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Phenotypic Characteristics Correlated with Deoxyribonucleic Acid
Sequence Similarities for Three Species of Gluconobacter: G.
oxydans (Henneberg 1897) De Ley 1961, G. frateurii sp. nov., and
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In Bergey’s Manual of Systematic Bactenology, vol. 1, only one species is listed in the genus Gluconobacter.
One other species, Gluconobacter cerinus, was proposed by Yamada and Akita in 1984. However, recent
deoxyribonucleic acid-deoxyribonucleic acid homology studies have produced evidence of at least three distinct
homology groups that are believed to represent three species within this genus. In this paper we report results
obtained by using 35 strains and 58 phenotypic characteristics. Three tests were useful in differentiating the
three Gluconobacter species. Homology group I strains grew to an optical density (OD) of only 0.5 U or less on
medium containing ribitol or arabitol as the primary carbon source, and they grew to an OD of only 0.5 U or
less after three passages (24 h of incubation each) in nicotinate-deficient media. We propose that the name
Gluconobacter oxydans (Henneberg 1897) De Ley 1961 be retained for these strains. Homology group II strains
grew to an OD of more than 1.0 U on medium containing ribitol or arabitol as the prlmary carbon source, and
they grew to an OD of more than 1.0 U after three passages (24 h of incubation each) in nicotinate-deficient
media. We propose that the group II gluconobacters be named Gluconobacter frateurii sp. nov. All of the typical
strains of homology group III grew to an OD of 0.5 U or less on medium containing ribitol or arabitol as the
primary carbon source, but they grew to an OD of 1.0 U or more after three passages (24 h of incubation each)
in nicotinate-deficient media. We propose that the group III gluconobacters be named Gluconobacter asaii sp.

nov.

The genus Gluconobacter is one of two industrially impor-
tant genera of gram-negative rods which are placed in the
family Acetobacteraceae along with the genus Acetobacter
(6). The genus Gluconobacter has the following characteris-
tics: contains straight-chain C,; and C,4 fatty acids (23);
oxidizes ethanol to acetic acid, but is unable to oxidize
lactate or acetate completely to CO, and water (4, 7);
contains ubiquinone 10 as the main quinone compound (19,
20); possesses an incomplete tricarboxylic acid cycle (12);
carries out single-step oxidations of various polyalcohols to
their corresponding ketoses (3, 7); produces 2-ketogluconic
acid from glucose (7); and has polar multjtrichous flagella,
when motile (2, 7).

A description of this genus was first published in Japanese
in 1935 (reviewed by Asai [2]). Since 1935, the subgeneric
taxonomy has remained in a state of flux. In Bergey’s
Manual of Determinative Bacteriology, 8th ed., which was
published in 1974 (5), this genus was classified as consisting
of one species, Gluconobacter oxydans (Henneberg 1897)
De Ley 1961, and four subspecies, G. oxydans subsp.
industrius, G. oxydans subsp. melanogenus, G. oxydans
subsp. oxydans, and G. oxydans subsp. suboxydans. In
1975, a fifth subspecies, G. oxydans subsp. sphaericus, was
described by Ameyama (1). Since 1975, further attempts
have been made to clarify the status of species in this genus
through the use of numerical analysis of phenotypic charac-
teristics (11, 13, 21) and, more recently, through the use of
deoxyribonucleic acid (DNA)-DNA homology studies (14,
22).

In 1979, Loitsyanskaya et al. (13) used numerical tech-
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niques to examine 136 characteristics of 15 Gluconobacter
strains and 41 Acetobacter strains. These authors found a
similarity coefficient of 90% among the Gluconobacter
strains, and they concluded that this genus is composed of a
single species, which they called G. oxydans.

In 1983, Gosselé et al. (11) examined 177 phenotypic
features of 98 Gluconobacter strains. These authors also
concluded that too few differences occurred among these
strains to separate them into more than one species, and they
proposed retaining the name G. oxydans for the single
species. However, differences in the requirement for nico-
tinic acid and differences in the electrophoretic protein
patterns led them to propose the existence of two distinct
phena, which they called phena A and B. Phenon A was
characterized by its lack of a requirement for nicotinate, and
phenon B was distinguished by its requirement for nicoti-
nate.

The findings of Loitsyanskaya et al. (13) and Gosselé et al.
(11) led Swings and De Ley, in 1984 (7), to state that the use
of subspecies names should be discontinued, because the
genus Gluconobacter is comprised of a continuum of strains
which lack definite boundaries for either species or subspe-
cies differentiation.

In 1984, Yamada et al. (22) used phenol extraction and the
membrane filter method (16) to examine the DNA-DNA
homologies of 20 Gluconobacter strains. These authors
found at least two distinct homology groups within the
genus. Group a was composed of strains having 46 to 82%
homology with the type strain of the type species of the
genus (strain ATCC 193577 [T = type strain]), and group b
was composed of strains having 24% or less homology with
the type species. The results of this homology study and
subsequent examination of the electrophoretic protein pat-
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terns of six enzymes led Yamada and Akita (21) to propose
the existence of the following two distinct Gluconobacter
species: (i) homology group a, which they called G. oxydans,
and (ii) homology group b, which they called Gluconobacter
cerinus. A comparison of these two species (21, 22) with the
two groups described by Gosselé et al. (11) shows that the
strains having higher DNA-DNA homology values (group a
of Yamada et al.) require nicotinate for growth (phenon B of
Gosselé et al.), while many of the strains having lower
DNA-DNA homology values (group b of Yamada et al. ) lack
a requirement for nicotinate (phenon A of Gosselé et al.).

Simultaneously with the study of Yamada et al. (22),
Micales et al. (14) used hydroxylapatite extraction and the
S1 nuclease method to determine DNA sequence similarities
for 54 Gluconobacter strains. Micales et al. reported the
existence of the following three distinct homology groups:
group I, consisting of strains having 42 to 99% homology
with the type strain of the type species for the genus and an
average intragroup homology level of 86%; group II, con-
sisting of strains having 16 to 26% homology with the type
strain of the type species for the genus (B. K. Micales, M.S.
thesis, Virginia Polytechnic Institute and State University,
Blacksburg, 1983) and an average intragroup homology level
of 65% (14); and homology group III, consisting of strains
having 13 to 23% homology with the type strain of the type
species for the genus (Micales, M.S. thesis) and an intra-
group homology level of 86% (14). The average level of
relatedness among these three groups is only 16% (14). Thus,
Micales et al. (14) proposed the existence of at least three
species in the genus Gluconobacter, but they did not name
these species.

Since DNA homology studies are not usually used for
routine identification of bacterial strains, it is important to
determine phenotypic traits that can be used for this pur-
pose. Consequently, our research was directed toward de-
termining phenotypic features that allow reliable identifica-
tion of the Gluconobacter species.

(This research was conducted by Lori M. Jones-Mason in
partial fulfillment of the requirements for the M.S. degree
from Virginia Polytechnic Institute and State University,
Blacksburg, Va., 1987. Part of this research was presented at
the 87th Annual Meeting of the American Society for Micro-
biology, Atlanta, Ga., 1 to 6 March 1987, abstr. R-5, p. 241.)

MATERIALS AND METHODS

Bacterial strains. For our initial studies, we chose eight
strains to represent the three homology groups of Micales et
al. (14). Where possible, these strains were chosen to
represent high, intermediate, and low levels of DNA se-
quence similarity within the homology groups (Table 1).
After we found phenotypic tests that differentiated among
the homology groups when the eight representative strains
were used, we used these tests to examine 27 additional
Gluconobacter strains. (For a list of all 35 strains used in this
study, see Table 4.)

Culture maintenance. Working cultures were routinely
maintained as liquid suspensions in 66% glycerol at —15°C
(18). For long-term storage, cells were suspended in 15%
glycerol and stored in liquid nitrogen (18).

Colony observations. Because Gluconobacter strains often
exhibit different colony types (14), colony characteristics
were periodically checked by streaking organisms onto 5%
sorbitol medium (14) and observing the resulting colonies
after 48 h of incubation at 28°C. Colonies were examined
with a dissecting microscope and a high-intensity, external
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TABLE 1. Representative strains examined in the initial
phenotypic studies of the genus Gluconobacter

%
Homology Representative Homology
group® strains? to reference
strain®
1 ATCC 193577 100
IFO 3293 83
ATCC 23651a 51
I IFO 32644 100
ATCC 15178 68
IFO 3254 44
11 IFO 3276a° 100
IFO 3297a 77

“ DNA-DNA homology groups as designated by Micales et al. (14).

® Strains chosen to represent the DNA-DNA homology groups of Micales
et al. Abbreviations: ATCC, American Type Culture Collection, Rockville,
Md.; IFO, Institute of Fermentation, Osaka, Japan; NCIB, National Collec-
tion of Industrial Bacteria, Aberdeen, Scotland. A lower-case letter at the end
of a strain designation indicates one of several colony types isolated from the
strain as received by Micales et al. (14) prior to determining the DNA
homology of that strain.

< Percentages of DNA-DNA homology, determined by using hydroxylapa-
tite extraction and the S1 nuclease method by Micales et al. (14). The values
for the reference strains which were used to define the homology groups by
Micales et al. are shown as 100%.

4 Strain IFO 32647 used in this study has recently been deposited in the
American Type Culture Collection as strain ATCC 492077,

¢ Colony variant a isolated by B. K. Micales from strain IFO 3276" and used
in the DNA-DNA homology study was shown to be genetically identical to
colony variant IFO 3276b (14). Strain IFO 3276 (containing colony variants
a and b) has recently been deposited in the American Type Culture Collection
as strain ATCC 49206.

light source; the variable illumination angle and intensity of

“the light source were set so as to best determine the color,

elevation, and surface features of each colony. Then the
plate was turned over to examine the undersides of the
colonies with the same illumination.

Chemicals and solutions. All polyols and vitamins were
obtained from Sigma Chemical Co. All medium components
were obtained from Difco Laboratories unless otherwise
specified. All solutions were prepared as percentages of
weight per volume in double-distilled deionized water.

Selection of phenotypic characteristics. To determine which
tests might successfully differentiate the three Gluconobac-
ter homology groups, we reviewed the results of the pheno-
typic study performed by Gosselé et al. (11). From this
study, it was apparent that the following three tests reflected
differences between phenon A and phenon B: nicotinate
requirement, growth on various polyols as sole carbon
sources, and growth at elevated temperatures. We felt that
these tests might also differentiate between two or three
distinct DNA-DNA homology groups. Other tests were
chosen at random or because they were part of a series of
appropriate rapid tests.

Growth determinations. Unless otherwise stated, each
growth determination was made in duplicate on at least three
separate occasions. Liquid cultures (6 or 7 ml) were incu-
bated at 28°C in 25-ml test tubes (inside diameter, 1.5 mm).
All cultures were aerated by rotating them at 27 rpm with a
roller drum apparatus (model TC-5; New Brunswick Scien-
tific Co., Inc.). These culture tubes were also used as
cuvettes for determining the extent of growth by using a
Spectronic 20 spectrophotometer (Bausch & Lomb, Inc.) to
measure optical density (OD) at a wavelength of 620 nm.
Immediate postinoculation turbidities ranged from 0.05 to
0.08 OD unit. All preparations with reported OD values
which exceeded 0.4 U were diluted 10-fold with the sterile
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washing fluid described below for each determination to
obtain more accurate measurements of culture turbidity.

Growth on polyols as primary carbon sources. A 5%
sorbitol medium (14) was used to prepare inocula for all
polyol studies. A 0.03-ml portion of a working culture was
inoculated into culture tubes containing 7 ml of sorbitol
medium. After the preparation reached an OD of 0.6 U, 6 ml
of the culture was centrifuged for 10 min at 1,180 x g. The
resulting pellet was suspended in 6 ml of a sterile washing
fluid containing 0.3% vitamin-free Casamino Acids and 0.5%
yeast extract. This suspension was centrifuged as described
above, and the resulting pellet was then suspended in 3 ml of
the sterile washing fluid. This suspension served as the
source of inocula for all polyol studies.

The basal medium for all polyol studies contained 0.3%
vitamin-free Casamino Acids and 0.5% yeast extract, and
this medium either lacked or contained 0.5% polyol. All
polyols were prepared as 5% solutions in double-distilled
deionized water and were filter sterilized. A 0.1-ml portion of
inoculum was added to 5.9 ml of the basal medium which
either contained or lacked polyol. The cultures were incu-
bated for 24 h, and growth was measured as described above
for growth determinations.

Acid production. A 0.03-ml portion of a working culture
was inoculated into 6 ml of a medium containing 1% yeast
extract, 1% peptone, and one of the following polyols at a
concentration of 5%: ribitol, myo-inositol, glucose, lactose,
mannitol, or sorbitol. Prior to autoclaving, the pH of each
medium was adjusted to 6.0 by using concentrated hydro-
chloric acid. The cultures were incubated at 28°C with
aeration as described above. The pH of each culture medium
was determined by using a model 12 pH meter (Corning
Glass Works) at the following three stages during culture
development: at an OD of 0.5 to 0.6 U; at an OD of 1.0 U;
and after 72 h of incubation, when the OD for all strains was
greater than 1.0 U.

Tolerance to sodium chloride and elevated glucose levels.
Inocula were prepared as described above for growth on
polyols, except that the washing fluid contained 1% yeast
extract and 1% peptone, and the cells were concentrated five
times. The basal medium for all tolerance studies contained
1% yeast extract and 1% peptone (final concentrations).
Glucose solutions were prepared as 2X solutions, sterilized
by autoclaving, cooled to room temperature, and mixed with
a 2X concentration of the basal medium. Media containing
different NaCl concentrations were prepared by adding
various volumes of a 0.01 M NaCl solution directly to the
basal medium and 1% mannitol prior to autoclaving. A
0.1-ml portion of inoculum was added to 6.9 ml of the test
medium. Growth was measured, as described above for
growth determinations, after 24 and 48 h of incubation.

Enzyme activity and biochemical tests. For enzyme activity
tests in which the API ZYM rapid test procedure was used,
an inoculum was prepared by adding 0.2 ml of a working
culture to a 500-ml flask containing 50 ml of a sterile medium
composed of 5% glycerol, 1% peptone, and 1% yeast extract
and adjusted to pH 6.0 prior to autoclaving. The cultures
were incubated at 28°C with shaking at 200 reciprocations
per min in a PsychroTherm incubator (New Brunswick
Scientific Co., Inc.). After reaching and OD of 1.0 U, 20 ml
of a culture was centrifuged for 10 min at 1,180 X g. The
resulting pellet was suspended in 2 ml of double-distilled
deionized water, and a sterile Pasteur pipette was used to
add 2 drops of this suspension to each well of an AP1 ZYM

strip. These suspensions were then incubated at 28°C for 4 to
6 h.
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For biochemical tests in which the Non-Fermentor system
(Flow Laboratories, Inc.) was used, an inoculum was pre-
pared as described above for the API ZYM tests, except that
only 1 drop of culture was added to each chamber of the
plate. These suspensions were incubated at 28°C for 24 h.

Hydrogen sulfide production. Inocula were prepared as
described above for tolerance to NaCl and elevated glucose
levels. A 0.2-ml portion of inoculum was then added to a
125-ml flask containing 25 ml of 5% sorbitol medium (14)
either with or without 0.01% (wt/vol) sodium thiosulfate
(Fisher Scientific Co.). The H,S production was measured
by using method 2 of Smibert and Krieg (17). All cultures
were incubated for 12 days without agitation and were
visually examined for blackening on the lower portion of the
lead acetate strip.

Growth at various temperatures. A 6-ml portion of manni-
tol medium (8) was placed into each culture tube, and the
preparations were autoclaved and preequilibrated to each
growth temperature. A 0.03-ml portion of a working culture
was used to inoculate the temperature-equilibrated media.
Cultures were incubated at various temperatures, and their
growth after 48 h of incubation was measured as described
above for growth determinations.

Growth in the absence of nicotinate. Inocula were prepared
as described above for tolerance to NaCl and elevated
glucose levels, except that the washing fluid contained 1%
vitamin-free Casamino Acids.

The basal medium for this study contained 1% vitamin-
free Casamino Acids and 1% mannitol adjusted to pH 6.0.
The experimental media contained 5.7 ml of the sterile basal
medium plus 0.2 ml of one of two possible vitamin solutions.
One vitamin solution contained a sufficient quantity of each
vitamin to achieve the following final concentrations in the
experimental medium: 0.00015% (wt/vol) pyridoxal hydro-
chloride, 0.00015% (wt/vol) riboflavin, 0.0001% (wt/vol) bi-
otin, 0.0001% (wt/vol) thiamine, 0.0001% (wt/vol) pan-
tothenic acid, and 0.0001% (wt/vol) para-aminobenzoic acid
(9). We also prepared a second vitamin solution that con-
tained the same final concentrations of all of these vitamins
plus nicotinate at a final concentration of 0.00015%. Both
vitamin solutions were filter-sterilized prior to addition to the
basal medium.

A 0.1-ml portion of the inoculum was added to each
experimental medium. After 24 h, 0.1 ml of the first culture
was directly transferred to a second tube containing the
same experimental medium and incubated as before. After
24 h of incubation of these second cultures, 0.1 ml of each
culture was transferred to a third tube containing the same
experimental medium and incubated as before. After 24 h of
incubation of these third cultures, growth was measured as
described above for growth determinations.

RESULTS

Nondifferential characteristics. Using eight representative
strains from the three Gluconobacter homology groups, we
found 39 phenotypic tests that did not clearly differentiate
one group from the others. However, these results are
summarized in Table 2 because (i) certain characteristics
appear to be common to all strains regardless of their
homology group and should be of value for further charac-
terization of this genus, (ii) one commonly shared character-
istic (H,S production) opens new questions about the meta-
bolic capabilities of this genus, and (iii) the strain-specific
characteristics should be helpful in identifying some strains.

All eight representative strains listed in Table 1 were
positive for the following characteristics: (i) acid production
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TABLE 2. Characteristics which failed to differentiate among the
representative strains®

No. of positive strains/
total no. of strains tested

Test
Group  Group  Group
I I I
Growth on polyols?
Glucose 173 3/3 12
Sucrose 0/3 0/3 0/2
myo-Inositol 0/3 2/3 12
Xylitol 0/3 3/3 12
Acid production from polyols®
Glucose 3/3 3/3 2/2
Xylose 3/3 3/3 2/2
Maltose 3/3 3/3 2/2
Sorbitol 3/3 3/3 12
Mannitol 3/3 3/3 12
Lactose 3/3 3/3 1/2
Ribitol 3/3 33 172
myo-Inositol 33 3/3 12
Tolerance to glucose?
10% 3/3 3/3 2/2
15% 2/3 3/3 172
17% 173 3/3 12
19% 0/3 2/3 12
20% 0/3 2/3 0/2
25% 0/3 0/3 0/2
30% 0/3 0/3 0/2
Tolerance to NaCl?
0.5% 3/3 3/3 22
0.75% 33 3/3 2/2
1.0% 3/3 3/3 12
1.2% 2/3 2/3 212
1.4% 2/3 173 0/2
1.5% 03 0/3 0/2
2.0% 0/3 0/3 0/2
Hydrogen sulfide production® 3/3 3/3 2/2
Enzyme activities (API ZYM system)”
Esterase-lipase 3/3 3/3 2/2
Leucine aminopeptidase 3/3 3/3 272
Valine aminopeptidase 33 3/3 22
Acid phosphatase 3/3 3/3 2/2
Phosphohydrolase 3/3 3/3 22
N-acetyl-B-glucosaminidase 3/3 3/3 2/2
Lipase 0/3 0/3 0/2
a-Galactosidase 0/3 0/3 0/2
B-Galactosidase 0/3 0/3 0/2
B-Glucuronidase 0/3 0/3 072
B-Glucosidase 0/3 0/3 0/2
a-Mannosidase 0/3 0/3 0/2
a-Fucosidase 0/3 0/3 0/2
a-Glucosidase 1/3 0/3 0/2
Esterase 1/3 0/3 0/2
Alkaline phosphatase 0/3 1/3 0/2
Cystine aminopeptidase 3/3 3/3 1/2
Trypsin 3/3 3/3 12
Chymotrypsin 3/3 3/3 12
Enzyme activities (Flow Laboratories
Non-Fermentor system)®
Acetamide hydrolysis 0/3 0/3 0/2
Esculin hydrolysis 0/3 0/3 0/2
Urea hydrolysis 0/3 0/3 02
Deoxyribonuclease 0/3 0/3 0/2
B-Galactosidase 0/3 0/3 0/2
Temperature studies”
33°C 2/3 3/3 12
34°C 2/3 3/3 12
35°C 0/3 0/3 12
37°C 0/3 0/3 12
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during growth on glucose, xylose, and maltose; (ii) growth
on complex media containing 10% glucose; (iii) growth on
mannitol media containing 0.75% NaCl; (iv) H,S production
on sorbitol media containing thiosulfate; and (v) esterase-
lipase, leucine aminopeptidase, valine aminopeptidase,
phosphohydrolase, and N-acetyl-B-glucosaminidase activi-
ties.

All eight representative strains were negative for the
following characteristics: (i) growth on complex media con-
taining sucrose as the primary carbon source; (ii) growth on
complex media containing 25% glucose; (iii) growth on
mannitol media containing 1.5% NaCl; (iv) lipase, a- and
B-galactosidase, B-glucuronidase, a-mannosidase, a-fucosi-
dase, and deoxyribonuclease activities; and (v) acetamide,
esculin, and urea hydrolysis.

Strain IFO 3297a was the only strain that increased the pH
from 6.0 to 7.0 or above when it was grown on sorbitol,
mannitol, lactose, ribitol, or myo-inositol as the primary
carbon source, and it was the only strain to grow to an OD
of 1.0 U or more at 37°C.

Differential characteristics. (i) Growth on ribitol (adonitol).
After 24 h of incubation, all three representative strains in
homology group II grew to an OD of 2.3 U or more on ribitol
as a primary carbon source, while all of the representative
strains in homology groups I and III grew to an OD of only
0.6 U or less (Table 3). Because this characteristic appeared
to differentiate homology group II from groups I and III, the
27 other strains were examined. All seven additional group II
strains but only one of the three additional group III strains
(IFO 3265) grew to an OD of 1.0 U or more, whereas the 17
additional strains in homology group I and two of the
additional three strains in homology group III grew to an OD
of only 0.5 U or less (Table 4). Therefore, growth on ribitol
to an OD of more than 1.0 U was characteristic of homology
group II strains, with only 1 exception out of the 35 strains
examined. This exception, strain IFO 3265, was shown by
Micales et al. (14) to have only one colony type, but it
exhibits mixed homology with groups II and III, and we do
not believe that it is representative of group III gluconobac-
ters.

(ii) Growth on arabitol. After 24 h of incubation, all three
representative strains in homology group II grew to an OD of
more than 2.5 U on medium containing arabitol as the
primary carbon source, while all representative strains in
homology groups I and III produced OD values of only 0.07
U or less (Table 3). Because this characteristic also appeared
to differentiate homology group II strains from strains in
groups I and III, the 27 additional strains were examined. All
of the additional group II strains but only one of the three
additional group III strains (IFO 3265) reached an OD of 1.0

“ The eight representative strains tested are listed in Table 1. All tests were
performed at 28°C as described in Materials and Methods unless otherwise
indicated.

b Positive strains are strains which grew to an OD of 1.0 U or more after 24
h of incubation.

¢ Positive strains are strains which lowered the pH from 6.0 to 5.0 or below
after 72 h of incubation.

4 Positive strains are strains which grew to an OD of 0.5 U or more after 48
h of incubation.

¢ Positive strains are strains which blackened the lower portion of the lead
acetate-soaked filter paper strip within 12 days after inoculation.

f Positive strains are strains which gave positive results when we used the
Analytlab Products API ZYM rapid test after 4 to 6 h of incubation.

# Positive strains are strains which gave positive results when we used the
Flow Laboratories non-fermentor system after 24 h of incubation.

 Positive strains are strains which grew to an OD of 1.0 U or more after 48
h of incubation.
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TABLE 3. Growth of representative strains on ribitol or arabitol as the primary carbon source

OD (U)
Homology Strain Exp Growth on ribitol Growth on arabitol
group Replicate Replicate Replicate Replicate
1 2 1 2
T A 0.49 0.49 0.02 0.02
! ATCC 19357 B 0.41 0.41 0.00 0.00
C 0.20 0.20 0.06 0.07
ATCC 23651a A 0.32 0.32 0.00 0.00
B 0.30 0.30 0.00 0.00
C 0.31 0.31 0.00 0.00
IFO 3293 A 0.53 0.53 0.00 0.00
B 0.45 0.45 0.00 0.00
C 0.46 0.46 0.00 0.00
I ATCC 15178 A 2.60 2.60 2.80 2.80
B 2.50 2.50 2.90 2.90
C 2.80 2.80 3.10 3.10
IFO 3254 A 2.70 2.70 3.00 3.00
B 2.30 2.30 2.90 2.90
C 2.80 2.80 3.40 3.40
IFO 3264T (= ATCC 492077) A 3.00 3.00 4.50 4.50
B 2.50 2.50 2.80 2.80
C 3.00 3.00 3.20 3.20
111 IFO 3276a° A 0.31 0.31 0.00 0.00
B 0.29 0.29 0.00 0.00
C 0.29 0.29 0.00 0.00
IFO 3297a A 0.02 0.02 0.04 0.04
B 0.09 0.09 0.00 0.00
C 0.01 0.01 0.00 0.00

4 All strains were grown in a medium containing 0.5% (wt/vol) yeast extract, 0.3% (wt/vol) peptone, and either 0.5% (wt/vol) ribitol or 0.5% (wt/vol) arabitol
as described in Materials and Methods. Cultures were incubated for 24 h at 28°C and aerated on a roller drum tube apparatus set at 27 rpm.

5 Colony variant a isolated by B. K. Micales from strain IFO 32767 and used in the DNA-DNA homology study was shown to be genetically identical to colony
variant IFO 3276b (14). Strain IFO 32767 (containing colony variants a and b) has recently been deposited in the American Type Culture Collection as strain ATCC

492067.

U, while the 17 additional strains in homology group I and
the two remaining group III strains grew to an OD of only 0.1
U or less (Table 4). Therefore, growth on arabitol to an OD
of more than 1.0 U was characteristic of homology group II
strains, with only 1 exception out of the 35 strains examined;
this exception (strain IFO 3265) is the strain with mixed
DNA-DNA homology (14).

(ili) Growth in the absence of nicotinic acid. When we
inoculated washed cells from a complex medium into a
nicotinate-deficient medium, representative strains from ho-
mology group I grew as much as 0.75 OD unit after 24 h of
incubation (data not shown). When these cultures were
successively transferred two more times to nicotinate-defi-
cient media and incubated for 24 h after each transfer, group
I representative strains grew to a maximum OD of only 0.4 U
(Table 5). Therefore, it appeared that three transfers into
nicotinate-deficient media were necessary to show the effect
of nicotinate absence on growth. When the group I repre-
sentative strains were allowed to grow for a total of 48 h after
the third transfer, culture OD values reached at least 1.5 U
(data not shown). This indicated that the incubation time
needed to be limited to 24 h after the third transfer to show
the effect of nicotinate deficiency on growth. In contrast to
the limited growth of the group I representative strains, four
of the five group II and III representative strains grew to an
OD of at least 1.9 U after three successive transfers and 24
h of incubation in nicotinate-deficient media (Table 5).
Therefore, our results suggested that 24 h of growth after
three successive transfers into nicotinate-deficient media
allowed differentiation of group I gluconobacters from
strains in groups II and III.

When the remaining 27 strains were examined (Table 4),
15 of the 17 remaining group I strains either failed to grow or
grew to an OD of only 0.4 U or less. The remaining strains
(strains ATCC 23652 and IFO 3275a) reached OD values of
between 0.5 and 1.0 U. All of the remaining group III strains
and all but one of the seven additional group II strains (IFO
3272) grew to an OD of 1.8 U or more. Therefore, growth to
an OD of 0.5 U or less after three successive transfers in
nicotinate-deficient media and 24 h of incubation was char-
acteristic of strains in homology group I, whereas growth to
an OD of more than 1.0 U was characteristic of strains in
homology groups II and III. At present we know of only two
exceptions to this conclusion. Strain IFO 3297a (homology
group III) showed poor growth both in the presence and in
the absence of nicotinate (Table 5), and strain IFO 3272
(homology group II) grew to an OD of 0.7 U or less in the
presence of nicotinate (Table 4). Thus, it appeared that these
two strains have nutritional requirements that are not pro-
vided by the medium used in our study.

(iv) Strains with special nutritional requirements. Of the 35
strains used in this study, 4 (strains ATCC 23760, IFO 3272,
IFO 3297a, and IFO 3297b) grew to an OD of only 0.7 U or
less after three passes in the semidefined medium used in our
nicotinate study, which contained pyridoxal hydrochloride,
riboflavin, biotin, thiamine, pantothenate, para-aminoben-
zoate, and nicotinate. However, all four of these strains
grew to an OD of 1.0 U or more in a medium that contained
yeast extract as an undefined source of vitamins (data not
shown). Neither the addition of 0.00015% vitamin B,,,
0.00015% folic acid, and 0.00015% pantethine to the medium
nor the substitution of peptone for Casamino Acids caused
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TABLE 4. Summary of phenotypic characteristics for all Gluconobacter strains examined

Homology Homolo, Phenotypic characteristics?
Micales designation et al.c Yamada Growth on Growth on Growth without
et al.? : et al.c ribitol arabitol nicotinate

G. oxydans I ATCC 621 NCIB 621 B NT - - -
(Henneberg 1897) ATCC 621H NCIB 8036 NT NT - - -
De Ley 1961 ATCC 9937 NT NT - - -
ATCC 14960 NCIB 9137 B NT - - -
ATCC 193577 NCIB 90137 B a - - -
ATCC 23651a NCIB 9014 B NT - - -
ATCC 23651b  NCIB 9014 B NT - - -
ATCC 23652 NCIB 9119 B NT - - d
ATCC 23760 NT NT - - -
ATCC 23771 NCIB 3734 B NT - - -
ATCC 33447 LMD 29.2 B NT - - -
CIP 5714 NT NT - - -
CSIRO B1507 NT NT - - -
IFO 3244 B a - = -
IFO 3250 NT a - - -
IFO 3275a NT b - - d
IFO 3293 B a = - -
IFO 3294 A a - - -
IFO 3297b NT NT - - -
IFO 12528 B NT - - -
G. frateurii sp. 11 ATCC 12302 IFO 3260 A b + + +
nov. ATCC 15178 A NT + + +
ATCC 15180 A NT + + +
IFO 3251 A b + + +
1FO 3254 NT b + + +
IFO 32647 ATCC 492077 A b + + +
IFO 3268 A b + + +
IFO 3270 A b + + +
IFO 3272 NT b + + -
IFO 3286 A b + + +

G. asaii 11 IFO 3265¢ A b +¢ +e +°
Sp. nov. IFO 3276a" ATCC 49206" A b - - +
IFO 3276b" ATCC 492067 A b - - +

IFO 3297a® NT NT - - -
RS203b ATCC 43781 NT NT - - +

“ See reference 14.

» Abbreviations for culture collections are explained in Table 1, footnote b. Strain RS203b is one colony type isolated by Micales et al. (14) from a culture
obtained from K. G. Rohrbach, Department of Plant Pathology, University of Hawaii at Manoa, Honolulu; this culture has recently been deposited with the
American Type Culture Collection as strain ATCC 43781. Lower-case letters at the ends of strain designations indicate colony types isolated by B. K. Micales

and used in our previous DNA-DNA homology study.
¢ NT, Strain not tested by Gosselé et al. (11) or Yamada et al. (22).

¢ +, Growth to an OD of 1.0 U or more within 24 h; —, growth to an OD of 0.5 U or less within 24 h; d, growth to an OD between 0.5 and 1.0 U within 24
h. See Materials and Methods for the exact procedures used and the methods of analysis.

¢ Micales et al. (14) gave data that suggested that this strain is a mixture of cells from homology groups II and III, but only one colony type was detected.
Because of reasons given in the Discussion, we recommend that this strain not be used in further taxonomic studies.

f Micales et al. (14) found that the two colony types isolated from the strain received as IFO 32767 (called IFO 3276a and IFO 3276b) has identical DNA-DNA
homologies. Strain IFO 32767 (containing both colony variants) has been deposited in the American Type Culture Collection as strain ATCC 492067.

# Although this strain does not grow after three passages in the absence of nicotinate, it does have other characteristics that allow easy phenotypic

differentiation from G. oxydans (see Discussion).

an increase in the extent of growth. Thus, it appeared that
some acetic acid bacteria require unknown growth factors
which are present in yeast extract but were not present in
our semidefined medium. A similar conclusion was reached
by Rao and Stokes (15) in their nutritional studies.

DISCUSSION

Colony variants and culture purity. We have previously
found that Gluconobacter strains from many of the reputable
culture collections in the world contain more than one
colony type, but, because of small colony sizes, these
differences may not be determined without careful micro-
scopic examination (14). The work of Micales et al. (14)

demonstrated the following with regard to these multiple
colony types. (i) Some cultures contain multiple colony
types that can be easily separated, and each colony type
exhibits the same morphology throughout many transfers
(these strains are identified [14] by adding lower-case letters
to the strain designations, such as IFO 3276a). (ii) At times,
a comparison of levels of DNA homology shows that sepa-
rated colony types are genetically identical colony variants
(such as IFO 3276a and IFO 3276b). (iii) Other times, DNA
comparisons show that separated colony types are members
of two distinct gluconobacter homology groups (such as IFO
3297a and IFO 3297b). (iv) Occasionally, only one of the
separated colony types appears to fit into a gluconobacter
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TABLE 5. Growth of representative strains after three transfers
in media lacking nicotinate®

oD (U)
H(;Tool};gy Strain Exp Repllicaxe Replzicate

1 ATCC 193577 A 0.17 0.17
B 0.00 0.00

C 0.00 0.00

ATCC 2356la A 0.02 0.02

B 0.01 0.08

C 0.01 0.09

IFO 3293 A 0.34 0.34

B 0.00 0.00

C 012 010

11 IFO 3264T (= ATCC 492077) A 1.90 1.90
B 2.10 2.00

C 1.50 1.80

ATCC 15178 A 2.90 2.80

B 3.10 3.00

C 2.80 2.80

IFO 3254 A 2.30 2.30

B 2.50 2.70

C 2.20 2.40

11 IFO 3276a® A 2.50 2.30
B 2.00 2.00

C 2.20 1.90

IFO 3297a A 0.27 0.27

B 0.17 0.17

C 0.32 0.32

¢ Strains were transferred to and incubated three times in a medium
composed of 1% (wt/vol) vitamin-free Casamino Acids, 1% (wt/vol) mannitol,
0.00015% (wt/vol) pyridoxal hydrochloride, 0.00015% (wt/vol) riboflavin,
0.0001% (wt/vol) biotin, 0.0001% (wt/vol) thiamine, 0.0001% (wt/vol) pan-
tothenic acid, and 0.0001% (wt/vol) p-aminobenzoic acid. After the fourth
successive transfer, growth was measured as described in Materials and
Methods. All strains were incubated for 24 h at 28°C and aerated at 27 rpm on
a roller drum tube apparatus.

» Colony variant a isolated by B. K. Micales from strain IFO 3276" and
used in the DNA-DNA homology study was shown to be genetically identical
to colony variant IFO 3276b (14). Strain IFO 32767 (containing colony
variants a and b) has recently been deposited in the American Type Culture
Collection as strain ATCC 49206.

homology group (such as UQM 15a). Micales et al. (14)
worked only with cultures that exhibited one colony type or
with cultures that could be separated and continued to form
only one colony type after many transfers. We did the same
in the study reported here.

Another observation made and discussed by Micales et al.
(14) and reaffirmed during our study was the following:
sometimes g separated colony type exhibits the same char-
acteristics after many transfers and storage at 4°C on slants
or at —10°C in 66% glycerol; however, the other colony type
may reappear when the culture is recovered after long-term
storage in liquid nitrogen. The possible reasons for this
phenomenon have been discussed previously (14). We only
emphasize that it is important for those investigators work-
ing with gluconobacter cultures to periodically make a close
examination of their cultures for purity.

Nondifferential tests and hydrogen sulfide production.
When results of tests in which the eight representative
strains were used demonstrated no clear differences among
the homology groups (Table 2), we did not examine the
remaining 27 strains.

One nondifferential test result was of interest, however,
because it seemed to conflict with a previously described
characteristic of the genus Gluconobacter. We observed that
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all eight representative strains produced H,S (T?ble 2), bl}t
the genus Gluconobacter is reportedly H,S negative (7). This
genus characteristic was determined by Gosselé et al. (11'),
who tested for H,S formation by using the filter paper strip
method above an unbuffered medium continuing 5% glucose,
0.5% peptone, 0.5% yeast extract, 0.1% L-cysteine, 'and
0.05% Na,SO, adjusted to pH 7. Our method was similar,
except that we used sorbitol (because its single-step oxida-
tion product, sorbose, dose not change the medium pH), we
added more peptone (1%, wt/vol) and yeast extract (1%,
wt/vol), we did not add cysteine, and we used 0.01% sodium
thiosulfate as a source of oxidized sulfur.

All of our cultures blackened the bottoms of the filter
paper strips only when thiosulfate was present in the me-
dium. This evidence suggests that H,S formation occurred
as a result of sulfate reduction and not as a result of
oxidation of sulfhydryl-containing amino acids present in the
medium. Why was H,S formation not detected in the study
of Gosselé et al. (11)? There are at least two possible
explanations for this. It may be that their cells did not remain
viable long enough to exhibit H,S formation, because of the
large drop in pH that one would expect to occur in their
unbuffered glucose-containing medium. In our study with
the eight indicator strains, positive results for H,S formation
did not appear until 5 days (IFO 3276a), 7 days (ATCC
193577, ATCC 23651a, IFO 32647), 9 days (IFO 3293, IFO
3254, IFO 3297a), or 12 days (ATCC 15178) after inocula-
tion. It may also be that the gluconobacters cannot reduce
sulfate all the way to hydrogen sulfide.

Our results show that it is no longer correct to state that
this genus is ““. . . negative . . for H,S production’ (7).
Each of the eight representative strains studied here formed
H,S in the presence (but not in the absence) of thiosulfate
(Table 2). Since these eight strains represent the three
homology groups of gluconobacters detected by Micales et
al. (14), we strongly suspect that H,S formation from thio-
sulfate is a characteristic of the entire genus. Since the
reduction of oxidized forms of sulfur is characteristic of
anaerobic respiration, this finding of thiosulfate reduction to
sulfide should cast some doubt upon the ‘. . . strictly aer-
obic . . .”” (7) nature of the genus Gluconobacter, and this
topic should be investigated further.

Homology group I. (i) Comparison with previous studies. A
total of 20 strains from homology group I of Micales et al.
(14) were examined for growth in medium containing ribitol
or arabitol as a primary carbon source and growth in the
absence of nicotinate. All of these strains grew to an OD of
1.0 U or less within 24 h in the presence of ribitol or arabitol
as the primary carbon source or after three transfers into
nicotinate-deficient media (Table 4). Among these 20 homol-
ogy group I strains, 11 examined were previously in a
phenotypic study by Gosselé et al. (11). These authors
placed 10 of these 11 strains in their phenon B, which
requires nicotinate for growth. The remaining strain, IFO
3294, was placed in their phenon A, which does not require
nicotinate for growth. However, Micales et al. (14) found
that strain IFO 3294 exhibits 85% homology with strain
ATCC 19357, the type strain of the type species of the genus
Gluconobacter and the reference strain for homology group
I. Our study showed that strain IFO 3294 requires nicotinate
for growth (Table 4), and this is a characteristic of group I
gluconobacters. Yamada et al. (21) suggested that the strain
IFO 3294 used by Gosselé et al. (11) was mixed with cells
from a different homology group. The results of Micales et
al. (14) support this suggestion.

When Gosselé et al. (10) examined the growth factor
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requirements of the gluconobacters, they found that nicoti-
nate was required by 98% of the strains in phenon B
(homology group I of Micales et al.). Gosselé et al. (11) used
tristhydroxymethyl)aminomethane-maleate buffer adjusted
to pH 5.4 in their growth medium, but, when Micales
attempted to repeat this experiment, he found that this buffer
inhibited the growth of Gluconobacter strains (unpublished
data). Therefore, we examined the requirement for nicoti-
nate in the absence of buffer. Under these conditions, we
found that all homology group I strains grew luxuriantly in
the presence or absence of nicotinate after the first transfer
from a yeast extract-containing medium. However, after
three passages (24 h of incubation each) in media lacking
nicotinate, all 20 strains grew to an OD of less than 1.0 U
after 24 h of incubation. On the other hand, if, after the third
transfer, these strains were incubated for an additional 24 h
(total, 48 h), 18 of the strains reached an OD of 1.0 U or
more. This demonstrated that the homology group I strains
did not have an absolute requirement for nicotinic acid, but,
instead, their rate of growth appeared to be repressed in the
absence of this vitamin.

Six strains placed in homology group I by Micales et al.
(14) were also examined in the DNA-DNA homology study
of Yamada et al. (23) (Table 4). Yamada et al. found that five
of these strains exhibited 46 to 82% homology with the type
strain of the type species of the genus, while the remaining
strain, IFO 3275, exhibited only 4% homology with the type
strain of the type species and therefore was placed in their
group b. However, Micales et al. found that strain IFO 3275
produces two colony types, which, when isolated, were
found to belong to separate homology groups. One colony
type, strain IFO 3275a, has 42% homology with the genus
type strain, and this strain was placed in homology group I.
The second colony type, strain IFO 3275b, has only 20%
homology with the genus type strain but 97% homology with
the reference strain for homology group III (Micales, M.S.
thesis).

(ii) Reliability of phenotypic tests. Of the 20 homology
group I strains examined in our study, only 2 (strains ATCC
23652 and IFO 3275a) grew to an OD of mote than 0.5 U
within 24 h, after three passages (24 h of incubation each) in
a nicotinate-deficient medium. One of these two, strain
ATCC 23652, reached an OD of approximately 0.95 U within
24 h in the absence of nicotinate; however, it reached an OD
of approximately 2.5 U within 24 h in the presence of this
vitamin. It was evident that the rate of growth of this strain
was slower in the absence of nicotinate. Therefore, a slower
growth rate in nicotinate-depleted cultures can be used to
identify strain ATCC 23652 as a member of homology group
I.

The second strain that grew to an OD of more than 0.5 U
in 24 h in a nicotinate-deficient medium, strain IFO 3275a,
grew equally well in either the presence or the absence of
nicotinate (OD, 0.6 to 0.8 U); however, this strain grew to an
OD of only 0.5 U or less in the presence of ribitol or arabitol
as the primary carbon source. The DNA-DNA homology
studies of Micales et al. (14) showed that this strain exhibits
42% homology with the reference strain for homology group
I (also the type species of the genus). Growth to an OD of 0.5
U or less in medium containing ribitol or arabitol as the
primary carbon source demonstrated that this strain is not in
homology group II. However, using all of the phenotypic
criteria established in this study, we wére unable to deter-
mine whether this strain is a member of homology group I or
homology group III. DNA-DNA homology is currently the
only means of assigning strain IFO 3275a to a homology
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group. Therefore, further phenotypic characteristics should
be examined to help identify this strain.

(iii) Designated species name. The type strain of the type
species of the genus Gluconobacter (strain ATCC 19357 [=
NCIB 9013]) was used as the reference strain for homology
group I of Micales et al. (14); this strain is also found in
homology group a of Yamada et al. (22) and phenon B of
Gosselé et al. (11) (Table 4). Both Yamada et al. and Micales
et al. previously proposed that the DNA-DNA homology
groups containing this strain be called G. oxydans (Henne-
berg 1897) De Ley 1961. We believe that this name should be
retained, although some of our data suggest that the species
description given by DeLey and Swings (7) should be
modified.

(iv) Description of Gluconobacter oxydans (Henneberg 1897)
De Ley 1961, 47*Y. Gluconobacter oxydans (Bacterium
oxydans Henneberg 1897, 224) (ox'y.dans. Gr. adj. oxys,
sharp, acid; L. part. adj. dans, giving; M.L. part. adj.
oxydans, acid-giving, oxidizing). The characteristics are as
given previously for the genus (7). In addition, all strains in
this species form a DNA-DNA homology group when the
type strain of the type species of the genus (ATCC 19357) is
used as the reference strain (14, 22). When our methods are
used, all strains grow to an OD of 1.0 U or less after 24 h of
incubation and three passages (24 h of incubation each) in
nicotinate-deficient media (Table 4), and all strains grow to
an OD of 0.5 U or less in medium containing ribitiol or
arabitol as the primary carbon source (Table 4). The gua-
nine-plus-cytosine content of the DNA is 54 to 59 mol% (14).
Representative strains are ATCC 621, ATCC 621H, ATCC
9937, ATCC 14960, ATCC 23760, ATCC 23771, ATCC
33447, CIP 5714, CSIRO B1507, IFO 3244, IFO 3250, IFO
3293, IFO 3294, and IFO 12528. The designated type strain
(7) is strain ATCC 19357.

Homology group II. (i) Comparison with previous studies.
The strains which grew to an OD of 1.0 U or more in medium
containing ribitol or arabitol as the primary carbon source
and after three transfers and 24 h of incubation in nicotinate-
deficient media are members of homology group II of Mi-
cales et al. (14) (Table 4). Our study included 10 group II
strains. Of these 10 strains, 8 were also previously examined
in the phenotypic study of Gosselé et al. (11), who placed
them in phenon A, the group which does not require nicoti-
nate for growth. Since all 10 group II strains used in our
study grew equally well in the presence and in the absence of
this vitamin, our results agree with those of Gosselé et al.
11D).

Of the 10 strains examined in this study, 8 were also
examined previously in the DNA-DNA homology and phe-
notypic studies of Yamada et al. (21, 22). Using the mem-
brane filter method, these authors showed that all eight
strains (their group b) exhibited 1 to 24% homology with the
type strain of the type species for the genus Gluconobacter
(strain ATCC 19357). Using the S1 nuclease method, Mi-
cales found that these eight strains exhibited 16 to 26%
homology with the type strain (Micales, M.S. thesis). There-
fore, we concluded that homology group II is genetically
quite different from G. oxydans.

(ii) Reliability of phenotypic tests. Because all 10 strains
examined in homology group II reached an OD of 1.0 U or
more in medium containing ribitol or arabitol as the primary
carbon source (Table 4), we believe that growth on these
polyols can be used to reliably identify group II strains; 9 of
the 10 strains examined also grew to an OD of 1.0 U or more
within 24 h after three passages (24 h of incubation each) in
nicotinate-deficient media (Table 4). The remaining strain,
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IFO 3272, grew to an OD of 0.5 U or less within 24 h in the
absence of nicotinate, but it grew to an OD of only 0.75 U
when this vitamin was present. Therefore, we suspect that
other, as-yet-unidentified, growth factors are required for
the best growth of strain IFO 3272. Until the additional
nutritional requirements are determined, we propose that
growth in medium containing ribitol and growth in medium
containing arabitol are the most reliable tests for identifying
homology group II strains.

(iii) Comparison with G. cerinus and proposed species
name. Yamada and Akita (21) validly published the name G.
cerinus for strains in their homology group b. Since 8 of the
10 homology group II strains that we examined (Table 4)
were included in group b of Yamada and Akita, we initially
felt that the homology group II strains described by Micales
et al. (14) should be called G. cerinus. On the other hand,
Yamada and Akita (21) designated strain IFO 3267 (= ATCC
19441) as the type strain of G. cerinus. Micales et.al. (14),
using the S1 nuclease method, found that this type strain
(ATCC 19441) was only 23% homologous with the group II
reference strain (IFO 3264T), whereas all other strains in
group II were between 44 and 87% homologous with group II
reference strain IFO 32647. Further studies are needed to
explain the apparent inconsistencies in these two DNA-
DNA homology studies. At the present time, however, the
designated type strain (21) of G. cerinus (strain IFO 3267 [=
ATCC 19441]) appears to be genetically distinct from the
homology group II gluconobacters (14). Therefore, we can-
not use the name G. cerinus to represent the group II
gluconobacters. Instead, we propose that the name Glucono-
bacter frateurii sp. nov. be used for this species.

(iv) Description of Gluconobacter frateurii sp. nov. Glucono-
bacter frateurii (fra.teur’i.i. M.L. n. frateurii, of Joseph
Frateur [1903-1974], eminent Belgian microbiologist, who is
well known for his classic study of the acetic acid bacteria
[8]). The characteristics are as given previously for the genus
(7). In addition, all strains in this species form a DNA-DNA
homology group when strain IFO 32647 is used as the
reference strain (14). When our methods are used, all strains
grow to an OD of 1.0 U or more after 24 h of incubation and
three passages (24 h of incubation each) in nicotinate-
deficient media (except strain IFO 3272, which seems to
have unusual nutritional requirements [Tabie 4]), and all
strains grow to an OD of 1.0 U or more after 24 h when either
ribitiol or arabitol is the primary carbon source (Table 4).
The guanine-plus-cytosine content of the DNA is 53 to 55
mol% (14). Representative strains are ATCC 12302, ATCC
15178, ATCC 15180, IFO 3251, IFO 3254, IFO 3268, IFO
3270, and IFO 3286. The type strain is strain ATCC 49207 (=
IFO 3264).

(v) Further description of the type strain. When grown as
described in Materials and Methods, strain ATCC 492077 (=
IFO 3264T) forms cream-colored colonies that have convex
elevations, glistening surfaces, a granular internal appear-
ance, slightly undulating edges, and diameters of 1 mm. In
addition to having the characteristics described previously
for the genus (7), strain ATCC 492077 has the following
characteristics: (i) 21% DNA-DNA homology with the type
strain of the genus, strain ATCC 19357 (Micales, M.S.
thesis); (ii) 30% DNA-DNA homology with group III refer-
ence strain, IFO 3276a (14); and (iii) 70% DNA-DNA homol-
ogy with strain ATCC 12302 (14), another group II strain (G.
frateurii). When strain ATCC 492077 is grown according to
our methods, it has the following characteristics: grows to an
OD of 1.5 U or more after three passages (24 h of incubation
each) in nicotinate-deficient media (Table 5); and grows to an

INT. J. SYST. BACTERIOL.

OD of 2.5 U or more after 24 h of incubation in media
containing ribitol or arabitol as the primary carbon source
(Table 3). In addition to the five differential characterllstlcs
noted above, when strain IFO 32647 is grown accordmg_to
our methods, it has the following additional properties
(L. M. Jones-Mason, M.S. thesis, Virginia Polytechnic In-
stitute and State University, Blacksburg, 1987): grows to an
OD of more than 1.0 U within 24 h in media containing
glucose or myo-inositol as the primary carbon source; grows
to an OD of more than 3.0 U within 24 h in media containing
xylitol but fails to grow to an OD of more than 0.40 U within
24 h in media containing sucrose as the primary carbon
source; grows to an OD of 0.90 = 0.17 U after 48 h of
incubation in media containing 17% glucose; and grows to an
OD of 1.85 + 0.17 U after 48 h of incubation in medium (1%
mannitol, 1% yeast extract, 1% peptone) containing 1.0%
NaCl.

Homology group III. (i) Comparison with previous studies.
We examined the phenotypic characteristics of five strains
previously placed in homology group III (14). Micales found
that these strains have only 13 to 23% homology with the
Gluconobacter type species (Micales, M.S. thesis), but they
have 71% or more homology with strain IFO 3276a, the
reference strain used to construct homology group III (14).
Three of these five strains were previously examined in the
phenotypic study of Gosselé et al. (11), who showed that
these strains do not require nicotinate for growth (phenon
A). Since the growth of four of five homology group III
strains was unaffected by nicotinate (Table 4), our results
appeared to support those of Gosselé et al.

(ii) Reliability of phenotypic tests. Two of the five strains
examined in homology group III had phenotypic character-
istics resembling those of strains in homology group I or
homology group II. The first strain, IFO 3297a, grew to an
OD of only 0.5 U within 24 h after three passages (24 h of
incubation each) in nicotinate-deficient media, and it grew to
an OD of only 0.5 U or less in medium containing either
ribitol or arabitol as the primary carbon source (Table 4).
When these phenotypic characteristics alone were used, it
appeared that this strain was a member of homology group I,
G. oxydans. However, this strain exhibits 77% homology
with the reference strain for homology group III (14); thus, it
must be assigned to this group. If we used only the three
phenotypic tests which appear to be most differential for
Gluconobacter species, we were unable to correctly identify
strain IFO 3297a as a group III gluconobacter. On the other
hand, strain IFO 3297a is the only strain which we tested that
increased the pH of the medium from 6.0 to 7.0 or more
when it was grown in medium containing mannitol, sorbitol,
ribitol, myo-inositol, or lactose, and this strain was the only
strain to grow to an OD of 1.0 U or more at 37°C. Therefore,
alkalinization of polyol media or growth at 37°C can be used
to identify strain IFO 3297a as an unusual member of
homology group III.

The second unusual group III strain, IFO 3265, reached an
OD of 1.0 U or more within 24 h after three passages in
nicotinate-deficient media, and it grew to an OD of more
than 1.0 U in the presence of ribitol or arabitol as the primary
carbon source (Table 4). These results imply that this strain
should be a member of homology group II, G. frateurii.
However, the DNA-DNA homology studies of Micales et al.
(14) demonstrated that strain IFO 3265 exhibits both an
identical homology with the reference strain for homology
group III (colony variant a of strain IFO 3276") and 65%
homology with the reference strain for homology group II
(strain IFO 3264T). As Micales et al. suggested (14), it
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appears that strain IFO 3265 is a mixture of homology group
II and homology group III strains that exhibit identical
colony types. So far, we have been unable to separate this
apparent mixture. Until separation is achieved and con-
firmed through DNA homology studies, we recommend that
strain IFO 3265 not be used for taxonomic studies.

(iii) Proposed species name. The DNA-DNA homology
study of Micales et al. (14) demonstrated that group III
gluconobacters are genetically different from gluconobacters
in homology groups I and II. Our results demonstrate that
there are also distinct phenotypic differences between the
strains in group III and the strains in groups I and II (Table
4). Therefore, we agree with Micales et al. that the group III
gluconobacters should be considered a separate species, and
we propose the name Gluconobacter asaii sp. nov. for these
organisms.

(iv) Description of Gluconobacter asaii sp. nov. Glucono-
bacter asaii (a.sa’'i.i. M.L. n. asaii, of Toshinobu Asai,
eminent Japanese microbiologist who was the first to distin-
guish gluconobacters from other acetic acid bacteria, who
named this genus, and who spent most of his professional life
studying these microorganisms [2]). The characteristics are
as given previously for the genus (7). In addition, all strains
in this species form a DNA-DNA homology group when
colony variant a of strain ATCC 492067 (= IFO 3276") is
used as the reference strain (14). When our methods are
used, all strains grow to an OD of 1.0 U or more after 24 h of
incubation and three passages (24 h of incubation each) in
nicotinate-deficient media (except strain IFO 3297a, which
can be characterized by its unique alkalinization of media
during growth on mannitol, ribitol, or arabitol), and all
strains fail to grow beyond an OD of 0.5 U after 24 h when
either ribitol or arabitol is used as the primary carbon source
(Table 4). The guanine-plus-cytosine content of the DNA is
52 to 55 mol% (14). Representative strains are ATCC 492067
(referred to as genetically identical colony variants IFO
3276a and IFO 3276b by Micales et al. [14]) and ATCC 43781
(referred to as strain RS203b by Micales et al. [14]). The type
strain is ATCC 49206 (= IFO 3276).

(v) Further description of the type strain. Strain IFO 32767
(as received) contained two genetically identical colony
variants, which were called IFO 3276a and 3276b by Micales
et al. (14). When grown as described in Materials and
Methods, colony variant a forms cream-colored, opaque
colonies that have convex elevations, glistening, smooth
surfaces, entire edges, and diameters of 0.25 mm; when
observed from underneath, the colonies exhibit brightly
highlighted edges that extend about one-fourth of the way
across the colony diameter. In contrast, when colony variant
b is grown in the same way, it forms more translucent
colonies having diameters of 0.50 mm and lacking brightly
highlighted edges when viewed from underneath.

Colony variants a and b were easily separated by Micales
et al. (14), and each variant kept its colony characteristics
through many transfers and storage on either slants or 66%
glycerol during the study reported here. The DNA-DNA
homology study (14) demonstrated that colony types a and b
are genetically identical colony variants, and our studies
show that they have the same diagnostic phenotypic char-
acteristics. Note, however, that colony variant purity has
not been easy to maintain or reachieve. For example, when
colony variant a was purified, stored in liquid nitrogen for 5
years, and then recently streaked for purity, about 25% of
the separated colonies were colony variant b; after eight
subsequent transfers, we were unable to achieve separation
of the two colony variants. Strain IFO 3276 (containing
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colony variants a and b) has been deposited with the
American Type Culture Collection as strain ATCC 492067.

In addition to having the characteristics described previ-
ously for the genus (7), strain ATCC 492067 (colony variant
IFO 3276a) has six differential characteristics. The following
three characteristics were previously demonstrated by Mi-
cales et al.: (i) 14% DNA-DNA homology with the type
strain of the type species of the genus, strain ATCC 19357
(Micales, M.S. thesis); (i) 22% DNA-DNA homology with
the group II (G. frateurii) reference strain IFO 32647 (14);
and (iii) 70% DNA-DNA homology with strain RS203b (14),
another group III strain (G. asaii) recently deposited with
the American Type Culture Collection as strain ATCC
43781. Three other characteristics of colony variant IFO
3276a were demonstrated in the work reported here. When
colony variant IFO 3276a is grown according to our meth-
ods, it grows to an OD of 1.9 U or more after three passages
(24 h of incubation each) in nicotinate-deficient media (Table
5); it grows to an OD of 0.31 U or less after 24 h of incubation
in media containing ribitol (Table 3); and it fails to grow on
arabitol as the primary carbon source (Table 3). The latter
three characteristics were also found with colony variant
IFO 3276b (Jones-Mason, M.S. thesis), except that the
growth of colony variant b on ribitol was slightly greater (OD
varied from 0.36 to 0.47 U in three separate experiments).

In addition to the six differential characteristics noted
above, Mason (Jones-Mason, M.S. thesis) demonstrated
that colony variant IFO 3276a has the additional properties
described below (when it is grown according to our meth-
ods). When myo-inositol, glucose, and xylitol are used
separately as the primary carbon sources, this strain grows
to OD values of more than 0.9, 1.6, and 2.3 U, respectively,
within 24 h. However, this colony variant does not grow to
OD values of more than 0.25 U after 24 h in media containing
sucrose as the primary carbon source. In media containing
17% glucose or 1.0% NaCl, the colony variant grows to OD
values of 1.40 or 2.13 U, respectively, after 48 h of incuba-
tion.
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