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Abstract—A new species of the genus Ancylobacter, exemplified by strain Z-0056, was isolated from dystro-
phic humified waters formed by xylotrophic fungi grown on decaying spruce wood. The cells of strain Z-0056
(0.65—0.9 um) are coccoid, gram-negative, with fimbriae, and nonmotile. The strain is pleomorphic and
reproduces by nonuniform division. Strain Z-0056 is an aerobic organoheterotroph and a mesophilic and
moderately acidophilic oligotrophic microorganism. As an inhabitant of dystrophic ultrafresh waters, strain
Z-0056 is sensitive to NaCl. The bacterium utilizes organic acids (acetate, pyruvate, oxalate, gluconate,
malate, succinate, and citrate), as well as xylose and xylan. The microorganism grows in a pH range of 4.0—
8.0, with an optimum at pH 5.5. The temperature range for growth is 15—25°C, with an optimum at 20°C.
According to its ecophysiological properties, strain Z-0056 belongs to the group of ombrophilic dissipotro-
phs. The DNA G+C base content is 66.8 mol %. According to phylogenetic analysis, strain Z-0056 belongs
to the genus Ancylobacter. Strain Z-0056 showed the highest similarity (98.3%) with the type strain of the spe-
cies A. oerskovii. The phenotypic and phylogenetic properties of strain Z-0056 support classification of this
microorganism within the genus Ancylobacter as the novel species Ancylobacter abiegnus sp. nov.

Key words: xylotrophic community, oligotrophic bacteria, dissipotrophs, acidotrophic microorganisms,
ombrophils, wood decomposition, oligotrophic waters.
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An aquatic bacterium with a circular morphology
was first isolated by Orskov in 1928 and described as a
member of the genus Microcyclus, M. aquaticus [1].
The generic name Microcyclus was used before Orskov
in the classification of fungi [2]. Thus, for ease of ref-
erence, the bacterial genus Microcyclus was renamed
Ancylobacter in 1983 [3]. Today, the genus Ancylo-
bacter of the family Xanthobacteriaceae is represented
by the following five validated species: A. aquaticus |1,
3], A. rudongensis [4], A. polymorphus and A. vacuola-
tus [5], and A. oerskovii [6]. The representatives of this
genus were isolated from soil, aquatic ecosystems, and
Spartina anglica roots. As oligotrophic methylotrophs
[7], hydrogen-utilizing lithotroph [7, 8], and oxal-
otrophic microorganisms [6], they play an important
ecological role.

The aim of the present work was to study strain Z-
0056, an oligotrophic heterotroph isolated from dys-
trophic acidic water formed by the myco—bacterial
community in the course of spruce wood degradation,
as well as to determine its phylogenetic position.

1 Corresponding author; e-mail: lvasilyeva@mail.ru
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MATERIALS AND METHODS

Isolation and cultivation of strain Z-0056. Strain Z-
0056 was isolated on agarized PC medium (according
to the previously described procedure) from dystro-
phic, acidic (pH 4.3) water of a microlysimeter in
which spruce wood was degraded by a xylotrophic fun-
gal community [9].

Microscopy. Cell morphology was studied under a
light microscope with a phase-contrast device
(Amplival, Germany), as well as by electron micros-
copy (JEM 100C, Japan) of negatively stained prepa-
rations and ultrathin sections. The preparations were
stained with 1% uranyl acetate. To obtain ultrathin
sections, the cells were fixed with glutaraldehyde with
subsequent additional fixation with osmium tetroxide
in cacodylate buffer and then embedded in Epon.
Ultrathin sections were obtained with an LKB ultra-
microtome, stained with lead citrate, and then addi-
tionally stained with a 3% aqueous solution of uranyl
acetate.

Physiological properties of strain Z-0056 were
studied using generally accepted techniques [10]. The
range of substrates utilized by strain Z-0056 as carbon
sources was determined on liquid low-mineral olig-
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otrophic PC medium with yeast extract (0.05 g/1) as a
growth factor. Sugars (arabinose, xylose, glucose,
fructose, galactose, mannose, lactose, maltose,
sucrose, raffinose, starch, and xylan), polyalcohols
(glycerol, sorbitol, and mannitol), salts of organic
acids (formate, acetate, butyrate, propionate, pyru-
vate, fumarate, succinate, oxalate, oxaloacetate, cit-
rate, malate, and benzoate), primary alcohols (meth-
anol and ethanol), amino acids (methionine,
glutamate, leucine, cysteine, and aspartate), and
methylamines were tested as carbon and energy
sources. With the exception of methanol, all tested
substrates were added to a concentration of 0.25 g/1.
Growth of Z-0056 on methanol was investigated
within a concentration range of 0.01—1%. Bacterial
growth was assessed by optical density (ODyg,) of the
cell suspension measured on a UNICO 2100 spectro-
photometer.

The growth rate of strain Z-0056 at a pH range of
pH 4.8—8.0 was determined by the addition of 0.05 M
solutions of Na,HPO, and KH,PO, to the medium.
Growth in a pH range of 3.0—4.8 was determined in
the medium acidified with 0.1 N HCI to the required
pH level. The medium pH was determined potentio-
metrically using an Expert 001 pH/ion meter (Russia).

Growth of Z-0056 was investigated within a tem-
perature range of 2—37°C.

The effect of NaCl concentrations on growth was
determined in medium supplemented with NaCl
(0.5—-30.0 g/1).

The temperature and pH optima for growth of
strain Z-0056, as well as the effect of NaCl concentra-
tions on growth, were determined with succinate as a
substrate.

The capacity for lithoautotrophic growth was
assessed by measuring optical density (ODg,) of the
cell suspension and by monitoring hydrogen utiliza-
tion during cultivation of strain Z-0056 in liquid
medium with the gas phase H,: O,: CO,(7:2:1). The
hydrogen concentration was measured on an LKhM-
80 gas chromatograph (Russia) with a katharometer
detector. The separation was carried out on a column
packed with a 5 A molecular sieve.

The nitrogen-fixing activity of the strain was deter-
mined by the acetylene method on semisolid nitrogen-
free medium NFb with sodium malate (1 g/1) [11].

Two primer systems, F1/R6 [12] and PolF/PolR
[13], designed for the nifH gene, were used to detect
the presence of the nifH gene in the DNA.

The ability of the culture to grow on various nitro-
gen sources was tested using inorganic salts (ammo-
nium sulfate, potassium nitrate, nitrite, and urea), as
well as amino acids (phenylalanine, methionine,
serine, tyrosine, valine, lysine, aspartate, tryptophan,
and glutamate).

The sensitivity of strain Z-0056 to antibiotics was
determined by the diameter of growth inhibition zones
surrounding antibiotic discs (Oxoid) on the agar sur-
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face. Antibiotic concentrations per disk were as fol-
lows: lincomycin, 10 pg; novobiocin, 30 pg; ampicil-
lin, 10 pg; chloramphenicol, 30 pg; neomycin, 10 pug;
gentamycin, 10 pg; kanamycin, 30 pg; and streptomy-
cin, 10 pg.

Catalase activity was assayed by monitoring the for-
mation of gas bubbles on addition of a 3% hydrogen
peroxide solution to the cells; the presence of oxidase
was detected by changes in the colony pigmentation
when the reagent REF-55635 was applied.

The fatty acid (FA) composition of the lipids of
strain Z-0056 was determined on a Microbial Identifi-
cation System (Sherlock) chromatograph (MIDI Inc.,
Newark, United States) according to the protocol
described in [14]. The separated fatty acids were iden-
tified using an Agilent Technologies AT-5971 SMART
mass spectrometer.

Molecular genetic analysis. DNA isolation and
purification, as well as determination of the
DNA G+C content, were performed as described ear-
lier [15].

Determination of the nucleotide sequence of the
16S rRNA gene was performed as follows. DNA was
extracted by the phenol method [16]. PCR amplifica-
tion of the 16S rRNA gene was carried out with the
universal eubacterial primers 27f and 1492r on a
GeneAmp PCR System 2700 thermocycler (Applied
Biosystems, United States). Sequencing of the ampli-
fied 16S rRNA gene fragment was performed on a
CEQ2000 XL automatic sequencer (Beckman
Coulter, United States) according to the manufac-
turer’s instructions. To determine the strains closely
related to strain Z-0056, the GenBank database of the
National Center for Biotechnology Information
(NCBI, http://www.ncbi.nlm.nih.gov) was used. The
phylogenetic tree was constructed by the methods
implemented in the TREECON software package
[17]. The obtained 16S rRNA gene sequence of strain
Z-0056 was deposited in the GenBank under the
accession number GU247895.

RESULTS

Isolation source. Strain Z-0056 was isolated from
dystrophic, low-humified, acidic (pH 4.3) low-min-
eral oligotrophic (conductivity 140 pS) water of a
microlysimeter in which spruce wood was degraded by
the xylotrophic fungal community:.

Cell morphology and ultrastructure. When grown
under optimal cultivation conditions on the medium
with succinate as a substrate (0.25 g/1), the cells of
strain Z-0056 were nonmotile cocci (0.65—0.9 um)
(Fig. 1a). The cells reproduced by nonuniform divi-
sion. During reproduction, the cell elongated (Fig. 1b)
and a rod-shaped cell (0.65—0.9 x 1.35—1.50 um) was
formed (Fig. 1¢). This cell then divided nonuniformly
into two cells (Figs. 1d—f). The cell surface is covered
with fimbriae and slime. The cells of strain Z-0056 did
not produce dormant forms. Ultrathin sections of the
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Fig. 1. Electron microphotographs of the cells of strain Z-0056 at various stages of division (scale bar, 0.5 um). The preparations

were stained with 1% uranyl acetate.

cells of strain Z-0056 revealed the gram-negative
structure of their cell wall (Fig. 2). No vesicles were
detected.

Cultural properties. On agarized PC medium, the
strain produced milky, dense, rounded, convex, slimy,
opaque, smooth colonies (up to 4 mm in diameter)
with even edges.

Physiological properties. Strain Z-0056 was an
obligately aerobic and mesophilic bacterium. The bac-
terium grew within a temperature range of 15—25°C
with an optimum at 20°C. The microorganism was
moderately acidophilic and grew within a pH range
from 4.0 to 8.0 with an optimum at 5.5.

The strain was NaCl-sensitive: the NaCl content in
the media above 1.0 g/1 inhibited growth; this suggests
that this microorganism is a typical inhabitant of low-
mineral waters.

Strain Z-0056 utilized salts of organic acids (ace-
tate, succinate, citrate, malate, oxalate, and glucon-
ate), as well as xylose and xylan, as carbon and energy
sources. The strain did not grow on methanol as a sub-
strate within the range of tested concentrations
(Table 1).

The bacterium was oligotrophic and grew at sub-
strate concentrations ranging from 0.05 to 2 g/1. The
optimal substrate concentration in the medium was
0.25 g/1. The maximum growth rate was observed on
succinate (U, 0.024 h~1). The cells retained their typ-
ical morphological properties within the range of sub-
strate concentrations of 0.05—0.25 g/l. Further
increase in the substrate concentration resulted in the
appearance of pleomorphic forms.

Strain Z-0056 did not grow on nitrogen-free
medium. Nitrogenase activity was not revealed under
the experimental conditions. Since, under certain
conditions, some species of the genus Ancylobacter are
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capable of dinitrogen fixation, we tested strain Z-0056
for the presence of the nifH gene. In the DNA of strain
Z-0056, the nifH gene fragment was not detected.
Strain Z-0056 utilized ammonium sulfate, potassium
nitrate, urea, phenylalanine, methionine, tyrosine,
and serine as nitrogen sources. The organism was cat-
alase- and oxidase-positive.

Antibiotics. The bacterium was resistant to novo-
biocin, chloramphenicol, lincomycin, and ampicillin.
Strain Z-0056 was sensitive to streptomycin, neomy-
cin, and gentamycin.

Fatty acid (FA) composition. The fatty acid compo-
sition of the cell membrane lipids of strain Z-0056
(% of the total fatty acid content) is shown in Table 2.
As in the other representatives of the genus Ancylo-
bacter, the principal fatty acid of strain Z-0056 was
Cis.107 (11-octadecenoic acid).

Molecular genetic analysis. The content of the
G+C base pairs in the DNA of strain Z-0056 was
66.8 mol %.

The sequence of the 16S rRNA gene fragment
(1310 bp) was determined for strain Z-0056. Phyloge-
netic analysis confirmed affiliation of strain Z-0056
within the Ancylobacter—Starkeya cluster. The levels
of 16S rRNA similarity between strain Z-0056 and the
type strains of these genera were 98.3,97.7, 97.6, 97.4,
96.5, 97.2, and 96.6% similarity with A. oerskovii,
A. rudongensis, A. vacuolatus, A. polymorphus,
A. aquaticus, S. koreensis, and S. novella, respectively
(Table 3).

DISCUSSION

Comparative phylogenetic analysis of the 16S
rRNA gene sequence of strain Z-0056 revealed a high
level of similarity between the new isolate and repre-
sentatives of the genera Ancylobacter and Starkeya



486

Fig. 2. Ultrathin section of a cell of strain Z-0056. F, fim-
briae; CW, cell wall; CPM, cytoplasmic membrane. Scale
bar, 0.1 pm.

(Table 3). The highest level of similarity (98.3%) was
observed between the 16S rRNA gene sequence of
strain Z-0056 and that of A. oerskovii (Fig. 3). The
phenotypic, physiological, and biochemical proper-
ties of strain Z-0056 indicated significant differences
between this microorganism and the known species of
both genera (Table 1). Strain Z-0056 was isolated from
dystrophic, acidic, low-mineral oligotrophic water
and was well adapted to these conditions. Unlike all

0.02
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species of the genera Ancylobacter and Starkeya, the
bacterium was found to be acid-tolerant with a growth
optimum at pH 5.5 [1, 4—6, 18, 19]. Strain Z-0056
grew within a narrow temperature range from 15 to
25°C; the growth optimum (20°C) was lower than that
of other representatives of both genera. The new iso-
late was NaCl-sensitive; growth ceased at NaCl con-
centrations that were one order of magnitude lower
than in the case of the closely related species. Strain Z-
0056, like most other members of the genus Ancylo-
bacter, was an obligate heterotroph (unlike species of
the genus Starkeya, which are capable of utilizing sul-
fur compounds as energy sources). The bacterium was
incapable of methylotrophic growth, unlike all species
of the genera Starkeya and Ancylobacter. Strain Z-
0056 was unable to grow under autotrophic conditions
utilized organic acids and carbohydrates as carbon and
energy sources. The new isolate was oligotrophic; the
maximum growth rate (W, 0.024 h~!) was observed at
a substrate concentration of 0.25 g/1.

The principal fatty acids of strain Z-0056 were
Cig.107 (11-octadecenoic), 72.5%; Cgy. (cyclopro-
pan-nonadecanoic), 15.86%; and C, (hexade-
canoic), 7.91%. This is typical of all Ancylobacter spe-
cies (Table 2) [6]. Minor amounts of the following
fatty acids were detected: Cq.1,7. (9-hexadecenoic),
C,7, (heptadecanoic), Cis.1,9 (9-octadecenoic), Cs.o
(octadecanoic), and C;|yeis:107c (11-methyl-octade-
cenoic acid). The presence of C,g.;,9 (9-octadecenoic
acid) was detected only in the case of strain Z-0056
and was not found in any species of the genus Ancylo-
bacter [6].

A. polymorphus DSM 24577 (AY211515)

A. aquaticus ATCC 253967 (M62790)

A. vacuolatus DSM 12777 (AY211516)

92

90

"A. dichloromethanicum" VKM B-2484 (EU589386)
A. rudongensis JCM 116717 (AY056830)

83 A. oerskovii DSM 187461 (AM778407)

Strain Z-0056 (GU247895)

Starkeya sp. ORS 1474 (AJ968700)

f S. novella ATCC 8093T (D32247)
S. koreensis JICM 21669T (AB166877)

Rhodoplanes roseus DSM 59097 (D25313)

Fig. 3. Phylogenetic position of strain Z-0056 among the type strains of the genera Starkeya and Ancylobacter. The numerals show

the results of the bootstrap analysis.
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Table 2. The fatty acid composition of strain Z-0056 and other representatives of the genus Ancylobacter (% of total fatty acid

content)

Fatty acid Abbreviation 1 2 3 4 5 6
9-Hexadecenoic Cis:107¢ 0.55 0—-0.5 1.4 0.4 0.7 1.3
Hexadecanoic Cis:0 7.91 7.4 6.4 6.8 4.9 4.8
Heptadecanoic Ci70 0.20 0.4 1.0 0.9 1.1 0.5
9-Octadecenoic Cis109 0.52 — - - — —
11-Octadecenoic Cig:107¢ 72.5 60.4 71.7 71.5 76.1 60.9
Octadecanoic Ciso 1.88 2.4 1.5 2.0 1.2 1.5
11-Methyl-octadecenoic CiiMe 18:107¢ 0.58 — — 0.4 1.0 2.2
Cyclopropan-nonadecanoic C19:008c cyclo 15.86 28.3 17.4 16.3 14.7 27.9

Designations: 1, Strain Z-0056; 2, Ancylobacter oerskovii NS 057 [6]; 3, A. aquaticus DSM 1017 [6]; 4, A. polymorphus DSM 24577 [5]; 5, A.
vacuolatus DSM 12777 [5]; 6, A. rudongensis JCM 116717 [4]; —, FA were not detected.

Table 3. The levels of 16S rDNA similarity between strain Z-0056 and the type strains of the genera Ancylobacter and Starkeya

16S rDNA similarity levels, %

Strain

Strain Z-0056

A. oerskovii DSM 187467 98.3

A. aquaticus ATCC 253967 96.5 | 97.0
A. polymorphus DSM 24577 97.4 97.8
A. vacuolatus DSM 12777 97.6 | 97.9
“A. dichloromethanicum” VKM B-2484 | 97.7 97.9
A. rudongensis JCM 116717 97.7 98.1
S. koreensis JCM 216697 97.2 97.2
S. novella ATCC 80937 96.6 96.7
Starkeya sp. ORS 1474 97.4 97.5

98.8

98.4 99.3

98.6 99.4 99.4

97.8 99.1 98.9 99.2

96.6 97.5 97.6 97.6 97.7

96.4 97.2 97.2 97.3 97.4 98.6

96.2 97.0 97.1 97.1 97.4 98.1 98.0

Notes: Designations for the genera Ancylobacter and Starkeya are A. and S., respectively; the species “Ancylobacter dichloromethanicum” was
proposed, but has not yet been validly described; strain Starkeya sp. ORS 1474 has not been proposed as a representative of a new species.

The content of the G+C base pairs in the DNA of
strain Z-0056 66.8 mol %) is close to the values for
other Ancylobacter species (65.5—68.2 mol %).

Thus, the phenotypic properties of strain Z-0056
differ considerably from those of the closely related
species of the genera Ancylobacter and Starkeya.

The high 16S rRNA similarity (98.3%) between
strain Z-0056 and A. oerskovii allowed us to assign the
new isolate to the genus Ancylobacter. On the basis of
its clear-cut phenotypic distinctions from A. oerskovii,
we propose that strain Z-0056 should be described as a

novel species of this genus, A. abiegnus sp. nov. The
description of A. abiegnus sp. nov. expands the descrip-
tion of the genus Ancylobacter, which now includes
not only methylotrophic microorganisms.

The ecophysiological properties of strain Z-0056
suggest that this microorganism is a typical ombro-
philic [20] oligotrophic dissipotroph inhabiting low-
mineral dystrophic waters and utilizing primarily
organic acids formed during hydrolysis of spruce wood
by the xylotrophic fungal community.

MICROBIOLOGY Vol. 79
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Description of Ancylobacter abiegnus sp. nov. abieg-
nus, Gr. f. abies, spruce; M. L. masc. abiegnus,
(spruce).

The cells are gram-negative, coccoid, 0.65—
0.9 um, pleomorphic, with fimbriae, and nonmotile.
The bacterium reproduces by nonuniform division
and does not form spores. During division, rod-
shaped cells (1.35—1.50 pum) are formed, which then
split nonuniformly into two cells. No gas vesicles were
detected.

The colonies are milky-white, dense, rounded,
convex, slimy (up to 4 mm in diameter), with even
edges. No pigments were detected.

The pH range for growth is 4.0—8.0 with an opti-
mum at 5.5. The bacterium is a mesophile growing in
a temperature range from 15 to 25°C with a growth
optimum at 20°C. Active growth occurs at NaCl con-
centrations not exceeding 1.0 g/I1.

The organism is an obligate aerobe. Organic acids
(acetate, succinate, citrate, malate, oxalate, and glu-
conate) and carbohydrates (xylose and xylan) are uti-
lized as carbon and energy sources. The strain does not
utilize C; compounds, mono- and disaccharides, and
amino acids and is not capable of chemolithoau-
totrophic growth. The bacterium is an oligotroph. The
typical cell morphology is retained at substrate con-
centrations not exceeding 0.25 g/l. Yeast extract is
required for growth.

The organism is catalase- and oxidase-positive and
is incapable of dinitrogen fixation.

The principal fatty acids of strain Z-0056 are C,g.,,
(11-octadecenoic), 72.5%; Cq.,. (cyclopropan-nona-
decanoic), 15.86%; and C,¢,, (hexadecanoic), 7.91%.

The DNA G+C base content is 66.8 mol %.

The type strain is resistant to novobiocin, chloram-
phenicol, lincomycin, and ampicillin; it is sensitive to
streptomycin, neomycin, and gentamycin.

The type strain is Z-0056 (VKM B-2563).

The organism was isolated from acidic (pH 4.3),
low-mineral oligotrophic water formed by the
xylotrophic fungal community grown on decaying
spruce wood.
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