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During a previous study on the molecular interaction between commensal bacteria and host gut immunity,
two novel bacterial strains, A911" and G707, were isolated from the gut of Drosophila melanogaster. In this
study, these strains were characterized in a polyphasic taxonomic study using phenotypic, genetic, and
chemotaxonomic analyses. We show that the strains represent novel species in the family Acefobacteraceae.
Strain G707", a highly pathogenic organism, represents a new species in the genus Gluconobacter, “Glu-
conobacter morbifer” sp. nov. (type strain G707 = KCTC 22116" = JCM 15512%). Strain A911", dominantly
present in the normal Drosphila gut community, represents a novel genus and species, designated “Commen-
salibacter intestini” gen. nov., sp. nov. (type strain A911 = KCTC 22117" = JCM 155117).

Life on Earth emerged at least 3.8 billion years ago (32);
Earth has been inhibited by bacteria for at least 2.5 billion
years and by eukaryotes for 0.5 to 1 billion years (2). All life
forms containing mucosal epithelia have had to adapt to the
presence of commensal microbiota in their gastrointestinal
tract; this has been achieved via interactions such as symbiosis,
commensalism, and pathogenicity (20). Research on ubiqui-
tous bacterial symbionts has defined the mechanisms by which
these organisms infect their host cells, prevent the host’s im-
mune responses, and control host physiology in insects (7). The
in-depth analysis of gut-microbe interactions presents difficul-
ties because most symbiotic bacteria cannot be cultured ex vivo
and genetically amenable animal models are not diverse; how-
ever, Drosophila melanogaster has been successfully used as a
genetically tractable model organism for the investigation of
pathogen-initiated immunity in the gut (11, 17, 18, 37, 47, 50).

We have previously investigated the molecular interactions
between commensal bacteria and host gut immunity. The Dro-
sophila gut maintains the appropriate antimicrobial peptide
(AMP) levels for preservation of the normal flora community
structure by recruiting the developmental master control gene
caudal (cad) (36). We showed that a deregulated immune
genotype (i.e., AMP overexpression due to the loss of cad) was
linked to a chronic gut inflammation phenotype, not because it
was a direct cause of the disease but because it altered the
commensal microbiota community structure in which the
pathogenic commensal strain G707" became dominant. Two
strains were isolated from wild-type Drosophila midguts: strain
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A911" was a predominant commensal member (more than 10°
bacteria per gut), and strain G707" was a minor member.
When caudal expression was disrupted by RNA interference
(RNAI) (caudal RNALI), the population of strain A911" was
significantly diminished and was maintained at a low level (less
than 10° bacteria per gut) whereas strain G707" became a
dominant commensal member (to more than 10* bacteria per
gut). The characteristics of strain G707 (highly resistant to
AMP) and strain A9117 (sensitive to AMP) suggest that G707
could be dominant in the gut of cad RNAI flies as a result of
the overexpression of AMPs. A high level of apoptosis in
epithelial cells was also detected in the guts of G707 -chal-
lenged germ-free wild-type flies, but not in G707 -challenged,
conventionally reared wild-type flies; however, it is still unclear
how this change in bacterial population induces apoptosis in
Drosophila. Thus, it is necessary to explore the fundamental
characteristics of these two novel bacterial strains in order to
elucidate the mechanism leading to apoptosis.

Phylogenetics is the study of evolutionary relationships
among various groups of organisms. In accordance with the
accumulated phylogenetic knowledge database, when compar-
ing novel isolates with evolutionally closely related strains,
researchers can determine which taxon they belong to,
whether new isolates are novel, and which enzyme activities
or metabolites are crucial for their ecological roles in the
environment.

The primary goal of this study was to phylogenetically char-
acterize the novel strains G707" and A911T through pheno-
typic, genetic, and chemotaxonomic analyses. Strain G7077 is a
highly pathogenic commensal organism, and strain A9117 is
predominant in the normal gut community structure. Here we
show that these two novel isolates from the microbiota com-
munity in Drosophila midguts are affiliated with the family
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Acetobacteraceae; strain G707 belongs to a novel species in
the previously established genus Gluconobacter, and strain
A9117 belongs to a novel species in the novel genus Commen-
salibacter.

MATERIALS AND METHODS

Bacterial strains. Drosophila gut homogenates were inoculated on mannitol-
agar plates (25 g/liter n-mannitol, 5 g/liter yeast extract, 3 g/liter peptone, and 15
g/liter agar), a medium selective for members of the family Acetobacteraceae (35),
and incubated at 25°C. The colonies were repeatedly restreaked on agar plates in
order to obtain a pure culture of novel strain candidates, as described previously
(36). Bacterial cultures of the isolates were stored at —80°C in the presence of
20% (vol/vol) glycerol.

Morphology and physiological characteristics. Cell morphology was examined
by light microscopy (ECLIPSE 80i; Nikon, Japan) and electron microscopy. Motility
was observed by the wet-mount method (33). The Gram type was determined using
the Gram staining method (16) and the nonstaining method using KOH (3), and
spore formation was examined using the Schaeffer-Fulton staining method (41).
Cells were grown on mannitol-agar plates to determine the optimum growth con-
ditions at various temperatures, and mannitol broth media were used to determine
the optimum pH, adjusted with HCI or NaOH. Tolerance of NaCl was determined
using mannitol broth media supplemented with the appropriate concentrations of
NaCl. Oxidase activity was determined using an oxidase reagent (BioMerieux), and
catalase activity was determined by bubble production in 3% (vol/vol) hydrogen
peroxide solution. Growth on R2A agar (Difco), tryptic soy agar (TSA; Difco),
marine agar (MA; Difco), nutrient agar (NA; Difco), and Luria agar (LA; Difco)
was also determined. Anaerobic growth on mannitol-agar plates was analyzed with
the BBL GasPak pouch system. Acid production from carbohydrate, utilization of
sole carbon sources, and enzyme activities were determined using API20NE,
APIS0CH, and API ZYM test strips (BioMerieux) and Biolog gram-negative (GN)
plates with GN/gram-positive (GP) inoculating fluid.

16S rRNA gene sequencing, DNA-DNA hybridization, and phylogenetic anal-
ysis. Chromosomal DNA was extracted using a G-spin DNA extraction kit
(iNtRON Biotechnology, Republic of Korea), and the 16S rRNA gene was PCR
amplified from chromosomal DNA using PCR premix (Solgent, Republic of
Korea). Two universal primers were used for amplification: forward primer 27f
(5'-AGAGTTTGATCCTGGCTCAG-3") and reverse primer 1492r (5'-TACG
GYTACCTTGTTACGACTT-3"). PCR was initiated by denaturation at 94°C for
2 min. Reaction products were amplified for 30 cycles as follows: denaturation at
94°C for 1 min, annealing at 60°C for 1 min, and extension at 72°C for 1.5 min.
A final extension was performed at 72°C for 10 min. PCR products were purified
and sequenced using a PCR purification kit (Cosmo Genetech, Republic of
Korea) and a BigDye Terminator cycle sequencing ready reaction kit (Applied
Biosystems), respectively, according to the manufacturers’ instructions. A Prism
3730XL DNA analyzer (Applied Biosystems) was used to analyze the resulting
reaction mixtures, and full-length 16S rRNA gene sequences were assembled
using SeqMan software (DNASTAR). Pairwise 16S rRNA gene sequence simi-
larity was determined using the EzTaxon server (http://www.eztaxon.org/) (5) to
determine phylogenetic neighbors, and sequences from the novel strains and
related taxa (NCBI database) were aligned using the multiple sequence align-
ment program CLUSTAL X, version 1.8 (46). A DNA-DNA homology experi-
ment was performed as described previously (34). Phylogenetic relationships
between representative species in the family Acetobacteraceae were determined
using the MEGA3 software program (25). Distance matrices were determined
(23) and used to elaborate dendrograms by the neighbor-joining (39), minimum-
evolution (38), and maximum-parsimony (24) methods. To evaluate stability, a
bootstrap analysis was performed using a consensus tree based on 1,000 ran-
domly generated trees (10).

Genomic analysis. The G+C content was determined using high-performance
liquid chromatography, as described by Mesbah and Whitman (30). The genome
sizes were analyzed by pulsed-field gel electrophoresis (42, 43).

Chemotaxonomy. The cell biomass for cellular fatty acid composition analysis
was collected from mannitol-agar plates after incubation at 25°C for 2 days. Cells
were harvested, and the cellular fatty acids were saponified, methylated, and
extracted by following the instructions in the manual for the Sherlock microbial
identification system. Fatty acids were analyzed by gas chromatography
(Hewlett-Packard; 6890) and identified using the Microbial Identification soft-
ware package (40).

Nucleotide sequence accession numbers. The 16S rRNA gene sequences of
strains G707" and A911" are available from the GenBank nucleotide database at
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the NCBI website (http://www.ncbi.nlm.nih.gov) under accession numbers
EU409602 and EU409601, respectively.

RESULTS

Morphology and physiological characteristics. The cells
from strains G707" and A9117" are aerobic, non-spore forming,
nonmotile, and rod shaped. Strain G707" cells are gram vari-
able. Strain G707" colonies are pink pigmented and circular
after 2 days of growth on mannitol-agar at 25°C. This strain can
grow on conventional media such as TSA and R2A agar plates.
Growth occurs on mannitol-agar plates containing up to 2%
NaCl, but not at 3% NaCl. Strain G707" cannot reduce nitrate
to nitrite or nitrogen. Strain A9117 cells are gram negative, and
its colonies are cream pigmented. It can also grow on conven-
tional media such as TSA, R2A agar, and LA plates. Growth
occurs on mannitol-agar plates containing up to 3% NaCl, but
not at 4% NaCl. Strain A911" can reduce nitrate to nitrite.
Both strains are oxidase negative and catalase positive. The
optimal temperature range for growth is 25 to 30°C, and the
optimal pH range is 3.6 to 7.8 for both strains. Additional
descriptions of the strains appear in the species description.
Tables 1 and 2 show a comparison between the characteristics
of closely related strains and G707 and A9117, respectively.

Anticompetition between two novel strains. An in vitro ex-
periment to identify antagonism between two novel strains on
a mannitol-agar plate revealed that their populations were able
to coexist well together. One strain cannot exclude the other
strain in a static plate environment. No antagonism, such as
antibiotic-mediated competition, between two strains of Esch-
erichia coli that produce an antibacterial toxin (colicin) and are
sensitive to colicin (4) was observed, even though antagonism
between two novel strains in the guts of G707%-challenged
conventionally reared wild-type flies was reported (36).

Phylogenetic analysis. The nearly complete 16S rRNA gene
sequences of strains G707" (1,367 bp) and A911T (1,482 bp)
were obtained. The 16S rRNA gene sequence similarity
showed that these two strains are associated with the family
Acetobacteraceae. Strain G707% exhibited the highest 16S
rRNA gene similarity to Gluconobacter albidus BCC 14434
(97.9%), Gluconobacter cerinus ATCC 194417 (97.6%), Glu-
conobacter oxydans ATCC 19357" (97.5%), Gluconobacter fra-
teurii ATCC 49207" (97.4%), and Gluconobacter thailandicus
F149-1T (97.4%), whereas strain A911" exhibited the greatest
similarity to type strains Acetobacter syzygii 9H-2 (93.5%), Ace-
tobacter lovaniensis ATCC 12875 (93.4%), Acetobacter pomo-
rum LTH 2458 (93.3%), and Gluconacetobacter sacchari SRI
1794 (93.2%) and strains of other species belonging to the
family Acetobacteraceae (=93.1%). The sequence similarity ob-
served for strain A9117 implies that this strain must be classi-
fied as a new species, if not a new genus. Construction of
phylogenetic trees based on the 16S rRNA gene sequences
confirmed that both strains are also associated with the family
Acetobacteraceae (Fig. 1); strain G707" clustered within a clade
of the genus Gluconobacter (Fig. 1). The sequence of strain
A911T was phylogenetically distinct, implying a relatively long
subline of descent separate from other species of the family
Acetobacteraceae (Fig. 1). Despite the low bootstrap values
(approximate 50%) of the three treeing methods used, sup-
porting a branching point between the major Acetobacter
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TABLE 1. Taxonomic characteristics of G. morbifer sp. nov., strain G707" and type strains of the other species in the genus Gluconobacter

Characteristic

Result for strain:

1 2 3 4 5 6 7
Growth at 37°C + - +< _ec _c W
Growth at pH 3.0 - NR 4 _c 4e 4
Acid production from:
D-Mannose + NR W° e 4e _c
D-Sorbitol - w —c 4e _c _c
Melibiose + + c 4c 4e _ec
Sucrose + + _c _c 4o _c
D-Arabitol + NR _b 40 b NR
L-Arabitol + NR —b _b +b NR
Growth on:
D-Glucose - + + + + +
D-Fructose + + W or — + + + +
D-Mannitol + + W or — + + + +
D-Sorbitol + W VW Oor — + + + -
Glycerol + + W or — + + + +
Sucrose + + - w + +
D-Arabitol + + VW Oor — vw/—¢ + + +
DNA G+C content (mol%) 54.1 59.8 60.3¢ 55.94 55.14 55.8¢

“ Strains: 1, Gluconobacter morbifer, sp. nov., G707"; 2, G. kondonii NBRC 3266"; 3, G. albidus NBRC 3250; 4, G. oxydans NBRC 148197; 5, G. cerinus NBRC 3267";
6, G. frateurii NBRC 3264"; 7, G. thailandicus F149-1". Data for reference strains are from Malimas et al. (28). +, positive; w, weakly positive; vw, very weakly positive;

—, negative; NR, not reported.
" Cited from Yamada et al. (54).
¢ Cited from Tanasupawat et al. (45).
“ Cited from Yukphan et al. (56).
¢ Negative datum from Tanasupawat et al. (45).

cluster and strain A9117, most of the branching points re-
mained unchanged regardless of the treeing methods, sup-
porting the affiliation of the strain A911" with the family
Acetobacteraceae. A DNA-DNA homology study showed an
average level of DNA-DNA relatedness below the 70%

threshold value (51) for strain G707" and each of its closest
relatives: G. albidus BCC 144347 (35.4%), G. cerinus ATCC
194417 (30.9%), G. oxydans ATCC 19357" (41.7%), G. fra-
teurii ATCC 492077 (30.7%), G. thailandicus F149-17
(28.9%), and Gluconobacter kondonii NBRC 3266 (32.9%).

TABLE 2. Differential characteristics of gen. nov. strain A911" and related other genera in the family Acetobacteraceae

Characteristic

Result for genus”:

1 2 3

4 5 6 7 8

Flagellation Nonmotile Peritrichous or Nonmotile Peritrichous or Peritrichous or Polar or Nonmotile Nonmotile

nonmotile
Pigmentation + - -
Production of water-soluble — - -
brown pigment(s)
Growth on:
1% (wt/vol) glutamate + + -
agar
Mannitol-agar
Acid production from:
L-Arabinose
D-Arabinose
D-Xylose
L-Rhamnose
D-Glucose
D-Galactose
D-Mannose
Melibiose
Sucrose
Dulcitol
Glycerol
DNA G+C content
(mol%)

+
+

w

+/—
+/—
+/—
+/-
+/-

I+ 1+ 1

L+ ++++ 1+ 1+

(98]
R+
@

N

wn

w

52-60

+

~
|
|

e e d

W
o

-61 55-66

nonmotile nonmotile nonmotile
+/- - + - -

+/— I+ - -

+
+
Z
=
+

~
|

[
+l+++++ 1+ 4+
T

*
|

b S S S S a R
|

-63 63-66

W
7
W
~

“ Genera: 1, Commensalibacter gen. nov.; 2. Acetobacter; 3, Saccharibacter; 4, Asaia; 5, Gluconacetobacter; 6, Gluconobacter; 7, Acidomonas; 8, Kozakia. Data in
columns 2 and 4 to 7 from the left for reference genera are from Urakami et al. (48), those in column 3 are from Jojima et al. (21), and those in column 8 are from

Lisdiyanti et al. (26). +, positive; —, negative; NR, not reported.
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100/100/96 [ Gluconobacter kondonii NBRC 3266 (AB178405)

100/100/99

99/96/92

89/85/65

Gluconobacter albidus NBRC 3250 (AB178392)
Gluconobacter oxydans NBRC 148197 (AB178433)
Gluconobacter cerinus NBRC 32677 (X80775)
oor100hor Gluconobacter frateurii NBRC 3264T (X82290)
9798971 Gluconobacter thailandicus F149-1T (AB128050)
Gluconobacter morbifer G707" (EU409602)

Saccharibacter floricola S-877" (AB110421)

89/84/-

98/97/70
2

99/99/75

73/78)-

79/80/-
92/98/60

FanY

0.01

Commensalibacter intestini A9117 (EU409601)

-Acetobacter pomorum LTH 24587 (AJ001632)
Acetobacter syzygii 9H-2T (AB052712)
Acetobacter lovaniensis ATCC 128757 (AJ419837)
100710992 ysqaiq krungthepensis AAOST (AB102953)

Swaminathania salitolerans PA517 (AF459454)

Kozakia baliensis Yo-3T (AB056321)

Neoasaia chiangmaiens AC28T (AB208549)
Gluconacetobacter sacchari SR1 17947 (AF127407)
Acidomonas methanolica TK 07057 (X77468)
Granulibacter bethesdensis CGDNIH1T (AY788950)

Craurococcus roseus NS130" (D85828)

FIG. 1. Neighbor-joining tree showing the phylogenetic positions of two novel strains and related species based on 16S rRNA gene sequences.
Filled circles and open circles indicate generic branches that were also recovered using the minimum-evolution and maximum-parsimony
algorithms and the minimum-evolution algorithm, respectively. Numbers at nodes indicate bootstrap values as calculated on the basis of
neighbor-joining/minimum-evolution/maximum-parsimony probabilities expressed as percentages of 1,000 replications. Bootstrap values greater
than 50% are shown at the branch points. Bar, 0.01 accumulated change per nucleotide.

Both strains can therefore be considered to represent a
distinct genospecies.

Chemotaxonomic characteristics. The predominant fatty ac-
ids in strain G707T are C,4, w7c (48.64%), C 6. (17.60%),
Ci6:0 2-OH (15.76%), C, 4.0 3-OH (3.18%), C,5. (2.68%), C4.9
3-OH (2.64%), C,4. 2-OH (2.33%), Ci4. (1.76%), summed
feature 2 comprising C,,., 3-OH and/or C,¢.; iso I (2.08%),
and other fatty acids (less than 1.00%). The predominant fatty
acids in strain A911" are C,q, w7c (65.29%), C,s., 2-OH
(14.08%), C,¢.o (10.39%), C, 5. (3.91%), C,¢.o 2-OH (2.69%),
Ci6:0 3-OH (1.06%), summed feature 2 comprising C,,., 3-OH
and/or C,4., iso I (1.34%), and other fatty acids (less than
1.00%). The characteristic composition profile of the genus
Gluconobacter exhibits a large amount of straight-chain unsat-
urated C,g.,, straight-chain saturated C, 4., and 2-hydroxy fatty
acid, and C,4., 2-OH as major fatty acids, with a minor pres-
ence of Cg.o, Ci4.0 3-OH, C,4.0 3-OH, C,5., 3-OH, and others
(48). A predominant fatty acid profile with C,z.; w7c as the
major fatty acid is characteristic of members of the family
Acetobacteraceae (12, 55). The fatty acid profile of strain A911"
is roughly in agreement with those of validly described species
of other genera in the family Acetobacteraceae.

Genomic analysis. The genomic DNA G+C contents of
strains G707T and A911T were 54.1 mol% and 37.0 mol%, re-
spectively. The genomic G+C contents of six currently validated

type species found in the genus Gluconobacter are within the 55.1-
to 60.3-mol% range (28, 45, 56); this is similar to the genomic
G+C content of novel strain G707". These data confirm that
strain G707" belongs to the genus Gluconobacter. In contrast, the
genomic G+C content of A9117 is significantly lower than that
(more than at least 50 mol%) of any other validated species in the
family Acetobacteraceae. The value of the genomic G+C content,
in addition to the 16S rRNA gene sequence similarity and fatty
acid profile, also supports the idea that strain A911" could be a
distinct genospecies.

The sizes of the genomes of strains G707T and A911T were
estimated by pulsed-field gel electrophoresis to be 1,900 kb and
2,100 kb, respectively. These two novel strains have rather smaller
genome sizes than other host-associated or free-living archaea
and bacteria whose genomes were obtained from a compilation of
244 complete published genomes (14). The genome sizes of novel
strains are smaller than the sizes determined for strains of the
species Gluconobacter oxydans subsp. oxydans (2,240 to 3,787 kb)
(49).

DISCUSSION

It is known that the human gastrointestinal tract is made up
of more than 500 microbial phylotypes comprising an esti-
mated 10'* microbes; most of them are uncultivated species



VoL. 74, 2008

and novel microorganisms revealed by contemporary 16S
rRNA gene sequencing techniques (9). Compared with the
diversity of the human gastrointestinal tract, the microbial con-
sortium in Drosophila is extremely simple (6). In the gastroin-
testinal consortium of Drosophila, 9 to 13 microbial phylotypes
were found in the entire bodies of laboratory-reared Drosoph-
ila and at most 25 phylotypes were found in captured wild
Drosophila.

A previous study (36) identified 10 phylotypes from control
and cad RNAIi Drosophila midguts including Lactobacillus
plantarum, Lactobacillus brevis, Acetobacter pomorum, Aceto-
bacter malorum, Gluconacetobacter intermedius, Gluconaceto-
bacter rhaeticus, Gluconacetobacter europaeus, Wolbachia pipi-
entis, and two novel strains (G707" and A9117). This study
used culture-independent methods to perform the first analysis
of the midgut commensal consortium in Drosophila; these
techniques included PCR-denaturing gradient gel electro-
phoresis and the use of 16S rRNA gene clone libraries. The
microbial diversity in the midgut was significantly lower than
that in the entire Drosophila body (31). Two novel candidates
that were isolated from the Drosophila midguts under adjusted
conditions using mannitol-agar plates to focus on the culture of
species in the family Acetobacteraceae were characterized in
this study.

Since the genus Gluconobacter, belonging to the family Ace-
tobacteraceae, was first proposed by Asai (the type strain was
isolated from fruits in 1935 [1]), six species of this genus have
been validated: G. albidus (56), G. cerinus (53), G. frateurii
(29), G. oxydans (8), G. kondonii (28), and G. thailandicus (45).
Among Gluconobacter species, one strain, Gluconobacter asaii
NBRC 3276 (Mason and Claus 1989) is regarded as a hetero-
typic synonym of G. cerinus, due to the high degree of DNA-
DNA relatedness to the type strain of G. cerinus, according to
Katsura et al. (22). Many strains belonging to the genus Glu-
conobacter have been isolated from various sources including
flowers, bees, various fruits, beer, cider, sour porridge, lemon-
ade, vinegar, and sewage on soil (15). Members of this genus
are gram negative or variable and motile or nonmotile; if
motile, the cells have three to eight polar flagella, are obli-
gately aerobic, have ellipsoidal to rod-shaped cells, have strong
catalase activity, and do not form endospores. Some strains can
cause pink diseases and rot in fruits (19). Results from the 16S
rRNA gene sequence similarity, fatty acid profile, and genomic
DNA G+C content assessments of strain G7077, which is
dominant in the gut of cad RNAI flies, are consistent with
properties of the genus Gluconobacter; the phenotypic differ-
ences between strain G707T and other Gluconobacter species
are illustrated in Table 1. Thus, on the basis of phenotypic,
genetic, and chemotaxonomic comparisons to previously de-
scribed taxa, strain G707" can be classified as a novel species in
the genus Gluconobacter, for which the name “Gluconobacter
morbifer” sp. nov. is proposed.

The family Acetobacteraceae, belonging to the class Alpha-
proteobacteria, was first introduced by Beijerinck in 1898; the
name of the family was subsequently validated in 1980 (13). At
the time of writing, this family is currently assigned 26 genera,
including the genera Acetobacter, Gluconacetobacter, Glu-
conobacter, Acidomonas, Asaia, and Kozakia. Bacteria in this
family are often referred to as the acetic acid bacteria because
a typical feature is their ability to produce acetic acid from
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ethanol. Within the acetic acid bacteria, whole cells and en-
zymes associated with the genera Acetobacter and Glu-
conobacter are widely utilized for biosensor construction in the
biotechnology industry (27, 44). Among 26 genera belonging to
the family Acetobacteraceae, most currently contain only a sin-
gle species; also, many unclassified 16S rRNA sequences that
can be assigned to the family Acefobacteraceae were registered
in the NCBI database. These data mean that there are still a lot
of strains in this family that can be isolated and validated from
the environment. Phylogenetic analysis based on 16S rRNA
gene sequences indicated that strain A9117 is associated with
the family Acetobacteraceae. Within the phylogenetic trees, this
novel strain shares a branching point with the genus Aceto-
bacter and a low 16S rRNA gene sequence similarity to the
closely related type strain of Acetobacter syzygii, 9H-2. On the
bases of the large phylogenetic distance from its closest rela-
tives shown in Table 2 and its significantly lower genomic G+C
content and different phenotypic characteristics, strain A9117
differs from those of all known validly described genera in the
family Acetobacteraceae. Thus, it can be concluded that strain
A911T should be classified as a novel genus in the family
Acetobacteraceae, for which the name “Commensalibacter in-
testini” gen. nov., sp. nov., is proposed. The nomenclature and
description of the two strains are given below.

In this present study, two novel species belonging to the
genus Gluconobacter and the new genus Commensalibacter in
the family Acetobacteraceae were microbiologically character-
ized through a polyphasic taxonomic study. It was recently
reported that the molecular pathogenesis of chronic inflam-
matory bowel diseases is connected to deregulation of the
NF-kB and AMP signaling pathways in mammalian gut epi-
thelia (52). By using a genetically amenable model organism
harboring an extremely simple gut commensal microbiota, we
have established the molecular links among immune genotype,
commensal microbiota structure, and disease phenotype at the
organism level. In this model, the dominance of a pathogenic
commensal microbe Gluconobacter morbifer G707" due to the
immune-deregulated cad RNAI genotype has been shown to
induce chronic gut pathology (36). Thus, Gluconobacter mor-
bifer G707T in the Drosophila gut should play an important role
in gut pathogenesis. This study should provide fundamental
information for future investigations to characterize the me-
tabolites of these novel strains and confirm the relationship
between the immune genotype-based commensal community
structure and host physiology.

Description of Gluconobacter morbifer sp. nov. Gluconobacter
morbifer (mor'bifer. L. masc. adj. morbifer, that brings dis-
ease).

Cells are aerobic, non-spore forming, nonmotile, and rod
shaped (0.7 by 1.8 to 2.0 wm), and the Gram stain is variable,
with some cells staining positive and others negative. Colonies
are pink-pigmented and circular, measuring approximately 1.0
to 1.5 mm in diameter after 2 days of growth on mannitol-agar
at 25°C in aerobic conditions. Growth also occurs on TSA and
R2A agar, but not on LA, MA, or NA. The temperature range
for growth is 13 to 37°C (optimum, 25 to 30°C), but no growth
occurs at 12 and 38°C. No growth occurs in NaCl concentra-
tions greater than 3%. The pH range for growth is 3.6 to 7.8.
Strain G707 is oxidase negative and catalase positive and can-
not reduce nitrate to nitrite or nitrogen. Indole is not pro-
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duced, and D-glucose fermentation occurs. Cells are L-arginine
dihydrolase and urease negative. Esculin, gelatin, and p-nitrophe-
nyl-B-pD-galactopyranoside hydrolysis does not occur. In Biolog
GN plates the strain is positive for the substrates p-arabitol, i-
erythritol, p-fructose, D-mannitol, D-sorbitol, sucrose, xylitol, D-
gluconic acid, pr-lactic acid, and glycerol. In APISOCH test
strips for acid production the strain was positive for glycerol,
erythritol, p-arabinose, L-arabinose, D-ribose, D-xylose, D-ga-
lactose, D-glucose, b-mannose, methyl-a-p-glucoside, amygda-
lin, p-maltose, D-lactose, D-melibiose, sucrose, b-trehalose, in-
ulin, p-raffinose, starch, xylitol, gentiobiose, D-lyxose, b-fucose,
D-arabitol, L-arabitol, and gluconate. Enzyme activities deter-
mined using API ZYM test strips indicated the strain was
positive for esterase (C4), esterase lipase (C8), leucine arylami-
dase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, and
N-acetyl-B-glucosaminidase. In contrast, alkaline phosphatase,
lipase (C14), valine arylamidase, cystine arylamidase, trypsin,
a-chymotrypsin, a-galactosidase, B-galactosidase, B-glucuroni-
dase, a-glucosidase, B-glucosidase, a-mannosidase, and a-fuco-
sidase activities were not observed. The major fatty acids are
Cig.1 07c (48.64%), C,¢.o (17.60%), C4.o 2-OH (15.76%), and
others (less than 5%). The G+C content of the genomic DNA
and the size of the genome of the type strain are 54.1 mol%
and 1,900 kb, respectively. The type strain is G707, which was
isolated from Drosophila midguts. Strain G707" was deposited
with the KCTC (Korean Collection for Type Cultures) and
JCM (Japan Collection of Microorganisms) under accession
numbers KCTC 22116T and JCM 155127, respectively.

Description of Commensalibacter gen. nov. Commensali-
bacter (com.men.sa.li.bac'ter. M.L. adj. commensalis, commen-
sal; N.L. masc. n. bacter, a rod; N.L. masc. n. Commensali-
bacter, a commensal bacterium).

Cells are aerobic, non-spore-forming, nonmotile rods and
are gram negative, oxidase negative, and catalase positive.
The major fatty acids are C,g., w7c, C,5.; 2-OH, and C,4,,. The
DNA G+C content of the type species is 37.0 mol%. The
genus is a member of the family Acetobacteraceae. The type
species is Commensalibacter intestini.

Description of Commensalibacter intestini sp. nov. Commen-
salibacter intestini (in.tes.ti'ni. L. gen. n. intestini, of the gut).

The description is as for the genus with the following addi-
tional properties. Cells are 0.5 pm wide and 2.0 to 2.5 wm long.
Colonies are cream colored and circular, measuring approxi-
mately 1.0 to 2.0 mm in diameter after 2 days of growth on
mannitol-agar at 25°C in aerobic conditions. Growth also oc-
curs on TSA, R2A agar, and LA but not on MA or NA. The
temperature range for growth is 18 to 34°C (optimum, 25 to
30°C), but no growth occurs at 17 and 35°C. No growth occurs
in NaCl concentrations greater than 4%. The pH range for
growth is 3.6 to 7.8. Strain A9117 is oxidase negative and
catalase positive and can reduce nitrate to nitrite. Indole is not
produced, and D-glucose fermentation does not occur. Cells
are L-arginine dihydrolase and urease negative. Esculin and
p-nitrophenyl-B-p-galactopyranoside hydrolysis occurs, but
gelatin hydrolysis does not occur. In Biolog GN plates the
strain is positive for the substrates adonitol, p-arabitol, i-eryth-
ritol, p-fructose, gentiobiose, a-D-glucose, maltose, D-manni-
tol, p-mannose, 3-methyl-pD-glucoside, p-sorbitol, xylitol, and
glycerol. In APISOCH test strips for acid production the strain
was positive for glycerol, erythritol, p-ribose, p-xylose, D-glu-
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cose, D-fructose, D-mannitol, D-sorbitol, amygdalin, esculin,
salicin, D-maltose, D-lactose, sucrose, D-trehalose, starch, gly-
cogen, xylitol, gentiobiose, D-arabitol, and 5-ketogluconate.
Enzyme activities determined using API ZYM test strips indi-
cated the train was positive for alkaline phosphatase, esterase
(C4), esterase lipase (C8), acid phosphatase, naphthol-AS-BI-
phosphohydrolase, B-galactosidase, and B-glucosidase. In con-
trast, lipase (C14), leucine arylamidase, valine arylamidase,
cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase,
B-glucuronidase, «a-glucosidase, N-acetyl-B-glucosaminidase,
a-mannosidase, and a-fucosidase activities were not observed.
The major fatty acids are Cg., w7c (65.29%), C;g.; 2-OH
(14.08%), Ci4.0 (10.39%), and others (less than 5%). The
G+C content of the genomic DNA and the size of the genome
of the type strain are 37.0 mol% and 2,100 kb, respectively. The
type strain is A911, which was isolated from Drosophila midg-
uts. Strain A911T was deposited with the KCTC and JCM
under accession numbers KCTC 22117" and JCM 155117,
respectively.
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