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Abstract—An aerobic gram-negative bacterial strain Z-0532 with ring-shaped cells forming spirals in the
course of growth was isolated from the humified solution produced by spruce wood decomposition. The new
isolate was a chemoorganotrophic, mesophilic, moderately acidophilic organism with the temperature range of
6-32°C (optimum at 25-28°C) and pH range from 4.7 to 7.2 (optimum at pH 5.5-6.5). A broad range of sub-
strates was used as carbon and energy sources, including sugars, some organic acids and polyalcohols, and sol-
uble polymeric compounds (gelatin, esculin, starch, xylan, laminarin, dextrin, casein hydrolysate, and Tween-
40). According to its physiological and biochemical characteristics, strain Z-0532 is a typical member of the
trophic group of oligotrophic bacteria, which utilize the products of wood hydrolysis dissipated by xylotrophic
microorganisms. The G+C base content of strain Z-0532 was 52.1 mol %. Sequencing of the 16S rRNA gene
of the new isolate revealed 98% similarity to Larkinella insperata LMG 225107, which is a recently described
species of the family Spirosomaceae of the phylum Bacteroidetes. The level of DNA : DNA homology between
this species and strain Z-0532 was only 40%. The differences in the phenotypic and genotypic characteristics
suggested classification of the isolate obtained from decomposing wood as a new species of the genus Larki-
nella, Larkinella arboricola sp. nov., with the type strain Z-0532T (=VKM B-2528" = DSM 218517T).
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Aerobic gram-negative bacteria of the phylum
Bacteroidetes play the key role in the transformation of
biopolymers in terrestrial, marine, and freshwater eco-
systems [1, 2]. According to the results of in situ
hybridization with rRNA-specific fluorescent probes
(FISH), the members of this heterogeneous phyloge-
netic group predominate in aquatic ecosystems; they
are second in numbers only to the Proteobacteria [3].
One of the phylogenetic subgroups within the
Bacteroidetes is represented by the family Spiroso-
maceae, comprising gram-negative aerobic chemoor-
ganotrophic bacteria of the genera Spirosoma, Flecto-
bacillus, Runella [4, 5], Dyadobacter [6], Arcicella [7],
Larkinella (8], and Rudanella [9]. A morphological
trait shared by many members of this family is the pos-
session of highly characteristic, ring- or horseshoe-
shaped cells, sometimes forming spirals and S-shaped
aggregates [2, 4, 5].

A bacterial strain, Z-0532, with a similar annular
shape of the cells arranged in spirals and S-like struc-
tures, was isolated from the humified solution formed
in the course of microbial decomposition of spruce
wood. Partial sequencing of the 16S rRNA gene of the
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new isolate revealed its phylogenetic relatedness to the
only known member of the recently described genus
and species Larkinella insperata [8], of the family
Spirosomaceae. The goal of the present work was
investigation of the phenotypic, chemotaxonomic, and
genotypic characteristics of strain Z-0532 in compari-
son to Larkinella insperata LMG 225107 and determi-
nation of the taxonomic position of the new bacterium.

MATERIALS AND METHODS

Isolation and cultivation. The isolate was obtained
from the xylotrophic microbial community formed in
the course of spruce wood decomposition in a labora-
tory experiment [10]. Strain Z-0532 was isolated by
plating an aliquot of the dark-colored solution formed
in the course of wood decomposition on the M1 com-
plex agarized medium containing the following (g/1):
KH,PO,, 0.1; MgSO, - 7H,0, 0.05; (NH,),SO,, 0.1;
CaCl, - 2H,0, 0.01; glucose, 0.5; peptone, 0.1; yeast
extract, 0.1; and agar, 15; pH 5.8.

Cell size and morphology were analyzed under a
Zeiss Axioplan 2 epifluorescence microscope using the
Axiovision 4.2 software package (Jena, Germany). The
type strain of Larkinella insperata LMG 225107 iso-



Fig. 1. Cell morphology of a 3-day-old culture of strain Z-
0532; phase contrast. Scale bar, 10 pm.

lated from water of a steam generator [8] was used for
comparison. The type strain was maintained on MS
agarized medium recommended by the authors and
containing the following (g/l): glucose, 1.0; peptone,
1.0; yeast extract, 1.0; and agar, 15 [5].

The fatty acid composition of strain Z-0532 was
determined in the cells grown on M1 medium and col-
lected at the late exponential growth phase. Analysis
was carried out by the DSMZ service (Deutsche Sam-
mlung von Mikroorganismen und Zellkulturen, Ger-
many).

Physiological and biochemical characteristics of
isolate Z-0532 were determined according to the gener-
ally accepted procedures [11] and with the standard
API 20 NE kit (BioMérieux, France). The spectrum of
the substrates utilized as carbon sources was deter-
mined in M1 liquid medium without peptone and glu-
cose; the content of yeast extract was decreased to
0.05 g/1. The concentration of the tested substrates was
0.5 g/l1. Cultivation was carried out in 120-ml vials with
20 ml of the medium. Bacterial growth was monitored
by measuring ODy,, on an Eppendorf Bio-Photometer
spectrophotometer. Specific growth rates L were calcu-
lated from ODygy, changes per unit time during the
exponential growth phase and related to the current pH.
The enzymatic activity was determined with the stan-
dard API ZYM kit (BioMérieux, France). Capacity for
anaerobic growth was determined in a desiccator with
AnaeroGen packages (Oxoid). Antibiotic sensitivity of
strain Z-0532 was determined on agarized M1 medium
using test disks containing the following antibiotics
(Oxoid): ampicillin (10 mg), gentamycin (10 mg), kan-
amycin (30 mg), neomycin (10 mg), novobiocin
(30 mg), streptomycin (10 mg), chloramphenicol
(30 mg), and lincomycin (10 mg).
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DNA G+C base content was determined as
described earlier [12]. DNA was isolated by the Mar-
mur method [13].

Phylogenetic analysis. PCR amplification of the
16S rRNA gene was carried out with universal eubacte-
rial primers [14] on a PE GeneAmp PCR System 9700
thermocycler (Perkin-Elmer Applied Biosystems,
United States). The amplified fragments were
sequenced on an ABI 377A sequencer (Perkin-Elmer
Applied Biosystems, United States). Analysis of the
nucleotide sequences and construction of phylogenetic
trees were carried out with the ARB software package
(http://www.arb-home.de). Statistical validity of the
dendrograms was calculated with the Phylip software
package by bootstrap analysis by constructing 1000
alternative trees. The 16S rRNA gene sequence of
strain Z-0532 is deposited to GenBank (accession no.
FN391025).

RESULTS AND DISCUSSION

Isolation of the new bacterium. Strain Z-0532 was
isolated on M1 medium from the acidic (pH 4.3), dark-
colored solution resulting from the transformation of
the products of spruce wood decomposition in a labora-
tory experiment [10]. Primary identification of the iso-
late by in situ hybridization with an equimolar mixture
of Cy3-labeled probes (CF319a + CFB560) specific for
the Bacteroidetes [3] confirmed its affiliation to this
phylogenetic group.

Cultural characteristics. On agarized M1 medium
strain Z-0532 formed circular, pink-pigmented colo-
nies of liquid consistency, up to 1-3 mm in diameter
after 3—4 days of incubation at 25°C. In liquid culture,
this isolate grew homogeneously, forming a pale pink
suspension.

Morphology. Gram-negative cells of strain Z-0532
were horseshoe-shaped or formed almost closed rings
(Fig. 1). The outer diameter of the ring varied from 1.8
to 2.5 um. In the exponential growth phase, spirals of
varying length were formed, which later broke into
short S-shaped aggregates and horseshoe-shaped cells.
Spores were not formed in the cells of Z-0532. Unlike
the phylogenetically related species Larkinella insper-
ata LMG 225107, the cells of strain Z-0532 did not
exhibit gliding motility.

Physiological and biochemical characteristics.
Strain Z-0532 is an aerobic chemoorganotrophic organ-
ism with cytochrome oxidase and catalase activity. A
broad range of sugars was used as carbon and energy
sources. In contrast to L. insperata LMG 225107,
growth of strain Z-0532 on carbohydrates resulted in
acidification of the medium (Table 1). The isolate grew
well on glucose, fructose, sucrose, galactose, maltose,
cellobiose, xylose, arabinose, mannose, and lactose.
Unlike the related Larkinella species, the new isolate
utilized some organic acids (succinate, fumarate, glu-
conate, and pyruvate), as well as salicin and polyalco-
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Table 1. Differences in the phenotypic characteristics of strain Z-0532 and Larkinella insperata LMG 255107

Characteristics Strain Z-0532 Larkinella insperata LMG 255107
Cell morphology Ring- or horseshoe-shaped cells Ring- or horseshoe-shaped cells
forming spirals in the course of
growth
Gliding - +*
NaCl range for growth, % 0-0.8 0-2%
Growth on MS medium - +
pH range (optimum) for growth 4.5-7.2 (5.5-6.5) 5.5-8.2 (6.5-7.5)
Temperature growth range 10-32°C 1040°C*
Starch hydrolysis + —k
Indole formation + —*
o-Chymotrypsin activity - +%%
Assimilation:
succinate + -
fumarate + -
gluconate + -
pyruvate + —
sorbitol + —
mannitol + -
salicin + -
Medium acidification during growth on:
cellobiose + —*
fructose + —*
galactose + —*
sucrose + —*

Notes: * data from [8].
** data from [9].

hols (sorbitol, dulcitol, and mannitol). Raffinose,
oxalate, citrate, malate, acetate, ethanol, methanol, for-
mate, benzoate, and phenylacetic acid were not utilized
as carbon sources. Ammonium, nitrate, and N-acetyl-
glucosamine were used as nitrogen sources; no growth
occurred in the presence of nitrite or in the medium
without nitrogen sources. The new isolate obtained
from the microbial community of decomposing wood
hydrolyzed a broad range of soluble biopolymers: gel-
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atin, esculin, starch, xylan, laminarin, dextrin, casein
hydrolysate, and Tween-40. Cellulose, agar, chitin, and
pectin, as well as Tween-20 and Tween-80, were not
hydrolyzed.

Analysis of the enzymatic characteristics of strain
7-0532 with the standard API ZYM kit (BioMérieux,
France) revealed activity of [-galactosidase, alkaline
phosphatase, esterase—lipase (C8), leucine arylami-
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Fig. 2. Specific growth rate (W) of strain Z-0532 (/) and
Larkinella insperata LMG 255107 (2) depending on pH of
the medium.

dase, valine arylamidase, cystine arylamidase, acid
phosphatase, naphthol phosphohydrolase, B-glucosi-
dase, N-acetyl-B-glucosaminidase, B-mannosidase, and
indole formation. For urease, arginine hydrolase, lipase
(C14), B-glucuronidase, and o-fucosidase, the results
were negative. Similar to phylogenetically related
L. insperata LMG 225107, strain Z-0532 did not fer-
ment glucose and was not capable of nitrate reduction.
The strain was sensitive to ampicillin and streptomycin;
it was resistant to gentamycin, kanamycin, neomycin,
novobiocin, chloramphenicol, and lincomycin.

Strain Z-0532 was a mesophilic and moderately aci-
dophilic organism. Its optimal growth temperature was
25-28°C (growth range from 6 to 32°C), and the pH
range was 4.7-7.2 with the optimum at pH 5.5-6.5
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(Fig. 2). The strain did not require sodium chloride for
growth. At NaCl concentrations above 0.8%, its growth
was inhibited.

Fatty acid composition. In strain Z-0532, C 4., 05¢,
is0-C 7, 30H, and iso-C,s., acids were predominant,
similar to the type species L. insperata (Table 2).

Phylogenetic position. Sequencing of the 16S
rRNA gene of strain Z-0532 confirmed its affiliation to
the Bacteroidetes. Larkinella insperata LMG 225107,
the only known strain of this species, was the closest
phylogenetic relative of the new isolate (98% similar-
ity) (Fig. 3). According to the previously accepted tax-
onomic hierarchy of the phylum, the genus Larkinella
belonged to the family Spirosomaceae. Presently, how-
ever, the taxonomic structure of the Bacteroidetes is
being reconsidered, so that in the outlines for the
Bergey’s Manual currently in preparation, classifica-
tion of the genus Larkinella, as well as of other genera
comprising gram-negative aerobic bacteria with char-
acteristic ring-shaped cells, within the family Cyroph-
agaceae was suggested [15].

DNA G+C content of strain Z-0532 was 52.1 mol %.
DNA : DNA hybridization of the new isolate with the
type strain L. insperata LMG 225107 revealed only
40% homology.

Comparative analysis of the morphological, physio-
logical, biochemical, and genetic characteristics of the
new isolate Z-0532 and the type strain L. insperata
LMG 225107 revealed significant differences (Table 1).
Since the two strains belonged to the same genus, their
morphological and cultural characteristics were simi-
lar, as well as their type of metabolism and fatty acid
composition. Strain Z-0532, however, had a growth
optimum at lower pH, was more sensitive to NaCl, and
grew on a number of organic acids and polyalcohols
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Fig. 3. Phylogenetic tree constructed based on comparative analysis of 16S rRNA gene sequences of strain Z-0532, Larkinella
insperata LMG 255107, and some other members of the phylum Bacteroidetes. Scale bar, 0.1 substitutions per nucleotide position.
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insperata LMG 255107
% of total content
Fatty acids ' .
Strain 2-0532 | Lrkinella insperata

C14:0 0.2 1.0
C15:0 iso 11.6 13.9
C15:0 anteiso 24 1.4
C15:0 iso 3-OH 2.5 2.1
C15:0 0.2 -
C15:0 20H 0.2 -
C16:0 iso 1.1 -
C16:0 iso 30H 0.9 1.8
C16:0 1.9 39
C16:1m5c 453 48.7
C16:0 30H 0.8 3.6
C17:0 iso 1.3 -
C17:0 anteiso 0.9 -
C17:0 0.3 -
C17:0 iso 30H 13.9 14.3
C17:1m6¢ 04 -
C17:0 20H 0.6 -

Note: Predominant components are highlighted in bold.

which were not utilized by L. insperata. These sub-
strate preferences mark the new isolate as a member of
the trophic group of oligotrophic acidophilic bacteria,
which utilize the products of wood decomposition by
micromycetes. The above phenotypic differences,
together with the low level of DNA : DNA homology to
L. insperata LMG 225107, suggest classification of
strain Z-0532 as a new species of the genus Larkinella,
named Larkinella arboricola sp. nov.

MICROBIOLOGY  Vol. 78 No. 6 2009

Description of Larkinella arboricola sp. nov.

Larkinella arboricola (ar.bo.ri'cola L. fem, arbor,
wood; colere, inhabit; arboricola, inhabiting wood).

Gram-negative, ring-shaped cells with the ring’s
outer diameter of 1.8-2.5 wm; form spirals, which
break into short S-shaped aggregates and horseshoe-
shaped cells in the course of growth. Do not exhibit
gliding motility, and do not form spores. Round pink
colonies with smooth edges are formed. Strictly aerobic
and chemoorganotrophic. Glucose, fructose, sucrose,
galactose, maltose, cellobiose, xylose, arabinose, man-
nose, lactose, succinate, fumarate, gluconate, pyruvate,
salicin, sorbitol, dulcitol, and mannitol are utilized;
raffinose, oxalate, citrate, malate, acetate, ethanol,
methanol, formate, benzoate, and phenylacetic acid are
not utilized. Ammonium, nitrate, and N-acetylglu-
cosamine are used as nitrogen sources; nitrite is not uti-
lized, and no growth occurs in the absence of available
nitrogen sources. Cytochrome oxidase and catalase
activities are present, as well as -galactosidase, alka-
line phosphatase, esterase—lipase (C8), leucine aryla-
midase, valine arylamidase, cystine arylamidase, acid
phosphatase, naphthol phosphohydrolase, B-glucosi-
dase, N-acetyl-B-glucosaminidase, and B-mannosidase.
Capable of indole formation. No activity of urease,
arginine hydrolase, lipase (C14), B-glucuronidase, and
o-fucosidase were revealed. Do not ferment glucose
and are incapable of nitrate reduction. The following
soluble biopolymers are hydrolyzed: gelatin, esculin,
starch, xylan, laminarin, dextrin, casein hydrolysate,
and Tween-40; cellulose, agar, chitin, pectin, Tween-
20, and Tween-80 are not hydrolyzed. Sensitive to
ampicillin and streptomycin; resistant to gentamycin,
kanamycin, neomycin, novobiocin, chloramphenicol,
and lincomycin. Growth temperature optimum at 25—
28°C (range from 6 to 32°C); pH optimum at pH 5.5-
6.5 (pH range 4.7-7.2). Among the fatty acids,
C6:105c¢, iso-C,7., 30H, and iso-Cs., are predominant.
DNA G+C base content is 52.1 mol %. The type strain,
Z-0532T (VKM B-2528" = DSM 218517), was isolated
from the humified solution formed in the course of
spruce wood microbial degradation.
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