carbon source

0.2%

0.2%
0.2%

0.002%

0.5%
0.2%
1.0%

(Adjust pH 6.4, autoclave at 110°C, 10 min)

8. Glucose-Glycerol-Yeast extract Potato (GGYP) medium

Potato
Glucose
Glycerol
Yeast extract

Peptone

10%
0.5%

1.0%

1.0%
1.0%
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9. Glucose-Glycerol-Yeast extract (GGY) medium

Glucose
Glycerol
Yeast extract

Agar

10. Medium for ketogenesis in glycerol

Yeast extract
Glycerol
Agar

11. Detection reagent for TLC

12. Flagella staining

Solvent was composed of a mixture 95% ethanol, 0.5 ml of glycerol,

and 7.5 ml of tris(hydroxymethyl)aminomethane(tris)buffer.

O-phenylenediamine
Water

HCI

Ethanol

Basic fuchisin
Tannic acid

Aluminium sulfate

2.0
1.0

0.5
15

0.5
3.75
0.81
25

0.5
0.2
0.5

%
%

%
%

%
%
%

ml
ml

ml

g
g
g
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APPENDIX B

PHYSIOLOGICAL, BIOCHEMICAL CHARACTERISTICS AND OXIDATIVE PRODUCTIONS

Table B-1 Physiological and biochemical characteristic of 147 isolates

Group Group 1

Characteristics G377-2 G378-1 G378-2 G378-4 (G379-2 G380-1 G375-3 G363-1 G379-6 G377-1 LG5-1 MG70-1 LG6-1
Oxidation of

Acetate + + + + + + + + + + + + +
Lactate + + + + + + + + + + + + +
Growth on

30% Glucose - - - - - - - - - - - _ i
Glutamate agar - - - - - - - -
Mannitol agar - - - - VW - - - - VW _ . .
Methanol - - - - - - - -
Water soluble pigment production - - - - - - - - -
Production of polysaccharide - - - - - - - - -
Dihydroxyacetone from glycerol + + + + + + + + +
Production of ketogluconic acid from
Glucose
2-Keto gluconic acid + + + + - + + + + + R -
2,5 di-Ketogluconic acid - - - - - - - - -
5-Keto gluconic acid - - - - - - - -
+, positive; - negative; w, weak; vw, very weak

SOl



Table B-1 Physiological and biochemical characteristic of 147 isolates (continued)

Group Group 1

Characteristics SL21-2 BB90-1 PHD-23 PHD-24 PHD-32 PHD-33 PHD-56 PHD-57 PHD-70 PHD-71 PHD-76 PHD-77 PHD-78
Oxidation of

Acetate + + + + + + + + + + + + +
Lactate + + + + + + + + + + + + +
Growth on

30% Glucose - - - - - - - - - - - - -
0.35% acetic acid
Glutamate agar - - - - - - - - - - - - -
Mannitol agar - - VW - - - - - VW - - VW -
Methanol - - - - - - - - - - - - -
Water soluble pigment production - - - - - - - - - - - -
Production of polysaccharide - - - - - - - - - - - - -
Dihydroxyacetone from glycerol + + + + + + + + + + + +
Production of ketogluconic acid from
Glucose
2-Keto gluconic acid + + - + + - + - - + + + +
2,5 di-Ketogluconic acid - - - - - - - - - - - - -
5-Keto gluconic acid - - - - - - - - - - - - -

+, positive; - negative; w, weak; vw, very weak

90l



Table B-1 Physiological and biochemical characteristic of 147 isolates (continued)

Group

Group?2

Characteristics

LP120-2 KL13-3

KL13-2

MM129-2 PHD-12 PHD-34 PHD-35 PHD37

PHD-38 PHD-51 PHD-73 PHD-74 PHD-75

Oxidation of

Acetate

Lactate
Growth on

30% Glucose

0.35% acetic acid

Glutamate agar

Mannitol agar

Methanol
Water soluble pigment production
Production of polysaccharide
Dihydroxyacetone from glycerol
Production of ketogluconic acid
from Glucose

2-Keto gluconic acid

2,5 di-Ketogluconic acid

5-Keto gluconic acid

+

+
+

+

+
+

+
+

+
+

+, positive; - negative; w, weak; vw, very weak

/0L



Table B-1 Physiological and biochemical characteristic of 147 isolates (continued)

Group

Group 3

Group 4

Characteristics

G374-3 G375-4 PHD-16

PHD-17 PHD-18 PHD-25

PHD-91 PHD-92

GU1-1

GU1-3

G379-4

Oxidation of

Acetate

Lactate
Growth on

30% Glucose

0.35% acetic acid

Glutamate agar

Mannitol agar

Methanol
Water soluble pigment production
Production of polysaccharide
Dihydroxyacetone from glycerol
Production of ketogluconic acid
from Glucose

2-Keto gluconic acid

2,5 di-Ketogluconic acid

5-Keto gluconic acid

+ + +
+ + +

+, positive; - negative; w, weak; vw, very weak

801



Table B-1 Physiological and biochemical characteristic of 147 isolates (continued)

Group Group 4 Group 5
Characteristics G380-2 G355-1 PHD-3 PHD-5 PHD-7 PHD-8 PHD-9 PHD-13 PHD-44 PHD-45 | GB23-1 PHD-4 PHD-6
Oxidation of
Acetate + + + + + + + + + + + + +
Lactate + + + + + + + + + + + + +
Growth on

30% Glucose - - - - - - - - - - - i} -

0.35% acetic acid

Glutamate agar - - - - - - - - - - - - -

Mannitol agar vw - - - vw VW - - - - vw - -

Methanol - - - - - - - - - - - - -
Water soluble pigment production
Production of polysaccharide - - - - - - - - - - - - -
Dihydroxyacetone from glycerol
Production of ketogluconic acid
from Glucose

2-Keto gluconic acid + + + + + + + + + + + + +

2,5 di-Ketogluconic acid - - - - - - - - - -

5-Keto gluconic acid - - - - - - - - - - - - -

+
+
+
+
+
+
+
+
+
+
+
+
+

+, positive; - negative; w, weak; vw, very weak

601



Table B-1 Physiological and biochemical characteristic of 147 isolates (continued)

Group

Group 5

Group 6

Group 7

Characteristics

PHD-42

PH108-1 TM7-1

TM7-3

PHD-14 PHD-15

PHD-61 PHD-62 PHD-72

PHD-84

PHD-85 PHD-86 PHD-87

Oxidation of

Acetate

Lactate
Growth on

30% Glucose

0.35% acetic acid

Glutamate agar

Mannitol agar

Methanol
Water soluble pigment production
Production of polysaccharide
Dihydroxyacetone from glycerol
Production of ketogluconic acid
from Glucose

2-Keto gluconic acid

2,5 di-Ketogluconic acid

5-Keto gluconic acid

+, positive; - negative; w, weak; vw, very weak

oLl



Table B-1 Physiological and biochemical characteristic of 147 isolates (continued)

Group

Group 8

Group 9

Group 10

Characteristics PHD-85

PHD-86

PHD-87

SL22-1

G360-1

G361-1

G362-1

GB222-1

GB223-3

AP59-1

AP59-2

PHD-30

Oxidation of
Acetate +
Lactate +
Growth on
30% Glucose -
0.35% acetic acid
Glutamate agar -
Mannitol agar -
Methanol -
Water soluble pigment production -
Production of polysaccharide -
Dihydroxyacetone from glycerol  +
Production of ketogluconic acid
from Glucose
2-Keto gluconic acid +
2,5 di-Ketogluconic acid -
5-Keto gluconic acid -

+, positive; - negative; w, weak; vw, very weak

LLL



Table B-1 Physiological and biochemical characteristic of 147 isolates (continued)

Group

Group 10

Group 11

Group 12

Characteristics

PHD-31

PHD-66

PHD-67

GB132-1

F143-1 GB125

GB126 GB127

GB223-2

PHD-28

PHD-29

PHD-11 PHD-21

Oxidation of

Acetate

Lactate
Growth on

30% Glucose

0.35% acetic acid

Glutamate agar

Mannitol agar

Methanol
Water soluble pigment
production
Production of polysaccharide
Dihydroxyacetone from glycerol
Production of ketogluconic acid
from Glucose

2-Keto gluconic acid

2,5 di-Ketogluconic acid

5-Keto gluconic acid

+

+

+

+, positive; - negative; w, weak

47"



Table B-1 Physiological and biochemical characteristic of 147 isolates (continued)

Group

Group 12

Group 13

Characteristics PHD-22

PHD-36 PHD-39

PHD-40

PHD-10 PHD-19 PHD-20 PHD-27 PHD-41 PHD-55

PHD-59 PHD-60

PHD-81

Oxidation of

Acetate - - -
Lactate - - -

Growth on

30% Glucose - - -

0.35% acetic acid

Glutamate agar - -

Mannitol agar + + +

Methanol - -

Water soluble pigment

production - -

Production of polysaccharide -
Dihydroxyacetone from glycerol  +
Production of ketogluconic acid

from Glucose

2-Keto gluconic acid + + +

2,5 di-Ketogluconic acid -

5-Keto gluconic acid + + +

w + + + + +
+ + + + + +

+ + + + + +

+ + + + + +

+, positive; - negative; w, weak

cll



Table B-1 Phy®logical and biochemical characteristic of 147 isolates (continued)

Group

Group 13

Group 14

Group 15

Characteristics

PHD-82 PHD-43 PHD-83

PHD-88

RBY-1

PHD-1  PHD-2

ZW160-2

LC155-1 LG156-2

JJ157-2

Oxidation of

Acetate

Lactate
Growth on

30% Glucose

0.35% acetic acid

Glutamate agar

Mannitol agar

Methanol
Water soluble pigment
production
Production of polysaccharide
Dihydroxyacetone from glycerol
Production of ketogluconic acid
from Glucose

2-Keto gluconic acid
2,5 di-Ketogluconic acid
5-Keto gluconic acid

+ + +

+, positive; - negative; w, weak

1423



Table B-1 Physlogical and biochemical characteristic of 147 isolates (continued)

Group Group 16 Group 17
Characteristics PHD-46 PHD-47 PHD-52 PHD-64 PHD-65 PHD-68 PHD-79 PHD-80 | PHD-48 PHD-50 PHD-58 PHD-69
Oxidation of
Acetate w w W w w W w w W w w w
Lactate w w W w w W w w W w w w
Growth on
30% Glucose + + + + + + + + + + + +
0.35% acetic acid
Glutamate agar + + + + + + + + + + + +
Mannitol agar + + + w + w + + + + W w
Methanol - - - - - - - - - - - .
Water soluble pigment
production - - - - - - - - - - - .
Production of polysaccharide - - - - - - - - - R - -
Dihydroxyacetone from glycerol ~ w w w w w w w w w w w w
Production of ketogluconic acid
from Glucose
2-Keto gluconic acid + + + + + + + + + + + +
2,5 di-Ketogluconic acid - - - - - - - - - _ - -
5-Keto gluconic acid + + + + + + + + + + + +

+, positive; - negative; w, weak

Gl



Table B-Physiological and biochemical characteristic of 147 isolates (continued)

Group Group 18 Group 19
Characteristics GB23-2 GB23-3 PHD-53 PHD-54 PHD-89 PHD-90
Oxidation of
Acetate w w + + + +
Lactate w w + + + +
Growth on
30% Glucose + + - - - -
0.35% acetic acid
Glutamate agar + + + + + +
Mannitol agar + + + + + +
Methanol - - - - - -
Water soluble pigment
production - - + + + +
Production of polysaccharide - - + + + +
Dihydroxyacetone from glycerol ~ w w + + + +
Production of ketogluconic acid
from Glucose
2-Keto gluconic acid + + + + + +
2,5 di-Ketogluconic acid - - + + + +
5-Keto gluconic acid + + + + + +

+, positive; - negative; w, weak

9Ll



Table B-2 Acid formation from various carbon sources of 147 isolates

Group

Group 1

Carbon sources

G377-2

G378-1

G378-2

G378-4

G379-2

G380-1

G375-3

G363-1

G379-6

G377-1

LG5-1

MG70-1

LG6-1

D-Glucose
D-Mannose
D-Galactose
D-Fructose
L-Sorbose
D-Xylose
D-Arabinose
L-Arabinose
L-Rhamnose
D-Mannitol
D-Sorbitol
Dulcitol
meso-Erythritol
Glycerol
Maltose
Lactose
Melibiose
Sucrose
Raffinose
Ethanol
D-Arabitol
L-Arabitol
meso-Ribitol

+ + s s + S 4+ '+ + +

2 =+

"+ S+ ' + 4+ =

+ + 5 +

+ + +

4+ o+ 4+ 4+ S+

+ 45 +

£ =+

'+ 4+ =

+ = +

+ +

+

1 + E 1

+ + +

=+

1 + +

2 =+

o+ o+ o+ o+ o+

|++§+|

+ o+

+ + =

+

+ + S

S + = +

+

1 é E + 1

+

+
w
+

+ + +

+

+
+
+

+ = +

+

+
w
+

+

+

W
+

+, positive; - negative; w, weak
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Table B-2 Acid formation from various carbon sources of 147 isolamstinued)

Group Group 1
Carbon sources SL21-2 BB90-1 PHD-23 PHD-24 PHD-32 PHD-33 PHD-56 PHD-57 PHD-70 PHD-71 PHD-76 PHD-77 PHD-78
D-Glucose + + + + + + + + + + + + +
D-Mannose + - + w - + W w - - - - -
D-Galactose + + w + w w + + + w + w w
D-Fructose + + + + + - + + + + + + +
L-Sorbose - - - - - - - - - - - i i
D-Xylose + w + - - + - - + w w + +
D-Arabinose - - + w + + - - + + - - w
L-Arabinose + + + + + + + + + + + + +
L-Rhamnose - - - - - - - w w - - - -
D-Mannitol - - - - - - - - - - - - -
D-Sorbitol w + + - + + - - + w - w -
Dulcitol - - W - - w W - - - w w -
meso-Erythritol + + + + + + + + + + + + +
Glycerol + + + + + + + + + + + + +
Maltose - - - - - - - - - - i _
Lactose - - - - - - - - - - - - -
Melibiose + + + + + + + + + + + + +
Sucrose W + W - w + + + W W . + +
Raffinose w + w - - - - W w - w - -
Ethanol + + + + w + W w + + w + +
D-Arabitol - - - - - - - - - - - - i
L-Arabitol - - - - - - - - - - - - i
meso-Ribitol - - - - - - - - - - - - i

+, positive; - negative; w, weak

8Ll



Table B-2 Aci formation from various carbon sources of 147 isol&testinued)

Group Group 2

Carbon sources LP120-2 KL13-3 KL13-2 MM129-2 PHD-12 PHD-34 PHD-35 PHD37 PHD-38 PHD-51 PHD-73 PHD-74 PHD-75

D-Glucose + + + + + w + + + + w + +
D-Mannose + + w + + + + + w + w + +
D-Galactose - - - - - - - - - - - - -
D-Fructose - - - - - - - - - - - - -
L-Sorbose - - - - - - - - - - - - -
D-Xylose - - - - w - - - - - - - ;
D-Arabinose - - - - - - - - - - - . .
L-Arabinose - - w w - - w - - W - - -
L-Rhamnose - - - - - - - - - - - - -
D-Mannitol - - - - - - - - - - - - -
D-Sorbitol - - - - - - - - - - - - -
Dulcitol - - - - w - - w - - - - -
meso-Erythritol - - - - - - - - - i, - - -
Glycerol - - - - - - - - - - - - ;
Maltose - - - - - - - - - - - - -
Lactose - - - - - - - - - - - - -
Melibiose - - - - - - - - - - - - R
Sucrose - - - - - - - - - - - - -
Raffinose - - - - - - - - - - - - R
Ethanol w w + + + w w w + + w w +
D-Arabitol - - - - - - - - - - R . .
L-Arabitol - - - - - - - - - - R . .
meso-Ribitol - - - - - - - - - - - - -

+, positive; - negative; w, weak

6Ll



Table B-2 Acid formation from various carbon sources of 147 isolamstinued)

Group Group 3 Group 4

Carbon sources G374-3 G375-4 PHD-16 PHD-17 PHD-18 PHD-25 PHD-26 PHD-63 PHD-91 PHD-92 | GU1-1  GU1-3 G379-4

D-Glucose + + + + + + + +
D-Mannose + + + + + + +
D-Galactose + + + + +

D-Fructose
L-Sorbose
D-Xylose -
D-Arabinose
L-Arabinose -
L-Rhamnose - - - w w - - - - - - - -
D-Mannitol - - - - - - - - - - R - -
D-Sorbitol - - - - - - - - - - R - -
Dulcitol - -
meso-Erythritol
Glycerol
Maltose
Lactose
Melibiose
Sucrose -
Raffinose - - - - - - - - - - R - R
Ethanol - - - - w - - - - - - - i,
D-Arabitol - - - - - - - - - - - - .
L-Arabitol - - w w - - W - - w - - -
meso-Ribitol - - - - - - - - - - - - -

+ 4+ 4+ 4+
+ + + = + +
S + + + + +
+ o+ v
+ + + = + +
s + + 4+ +
+ 0+
+ o4
0
+ o+
< \
n \
+ 4+ + 4+ 4+

=+
=+
]
]
|
=+
+
1
]
|
]

o
o g
s o
Yo+ o+
Yo+ o+
' =
'+ + =
' +
! +
'+ + =
' =
! +

+

=
=
=
=

+, positive; - negative; w, weak

0cl



Table B-2 Acidformation from various carbon sources of 147 isol&testinued)

Group Group 4 Group 5

Carbon sources G380-2 G355-1 PHD-3 PHD-5 PHD-7 PHD-8 PHD-9 PHD-13 PHD-44 PHD-45 GB23-1 PHD-4 PHD-6

D-Glucose + + + + + + + + + + + + +
D-Mannose + + + + + +
D-Galactose + + + + + +
D-Fructose + + + + + +
L-Sorbose
D-Xylose -
D-Arabinose - - - - - - - - - - R - R
L-Arabinose - - - - - - - - - - - - -
L-Rhamnose - - - - - - - - - - - - -
D-Mannitol - - - - - - - - - - - - -
D-Sorbitol - - - - - - - - - - - - _
Dulcitol - - - - - - - - - - - - -
meso-Erythritol - - - - - - - - - - - - -
Glycerol - - - w - w - - w - - - -
Maltose - - - - - - - - - - - - R
Lactose - - - - - - - - - - - - -
Melibiose - - - - - - - - - - - - -
Sucrose - - - - - - - - - - - - i
Raffinose - - - - - - - - - - - - -
Ethanol - - - - - - - - - - - - -
D-Arabitol - - - - - - - - - - R - R
L-Arabitol - - - - - - - - - - - - -
meso-Ribitol - - - - - - - - - - R - -

+ + + + +
+ + + + +
+ + + + +

+ + +
+ + +

+, positive; - negative; w, weak

Lcl



Table B-2 Acid formation from various carbon sources of 147 isolamstinued)

Group

Group 5

Group 6

Group 7

Carbon sources

PHD-42

PH108-1

T™M7-1

TM7-3

PHD-14

PHD-15

PHD-61

PHD-62

PHD-72

PHD-84 PHD-85 PHD-86

PHD-87

D-Glucose
D-Mannose
D-Galactose
D-Fructose
L-Sorbose
D-Xylose
D-Arabinose
L-Arabinose
L-Rhamnose
D-Mannitol
D-Sorbitol
Dulcitol
meso-Erythritol
Glycerol
Maltose
Lactose
Melibiose
Sucrose
Raffinose
Ethanol
D-Arabitol
L-Arabitol
meso-Ribitol

+

+
+
+

+

+
+
+

+

+
+
+

+

+
w
+

+

+
+
+

+

+ + =

+ + +

=

+ + =

=

+

+
+
+

=

+

o+ o+

s =

+

+
+
+

+

+
+
+

+

+
+
+

+, positive; - negative; w, weak

ccl



Table B-2 Acid formation and various carbon sources of 147 isoletesginued)

Group Group 8 Group 10
Carbon sources SL22-1 G379-3 G380-4 G379-5 | G360-1 G361-1 G362-1 | GB222-1 GB223-3 AP59-1 AP59-2 PHD-30 PHD-31
D-Glucose + + + + + + + + + + + + +
D-Mannose + + + + + + + - - - - - -
D-Galactose + + + + w w + + + + + + +
D-Fructose + + + + + + + + + + + + +
L-Sorbose - - - - - - - - - - - - -
D-Xylose - - - - - - - + + + + + +
D-Arabinose w - - - - - - + + + + + +
L-Arabinose - - - - - - - + + + + + +
L-Rhamnose - - - - - w - + + + + + +
D-Mannitol - - - - - - - + + + + + +
D-Sorbitol - - - - - - - + + + + + +
Dulcitol - - - - - - - - - - - - -
meso-Erythritol - - - - + + + + + +
Glycerol + + + + + + + + + + + + +
Maltose - - - - - - - + + + + + +
Lactose - - - - - - - - - - - - -
Melibiose - - - - - - - - - - _ ) -
Sucrose w - - - - - w + + + + + +
Raffinose - - - - - - - + + + + + +
Ethanol + w + + + - + - w w - - -
D-Arabitol - - - - - - - - - - - - -
L-Arabitol - - - - - - - + + + + + +
meso-Ribitol - - - - - - , + + + + + +

+, positive; - negative; w, weak

ecl



Table B-2 Acid formation from various carbon sources of 147 isolétestinued)

Group Group 10 Group 11 Group 12
Carbon sources PHD-66 PHD-67 | GB132-1 F143-1 GB125 GB126 GB127 GB223-2 PHD-28 PHD-29 | PHD-11 PHD-21 PHD-22
D-Glucose + + + + + + + + + + + + +
D-Mannose - - + + + + + w w + + w +
D-Galactose w w + + + w W + + + + W +
D-Fructose + + + + + + + + + + + + +
L-Sorbose - - - - - - - - - - - - -
D-Xylose + + + + + + + + + + + + -
D-Arabinose w w + + + - - - - + + + .
L-Arabinose + + + + + + + + + + + -
L-Rhamnose + + - - - - - - - - - - -
D-Mannitol + + + + + + + + + w w + +
D-Sorbitol + + + + - - - - + + + W +
Dulcitol + - w W w + + + w W + W w
meso-Erythritol + + + + + + + + + + + W -
Glycerol + + + + + + + + + W w + -
Maltose + + - - - - - - - - - - -
Lactose - - + + - - - - - + + + -
Melibiose - - + + + + + + + + + + -
Sucrose + + + + + + + + + + + + -
Raffinose + + - - - - - - - - - - -
Ethanol w w + w W - - w w w + - -
D-Arabitol - - + + + + + + + + + + -
L-Arabitol + + + + + + - - - - - + -
meso-Ribitol + + + + + + + + + - - - -

+, positive; - negative; w, weak

vl



Table B-2 Acid formation from various carbon sources of 147 isol&testinued)

Group Group 12 Group 13

Carbon sources PHD-36 PHD-39 PHD-40 PHD-10 PHD-19 PHD-20 PHD-27 PHD-41 PHD-55 PHD-59 PHD-60 PHD-81 PHD-82

D-Glucose + + + + + + +
D-Mannose + +
D-Galactose
D-Fructose
L-Sorbose
D-Xylose
D-Arabinose
L-Arabinose
L-Rhamnose
D-Mannitol
D-Sorbitol
Dulcitol
meso-Erythritol
Glycerol
Maltose
Lactose
Melibiose
Sucrose
Raffinose
Ethanol
D-Arabitol
L-Arabitol
meso-Ribitol

+ + + +
+ + + +
+ + + +

.
S o+ o+ 4+ o+
S 4+ o+ 4+ o+
-

s = +
'S o+ 4+ + o+
.

s + +
= + +
2 + +
2 + +

1
+ 4+ + o
1 | I B |

+ + +
S s+ ++++= ++= +S +2 + + + +

Ss++++=2 2 ++2+s + 2+

S +++++ss++++5 5 s
S +++++=S ++ 4+ 4+ + 4+

S s+ ++++Ss ++SsSS++SsS ++=++ + 4+
SsS+++++S++sSssS++sSs++=++ + +
S s=s+s++ss+++= ++ =5 =

S sE+s++sss+++=2 ++2 = =

=
=
= ==
= ==

+, positive; - negative; w, weak

Gcl



Table B-2 Acid formation from various carbon sources of 147 isolata#inued)

Group Group 13 Group 14 Group 15 Group 16
Carbon sources PHD-43 PHD-83 PHD-88 | RBY-1 PHD-1 PHD-2 ZW160-2 LC155-1 LG156-2 JJ157-2 PHD-46 PHD-47 PHD-52 PHD-64

D-Glucose + + + + + + + + + + + + + +
D-Mannose + + + + + + + + + + w + + +
D-Galactose + + + + + + + + i ¥ + + + +
D-Fructose + + + + + + + + + + + + + +
L-Sorbose + + - . w w w w + + - +
D-Xylose + + - + + + + + + + + + + w
D-Arabinose + + - + + + - - - - + + + w
L-Arabinose + + - + + + + + + + + + - +
L-Rhamnose + + - w w w - - - - + + + +
D-Mannitol + + + w w w + + + + w w + +
D-Sorbitol + + + + + + + + + w w + +
Dulcitol w w w - - - - - - - + + w w
meso-Erythritol  + + - + + + w w w W + + - +
Glycerol + + + w w w + + + + + + - +
Maltose + + + w w w - - - - + + + +
Lactose + + + - - - + + + + + + + +
Melibiose + w + - - - + + + + + + - +
Sucrose + w + + + + - - - - - - - -

Raffinose w + + + + + - - - - - + + -

Ethanol w + - + + + + + + + - - - -

D-Arabitol + + - w w w + + + + - + + -

L-Arabitol + + - W w w + + + + - + + -

meso-Ribitol + + w w w w w w w - + + -

+, positive; - negative; w, weak

9cl



Table B-2 Aciddrmation from various carbon sources of 147 isol@testinued)

Group

Group 16

Group 17

Group 18

Carbon sources

PHD-65

PHD-68

PHD-79

PHD-80

PHD-48

PHD-49

PHD-50

PHD-69

PHD-58

GB23-2

GB23-3

D-Glucose
D-Mannose
D-Galactose
D-Fructose
L-Sorbose
D-Xylose
D-Arabinose
L-Arabinose
L-Rhamnose
D-Mannitol
D-Sorbitol
Dulcitol
meso-Erythritol
Glycerol
Maltose
Lactose
Melibiose
Sucrose
Raffinose
Ethanol
D-Arabitol
L-Arabitol
meso-Ribitol

+ 4+ + + 4+ + ++ A+ ++ A+ A+ + S A+

+

+

+
+

+

+ + S

S + + +

+SsS+++sSsS ++++++ 4+ +

+ + + F + F 4+ o+

+

+ o+ +

+

+
+
+

s + +

+ 4+ 4+ 4+ 4+ 4+ +S S 4+ + A+ A+ o+ o+ o+

+ ++= ++++++ 4+ ++++ 4+ s s+ + +

£ s ++ 5 +

£ + s 2"

£ s ++ + + 5

s + + + S ' + 4+ 4+ S ' S S +S 4+ 4+ 5 4+

+ o+ + + + + + 4+

g =

+ 4+ + +

+ + 4+ + 4+ + + o+

£ =

+ + + +

+, positive; - negative; w, weak

lcl



Table B-2 Acid formation from various carbon sources of 147 isqla@esnued)
Group Group 19
Carbon sources PHD-53 PHD-54 PHD-89 PHD-90

D-Glucose
D-Mannose
D-Galactose
D-Fructose
L-Sorbose
D-Xylose
D-Arabinose ;
L-Arabinose ;
L-Rhamnose +
D-Mannitol ;
D-Sorbitol
Dulcitol
meso-Erythritol
Glycerol
Maltose
Lactose
Melibiose
Sucrose
Raffinose
Ethanol
D-Arabitol
L-Arabitol
meso-Ribitol + w

+ o+ + + o+ o+
S S + 4+ + 5 + +
+ + + + + + 5 + +
s £ s ++ + =

+ + = s +

+ + + + + + + + o+ o+
EsssEsg ++ + 5 28

+
+ o+ +

+, positive; - negative; w, weak

8cl
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Table B-3 Acetic acid production when the medium was added by various ethanol
concentrations at 30°C for 3 days.

Ethanol (%) ODggo Acetic acid (%)

0 0.2 0.35

2 0.448 1.03

4 0.543 15

6 0.412 0.75

8 0.319 0.56

10 0.086 0.48
12 0.041 0.33

Table B-4 Acetic acid production when the medium was added by various acetic acid
concentrations at 30°C for 3 days.

Ethanol (%) ODggo Acetic acid (%)
0 0.312 1.49
1 0.39 2.04
15 0.257 1.67
2 0.189 1.178
2.5 0.051 0.05

3 0.085 0.03
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Table B-5 Identification, ADH activity, DHA and-sorbose production

ADH Production of
activity DHA L-sorbose
Isolate no. Source Location Identification (unit/mg) (1) (1))
PHD-14  Jujub® Trad A. ghanensis 2.12 - -
PHD-15  Kaffir limé Changmai A. ghanensis 3.02 - -
PH108-1 Peach Pahumthani  A. ghanensis 2.08 - -
PHD-61 Pineappfe Chantaburi A. ghanensis 2.88 - -
PHD-62 Pineappfe Chantaburi A. ghanensis 3.12 - -
PHD-72  Rose apple Ubon A. ghanensis 2.11 - -
TM7-1*  Tomatd Bargkok A. ghanensis 2.22 - -
TM7-3*  Tomatd Bargkok A. ghanensis 2.34 - -
GU1-1* Fermented starch  Uttaradit A. indonesiensis 3.12 - -
GU1-3* Fermented starch  Uttaradit A. indonesiensis 3.56 - -
G379-4* Fermented starth Uttaradit A. indonesiensis 2.46 - -
G380-2* Fermented starth Uttaradit A. indonesiensis 2.66 - -
PHD-3 Guava Kanchanaburi A. indonesiensis 2.05 - -
PHD-5 Guava Kanchanaburi A. indonesiensis 2.54 - -
PHD-7  Guava Ubon A. indonesiensis 2.28 - -
PHD-8 Hog Plurh Nongkhai A. indonesiensis 2.72 - -
PHD-9 Ixoria / Ixora Rayong A. indonesiensis 2.58 - -
PHD-13  Jujub® Trad A. indonesiensis 2.75 - -
Khao-mak
G355-1*  (sweeted rice) Nakonpathom A. indonesiensis 2.05 - -
PHD-44 Musk-meloh Saraburi A. indonesiensis 2.99
PHD-45 Musk-meloh Saraburi A. indonesiensis 2.56
G375-4* Fermented starth Uttaradit A. lovaniensis 3.87 - -
G374-3* Fermented starth Uttaradit A. lovaniensis 3.96
PHD-16 Kaffir lime Changmai A. lovaniensis 4.05
PHD-17 Kaffir lime Saraburi A. lovaniensis 4.45
PHD-18 Kaffir lime Saraburi A. lovaniensis 3.66
PHD-25 Longah Rayong A. lovaniensis 2.58
PHD-26 Longah Rayong A. lovaniensis 2.65
PHD-63 Pineappfe Chantaburi A. lovaniensis 3.12
PHD-91 Tamarind Chantaburi A. lovaniensis 3.48
PHD-92 Tamarind Chantaburi A. lovaniensis 2.89
PHD-12  Jujub® Trad A. orientalis 3.16
KL13-2*  Kaffir lime? Bangkok A. orientalis 3.98
KL13-3*  Kaffir lime? Bangkok A. orientalis 4.21
Loog-pang
LP120-2* khaomaR Pathumthani A orientalis 4.55
PHD-34  Mangd Bargkok A. orientalis 3.89
PHD-35  Mangd Bargkok A. orientalis 3.66
PHD-37  Mangd Nontaburi A. orientalis 3.12
PHD-38  Mangd Nontaburi A. orientalis 2.89
MM129-2*  Musk-meloA Bangkok A orientalis 3.15
PHD-51  Orange Khon Kaen A orientalis 3.45
PHD-73  Rumbutan Khon Kaen A. orientalis 3.33
PHD-74  Rumbutah Khon Kaen A orientalis 4.56

'Flower,?Fruit, *Other materials
*|solates from Dr.Somboon Tanasupawat (51 isolates)



Table B-5 Identification, ADH activity, DHA and-sorbose productiofcontinued)
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ADH Production of
activity DHA L-sorbose
Isolate no. Source Location Identification (unit/mg) (1) (g
PHD-75  Rumbutah Khon Kaen A orientalis 4.12 - -
PHD-84 Star fruft Chantaburi A. orleanensis 3.16 - -
PHD-85 Star fruft Chantaburi A. orleanensis 2.88 - -
PHD-86  Strawberry Trad A. orleanensis 3.11 - -
PHD-87  Strawberry Trad A. orleanensis 2.14 - -
BB90-1*  Banana Bangkok A. pasteurianus 4.85 - -
G375-3* Fermented starth Uttaradit A. pasteurianus 4.23 - -
G377-1* Fermented starth Uttaradit A. pasteurianus 4.48 - -
G377-2* Fermented starth Uttaradit A. pasteurianus 5.53 - -
G378-1* Fermented starth Uttaradit A. pasteurianus 5.66 - -
G378-2* Fermented starth Uttaradit A. pasteurianus 4.12 - -
G378-4* Fermented starth Uttaradit A. pasteurianus 4.83 - -
G379-2* Fermented starth Uttaradit A. pasteurianus 4.67 - -
G380-1* Fermented starth Uttaradit A. pasteurianus 5.12 - -
G363-1* Fermented starth Uttaradit A. pasteurianus 5.39 - -
G379-6* Fermented starth Uttaradit A. pasteurianus 4.22 - -
Khao-mak
G352-1*  (sweeted rice) Nakonpathom A. pasteurianus 4.02 - -
PHD-23 Little Yellow Staf  Rayong A. pasteurianus 7.01 - -
PHD-24 Little Yellow Staf  Rayong A. pasteurianus 5.89 - -
LG5-1* Longart Bargkok A. pasteurianus 4.48 - -
LG6-1*  Longarf Bargkok A. pasteurianus 7.52 - -
PHD-32 Mang6 Khon Kaen A. pasteurianus 4.63 - -
PHD-33 Mang6 Khon Kaen A. pasteurianus 5.08 - -
MG70-1*  Mangd Bargkok A. pasteurianus 4.88 - -
PHD-56  Peach Bangkok A. pasteurianus 5.68 - -
PHD-57  Peach Bargkok A. pasteurianus 5.06 - -
PHD-70 Red Grage Rayong A. pasteurianus 4.96 - -
PHD-71 Red Grage Rayong A. pasteurianus 5.33 - -
PHD-76  Salas Rayong A. pasteurianus 4.89 - -
PHD-77  Salas Rayong A. pasteurianus 4.75 - -
PHD-78  Salas Rayong A. pasteurianus 3.89 - -
SL21-2*  Sapodilla Bangkok A. pasteurianus 6.89 - -
G379-3* Fermented starth Uttaradit A. syzyqgii 3.08 - -
G380-4* Fermented starth Uttaradit A. syzyqgii 2.24 - -
G379-5* Fermented starth Uttaradit A. syzyqgii 3.56 - -
3.02
SL22-1*  Sapodilla Bangkok A. syzygii - -
PHD-4 Guava Kanchanaburi  A. tropicalis 2.24 - -
PHD-6 Guava Ubon A. tropicalis 3.14 - -
PHD-42 Musk-meloh Bangkok A. tropicalis 2.34 - -
Soathodea
GB23-1*  campanulata® Bangkok A. tropicalis 2.24 - -

Flower, ?Fruit, *Other materials
*|solates from Dr.Somboon Tanasupawat (51 isolates)



Table B-5 Identification, ADH activity, DHA and-sorbose productiofcontinued)
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ADH Production of
activity DHA L-sorbose
Isolate no. Source Location Identification (unit/mg) (1) (g
Acetobacter sp.
G360-1* Fermented starth Uttaradit nov. 2.06 - -
Acetobacter sp.
G361-1* Fermented starth Uttaradit nov. 2.44 - -
Acetobacter sp.
G362-1* Fermented starth  Uttaradit nov. 2.89 - -
PHD-46 Night Jasmirte Rayong As. bogorensis - - -
PHD-47 Night Jasmirte Rayong As. bogorensis - - -
PHD-52 Pagoda flowér Rayong As. bogorensis - - -
PHD-64 Plumeria flowér Chonburi As. bogorensis - - -
PHD-65 Plumeria flowér Chonburi As. bogorensis - - -
PHD-68 Quassia Rayong As. bogorensis - - -
PHD-79 Sapodilla Chantaburi As. bogorensis - - -
PHD-80 Sapodilla Chantaburi As. bogorensis - - -
PHD-48  Night Jasmirte Saraburi As. siamensis - - -
PHD-49  Orange Khon Kaen As. siamensis - - -
PHD-50  Orange Khon Kaen As. siamensis - - -
PHD-58  Periwinklé Rayong As. siamensis - - -
PHD-69  Quassia Rayong As. siamensis - - -
Spathodea As. spathodeae
GB23-3  campanulata® Bangkok sp.nov. - - -
Spathodea As. spathodeae
GB23-2  campanulata® Bangkok sp.nov. - - -
AP59-1*  Applé Bargkok G. frateurii - 33.24 48.39
AP59-2*  Applé Bargkok G. frateurii - 29.65 40.53
GB222-1* Guava Bargkok G. frateurii - 25.41 38.59
PHD-30 Longah Trad G. frateurii - 25.43 39.68
PHD-31  Longah Trad G. frateurii - 28.02 38.54
PHD-66  Pum mefo Ubon G. frateurii - 33.12 36.58
PHD-67  Pum mefo Ubon G. frateurii - 30.08 33.89
GB223-3*  Sugar appfe Bangkok G. frateurii - 28.35 42.45
F143-1 Canna indica® Bangkok G. japonicus - 20.19 28.52
PHD-28 Longah Changmai G. japonicus - 25.33 25.44
PHD-29 Longah Changmai G. japonicus - 28.22 26.31
GB132-1* Manila tamarifd  Bangkok G. japonicus - 23.22 30.52
GB125* Plum mangd Nakonpathom G. japonicus - 19.99 25.22
GB126* Plum mangd Nakonpathom G. japonicus - 23.12 23.21
GB127* Plum mangd Nakonpathom G. japonicus - 22.44 22.11
GB223-2*  Sugar appfe Bangkok G. japonicus - 20.05 20.05
G. nephdlii
PHD-1 Litch? Roie sp.nov. - 30.41 26.53
G. nephdlii
PHD-2 Litch? Roie sp.nov. - 29.89 20.31
G. nephdlii
RBY-1 Rambutah Bangkok sp.nov. - 30.28 22.48
PHD-10  Jackfruft Nongkhai G. oxydans - 28.45 19.56
PHD-19  Kaffir limé& Khon Kaen G. oxydans - 32.32 18.45

Flower, *Fruit, *Other materials
*|solates from Dr.Somboon Tanasupawat (51 isolates)
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ADH Production of
activity DHA L-sorbose
Isolate no. Source Location Identification (unit/mg) (g (ol
PHD-20 Kaffir lime Khon Kaen G. oxydans - 35.44 16.44
PHD-27  Longah Changmai G. oxydans - 42.52 28.28
PHD-41 Mangosteén Trad G. oxydans - 33.56 25.33
PHD-43 Musk-meloh Bangkok G. oxydans - 37.58 15.77
PHD-55 Papaya Phiket G. oxydans - 32.78 20.89
PHD-59 Petunia Chonburi G. oxydans - 40.33 25.56
PHD-60 Petunia Chonburi G. oxydans - 39.69 23.12
PHD-81  Sapodilla Trad G. oxydans - 35.36 20.96
PHD-82  Sapodilla Trad G. oxydans - 40.12 29.36
PHD-88  Strawberry Trad G. oxydans - 28.42 26.33
PHD-11  Jackfruft Nongkhai G. thailandicus - 32.44 28.96
PHD-21 Langsat Chantaburi G. thailandicus - 36.58 30.28
PHD-22 Langsat Chantaburi G. thailandicus - 25.24 33.58
PHD-36 Mangd Bargkok G. thailandicus - 28.32 35.42
PHD-39 Mangosteén Trad G. thailandicus - 31.2 28.19
PHD-40 Mangosteén Trad G. thailandicus - 27.65 22.14
PHD-53 Palm juice Nongkhai Ga. liquefaciens - - -
PHD-54 Palm juice Nongkhai Ga. liquefaciens - - -
PHD-89 Sugar apple Chantaburi Ga. liquefaciens - - -
PHD-90 Sugar appfe Chantaburi Ga. liguefaciens - - -
Gluconobacter
JJ157-2*  Jujubke Bargkok sp.nov. - 22.86 18.46
Gluconobacter
LC155-1*  Lich? Bargkok sp.nov. - 28.71 20.98
Gluconobacter
LG156-2*  Longah Bangkok sp.nov. - 25.12 19.88
Rakam Zalacca Gluconobacter
ZW160-2*  wallichiana)? Bangkok sp.nov. - 25.98 21.35

Flower, ?Fruit, *Other materials
*|solates from Dr.Somboon Tanasupawat (51 isolates)
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Table B-6L-sorbose and DHA production from Gluconobactep. €ontinued)

Production of

Strains L-sorbose(g/l) DHA (g/l)
PHD-88 26.33 28.42
RBY-1 22.48 30.28
PHD-1 26.53 30.41
PHD-2 20.31 29.89
ZW160-2 21.35 25.98
LC155-1 20.98 28.71
LG156-2 19.88 25.12
JJ157-2 18.46 22.86

Table B-7 DHA production from G. oxydans isolate PHD-80.

Culture periods (h) DHA (g/l) Optical Density at 600 nm

0 0 0.5
12 5 1.21
24 10 1.58
36 13 1.93
48 21 1.94
60 33 2

72 38 2.1
84 43.2 2.1

96 44.08 21
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APPENDIX C

REAGENTS FOR DNA EXTRACTION AND PURIFICATION
DETERMINATION OF DNA BASE COMPOSITION, DNA-DNA HYBRIDIZATION
AND DNA SEQUENCING

1. DNA extraction and DNA base composition

1.1 Saline -EDTA
NacCl 8.76 g
EDTA 37.22 g
NaCl and EDTA were dissolved in 1 L ultra pure water and adjusted
the pH 8.0 by adding N HCI and then steriled by autoclaving at 121 °C, 15

pounds/inch pressure,for 15 min.

1.2 10% (W/V) SDS
Sodium dodecyl sulphate 10 g
Distilled water 90 mi

Dissolved and made up to 100 ml with distilled water.

1.3 Phenol: Chloroform (1:1, v/v)

Crystalline phenol was liquidified in water bath at 65°C and mixed with
chloroform in the ratio of 1:1 (v/v). The solution was stored in a light tight
bottle.

1.4 20X SSC (20 x standard saline citrate)

NaCl 17.5 g
Sodium citrate 8.8 g
Distilled water 1 L

Adjusted pH to 7.0 and steriled by autoclaveing at 121 °C 15 I inch
pressure, for 15 minutes. Note: To prepare 0.1x SSC and 0.2x SSC, the 20x SSC

were diluted at 200 and 100 times, respectively before used.
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1.5 RNase A solution
RNease A 20 mg
0.15MNaCl 10 ml
Dissolved 20 mg of RNase A in 10 ml 0.15 M NaCl and heated at
95°C for 5-10 min. Kept in -20°C.

1.6 0.1M Tris-HCI (pH 8.0)
Tris(hydroxymethyl)aminomethane 1.21 g
Distilled water 90 ml
Dissolved and adjusted to pH 8.0 by adding 0.1 N HCI. Made to 100

ml with distilled water.

1.7 RNase T1 solution
RNase T1 80 ul
0.1 M Tris-HCI (pH 7.5) 10 mi
Mixed 80 ul of RNase T1 in 10 ml of 0.1 M Tris-HCI (pH 7.5) and
heated at 95°C for 5 min. Kept in -20°C.

1.8 Nuclease P1 solution
Nuclease P1 0.1 mg
40 mM CHCOONa + 12 mM ZnSQ(pH 5.3) 1 ml

Dissolved and stored at 4°C.

1.9 Alkaline phosphatase solution
Alkaline phosphatase 2.4 units
0.1 M Tris-HCI (pH 8.1) 1 mi

1.10 Proteinase K
Proteinase K (Sigma) 4 mg
50 mM Tris-HCI (pH 7.5) 1 mi

(Use freshly prepared solution)
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1.11 3M Sodium acetate pH 5.2

To 800 ml of distilled water, 408.1 g of sodium acetate was added and
adjusted the pH to 5.2 with glacial acetic acid. The volume was adjusted to 1 litre.

The solution was sterilized by autoclaving for 15 minutes at 15'b/in

1.12 TBouffer

1M Tris-Cl (pH 8.0) 4 ml
1 m M Na-EDTA (pH 8.0) 1.6 mi
dHO 3944 ml

2. DNA-DNA hybridization

2.1 Phosphate-buffer saline (PBS)

NacCl 8.00 g
KCI 020 g
KH.PO, 012 g
Na,HPOy(anhydrous) 091 g
Distilled water 1 L

Steriled by autoclaveing at 121 °C, 15pounds/inch 2 pressure, for 15 minutes

2.2 20X SSC (20 x standard saline citrate)

NacCl 175 g
Sodium citrate 8.8 g
Distilled water 1 L

Adjusted pH to 7.0 and steriled by autoclaveing at 121 °C 15 Ib/

inch? pressure, for 15 minutes

2.3 100X Enhardt solution

Bovine serum albmin (Fraction V) 2 g
Polyvinylpyrrolidone 2 g
Ficoll400 2 ml

Dissolve in 100 ml ultra pure water and was stored at 4 °C until used.
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2.4 Salmon sperm
Salmon sperm DNA 10 mg/ml
Salmon sperm DNA 10 mg was dissolved in 10 Mm Tris + EDTA
buffer pH 7.6 volume 1 ml, boiled for 10 min and then immediately cooled in ice.

Sonicated salmon sperm DNA solution foe 3 min and was store at 4 °C until used.

2.5 Prehybridization solution

100x Denhardt solution 2 mi
10 mg/ml Salmon sperm DNA 1 mi
20x SSC 10 ml
Formamide 50 ml
Distilled water 34 ml

All of ingredients were dissolved in ultra pure water steriled and kept at 4 °C

2.6 Hybridization solution
Prehybridization 100 mi
Dextran sulfate 5 g

Dissolved dextran sulfate in Prehybridization solution and keep at 4 °C

2.7 Solution 1
Bovine serum albumin (Fraction V) 025 g
Triton X — 100 50 i
PBS 50 ml

All of ingredients were mixed and keep at 4 °C

2.8 Solution 2
Strepavidin —POD conjugate 1 il
Solution1 4 ml
Dissolved Strepavidin- POD conjugate in solution 1 before used. The

solution 2 was freshly prepared.



139

2.9 Solution 3
3,3,5,5' Tetramenthylbenzidine (TMB)
(20 mg/ml in DMFO) 100 ml
0.3% HO, 100 ml

0.1 Mcitric + 0.2 M NaHPQ, buffer pH 6.2 in 10% DMFO 5 ml

All of ingredients were mixed and used. The solution 3 was freshly

3. HPLC conditions for DNA base composition analysis

Table C-1 HPLC conditions for DNA base composition analysis

Detector wave length 270 nm

Column

Nakarai Cosmosil packed column fC1L50x4.6 mm)

Column temperature

Room temperature

Eluent 0.2 M NHH,PGO, : acetonitrile (20:1, v/v)
Flow rate 1 ml/min
Sample 5-10pl

4. Primers for DNA amplification and sequencing

For 16S rRNA gene seguencing

20F
1500R
520F
520R
920F
920R

(5-GAG TTT GAT CCT GGC TCA G*-3)
(5-GTT ACC TTG TTA CGA CTT*-3)
(5-CAG CAG CCG CGG TAA TAC-3)
(5-GTA TTA CCG CGG CTG CTG-3)
(5-AAA CTC AAA TGA ATT GAC GG-3)
(5-CCG TCA ATT CAT TTG AGT TT-3)

For 16S-23S rRNA gene sequencing

1522F

38R

Talaf

Talar

(5 TGC GG(CIT) TGG ATC ACCTCC T 3)
(5 GTG CC(A/T) AGG CAT CCACCG 3)
(5 AGAGCACCTGCTTTG CAA 3)

(5 ACC CCC TGC TTG CAA A 3"
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APPENDIX D
REAGENTS AND STANDARD ASSAY FOR OXIDATIVE PRODUCTIONS

1. Determination of protein (Lowry et al., 1951)
The protein and soluble peptide content was measured by the method of
Lowry et al. (1951) with bovine serum albumin (BSA) as standard.
1.1 Reagents
A: 2% sodium carbonate in 0.1N NaOH
B: 0.5% CuSQ@.5H,0 in 1% sodium citrate
C. 1 N Folin-Ciocalteu's phenol reagent (2N Folin Phenol was diluted with
distilled water to the final concentration in 1N, the solution should be
freshly prepared before use.)
D: 1 ml Reagent B + 50 ml Reagent A (or similar ratio) Make up
immediately before use.

1.2 Procedure

1.2.1. Place 0.1 ml of proper dilution of culture broth (for protein
determination) or clear supernatant of reaction mixture (for soluble
peptide determination)

1.2.2. Add 1 ml of Reagent D into the tube and vortex immediately.
Incubate at room temperature for 10 min3. After the 10 min
incubation, add 0.1 ml of Reagent C to sample and vortex
immediately. Incubate 30 min at room temperature.

1.2.3 Absorbance (OD) of samples was measured at 750 nm.
Concentrations of the samples were compared to the standard curve
for determination of values. Distilled water was used instead of
sample as a blank.

1.3 Preparation of standard curve of BSA
Standards of 0, 0.1, 0.2, 0.3, 0.5, 0.7 and 1.0 mg/ml were prepared from BSA
The reactions were carried out with the same procedure as described previously.

Absorbances were plotted against concentrations of standards.
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Standard curve of Bovine serum albumin (BSA)

.

y=1.0884x + 0.1173

Absorbance 750 nm

)
R =0.9929

0.6 0.8 1 1.
BSA (mg/mi)

=

|\
=
T

o

2. Acetic acid and ethanol analysis by Gas Chromatography (GC)
2.1 Gas Giromatography (GC)

Detector Flame lonization Detector (FID)
Flaming gas kHand N
Injection vol. 2 pul

Standard curve of Ethanol

4500000~

4000000+

3500000+

3000000+

2500000+

y=711869x - 151227
R® = 0.9964

2000000+

1500000+

1000000+

500000+

0
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Standard curve of acetic acid

3000000+

2500000+

2000000+

y = 490613x - 151772
R® = 0.9976

1500000+

1000000+

500000+

3. Dihydroxyacetone (DHA) assay
3.1 Preparation of diphenylamine
Dissolved diphenylamine 0.6 g in 6 ml of 98% sulfuric acid and added solution into

54 ml of conc. 99% acetic acid, mixed well. Keep solution in dark bottle.

3.2 Methods assay for standard curve of Dihydroxyacetone (DHA)
0, 10, 20, 30, 40, 50 ul of 0.1M DHA
Added dHO uﬁtil final vol. 500 pl
Added diphenyl*imine 2.5 pl, Mix
Incubated 8C-in water bath, 20 min
Stoped reaction with ice box, 5 min
O 15
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Standard curve of Dihydroxyacetone (DHA)

4.5

a
3.5
3
2.5

y=0.078x+0.171
RZ=0.991

1.5

Absorbance 615 nm
[ %]

O . T
1] 10 20 30 40 50

Concentration of DHA {mM)

4.1-Sorbose assay
4.1 Preparation of resorcinol
Dissolved resorcinol 0.5 g in 100 ml of gbland added 3.5 ml of solution into 12 mi

of corc. HCI and then added 19.5 ml g mixed well. Keep solution in dark bottle.

4.2 Methods assay for standard curve of-Sorbose
0, 25, 50, 75, 10024, 150 pl of 0.1M.-sorbose
Added dEO until ﬁnal vol. 500 ul
Added esorcihol 2.5 ml, Mix
Incubated in Watgr bath 80°C, 10 min
Stoped reactio*n in ice bath 5 min
oD 180 nm

Standard curve ofL-Sorbose

18 -
16 A

~
14 - e
~
1.2
1 //‘/\,m 0.054x% + 0.022

0.8 - e R*=0.998
06 - o

04 - ~
0.2 - ~

0¥ | | | I | 1
0 5 10 15 20 25 30

Absorbance 480 nm

Concentration of L-sorbose {mM)




5. Potato medium
D-glucose
Yeast extract
Polypeptone
Glycerol

Potato extract

(filled to 1 liter with tap water)

6. 1M Ethanol
Absolute ethanol
dH,0

7. Mcllvaine buffer; McB, pH 5.0
50 mM Citric acid
100 mM NaHPO,.12H,0

8. 0.1M Ferricyanide solution
Potassium hexacyanoferrate Il
dH,O

9. Dupanol reagent
F&(SOy)s.H0
DS
85% phosphoric acid

5
10
10
20
100

2.916
47.08

9.7
10.3

3.29
100

93

(fill up to 1L with DW)

10. YE medium
Yeast extract
Ethanol

11. YEA medium
Yeast extract
Ethanol

Acetic acid

0.3
0-12

0.3

1-3

144

mi

ml

ml

ml

ml

mi

ml

%
%

%
%
%



12. DHA production medium
Glycerol

Yeast extract

13. L-sorbose production medium(Moonmangmee et al 2000)

D-sorbitol
Peptone

Yeast extract

(pH 5.0)

(pH 5.0)

5
0.3
0.3

%
%

%
%
%

145
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APPENDIX E

NUCLEOTIDE SEQUENCES OF REPRESENTATIVE STRAINS

1. 16S rDNA sequence

1.1 GB23-1 (AB470916)

TGAGT TTGATCCTGGCT CAGAGCGAACGCT GGCEECATGCT TAACT CATGCAAGT CGCACGAAGGTTTC
GCCCTTAGT GECGGACGGEGT GAGT AACCCGTAGGAAT CTAT CCAT GGGT GGGEGATAACT CTGGGAAAC
TGGAGCTAATACCGCATGATACCT GAGGEGT CAAAGGECGTAAGT CGCCT GT GTAGGAGCCT GCGT TCGAT
TAGCTTGT TGGT GGGGTAAT GECCTACCAGGCTATGATCGATAGCT GGTCTGAGAGGATGATCAGCCAC
ACTTGGACT GAGACACGGCCCAGACT CCTACGCGAGCCAGCAGT GGGGAATAT TGGACAAT GGGGGCAA
CCCTGATCCAGCAATGCCACGT GT GTGAAGAAGGT TTTCGGATTGT AAAGCACT TTCGGECGEGEGACGAT
GATGACGGT ACCCGCAGAAGAAGCCCCGGECTAACT TCGT GCCAGCAGCCGCGGT AAT ACGAAGGEEEECT
AGCGT TGCTCCGAAT GACT GGGCGT AAAGGECGT GTAGECGGT TTGTACAGT CAGAT GTGAAATCCCCG
GGCTTAACCT GGGAGCTGCATTTGATACGT GCAGACTAGAGT GT GAGAGAGGGT TGTGGAAT TCCCAGT
GTAGAGGTGAAATTCGTAGATAT TGCGAAGAACACCGGT GACGAAGGCGEECAACCTGEGCTCATGANT GA
NGCTGAGGCGCGAAAGCGT GGEGAGCAAACAGGAT TAGATACCCT GGTAGT CCACGCT GTAAACGATGT
GNGCTGGATGT TGGGECAACT TAGT TGT TCAGT GT CGT AGCT AACGCGAT AAGCACACCGCCT GGGGAGT
ACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGCEGEEECCCCCACAAGCCGT GGAGCATGTGGT TTAAT
TCGAAGCAACGCGCAGAACCTTACCAGGEGCT TGTATGT GTAGGCT GT GTCCAGAGATGGGECATTTCCCG
CAAGGGACCTACAGCACAGGT GCTGCATGCECTGI CGTCAGCTCGTGTCGTGAGATGT TGEGT TAAGTCC
CGCAACGAGCGTAACCCCTATCTTTAGI TGCCAGCATGI TTGGGT GEGCT CTCTAGAGAGACT GCCGGT
GACAT GCCGGAGGAAGGT GCGEGAT GTCGT CAAGT CCTCATGECCCTTATGTCCTGTGCTACACACGT TC
TACAAT GECGGT GACAGT GGGAATCTAGAT GGCGACAT CGTGCTGATCTCTAAAAGCCGTCTCAGI TCG
GATTGCACTTTGCAACT CGAGT GCATGAAGGT GGAAT CCCTAGT AAT CGCGGATCAGCATGCCTCGGT G
AATACGT TCCCGEECCT TGTACACACCGCCCGT CACACCATGEGAGT TGGT TTGACCT TAAGCCGGTGA
GCGAACCCAGCAAT GEGECGCAGCCGACCACGGT CGEGT CAGCGACT GEGGT GAAGT CGTAACAAGENA
CA

1.2 KL13-3 (AB470917)

TGAGT TTGATCCTGGECT CAGAGCGAACGCT GGCEECATGCT TAACACATGCAAGT CGCATGAAGGTTTC
GGCCTTAGT GGT GGACGGEGT GAGT AACGCGT AGGAATCTATCCATGGGT GTGGGATAACT CTGGGAAAC
TGGAGCTAATACCCCT TGATACCT GAGGEGT CAAAGGECCCGAGT CGCCTGT GTAGGAGCCTGCGT TTGAT
TAGCTTGT TGGT GGGGT AATGGCCTACCAAGGCGAT GATCAATAGCT GGT CTGAGAGGATGATCAGCCA
CACTGGGACT GAGACACGGECCCAGACT CCTACGCEGAGGCAGCAGT GGEGAATAT TGGACAAT GGGGEGCA
ACCCTGATCCAGCAATGCCACGT GT GTGAAGAAGGT TTTCGGATTGTAAAGCACT TTCGACGGEGEGACGA
TGATGACGGT ACCCGTAGAAGAAGCCCCGCECTAACT TCGT GCCAGCAGCCGCGGTAAT ACGAAGGEEEEC
TAGCGT TGCTCGGAAT GACT GGGCGT AAAGGGECGT GTAGGECGGT TTGTACAGT CAGATGT GAAATCCCC
GGCCTTAACCT GGGAGCTGCATTTGATACGT GCAGACT AGAGT GT GAGAGAGGGT TGTGGAATTCCCAG
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TGTAGAGGT GAAATTCGTAGATAT TGCGAAGAACACCGGT GGCGAAGGCGECAACCTGECTCATAACT G
ACGCT GAGCCGCGAAAGCGT GGGGAGCAAACAGGAT TAGATACCCTGGTAGI CCACGCTGTAAACGATG
TGTGCTAGATGT TGGGTAACTTAGI TATTCAGT GT CGCAGT TAACGCGT TAAGCACACCGCCTGGECGAG
TACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGEGEEECCCCCACAAGCCGTGGAGCATGTGGT TTAA
TTCGAAGCAACGCGCCAGAACCT TACCAGGECCTTGTATGEGTAGGCTGT GTCCAGAGATGGECCATTTCCC
GCAAGGGACCTACCGCACAGGT GCTGCATGECTGTCGTCACCTCGTGTCGTGAGATGT TGEGT TAAGTC
CCGCAACGAGCGCAATCCCTATCTTTAGT TTCCACGCTTGT TTGGGT GGECACT CTAGAGAGACT GCCGG
TGACAAGCCGGAGGAAGGT GTGGATGACGT CAAGT CCTCATGGCCCT TATGTCCTGT GCTACACACGT G
CTACAAT GGCGGTGACAGT GGTAAGCTAGAT GCCGACATCGTGCTGATCTCTAAAAACCGTCTCAGITC
GGATTGTACTCTGCAACT CGAGT ACATGAAGGT GGAATCGCTAGT AAT CGCGGAT CAGCAT GCCGCGGT
GAATACGT TCCCGGEECCT TGTACACACCGCCCGT CACACCAT GCGAGT TGGT TTGACCT TAAGCCGEGT G
AGCGAACCCGCAAGGEGEECECA

1.3 LG5-1 (AB470918)

GAGTTTGATTCTGGCT CAGAGOGAACGCT GEOGT CATGCT TAACACAT GCAAGT CGCACGAAGGTTTCG
GTCTTAGT GGOGGACGGGT GAGT AACGOGT AGGT ATCTATCCAT GGT TGGEGGATAACACT GGGAAACT
GGTGCTAATACCGCATTACACCT GAGGGT CAAAGGCGCAAGT CECCTGTGGAGGACGCCTGIGITTGATT
AGCTAGT TGGT GGGGTAAAGGCCTACCAAGGCCGATGATCAATACGCTGGT TTGAGAGGATGATCAGCCAC
ACT GGGACT GAGACACGGCCCAGACT CCTACGGGAGGCAGCAGT GRGGAATAT TGGACAAT GGGGGCAA
COCTGATCCAGCAAT GOCGOGT GTGT GAAGAAGGT CTTCGGAT TGTAAAGCACT TTCGACGEGGACGAT
GATGACGGT ACCOGT AGAAGAAGCCCCGECT AACT TCOGT GCCAGCAGCCGOGGT AAT ACGAAGGGGGCT
AGCGT TCCTCGGAAT GACT GGGCGTAAAGGGECGT GTAGGCGGT TTGTACAGT CAGATGT GAAATCCCCG
GGCTTAACCTGGGAGCTGCATTTGATACGT GCAGACTAGAGT GTGAGAGAGGGT TGTGGAATTCCCAGT
GTAGAGGT GAAATTCGTAGATAT TGGGAAGAACACCGGT GGOGAAGGOGGCAACCT GGCTCATTACTGA
CGCT GAGGOGOGAAAGOGT GGGGAGCAAACAGGAT TAGAT ACCCT GGTAGT CCACGCT GT AAACGAT GT
GTGCTAGATGT TGGGT GACTTAGT CATTCAGT GTCGCACT TAACGOGT TAAGCACACCGCCT GGGGAGT
ACGGCCCCAAGGT TGAAACT CAAAGGAAT TGACGGGEGEGECCCGCACAAGCCGTGGAGCATGTI GGTTTAAT
TCGAAGCAACGCGCAGAACCTTACCAGGECTTGAATGTAGAGGECTGCAAGCAGAGATGITTGITTCCCG
CAAGGGACCT CTAACACAGGT GCTGCATGGCT GTCGT CAGCT CGT GT CGTGAGATGTTGGGT TAAGTCC
CGCAATGAGCGCAACCOCTATCTTTAGT TGOCAT CAGGT TGGT CTGGEGCACT CTAGAGAGACT GCOGGT
GACAAGCCGGAGGAAT GT GBGGAT GACGT CAAGT CCTCATGBCOCT TATGT CCTGT GCTACACACGTGC
TACAAT GGCGGT GAGAGT GGGAAGCTAGGT GGTGACATCATGGT GATCTCTAAAAGCCGTCTCAGITCG
GATTGCACTCTGCAACTCGAGT GCATGAAGGT GGAATCGCTAGT AAT CGCGGATCAGCATGCCELEET G
AATACGT TCCOGGECCT TGTACACACCGOCOGT CACACCAT GBGAGT TGGT TTGACCT TAAGCCGGT GA
GOGAACCGCAAGGACGCAGOGACCACGGT CGGGT CAGCGACT GGGGT GAAGT CGTAACAAGGT AGCCGT
AGGGGAACCT GOGGCT GGATCACCTCCTTT
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1.4 SL22-1 (AB470919)

AGCGAACGCCTGGECGECATGCT TAACACAT GCAAGT CGCACGAACCT TTCGGEGGT TAGT GGCTGACGEGET
GAGTAACGCGTAGGAATCTGT CCATGGGT GGT GGATAACT CTGGGAAACT GGAGCTAATACCGCATGAT
ACCT GAGGGT CAAAGGCGCAAT TCCCCT GTGGAGGAGCCTGCGT TCGAT TAGCTAGT TGGT TGGGTAAA
GGCCTACCAAGGCGATGATCGATAGCTGGT TTGAGAGGATGATCAGCCACACT GGGACTGAGACACGEC
CCAGACT CCTACGGGAGGCAGCAGT GGCGAATAT TGGACAAT GGEGGECAACCCT GATCCAGCAATGECCG
CGTGTGTGAAGAAGGT CTTCGGAT TGTAAAGCACT TTCGACGGGGACGATGATGACGGTACCCGTAGAA
GAAGCCCCGGCTAACT TCGT GCCAGCAGCCGCGGT AAT ACGAAGGEGEECTAGCGT TGCTCGGAATGACT
GGCCGTAAAGGECGT GTAGGCGGT TTGTACAGT CAGAT GTGAAATCCCCGGGECT TAACCT GGGAGCTGC
ATTTGATACGTACAGACTAGAGT GT GAGAGAGGGT TGTGGAAT TCCCAGT GTAGAGGT GAAATTCGTAG
ATATTGGEGAAGAACACCGGT GGCGAAGGECGEGCAACCT GGCTCATTACT GACGCT GAGGCGCGAAAGCGT
GGGGAGCAAACAGGAT TAGATACCCTGGTAGT CCACGCTGTAAACGATGTGTGCTAGATGT TGGGTGAC
TTTGICATTCAGI GT CGCAGT TAACGCGT TAAGCACACCGCCT GGCGAGT ACGECCGCAAGGT TGAAAC
TCAAAGGAAT TGACGGEGEGECCCGCACAAGCGGT GGAGCAT GT GGT TTAAT TCGAAGCAACGCGCAGAAC
CTTACCAGGGCTTGAATGTAGAGGCTGTATTCAGAGATGGATATTTCCCGCAAGCGACCTCTAACACAG
GIGCTGCATGECTGT CGT CAGCTCGTGT CGT GAGATGT TGGGT TAAGT CCCGCAACGAGCGCAACCCCT
ATCTTTTGI TGCCAGCATGT TTGT GTGEGCACT CTAGAGAGACT GCCGGT GACAAGCCGGAGGAAGGT G
GGGATGACGT CAAGT CCTCATGCCCCT TATGT CCTGEGCTACACACGT GCTACAATGGCGT TGACAGT G
GGAAGCTAGATGGTGACATCGT TCTGATCTCTAAAAGCCGT CTCAGT TCGGATTGCACTCTGCAACTCG
AGT GCATGAAGGT GGAATCGCTAGT AT CGCGGAT CAGCAT GCCGCGGT GAATACGT TCCCGGEECCT TGT
ACACACCGCCCGTCACACCATGGEGAGT TGGTTTGACCT TAAGCCGGT GAGCGAACCCGCAAGGGEGECECA
GCCGACCACGGT CAEGTCAGCGACTGEEGTG

1.5 PH108-1 (AB470920)

AGOGAACGCT GBCGGCAT GCT TAACACAT GCAAGT CGCATGAACCT TTCGGGGT TAGT GGCGGACGT GT
GAGTAACGCGTAGGAATCTGT CCATGCGGT GGGGEGATAACT CTGGGATACT GGAGCTAATACCGCATGAT
ACCTGAGCGCGT CAATGGCGCAAGT CGCCTGTGGAGGAGCCTGCGT TCGATTAGCTAGT TGGT GGGGTAAA
GGCCTACCAAGGCGATGATCGATAGCTGGT TTGAGAGGAT GATCAGCCACACT GGGACTGAGACACEEC
CCAGACT CCTACGGGAGGECAGCAGT GGGGAATAT TGGACAAT GBGEGCAACCCT GATCCAGCAATGCOG
CGTGTGTGAAGAAGGT CTTCGGAT TGT AAAGCACT TTCGACGGGGACGAT GATGACGGTACCOGTAGAA
GAAGCCCCGGCTAACTTCGT GCCAGCAGCCGCGGTAATACGAAGGGEGEECTAGCGT TCCTCCGAATGACT
GGGCGTAAAGGGCGTGTAGGCGGTTTTTACAGT CAGATGT GAAATCCCCGGECTTAACCTGGGAGCTGC
ATTTGATACGT GCAGACTAGT GTGTGAGAGAGGGT TGTGGAATTCCCAGT GTAGAGGT GTAATTCGTAG
ATATTGGGAAGAACACCGGT GGOGAAGGCT GCAACCT GGCT CAT TACT GACGCT GAGGCGCGAAAGOGT
GGGGAGCAAACAGGAT TAGATACCCT GGT AGT CCACGCT GTAAACGAT GTGT GCTAGATGT TGGGTAAC
TTTGITATTCAGT GTCGCAGT TAACGCGT TAAGCACACCGCCT GGGGAGTACGGECCGCAAGGTTGAAAC
TCAAAGGAAT TGACGGGEGEGECCCCCACAAGCGGTGGAGCATGTGGT TTAATTCGAAGCAACGCGCAGAAC
CTTACCAGGCCTTGAATGTAGAGCCTGTATTCAGAGATGGATATTTCCCGCAAGGGACCTCTAACACAG
GTGCTGCATGGCT GTCGT CAGCT CGT GTCGT GAGAT GT TGGGT TAAGT COOGCAACGAGCGCAACCCCT
ATCTTTAGTTGOCAGCACGT TTGGGT GGGCACT CTAGAGAGACT GOOGGT GACAAGCCGGAGGAAGETG
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GCGATGACGT CAAGT CCTCATGCCCCTTATGT CCTGEGCTACACACGT GCTACAATGECGGTGACAGT G
GGAAGCTAGATGGTGACATCGT GCTGATCTCTAAAAGCCGT CTCAGT TCGGATTGCACTCTGCAACTCG
AGT GCATGAAGGT GGAATCGCTAGT AAT CGCGGAT CAGCAT GCCGCGGT GAATACGT TCCCGEECCT TG
TACACACCGCCCGT CACACCATGGGAGT TGGTTTGACCT TAAGCCGGT GAGCGAACCCGCAAGEEECEC
AGCCGACCACGGT CAGGT CAGCGACT GAGGT GAAGT CGTAACAAGGT AGCCGTAGGGGAACC

1.6 GB222-1 (AB470921)
GAGTTTGATTCTGGCTCAGAGCGAACGCTGGECGEECATGCTTAACTCATGCAAGT CGCACGGATCTTTCT
GGATTAGT GGCGGACGGGT GAGTAACGCGT AGGGATCTATCCAT TGGT GGGGGACAACT CCGGGAAACT
GGAGCTAATACCGCATGATACCT GAGGGT CAAAGGCGCAAGT CECCTGTGGAGGAACCTGCGTITCGATT
AGCTAGT TGGT GGGGTAAAGGCCTACCAAGGCCGATGATCGATAGCTGGT TTGAGAGGATGATCAGCCAC
ACTGCGCGACT GAGACACGGCCCAGACT CCTACGGGAGGCAGCAGT GGEGAATATTGCGACAATGGGECGAAA
GCCTGATCCAGCAATGCCGCGTGTGT GAAGAAGGTCTTCGGATTGTAAAGCACT TTCGACGGGGACGAT
GATGACGGTACCCGTAGAAGAAGCCCCGGECTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGEEEECT
AGCGT TCCTCGGAAT GACT GGGCGT AAAGGGCGCGTAGGCGGT TGATGCCAGT CAGATGT GAAAT CCCCG
GGCTTAACCTGGGAACTGCCATTTGAGACGCATTGACTAGAGT TCGAGAGAGGGT TGTGGAATTCCCAGT
GTAGAGGTGAAATTCGTAGATATTGCGAAGAACACCGGT GGCGAAGGCGGECAACCTGECTCGATACTGA
CGCTGAGGCGCGAAAGCGT GGEGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGT
GTGCTGGATGT TGGGTAACTTAGT TACTCAGT GTCGAAGCTAACGCGCTAAGCACACCGECCTGEEGAGT
ACGGCCCCAAGGT TGAAACT CAAAGGAAT TGACGGGEGEGECCCGCACAAGCCGTGGAGCATGI GGTTTAAT
TCGAAGCAACGCGCAGAACCT TACCAGGGCTTGCATGECGAGCGACGTACTCAGAGATGGGTATTTCTTC
CGACCTCCCGCACAGGTGCTGCATGECTGTCGTCAGCTCGTGTCGTGAGATGT TGGGT TAAGT CCCGCA
ACGAGCACAACCCTTGTCTTTAGT TGTCAGCACTTTCAGGT GGTCACTCTAGAGAGACTGCCGGTGACA
AGT CCGAGGAAGGT GGGGATGACGT CAAGT CCTCATGGCCCTTATGT CCTGGGECTACACACGT GCTACA
ATGCCCCGTGACAGT GGGAAGCTATGTGGTGACACAGT GCTGATCTCTAAAAGCCGTCTCAGI TCGGATT
GTACTCTGCAACTCGAGTACATGAAGGT GGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATA
CGTTCCCGGGECCTTGTACACACCGCCCGTCACACCATGGGAGT TGGT TCGACCT TAAGCCGGTGAGCEA
ACCGCAAGGACGCAGCCGACCACGGACGGEGT CAGCGACT GGGGTGAAGTCGTAACAAGGTAGCCGTAGG
GGAACCTGCGGCTGGATCACCTCCTTT

1.7 GBL32-1 (AB470922)

AGCGAACGCTGGCGECATGCT TAACACAT GCAAGT CGCACGGATCTTTCGGGAT TAGT GGCGGACGEGT
GAGTAACGCGTAGGGATCTATCCATGT GT GGEGGACAACT CCGCGAAACT GGAGCTAATACCGCATGAT
ACCTGAGGGT CAAAGCCGT AAGT CGCCT GTGGAGGAACCT GCGT TCGATTAGCTAGT TGGT GGGGT AAA
GGCCTACCAAGGCGATGATCGATAGCTGGT TTGAGAGGATGATCAGCCACACT GGGACTGAGACACGT C
CCAGACT CCTACGGGAGGCAGCAGT GCGGAATAT TGGACAAT GGEGGAAAGCCT GATCCAGCAAT GCCG
CGT GTGTGAAGAAGGT CTTCGGAT TGTAAAGCACT TTCGACGGGEGACGAT GATGACGGTACCCGTAGAA
GAAGCCCCGCECTAACT TCGT GCCAGCAGCCGCGGTAAT ACGAAGGEGEEGECTAGCGT TGCTCGGAATGACT
GGGCGTATGEEECECGT AGCCGGT TGATGCAGT CAGAT GT GAAAT CCCCGGGCT TAACCTGGGAACT GC
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ATTTGAGACGAATTGACTAGAGT TCGAGAGAGGEGT TGTGGAAT TCCCAGT GTAGAGGT GAAATTCGTAG
ATATTGGEGAAGAATACCGGT GGCGAAGGCGECAACCT GGCTCGATACT GACGCT GAGGCGCGAAAGCGT
GGGGAGCAAACAGGAT TAGATACCCT GGTAGT CCACGCTGTAAACGATTTGTGCTGGATGT TGGGTAAC
TTAGTTACTCAGT GT CGAAGCT AACGCGCT AAGCACACCGCCT GGT GAGTACGGCCGCAAGGT TGAAAC
TCAAAGGAAT TGACGGEEEGECCCECACAAGCEGT GGAGCATGTGGT TTAATTCGAAGCAACGCGCAGAAC
CTTACCAGGCCT TGCATGECGAGGACGTACTCAGT GATGEGTATTTCTTCGGACCT CCCGCACAGGTGC
TGCATGGCTGI CGT CAGCTCGT GT CGT GAGAT GT TGGGT TAAGT CCCGCAACGAGCGCAACCCTTGTCT
TTAGITGTCAGCACT TTCAGGT GGGCACT CTAGAGAGACT GCCGGT GACAAGCCGGAGGAAGGT GGGEGA
TGACGTCAAGT CCTCATGGCCCT TATGT CCTGGECTACACACGT GCTACAAT GGCGGT GACAGT GGGAA
GCTATGT GGTGACACAGT GCTGATCTCTAAAAGCCGT CTCAGT TCGGATTGTACTCTGCAACTCGAGTA
CATGAAGGT GGAATCGCTAGT AAT CGCGGAT CAGCAT GCCCCGGT GAATACGT TCCCGGECCTTGTACA
CACCGCCCGT CACACCAT GGGAGT TGGT TCGACCT TAAGCCGGT GAGCGAACCGCAAGGACGCAGCCGA
CCACGGACGGGT CAGCGACTGGCGTGAAG

1.8 G3743

TGAGITTTGATCCTGGECT CAGAGCGAACGCT GGCGECATGCT TAACACATGCAAGT CCCACGAACCTTT
CGGGCGTTAGT GECGGACGEGT GAGT AACGCGT AGGAAT CTGT CCACGEGT GGEGGATAACT CTGGGAAA
CTGGAGCTAATACCGCATGATACCT GAGGGT CAAAGGCGCAAGT CGCCTGT GGAGGAGCCTGCGT TCGA
TTAGCTAGI TGGT GGEGT AAAGGCCT ACCAAGGCGATGATCGATACGCTGGT TTGAGAGGATGATCAGCC
ACACT GGGACT GAGACACGGCCCAGACT CCTACGEGAGGECAGCAGT GGCGAATATTGGACAAT GGEEGEC
AACCCTGATCCAGCAATGCCCCGT GTGT GAAGAAGGT CTTCGGAT TGTAAAGCACT TTCGACGGGGACG
ATGATGACGGT ACCCGTAGAAGAAGCCCCGGECTAACT TCGT GCCAGCAGCCGECEGT AATACGAAGCEEG
CTAGCGT TGCTCGGAAT GACT GGGECGT AAAGGEGECGT GTAGGCGGT TTACACAGT CAGATGTGAAATCCC
CGGGCTTAACCTGGGAGCTGCATTTGATACGT GTAGACT AGAGT GT GAGAGAGGGT TGTGGAAT TCCCA
GIGTAGAGGT GAAATTCGTAGATAT TGGGAAGAACACCGGT GCGCGAAGGCGGECAACCT GGCTCATGACT
GACGCT GAGGCGCGAAAGCGT GGGGAGCAAACAGGAT TAGATACCCT GGT AGT CCACCCT GTAAACGAT
GIGTGCCTAGATGT TGEGTAACTTTGT TATTCAGT GT CGCAGT TAACGCGT TAAGCACACCGCCT GGGGA
GT ACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGGEGEEECCCCCACAAGCGGT GGAGCATGTGGT TTA
ATTCGAAGCAACGCGCAGAACCT TACCAGGGECT TGAATGTAGAGCCTGTATTCAGAGATGGATATTTCC
CGCAAGGGACCT CTAACACAGGT GCTGCATGGECTGTCGT CAGCTCGT GTCGTGAGATGT TGGGT TAAGT
CCCGCAACGAGCGCAACCCCTATCTTTAGI TGCCAGCATGT TTGGEGT GGGCACT CTAGAGAGACT GCCG
GT GACAAGCCGGAGGAAGGT GGCGATGACGT CAAGT CCTCATGGCCCTTATGT CCTGEGCTACACACGT
GCTACAAT GCCGCGT GACAGT GGGAAGCT AGATGGTGACATCATGCTGATCTCTAAAAGCCGT CTCAGT T
CGGATTGCACTCTGCAACT CGAGT GCATGAAGGT GGAAT CGCTAGT AAT CGCGGAT CAGCAT GCCGCGG
TGAATACGT TCCCGGGECCT TGTACACACCGCCCGT CACACCATGGGAGT TGGT TTGACCT TAAGCCGGT
GAGCGAACCCGCAAGGEGECECAGCCGACCACGGET CEEGT CCAGCGACT GGGGT GAAGT CGTAC
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2. 16S-23S rDNA sequence

2.1 AP®-1 (AB489246)

TGCGECTGGATCACCTCCTTTCAAGGATGT TCTCCGATACGT TGGAGAGCT CCGAAATAAAAGT CCTTG
GI'TGTATCAGCCAAGGCGCCAGACGATCCTGGAACCT GGAGT TCAAGGCGCCGT CAACATATCCCTTCC
TATATTTTCCCGGGCTAGTAGCT CAGT TGGT TAGAGCACACGCT TGATAAGCGT GGGGTCCGGAGGT TCA
AGT CCTCCCTGGCCCACCAGAGT TTGEGGEECATAGCT CAGCT GGGAGAGCACCTGCTTTGCAAGCAGSG
GGTCGTCGGT TCGAACCCGT CTGCCTCCACCACGT CTGGT CGAGAT TTCGGT CTCCTGGGCATGGT GAA
GAGCTCAAAAT CTGGT CACTGGGAAAAT CATAGGAAATGEGAAGT CTGT TTCCTGATCCTGT CACCGCA
TAGT CCGATGAAGCGT CAGGGATGT TGEGT CTTTTAGAGT GTGAATAGGT TGGT GCACTGTCTGCGTGT
ACCGT TCTCGGEGT TGGTCTGACCCGT TTCCTGI TTGCECT TTGGT CAAAGAGCGGCGT TAAGAGAACGGA
TGAAGCATTCAGACGGT GACGAAAAGAGT GTGACTGACACT GT CGT GGACAGAAGT CGGTCCATGCCTC
TCGCEGTGIGECTGCGTTTCTGTIGCATGTGT TTCATCAGCAATGATGATCTGATGGT GTGAGAATGAGAA
GGECGTTCGGTGGATGCCTTGGCAC

2.2 GB125 (AB489251)

TTTGAATCCTGGAT CAGAGCGAACGCT GGCGEGCATGCT TAACACAT CCAAGT CGCACGGATCTTTCGGEG
ATTAGT GCGCGCGACGEGET GAGT AACGCGT AGGGAT CTAT CCAT GGGT GGGGEGACAACT CCGGGAAACT GG
AGCTAATACCGCATGATACCT GAGGGT CAAAGGCGCAAGT CGCCTGT GGAGGAACCTGCGT TCGATTAG
CTAGT TGGTGEGGTAAAGGECCTACCAAGGCGAT GATCGATAGCT GGT TTGAGAGGAT GATCAGCCACAC
TGGGASTGAGACACGGCCCAGACT CCTACCEGAGGCAGCAGT GGGGAATAT TGGACAAT GGGECGCAAGC
CTGATCCAGCAATGCCGCGT GTGT GAAGAAGGT CTTCGGAT TGTAAAGCACT TTCGACGGGEGACGATGA
TGACGGTACCCGT AGAAGAAGCCCCGGCTAACT TCGT GCCAGCAGCCGCGGTAATACGAAGCEGEGECTAG
CGT TGCTCGGAAT GACT GCGECGT AAAGGECCCGT AGECGGT TGATGCAGT CAGAT GT GAAATCCCCGGEG
CTTAACCTGGGAACTGCATTTGAGACGCATTGACTAGAGT TCGAGAGAGEGT TGTGGAAT TCCCAGT GT
AGAGGTGAAATTCGTAGATAT TGCGAAGAACACCGGT GECGAAGGCGECAACCTGCCTCGATACT GACG
CTGAGGCGCGAAAGCGT GAGGAGCAAACAGGAT TAGATACCCT GGTAGT CCACCCTGTAAACGATGT GT
GCTGGATGT TGGGTAACTTAGI TACTCAGT GTCGAAGCTAA

2.3 PHD11

TGCGGCTGGATCACCTCCTTTCAAGGATGT TCTCCGATACGT TGGAGAGCTCCGAAATAAAAGTCCTTG
GI'TGTATCAGCCAAGGCGCCAGACGATCCTGGAACCT GGAGT TCAAGGCGCCGT CAACATATCCCTTCC
TATATTTTCCCGGEGECTAGTAGCT CAGT TGGT TAGAGCACACGCT TGATAAGCGT GGGGT CGGAGGTTCA
AGT CCTCCCTGGECCCACCAGAGT TTGGEGECATAGCT CAGCT GGGAGAGCACCT GCTTTGCAAGCAGEG
GGTCGTCGGT TCGAACCCGT CTGCCTCCACCACGT CTGGT CGAGATTTCGGT CTCCTGGACATGGT GAA
GAGCTCAAAATCTGGT CACT GGGAAAAT CATAGGAAAT GGGAAGT CTGT TTCCTGATCCTGI CACCGCA
TAGT CCGATGAAGCGT CAGGGATGT TGEGT CTTTTAGAGT GTGAATAGGT TGGT GCACTGTCTGCGTGT
ACCGTTCTCGGGTTGGTCTGACCCGTCTCCTTTTTGECTTTGGT CAAAGAGCGECGT TAAGAGAACGGA
TGAAGCATTCAGACGGT GACAAAAAGAGT GTGACT GACACT GT CGT GAACAGAAGT CGGCACATGCCTT
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TCGEEGTGIGECTCGTTTCTGTGCATGTGT TTCATCAGCAATGATGAT TGATGGT GT GAGAATGAGAAG
GGCGTTCGGTGGATGCCTTGGECAC

2.4 PHD-10

TGCGGCTGGATCACCTCCTTTCAAGGATATTTCCTGACACGT TGGCGAAT TCCGAAATAAAAGTCCTTG
GCCAGAT TGGCTGAGGCGCCAGACAAT CCTGGATGAT TGGECCT CAGGGECGCCGT CAACATATCCCTTCC
TATAATTTTCCCGGECTAGTAGCTCAGT TGGT TAGAGCACACCCT TGATAAGCGT GEGGTCGGAGGT TC
AAGT CCTCCCTGGCCCACCAGAGAT TGEGEECATAGCT CAGCT GCGAGAGCACCT GCTTTGCAAGCAGG
GGGTCGT CAGT TCGAACCCGT CTGCCTCCACCAGT CACGGT TGAGATTTCGGTCTCCTCTGAGT GGTGT
AGAGCTCAAGAT CTGGT CCGT AAGCGAAAAT CATAGGAAACGGEGACGT CTGI TTCCTGATCCTGICTCC
ACGAAGT TGGATGACGCGT CAGGGATGI TGEGTCTTTTAGAGT GTGAATAGGT TGGTGCGCAGT CTGCG
TGTGCCATTTCCGEEGT TGGT CTGACCCGT TGCTGT GGAGCT TAGGCTTCATTGCAATGCTAAGGAAATG
GGGAAGCATTCAGACAGCGT GAAGAAAAGT GT GACT GACACCGCAT GAGT GCGGAAGT CGGCAGCATCT
TTGTGGTGIGECTGGT TTCTGTGCATGT GTCTTCATCCTCGGGT GAAGAATGGT GTGAGAAT GAGAAGG
GCGTTCGGTGGATGCCTTGGCAC

2.5 RBY-1 (AB540145)
TGOGGCTGGATCACCTCCTTTCAAGGAT GT TTCCCAATACGT TGGAGAGCT COGAAAT AAAAGTCCTTG
GITGTATCAGCCAAGGCGCCAGACGATCCTGGAACCT GGAGT TCAAGGCGCCGTCAACATATCCCTTCC
TATATTTTCCCGGGGTAGGTAGTCAGT TGGT TAGAGCACACCCTTGATAAGCGT GGGKTCGGAGGTTCA
AGTCCTCCCTGGCCCCCCAGAGT TTGGGEGEGECATAGCT CAGCTGCGAGAGCACCTGCTTTGCAAGCAGEG
GGTCGTCGGT TCGAACCCGT CTGOCT CCACCACCT TTGGT TGAGAT TTCGGTCTCCT GAAGGT GGTGAA
GAGCTCAAAAT CTGGT CACT GGGAAAAT CAT AGGAAAT GGGAAGT CTGT TTCCT GATCCTGT CACOGCA
TAGT CGGATGAAGCGTCAGGGATGTI TGEGTCTTTTAGAGT GTGAATAGGT TGGTGCACTGTCTGCGTGT
ACCGITCTCGGGT TGGT CTGACCCGTCTGCTGTCTGECTTTGT CAGGT AGCGGCGT TAAGAGAACGGAT
GAAGCATTCAGACGGTGACGAAAAGAGT GTGACTGACACT GTCGTGGACAGAAGT CGGTCCATACCTCT
CGGGGTGTGGCTGGTTTCTGT GCATGT GT TTCATCAGCAAT GATGAT TTGATGGT GTGAGAATGAGAAG
GGCGT TCGGT GGATCCCTTGGCACA



153

BIOGRAPHY

Family Name: Kommanee First Name: Jintana
Nationality: Thai Date of Birth: November 8, 1981 in Khon Kaen Province

Education Attainment

2000-2004 - B.Sc. (Biotechnology), Department of Applied Biology, Faculty
of Science, King Mongkut's Institute of Technology Ladkrabang,
Bangkok, Thailand.

2004-2006 - M.Sc. (Industrial Microbiology), Department of Microbiology,

Faculty of Science, Chulalongkorn University, Bangkok, Thailand

Scholarship Award
Ph.D. Student Research Scholarship by Thailand Graduate Institute of Science and
Technology, TGIST, 2007, National Science and Technology Development Agency, Thailand

Publications:

1. J. KOMMANEE , S. TANASUPAWAT, T. MALIMAS, P. YUKPHAN, Y.
NAKAGAWA, Y. YAMADA. 2008-2009. Identification of strains isolated in
Thailand and assigned to the genera Kozakia and Svaminathania. J. Cul. Collect. 6:
61-68.

2. J. KOMMANEE , S. TANASUPAWAT, P. YUKPHAN, T. MALIMAS, Y.
MURAMUTSU, Y. NAKAGAWA, Y. YAMADA. 2010. Asaia spathodeae sp. nov.,
an acetic acid bacterium in the Alpha-proteobacteria. J. Gen. Appl. Microbiaol. 56; 81-
87.

3. S. TANASUPAWAT, J. KOMMANEE , P. YUKPHAN, T. MALIMAS, Y.
NAKAGAWA, Y. YAMADA. 2009. Identification of Acetobacter, Gluconobacter
and Asaia Strains Isolated in Thailand Based on 16S-23S rDNA ITS Restriction and
16S rDNA Sequence Analyseadicrobes Environ. 24(2): 135-143.

4. J. KOMMANEE , S. TANASUPAWAT, P. YUKPHAN, T. MALIMAS, Y.
MURAMUTSU, Y. NAKAGAWA, Y. YAMADA. 2010. Gluconobacter nephelii sp.
nov., an acetic acid bacterium in the a-Proteobactetia. J. Syst. Evol. Micraobiol.
first published on Sep 24, 2010 as doi: doi:10.1099/ijs.0.026385-0 (In press).



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Tables
	Figures
	Abbreviations
	Chapter I
	Chapter II
	Chapter III
	Chapter V
	References
	Appendices
	Vita

