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Acinetobacter soli sp. nov., Isolated from Forest Soil
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A non-motile and rod shaped bacterium, designated strain B1",

was isolated from forest soil at Mt.

Baekwoon, Republic of Korea. Cells were Gram-negative, catalase-positive, and oxidase-negative. The major
fatty acids were 9-octadecenoic acid (Cis:1 @9¢; 42%) and hexadecanoic acid (Cis.0; 25.9%) and summed
feature 3 (comprising iso-Cis:o 2-OH and/or Cis.1 @7¢; 10.0%). The DNA G+C content was 44.1 mol%.

phylogenetic tree based on 16S rRNA gene sequences showed that stram B1" formed a lineage within the
genus Acinetobacter and was closely related to A. baylyi DSM 14961 (98.6% sequence s1mllar1ty), followed
by A. baumannii DSM 30007" 97.4%), A. calcoaceticus DSM 30006" (97.0%) and 3 genomic species (96.8~
7.6%). Phenotyplc characteristics, gyrB gene sequence analysis and DNA-DNA relatedness data distin-
guished strain B1" from type strains of A baylyi, A. baumannii, and A. calcoaceticus. On the basis of the
evidence presented in this study, strain B1" represents a novel spec1es of the genus Acmetobacter, for which
the name Acinetobacter soli sp. nov. is proposed. The type strain is B1" (= KCTC 22184"= JCM 15062T)
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Members of the genus Acinetobacter are ubiquitously dis-
tributed in nature. The genus Acinetobacter comprises non-
motile, strictly aerobic, oxidase-negative, and Gram-negative
bacteria that grow well on simple media. Thirty-two (ge-
nomic) species are currently recognized within the genus
(Bouvet and Grimont, 1986; Bouvet and Jeanjean, 1989;
Tjernberg and Ursing, 1989; Gerner-Smidt and Tjernberg,
1993; Vaneechoutte et al., 1999; Nemec et al., 2001; Carr et
al., 2003; Nemec et al., 2003). Seventeen of these have been
provided with valid species names. Among them, nine species
were the clinical isolates, i.e. Acinetobacter baumannii DSM
30007", Acinetobacter Jjunii DSM 6964" and Acinetobacter
Johnsonii DSM 6963", Acinetobacter haemolyticus DSM 6962"
and Acinetobacter Iwoffii DSM 2403" described or emended
by Bouvet and Grimont (1986), Acinetobacter schindleri LMG
19576" and Acinetobacter ursingii LUH 3792" described by
Nemec et al. (2001) and Acinetobacter parvus LMG 21765"
described by Nemec et al. (2003). Two species were isolated
from the soil, i.e. Acinetobacter radioresistens DSM 6976"
described by Nishimura et al. (1988) and Acinetobacter cal-
coaceticus DSM 30006" described or emended by Bouvet
and Grimont (1986). Seven species were isolated from the
activated sludge (Carr er al., 2003), i.e. Acinetobacter baylyi
DSM 14961T, Acinetobacter bouvetii DSM 14964T, Acineto-
bacter grimontii DSM 14968", Acinetobacter tjernbergiae DSM
149717, Acinetobacter towneri DSM 149627, Acinetobacter
tandoii DSM 14670, and Acinetobacter gerneri DSM 14967".

* To whom correspondence should be addressed.
(Tel) 82-61-750-3613; (Fax) 82-61-750-5459
(E-mail) scnu@scnu.ac.kr

In the course of our study on the microbial diversity in
forest soil, a bacterium, designated strain BlT, was isolated
and could not be identified as any known (genomic) species.
On the basis of polyphasic evidence, strain B1' represents
a novel species in the genus Acinetobacter, for which the
name Acinetobacter soli sp. nov. is proposed.

Materials and Methods

Collectlon of microorganisms
Strain B1" was isolated from forest soil collected from Mt.
Baekwoon (35°06' N, 127°37' E) near Gwangyang located in
the Republic of Korea, during May 2007, using the standard
dilution plating technique. Isolation was achieved using Plate
Count Agar (PCA, Difco) at 25°C for 7 days. The isolate
was routinely cultured on Tryptic Soy Agar (TSA, Difco) and
maintained as a glycerol suspension (20%, w/v) at -80°C.
Reference strains, Acinetobacter baylyi KACC 122247
(= DSM 14961"), Acinetobacter baumannii KACC 12454"
(= DSM 30007"), and Acinetobacter calcoaceticus KACC
11541" (= DSM 30006") were obtained from the Korean
Agricultural Culture Collection (KACC), Suwon, Republic
of Korea.

Phylogenetic analyses

Bacterial DNA preparation, PCR amplification and sequenc-
ing of 16S rRNA gene were carried out as described pre-
viously (Chun and Goodfellow, 1995). The resultant sequence
of strain B1" (1,422 nt) was aligned manually against se-
quences obtained from the GenBank database. Calculation
of pairwise 16S rRNA gene sequence similarity was achieved
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using the EzTaxon server (http:/www.eztaxon.org/; Chun et
al., 2007).

Phylogenetic trees were inferred from the regions avail-
able in all sequences (positions 39~1450; Escherichia coli
numbering system) using the Fitch-Margoliash (Fitch and
Margoliash, 1967) and neighbor-joining (Saitou and Nei,
1987) methods. Evolutionary distance matrices were gen-
erated according to Jukes and Cantor (1969). The resultant
neighbor-joining tree topology was evaluated by bootstrap
analyses (Felsenstein, 1985) based on 1,000 resamplings.
Alignment and phylogenetic analyses were carried out using
the jJPHYDIT program (available at http://plaza.snu.ac.kr/
~jchun/) and PAUP 4.0 (Swofford, 1998) as described pre-
viously (Chun et al., 2000).

PCR amplification and sequencing of gyrB gene were car-
ried out as described previously (Yamamoto and Harayama,
1995). UP-1 and UP-2r were used for PCR primers and
UP-1S and UP-2Sr were used for sequencing primers. The
grB gene sequences of strain B1" (927 nt) were aligned using
the CLUSTAL W computer program (Thompson et al.,
1994). Sequence comparisons and phylogenetic analyses were
carried out using the methods described above.

Phenotypic characterization
Growth on various standard bacteriological media was tested
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by using Nutrient Agar (NA, Difco), TSA (Difco), Marine
Agar (MA, Difco), Glucose Yeast Extract Agar (GYEA,
Gordon and Mihm, 1962), MacConkey agar and R2A agar
(Difco) according to the manufacturer's instructions. Cells
of strain B1" grown on TSA at 30°C for 1~2 days were
used for the physiological and biochemical tests. Motility
was examined by observing the cells grown in wet mounts
using phase-contrast microscopy (TMS-E Nikon). Growth
at various NaCl concentrations (0~10%, w/v, using incre-
ments of 1.0%) was investigated in Tryptic Soy Broth (TSB,
Difco) prepared according to the formula of Difco medium
except that no NaCl was used. The pH range for growth
was determined in TSB. The medium adjusted to various
pH values (pH 4~11, using increments of 1 pH units) by
the addition of HCl and NaOH was sterilized by filtration.
Growth temperature (4~42°C) and growth in an anaerobic
chamber (CO»/Hy/N, 10:10:80; Sheldon Manufacturing) were
checked using TSA in one week incubation time. Catalase
and oxidase activities were determined using 3% (v/v) hydro-
gen peroxide and Kovac’s reagent (Kovacs, 1956), respecti-
vely. Haemolysis of sheep blood was recorded after 2 days
on TSA containing 5% sheep blood. Production of acid
from glucose was detected by using the method A de-
scribed previously (Bouvet and Grimont, 1986). Nitrate re-
duction was tested on nitrate broth containing 0.2% KNOs3
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Fig. 1. Neighbor-joining tree based on nearly complete 16S rRNA gene sequences showing relationships between strain B1" and the other
members of the genus Acinetobacter. The percentage numbers at the nodes are the levels of bootstrap support based on neighbor-joining
analyses of 1,000 resampled data sets. The sequence of Moraxella lacunata ATCC 17967" (AF005160) was used as an outgroup. Bar, 0.01

nucleotide substitution per position.
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Fig. 2. Neighbor-joining tree based on gyrB gene sequences showing relationships between strain B1" and the other members of the genus
Acinetobacter. The percentage numbers at the nodes are the levels of bootstrap support based on neighbor-joining analyses of 1,000 re-
sampled data sets. The sequence of Escherichia coli ATCC 25922 (AB083953) was used as an outgroup. Bar, 0.1 nucleotide substitution

per position.

(Skerman, 1967). Citrate utilization was tested on Simmons’
Citrate agar (Sigma). Indole production was determined
with Kovac’s indole reagent in 1% Tryptone broth. H,S
production was determined on Kligler Iron agar (Difco).
L-phenylalanine deamination was examined with the method
of Richard and Kiredjian (1995). Urease activity was tested
on Christensen’s medium (Oxoid). Degradation of casein,
starch, xylan, carboxymethylcellulose (CMC), and L-tyrosine
was examined on TSA containing 2% skim milk, 0.2% solu-
ble starch, 1% xylan, 1% sodium carboxymethylcellulose, and
0.5% L-tyrosine (Smibert and Krieg, 1994), respectively.
Voges-Proskauer test was analyzed as described by Smibert
and Krieg (1994).

Additional physiological and biochemical tests were per-
formed using API 20E, API 20NE, API 50CH, and API
ZYM systems (bioMérieux) and the GN2 MicroPlate
(Biolog) according to the manufacturers’.

Antibiotic resistance was determined with disc diffusion
method using commercial antibiotic-impregnated discs
(BBL Becton-Dickinson). The results were interpreted ac-
cording to the guidelines set forth by the CLSI (2003).

Chemotaxonomy

Fatty acid profiles of strain B1" and the type strains were
determined on the identical conditions. Cells grown on
TSA for 24 h at 30°C were prepared and analyzed as meth-
yl esters by GLC according to the instructions of the

Microbial Identification System (MIDI, 1999).

Isoprenoid quinones were extracted according to the
method of Minnikin et al. (1984) and analyzed by reverse-
phase thin-layer partition chromatography using Merck
HPTLC RP18F»s4 as described (Collins and Jones, 1981).

The G+C content of the DNA was determined by using
the thermal denaturation method of Marmur and Doty
(1962).

DNA-DNA hybridization

The taxonomic relationships between strain B1" and the type
strains of A. baylyi, A. calcoaceticus, and A. baumanii were
further examined using DNA-DNA hybridization. Genomic
relatedness was determined using a membrane filter techni-
que (Seldin and Dubnau, 1985) according to the method
described by Baik et al. (2006).

Results and Discussion

Phylogenetic analyses

Preliminary sequence comparison with 16S rRNA gene se-
quences held in GenBank indicated that strain B1" was closely
related to the genus Acinetobacter. The newly determined
sequence was then aligned manually against representatives
of the genus Acinetobacter. Strain B1" showed the highest
16S rRNA gene sequence similarity with Acinetobacter baylyi
DSM 149617 (98.6%), followed by Acinetobacter baumannii
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DSM 30007" (97.4%), Acinetobacter calcoaceticus DSM
30006" (97.0%), and 3 genomic species (96.8~97.6%). Each
of the related species of strain B1" was originated from dif-
ferent sources, i.e. A. baylyi DSM 14961", from activated
sludge (Carr et al., 2003), A. baumannii DSM 300077, from
clinical specimen (Bouvet and Grimont, 1986) and A. cal-
coaceticus DSM 30006", from soil (Bouvet and Grimont,
1986).

To elucidate the phylogenetic relationship between the
novel isolate and other species of the genus Acinetobacter,
phylogenetic trees were constructed using two different
tree-making algorithms. The neighbor-joining tree (Fig. 1)
showed that strain B1" was closely related to A. baylyi
DSM 14961" with 88% bootstrap support. Also, strain B1"
occupied a distinct position in the neighbour-joining tree.
The tree based on the Fitch-Margoliash method showed es-
sentially similar topology (data not shown).

Strain B1" showed the highest gyrB gene sequence sim-
ilarity with Acinetobacter baylyi DSM 149617 (83.6%), fol-
lowed by Acinetobacter baumannii DSM 30007" (80.5%)

Acinetobacter soli sp. nov. 399

and Acinetobacter calcoaceticus DSM 30006 (79.2%). The
neighbor-joining tree (Fig. 2) showed that strain B1" was
closely related to A. baylyi DSM 14961" with 92% bootstrap
support. Also, strain B1" occupied a distinct position in the
neighbour-joining tree, as was like in the 16S rRNA gene
sequence analysis.

Phenoty]%ic characteristics

Strain B1"™ was aerobic, Gram-negative and non-motile. Cells
from overnight broth culture were predominantly short rods
(0.8~1.0 by 1.2~1.5 pum) and occurred in pairs. Occasionally
short chains (three to six cells) occurred. Colonies grown
on TSA were circular, convex, entire margin, smooth, and
slightly opaque. On TSA, the colonies of 24 and 48 h in-
cubation at 30°C were 0.5~0.8 and 1~2 mm in diameter,
respectively. The novel strain grew well on NA, MA, TSA,
PCA, R2A, MacConkey agar, and GYEA. On TSA medium,
strain B1" was able to grow at 10~37°C with the optimum
at 30°C. Detailed results of morphological, physiological
and biochemical tests are given in the species description

Table 1. Characteristics that differentiate strain B1" from related Acinetobacter species

Characteristic 1

2 3 4

Habitat Soil
10~41
Urease activity +
Assimilation of (API 20NE)

Malate +

Growth temperature

+

Caprate

+

Phenyl acetate
Utilization of (API 50CH)

L-Arabinose

Ribose

D-Xylose

Galactose

Fructose

Mannose

Melibiose

+ o+ o+ + o+ o+ o+

D-Fucose

Enzyme activity (API ZYM)
Alkaline aphosphatase
Esterase (C4) -
Lipase (C14) +
Acid phosphatase -

Human clinical specimen®
15~44"

Activated sludge” Soil”
37~41" 15~37"
- + -

+ + + o+

- - +
+ + -
+ + w

DNA G+C content (mol%) 44.1 40~43" NA 40~42°

* Data from Bouvet and Grimont (1986) and Carr ef al. (2003)

Species: 1, B1"; 2, A. baumannii KACC 12454"; 3, A. baylyi KACC 12224"; 4, A. calcoaceticus KACC 11541". Data are from this study unless otherwise
indicated. All species are positive for catalase, utilization of citrate (Simmons), glucose, DL-lactic acid, malonic acid, quinic acid, L-aspartic acid and adipate
and hydrolysis of Tween 20 and Tween 80 and acid production from glucose. All species are negative for haemolysis, and production of L-phenylalanine dea-
miase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophane deaminase, valine arylamidase, cystine arylamidase, trypsin, o-chymotrypsin,
naphthol-AS-BI-phosphohydrolase, a-galactosidase, p-galactosidase, B-glucuronidase, a-glucosidase, B-glucosidase, N-acetyl-glucosaminidase, a-mannosidase and
a-fucosidase, and assimilation of mannose, glycerol, erythritol, D-arabinose, L-xylose, adonitol, f-methyl-D-xyloside, sorbose, rhamnose, dulcitol, inositol, man-
nitol, sorbitol, a-methyl- D-mannoside, a-methyl-D-glucoside, N-acetyl-glucosamine, amygdalin, arbutin, esculin, salicin, cellobiose, maltose, lactose, sucrose, tre-
halose, melezitose, raffinose, xylitol, B-gentiobiose, D-turanose, D-lyxose, D-tagatose, L-fucose, D-arabitol, L-arabitol, gluconate, 2-keto-gluconate, 5-keto-gluco-
nate, inulin, starch and glycogen, and degradation of starch, xylan, CMC, esculin, gelatin, and production of H,S, indole and acetoin, and reduction of nitrates
to nitrites. +, positive; -, negative; w, weak positive; NA, data not applicable.
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Table 2. Fatty acid composition (%) of strain B1" and related Acinetobacter species

J. Microbiol.

Fatty acid 1 2 3 4
Ci2o 5.6 5.7 5.7 5.1
Cio 2-OH 1.8 2.3 2.0 1.9
Cizo 3-OH 38 35 4.2 4.0
Ciso N alcohol 1.5 1.2 Tr 1.2
Cis1 w7c alcohol - - - 2.5
Ciso 25.9 21.3 23.5 16.8
Ci71 @8¢ - 1.7 - 1.4
Cizo - 12 Tr 1.1
Cis3 wbe 1.5 1.8 - 1.1
Ciz1 @9¢ 42.0 38.0 38.4 31.1
Ciz1 o7c Tr Tr 1.0 2.5
Ciso 4.0 3.4 1.4 35
Sum In Feature 2 1.8 34 1.8 22
Sum In Feature 3° 10.0 13.7 18.7 233

* Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 2 contained Ciso
3-OH and/or iso-Cie1 1. Summed feature 3 contained iso-Cis 2-OH and/or Cis w7c.
Species: 1, B1"; 2, A. baumannii KACC 12454T; 3, A. baylyi KACC 12224"; 4, A. calcoaceticus KACC 11541". Data are from this study. Tr, trace amount (<1%);

-, not detected.

and in Table 1. It is evident from Table 1 that there are
several phenotypic characters that readily separate strain
B1" from the type strains of phylogenetically related spe-
cies, namely A. baylyi, A. baumannii, and A. calcoaceticus.

Chemotaxonomy

The major fatty acids of strain B1" are shown in Table 2.
The predominant fatty acids of strain B1" were 9-octadece-
noic acid (Cis1 ®9c; 42%) and hexadecanoic acid (Cieo;
25.9%) as were the cases for the type strains of A. baylyi,
A. calcoaceticus, and A. baumanii. Ubiquinone 9 was the
only isoprenologue found in strain B1". The DNA G+C ra-
tio of strain B1" was 44.1 mol%.

DNA-DNA relatedness

DNA relatedness of strain B1" with the type strains of A.
calcoaceticus, A. baumanii, and A. baylyi were 16, 29, and
39%, respectively.

It is clear from the phylogenetic analyses based both on
16S rRNA gene and gyrB gene sequences and DNA-DNA
hybridization data that strain B1" represents a novel species
in the genus Acinetobacter (Wayne et al., 1987). In addition,
a number of physiological and chemotaxonomic character-
istics clearly distinguished strain B1" from other phyloge-
netically related species (Table 1 and 2). Therefore, strain
B1" should be classified in a novel species within the genus
Acinetobacter, for which the name Acinetobacter soli sp. nov.
is proposed.

Description of Acinetobacter soli sp. nov.

Acinetobacter soli (so’li. L. gen. neut. n. soli, of/from soil).
Cells are rod-shaped, Gram-negative, catalase-positive, oxi-
dase-negative, and aerobic bacterium. Cells grow best on
media such as MA, TSA, PCA, NA, MacConkey agar, and
R2A. Colonies on TSA agar are circular, low-convex, entire

margin, smooth, slightly opaque, and approximately 0.5~0.8
mm in diameter after 24 h incubation at 30°C (pH 7). Cells
are non-motile short rods and 0.8~1.0x1.2~1.5 pum in size.
Growth occurs in 0~5% (w/v) NaCl (optimum 0.5~1.0%).
Growth occurs in pH 5~10 (optimum pH 6~8) and at 10~
40°C (optimum 30°C). Arginine dihydrolase, lysine decar-
boxylase and ornithine decarboxylase activities are absent.
Degrades L-tyrosine, but not casein and starch. Citrate is
utilized. Positive for acid production from glucose. Negative
for haemolysis of sheep blood and nitrate reduction. Does
not produce H»S, acetoin and indole. Utilizes the following
substrates as sole carbon and energy sources: glucose, gluc-
onate, caprate, adipate, citrate, and phenyl acetate. Does not
utilize arabinose. In the API 50CH tests, acid is produced
from L-arabinose, frucose, D-fucose, galactose, mannose,
melibiose, ribose, and D-xylose. In the API ZYM gallery,
lipase (C14) is present, but acid phosphatase, alkaline phos-
phatase, and esterase (C4) activities are absent. Cells are sen-
sitive to (ug per disc, unless otherwise indicated) ampicillin
(10), penicillin (10 IU) and vancomycin (30), but resistant
to amikacin (30), chloramphenicol (30), erythromycin (15),
gentamicin (10), kanamycin (30), nalidixic acid (30), poly-
myxin B (300 IU), streptomycin (10), and tetracycline (30).
Other physiological and biochemical characteristics are given
in Table 1. Major fatty acids are 9-octadecenoic acid (Cis1
®9c; 42.0%), hexadecanoic acid (Ciso; 25.9%) and summed
feature 3 (comprising iso-Ciso 2-OH and/or Cis.1 w7c; 10.0%),
and complete fatty acid composition is given in Table 2.
The predominant respiratory lipoquinone was Q-9. The DNA
G+C content is 44.1 mol%. Other physiological and bio-
chemical characteristics are given in Table 1 and Table 2.

The type strain is B1" (= KCTC 22184"= JCM 15062")
and isolated from a forest soil collected from the Mt.
Baekwoon, Republic of Korea.



Vol. 46, No. 4

Acknowledgements

This work was supported by the 21C Frontier Microbial
Genomics and Applications Center Program, Ministry of
Education, Science & Technology, Republic of Korea. Special
thanks are extended to Dr. J.P. Euzéby for his recom-
mendation concerning the nomenclature of strain B1'.

References

Baik, K.S., Y.D. Park, C.N. Seong, E.M. Kim, K.S. Bae, and J.
Chun. 2006. Glaciecola nitratireducens sp. nov. isolated from
sea water. Int. J. Syst. Evol. Microbiol. 56, 2185-2188.

Bouvet, PJ.M. and PA.D. Grimont. 1986. Taxonomy of the genus
Acinetobacter with the recognition of Acinetobacter baumannii
sp. nov., Acinetobacter haemolyticus sp. nov., Acinetobacter
johnsonii sp. nov., and Acinetobacter junii sp. nov. and emended
descriptions of Acinetobacter calcoaceticus and Acinetobacter
Iwoffii. Int. J. Syst. Bacteriol. 36, 228-240.

Bouvet, PJ.M. and S. Jeanjean. 1989. Delineation of new proteolytic
genomic species in the genus Acinetobacter. Res. Microbiol.
140, 291-299.

Carr, E.L., P. Kdmpfer, B.K.C. Patel, V. Giirtler, and R.J. Seviour.
2003. Seven novel species of Acinetobacter isolated from acti-
vated sludge. Int. J. Syst. Evol. Microbiol. 53, 953-963.

Chun, J., K.S. Bae, E.Y. Moon, S.O. Jung, HK. Lee, and S.J.
Kim. 2000. Nocardiopsis kunsanensis sp. nov., a moderately
halophilic actinomycete isolated from a saltern. Int. J. Syst.
Evol. Microbiol. 50, 1909-1913.

Chun, J. and M. Goodfellow. 1995. A phylogenetic analysis of the
genus Nocardia with 16S rRNA gene sequences. Int. J. Syst.
Bacteriol. 45, 240-245.

Chun, J., J.H. Lee, Y. Jung, M. Kim, S. Kim, B.K. Kim, and Y.W.
Lim. 2007. EzTaxon: a web-based tool for the identification of
prokaryotes based on 16S ribosomal RNA gene sequences.
Int. J. Syst. Evol. Microbiol. 57, 2259-2261.

CLSI. 2003. Performance standards for antimicrobial disk suscepti-
bility tests, 8" ed. Approved Standard M2-A8, Clinical Labor-
atory Standards Institute, Wayne, PA, USA.

Collins, M.D. and D. Jones. 1981. Distribution of isoprenoid quinone
structural types in bacteria and their taxonomic implications.
Microbiol. Rev. 45, 316-354.

Felsenstein, J. 1985. Confidence limits on phylogenies: an approach
using the bootstrap. Evolution 39, 783-791.

Fitch, WM. and E. Margoliash. 1967. Construction of phylogenetic
trees. Science 155, 279-284.

Gerner-Smidt, P. and 1. Tjernberg. 1993. Acinetobacter in Denmark:
II. Molecular studies of the Acinetobacter calcoaceticus-Acin-
etobacter baumannii complex. APMIS 101, 826-832.

Gordon, R.E. and J.M. Mihm. 1962. Identification of Nocardia
caviae (Erikson) nov. comb. Ann. N. Y. Acad. Sci. 98, 628-636.

Jukes, TH. and C.R. Cantor. 1969. Evolution of protein molecules,
p. 21-132. In H.N. Munro (ed.), Mammalian protein meta-
bolism. Academic Press. New York, N.Y., USA.

Kovacs, N. 1956. Identification of Pseudomonas pyocyanea by the
oxidase reaction. Nature 178, 703.

Marmur, J. and P. Doty. 1962. Determination of the base composi-
tion of deoxyribonucleic acid from its thermal denaturation
temperature. J. Mol. Biol. 5, 109-118.

MIDI. 1999. Sherlock Microbial Identification System Operating

Acinetobacter soli sp. nov. 401

Manual, version 3.0. MIDI Inc., Newark, DE, USA.

Minnikin, D.E., A.G. O’Donnell, M. Goodfellow, G. Alderson, M.
Athalye, A. Schaal, and J.H. Parlett. 1984. An integrated pro-
cedure for the extraction of bacterial isoprenoid quinones and
polar lipids. J. Microbiol. Methods 2, 233-241.

Nemec, A., T. De Baere, 1. Tjernberg, M. Vaneechoutte, T.J.K. Van
Der Reijden, and L. Dijkshoorn. 2001. Acinetobacter ursingii
sp. nov. and Acinetobacter schindleri sp. nov., isolated from
human clinical specimens. Int. J. Syst. Evol. Microbiol. 51,
1891-1899.

Nemec, A., L. Dijkshoorn, I. Cleenwerck, T. De Baere, D. Janssens,
TJ.K. Van Der Reijden, P. Jezek, and M. Vaneechoutte. 2003.
Acinetobacter parvus sp. nov., a small-colony-forming species
isolated from human clinical specimens. Int. J. Syst. Evol.
Microbiol. 53, 1563-1567.

Nishimura, Y., T. Ino, and H. lizuka. 1988. Acinetobacter radio-
resistens sp. nov. isolated from cotton and soil. Int. J. Syst.
Bacteriol. 38, 209-211.

Richard, C. and M. Kiredjian. 1995. Laboratory Methods for the
Identification of Strictly Aerobic Gram-negative Bacilli. Institut
Pasteur, Paris, France.

Saitou, N. and M. Nei. 1987. The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Mol. Biol. Evol.
4, 406-425.

Seldin, L. and D. Dubnau. 1985. Deoxyribonucleic acid homology
among Bacillus polymyxa, Bacillus macerans, Bacillus azotofixans,
and other nitrogen-fixing Bacillus strains. Int. J. Syst. Bacteriol.
35, 151-154.

Skerman, V.B.D. 1967. A Guide to the Identification of the Genera
of Bacteria, 2" ed. Williams and Wilkins, Baltimore, USA.

Smibert, R.M. and N.R. Krieg. 1994. Phenotypic characterization,
p. 607-654. In P. Gerhardt, R.G.E. Murray, W.A. Wood, and
N.R. Krieg (eds.), Methods for General and Molecular
Bacteriology. American Society for Microbiology, Washington,
D.C., USA.

Swofford, D.L. 1998. Phylogenetic analysis using parsimony (PAUP).
Version 4. Sinauer Associates, Suderland, MA, USA.

Thompson, J.D., D.G. Higgins, and T.J. Gibson. 1994. CLUSTAL
W: improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific gap
penalties and weight matrix choice. Nucleic Acids Res. 22,
4673-4680.

Tjernberg, I. and J. Ursing. 1989. Clinical strains of Acinetobacter
classified by DNA-DNA hybridization. APMIS 97, 595-605.

Vaneechoutte, M., I. Tjernberg, F Baldi, M. Pepi, R. Fani, E.R.
Sullivan, J. Van Der Toorn, and L. Dijkshoorn. 1999. Oil-de-
grading Acinetobacter strain RAG-1 and strains described as
‘Acinetobacter venetianus sp. nov.” belong to the same genomic
species. Res. Microbiol. 150, 69-73.

Wayne, L.G., DJ. Brenner, R.R. Colwell, PA.D. Grimont, O.
Kandler, M.I. Krichevsky, L.H. Moore, W.E.C. Moore, R.G.E.
Murray, E. Stackebrandt, M.P. Starr, and H.G. Triper. 1987.
International Committee on Systematic Bacteriology. Report
of the ad hoc committee on reconciliation of approaches to
bacterial systematics. Int. J. Syst. Bacteriol. 37, 463-464.

Yamamoto, S. and S. Harayama. 1995. PCR Amplification and di-
rect sequencing of gyrB genes with universal primers and their
application to the detection and taxonomic analysis of
Pseudomonas putida strains. Appl. Environ. Microbiol. 61,
1104-1109.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


