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Abstract A novel psychrotolerant, alkalitolerant bacte-
rium, strain Ths, was isolated from a soil sample immersed
in hot spring water containing hydrocarbons and grown on a
chemically defined medium containing n-tetradecane as the
sole carbon source. The isolate grew at 0°C but not at tem-
peratures higher than 45°C; its optimum growth temperature
was 27°C. It grew in the pH range of 7-9. The strain utilized
C,3—Cj3g n-alkane and fluorene at pH 9 and 4°C. To our
knowledge, this is the first report on the bacterium that uti-
lizes a wide range of hydrocarbons at a high pH and a low
temperature. Phylogenetic analysis based on 16S rRNA
gene sequences showed that strain Ths is closely related to
genomic species 6 ATCC 17979 (99.1% similarity), geno-
mic species BJ13/TU14 ATCC 17905 (97.8% similarity),
genomic species 9 ATCC 9957 (97.6% similarity) belong-
ing to the genus Acinetobacter and to Acinetobacter
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calcoaceticus JCM 68427 (97.5% similarity). DNA-DNA
hybridization revealed that the isolate has 62, 25, 18 and
19% relatedness, respectively, to genomic species 6 ATCC
17979, genomic species BJ13/TU14 ATCC 17905, genomic
species 9 ATCC 9957 and A. calcoaceticus, respectively.

Keywords Acinetobacter - Hydrocarbon utilizing -
Psychrotolerant - Alkalitolerant

Introduction

Oil pollution in particular areas, such as land used as a
petroleum stand, is currently a serious environmental
problem. Once soil is contaminated by oil, it is difficult for
the oil to be decomposed by a natural population of
microorganisms. Although there are several methods, such
as physical methods, of removing oil from contaminated
soil, most of them are costly and it is difficult to treat huge
amounts of oil-contaminated soil. Therefore, bioremedia-
tion by certain organisms, especially microorganisms, is a
promising method for treating oil-contaminated soil. To
date, there have been fewer microorganisms suitable for
treating oil-contaminated soil in a cold environment than
those in a mesophilic environment. Temperature is an
important factor in controlling the nature of hydrocarbons
and the metabolism of hydrocarbons in microorganisms. In
addition, temperature is important in in situ bioremediation
because of the difficulty in artificial regulation. At low
temperatures, the viscosity of oil increases, preventing oil
spread in the water phase, and the volatilization of toxic
short-chain n-alkanes is prevented and long-chain n-alkanes
are solidified. Furthermore, metabolism and propagation are
inhibited in mesophilic microorganisms. Cold-adapted
microorganisms capable of degrading oil hydrocarbons at
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low temperatures have been reported (Westlake et al. 1974;
Whyte et al. 1996, 1998, 1999; MacCormack and Fraile
1997; Margesin and Schinner 1997a, 1997b, 1997¢c, 1999,
2001; Foght et al. 1999; Baranieck et al. 2002; Yumoto et al.
2002; Margesin et al. 2003). However, there are few reports
on the isolation of cold-adapted microorganisms utilizing a
wide range of hydrocarbons in a wide range of pH.

In this study, considering the variety of oil-contaminated
environmental conditions, a psychrotolerant, alkalitolerant
bacterium, strain Ths, that can decompose n-alkanes was
isolated from a soil sample immersed in hot spring water
containing hydrocarbons from Toyotomi Hot Spring loca-
ted in the northern part of Hokkaido, Japan. Phenotypic and
chemotaxonomic characteristics, phylogenetic analysis
based on 16S rRNA gene sequences and DNA-DNA
hybridization showed that the isolate can be identified as a
novel strain of the genus Acinetobacter. The isolate will be
useful in a wide range of application for environmental
oil-contaminated water or soil.

Materials and methods
Bacterial strain and cultivation

In June 2002, a soil sample immersed in hot spring water
(32.5°C, pH 7.4) containing hydrocarbons was obtained
from Toyotomi, in Hokkaido, Japan. A small amount of the
obtained soil sample was inoculated using a synthetic med-
ium (AT medium) consisting of KNO3, 5 g; KH,PO,, 0.5 g;
MgSO0,4-7H,0, 0.5 g; FeSO4-7H,0, 0.01 g; CaCl,-2H,0,
0.02 g; MnSO4-nH,0; and 0.001 g; ZnSO,4-7H,0, 0.0005 g
in 11 of 100 mM NaHCO3;-Na,COj; buffer (pH 9) in
deionized water supplemented with 3% n-tetradecane as the
sole carbon source and incubated at 27°C for 9 days. Part of
the obtained cultured medium was spread on the AT medium
containing 1.5% agar supplemented with n-tetradecane as
the sole carbon source. n-Tetradecane was vaporized onto
the surface of the agar plate by soaking filtration paper in it,
which was then placed under the AT agar medium on a plate
and incubated at 27°C for 1 week. After the incubation, a
colony that had appeared was transferred to Luria—Bertani
(LB) agar (pH 7.2) consisting of tryptone (Difco), 10 g; yeast
extract (Difco), 5 g; NaCl, 10 g; and agar, 20 g in 1 1 of
distilled water, reisolated five times and maintained in
the same medium. Acinetobacter junii ATCC 17908,
Acinetobacter johnsonii ATCC 179O9T, Acinetobacter
haemolyricus ATCC 17906T, Acinetobacter radioresistens
IAM 13186", Acinetobacter ursingii NIPH 137", Acineto-
bacter schindleri NIPH 10347, Acinetobacter parvus NIPH
384T, Acinetobacter bouvetii DSM 14964T, Acinetobacter
grimotii DSM 14968T, Acinetobacter baumanii JCM 684OT,
Acinetobacter calcoaceticus JCM 6842T, Acinetobacter
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lowffii JCM 6840", genomic species BJ13/TU14 (ATCC
17905), genomic species 6 (ATCC 17979, LUH 4717 and
LUH 286), genomic species 9 (ATCC 9957), genomic spe-
cies 3 (ATCC 19004), and ‘Acinetobacter ventianus’ (ATCC
31012) were used as reference strains for DNA-DNA
hybridization. They were cultured in LB broth (with the same
constituents as LB medium, without the agar) until the late
exponential growth phase at 27°C.

Phenotypic characterization

For phenotypic characterization of the isolate and genomic
species 6 ATCC 17979, LB broth or LB agar was used as
the basal medium. The culture was incubated at 27°C for
2 weeks, and experiments were performed three times to
confirm the reproducibility of results. Acid production
from carbohydrates was determined by the method of Hugh
and Leifson (1953). Determination of substrate utilization
as the sole carbon and energy source was performed
US medium containing substrate, 0.2%; NH4Cl, 2 g;
Na,HPO,, 2 g; KH,PO,, 1g; MgS047H,0, 0.1 g;
CaCl,-2H,0, 0.05 g; and 1 ml metal mixture in 11 of
distilled water. The metal mixture included (per 100 ml
distilled water) EDTA-2Na, 1.8 g; ZnSO47H,0, 5.0 g;
FeSO47H20, 5.0 g; MHSO44H20, 1.5 g5 CUSO45H20,
0.4 g; Co(NOj3),-6H,0, 0.25 g; and H,BO;, 0.1 g. Other
physiological and biochemical characteristics were exam-
ined according to methods described in Cowan and Steel’s
Manual (Barrow and Feltham 1993). For comparison with
previously reported Acinetobacter strains, physiological
and biochemical characteristics were examined according
to methods described by Bouvet and Grimont (1987). The
optimum growth temperature and pH of strain Ths were
determined using a temperature gradient incubator (model
TN-2612; Advantec, Tokyo, Japan). L-shaped tubes, that
each contained 10 ml of LB broth, were used. The tem-
perature gradient range used was 5-50°C. The growth at a
temperature below 5°C was examined using a conventional
incubator. Growth experiments at pH 7-10 were performed
using LB broth containing 100 mM NaH,PO,/Na,HPO,
buffer (pH 7-8) and 100 mM NaHCO3/Na,COj; buffer (pH
9-10). Growth depending on the pH (pH range of pH 7-10)
was estimated at 27°C. Hydrocarbon utilization was tested
using AT medium containing 1% (v/v) hydrocarbon at pH
9 (100 mM NaHCO3/Na,CO; buffer) at 4 and 10°C.

Electron microscopy

To observe negatively stained cells by transmission elec-
tron microscopy (TEM) (model H-800, Hitachi), cells were
grown on LB agar medium. TEM preparation and obser-
vation were performed as described previously (Yumoto
et al. 2001).
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Fig. 1 Phylogenetic tree

derived from 16S rRNA gene
sequence data of Acinetobacter
sp. strain Ths and other related
organisms was contracted by the —1 503
neighbor-joining method.
Numbers indicate bootstrap
values (from 1,000 replications)
greater than 500. Bar 0.01 K.
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Acinetobacter grimontii DSM 149687

Acinetobacter junii ATCC 179087 (293438)
Acinetobacter baumannii ATCC 196067 (Z93435)
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Acinetobacter radioresistence ATCC 439987 (Z93445)

_l-;——- Acinetobacter ursingii NIPH 1377 (AJ275038)
668
G

enomic species 3 ATCC 19004 (Z93436)

Chemotaxonomic characterization

Whole-cell fatty acids and isoprenoid quinones were per-
formed as described previously (Yumoto et al. 2001).
Bacterial DNA was prepared according to the method of
Marmur (1961). DNA base composition was determined by
the method of Tamaoka and Komagata (1984).

16S rRNA sequencing

The 16S rRNA gene sequence of strain Ths was analyzed
to determine the phylogenetic position. The 16S rRNA
gene was amplified using the PCR method with the primers
9F (GAGTTTGATCCTGGCTCAG) and 1541R (AAGG
AGGTGATCCAGCC). The PCR product of approximately
1.5 kb was sequenced directly by the dideoxynucleotide
chain-termination method using a DNA sequencer
(ABI PRISM 3100) with a BigDye™ Termination RR
mix, version 3.1 (Applied Biosystems), according to the

manufacturer’s instructions. Primers 9F, 515F, 907F and
357R were used in gene sequencing reaction. Multiple
alignments of sequences were performed, and nucleotide
substitution rate (K,,. value) was calculated. A phyloge-
netic tree was constructed by the neighbor-joining method
(Kimura 1980; Saitou and Nei 1987) using the CLUSTAL
W program (Thompson et al. 1994). Sequence similarity
was calculated using the GENETYX computer program
(Software Development, Tokyo, Japan). The nucleotide
sequence of the 16S rRNA gene of strain Ths has been
deposited in GenBank/EMBL/DDBJ under the accession
number AB207814.

DNA-DNA hybridization
The level of DNA-DNA relatedness was determined
fluorometrically by the method of Ezaki et al. (1989) using

photobiotin-labeled DNA probes and black microplates
(Nage Nunc International). Photobiotin-labeled DNA was
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prepared using photoprobebiotin (SP-1000, Vector Labo-
ratories Inc., CA, USA). The fluorescence was detected by
a microplate reader (type MTP-32, Corona electric, Tokyo,
Japan).

Results and discussion

The isolate grew between —1 and 44°C with optimum
growth at 27°C. The isolate grew at almost the same growth
rate and intensity in the pH range of 7-9. Cells were rod-
shaped (0.4-0.5 x 0.4-0.8 um), Gram-negative and with-
out a flagellum. Colonies were circular and colorless, with
an entire margin. The species was positive for catalase and
negative for oxidase. The isolate was positive for Simmons’
citrate medium and H,S production but negative for methyl
red in the Voges-Proskauer test, the ONPG test, urease test
and reduction of NO;~ to NO, ™. It hydrolyzed casein and
Tweens 20, 40, 60 and 80, but not starch, DNA, lipid or
alginic acid. No acid was produced in either aerobic or
anaerobic conditions from D-fructose, p-maltose, D-man-
nose, sucrose, D-xylose, raffinose, myo-inositole, mannitol,
sorbitol, p-galactose, L-thamnose or trehalose. The isolate
utilized r-alanine, L-histidine, L-glutamate, L-asparagine,
L-proline, citrate, aspartate, DL-4-aminobutyrate, L-histidine
and p-malate as substrates but not L-arabinose, p-fructose,
glycerol, lactose, b-maltose, b-mannose, raffinose, sucrose,
D-xylose, sorbitol, L-rhamnose, bD-cellobiose, inuline,
L-tryptophan, L-treonine, L-valine, L-lysine, L-glycine,
pL-lactate, malonate or L-phenylalanine.

The cellular fatty acid compositions of strain Ths were
as follows (% of total fatty acids): Cyq.9 1.0, Cy2.0 3.7, Ci4.0
0.3, Ci5.0 0.3, Ci6:0 27.7, Cig:1090) 0.6, Cig:17¢) 0.4, Cie:109¢)
178, C|7:0 18, 2-OH C]z;o 13, C]7:] 16, CIS:O 09, C18:1(9t)
0.8, Cy35:1¢9¢ 39.9 and 3-OH C,5. 2.1. The major isoprenoid
quinone was ubiquinone-9 (Q-9). The DNA G + C content
was 45.5%.

The sequence of 1,490 bases of the 16S rRNA gene of
strain Ths was compared with those of previously reported
strains. A phylogenetic tree constructed using the obtained
data (Fig. 1) showed that strain Ths" formed a monophy-
letic group with genomic species 6 and A. Iwoffii ATCC
17925. The highest similarities to strain Ths was observed
with the genomic species 6 ATCC 17979 (99.1%), fol-
lowed by genomic species BJ13/TU14 ATCC 17905
(97.8%), genomic species 9 ATCC 9957 (97.6%) and A.
calcoaceticus JCM 68407 (97.5%).

According to the results of the 16S rRNA gene sequence
analysis of strain Ths, 17 related strains exhibiting more
than 95% similarity were chosen as reference strains for
DNA-DNA hybridization. DNA-DNA hybridization
results indicated that strain Ths was distinct from all of the
strains examined except genomic species 6 ATCC 17979
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(62% similarity) (Table 1). When reversed reaction was
performed using genomic species 6 ATCC 17979 as a
probe with strain Ths in the hybridization, similarity 58%
value was obtained. DNA-DNA hybridization revealed
that the isolate has 25, 18 and 19% relatedness, respec-
tively, to genomic species BJ13/TU14 ATCC 17905,
genomic species 9 ATCC 9957 and A. calcoaceticus JCM
684OT, respectively. As shown in Table 1, 17 related
strains based on 16S rRNA gene sequence exhibited low
DNA-DNA reassociation value (below 63%).

Although strain Ths and genomic species 6 ATCC
17979 have similar phenotypic characteristics, strain Ths
was different from genomic species 6 ATCC 17979 in
growth at —1 and 40°C, growth in 3% NaCl, production of
acid from p-glucose, melibiose or Dp-galactose, and utili-
zation of D-glucose, pL-4-aminobutyrate, or L-histidine as
the sole carbon source (data not shown). Strain Ths also
differed from other relatively closely related strains in
growth temperature range, acid production from p-glucose,
gelatin hydrolysis and utilization of substrates (Table 2).

On the basis of thel6S rRNA sequence, the low DNA—
DNA reassociation and the specific combination of phe-
notypic characteristics, it has been shown that strain Ths is
not affiliated with any known species of genus Acineto-
bacter. Although the isolate is thought to be a new species,
it is considered that data on more than two strains is nec-
essary to confirm that it is indeed a new species belonging
to the genus Acinetobacter.

The isolate utilized C,3—C5( n-alkane and fluorene at pH
9 under 4°C. Furthermore, the isolate utilized C;,—Csq

Table 1 DNA-DNA relatedness (%) between strain Ths and other
strains of Acinetobacter species

Strain Ths
Genomic species 6 ATCC 17979 62
A. parvus NIPH 3847 41
A. haemolyticus ATCC 179067 34
A. ventianus RAG-1 ATCC 31012 30
A. junii ATCC 17908" 27
A. johnsonii ATCC 179097 26
Genomic species BJ13/TU14 ATCC 17905 25
A. baumanii JCM 6840 24
A. grimontii DSM 149687 23
A. ursingii NIPH 1377 23
A. schindleri NIPH 10347 22
A. lowffii JICM 6840" 20
A. bouvetii DSM 14964" 19
A. calcoaceticus JCM 68427 19
Genomic species 9 ATCC 9957 18
Genomic species 3 ATCC 19004 17
A. radioresistens TAM 131867 5
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Table 2 Characteristics of Acinetobacter sp. strain Ths and related
species

Growth at
44°C - - - -
41°C -
37°C +
Acid from p-glucose -

+Q—-+|
|
+ o+ o+

Gelatin hydrolysis +

Utilization of

pL-Lactate -
DL-4-Aminobutyrate
Citrate

&+

Aspartate
L-Histidine
p-Malate

o+ o+ o+t
+ o+ e et

+
Malonate - -

& e+ o+ o+ +

L-Phenylalanine

Data for genomic species 6, A. junii, and genomic species 3 were
taken from Bouvet and Grimont (1987). The numbers are percentages
of positive strains

1 Strain Ths, 2 genomic species 6, 3 A. junii, 4 genomic species 3, +
all strains positive, — all strains negative, d 11-89% positive

Table 3 Utilization of hydrocarbon by Acinetobacter sp. strain Ths
at pH 9

Hydrocarbons 4°C 10°C
n-Dodecane - +
n-Tridecane + +
n-Tetradecane + +
n-Pentadecane + +
n-Hexadecane + +
n-Eicosane + +
n-Tetracosane + +
n-Octacosane + +
n-Dotriacontane + +

Cyclododecane
Fluorene

 +
+ o+

Anthracene

Pyrene - -

+ Positive, — negative, w weakly positive

n-alkane, fluorene and anthracene at pH 9 and 10°C
(Table 3). To our knowledge, this is the first report on the
bacterium that utilizes a wide range of hydrocarbon at high
pH and a low temperature. Although there are several
reports on hydrocarbon utilizing Acinetobacter spp.
(Gallagher 1971; Ishige et al. 2000) or psychrotolerant
Acinetobacter spp. (Breuil et al. 1975; Pratuangdejkul and

Dharmsthiti 2000), there is no report on hydrocarbon-
utilizing and alkaline- and low-temperature-tolerant Aci-
netobacter spp. To our knowledge, strain Ths is the first
example of a strain belonging to the genus Acinetobacter
that utilizes hydrocarbons at a low temperature with high
pH tolerance.

Acknowledgments The authors thank Dr. A. Nemec for providing
A. parvus NIPH 384T and A. ursingii NIPH 1377

References

Baranieck CA, Aislabie J, Foght JM (2002) Characterization of
Sphingomonas sp. Ant 17, an aromatic hydrocarbon-degrading
bacterium isolated from Antarctic soil. Microb Ecol 43:44-45

Barrow GI, Feltham RKA (1993) Cowan and Steel’s manual for the
identification of medical bacteria, 3rd edn edn. Cambridge
University Press, London

Bouvet PIM, Grimont PAD (1987) Identification and biotyping of
clinical isolates of Acinetobacter. Ann Inst Pasteur Microbiol
138:569-587

Breuil C, Novitsky TJ, Kushner DJ (1975) Characterization of a
facultatively psychrophilic Acinetobacter species isolated from
river sediment. Can J Microbiol 21:2103-2108

Ezaki T, Hashimoto Y, Yabuuchi E (1989) Fluorometric deoxyribo-
nucleic acid—deoxyribonucleic acid hybridization in micro-
dilution wells as an alternative to membrane filter hybridization
in which radioisotopes are used to determine genetic relatedness
among bacterial strains. Int J Syst Bacteriol 39:224-229

Foght J, Semple K, Gauthier C, Westlake D, Blenkinsopp S, Sergy G,
Wang Z, Fingas M (1999) Effect of nitrogen source on
biodegradation of crude oil by a defined bacterial consortium
incubated under cold, marine conditions. Environ Technol
20:839-849

Gallagher IHC (1971) Occurrence of waxes in Acinetobacter. J Gen
Microbiol 68:245-247

Hugh R, Leifson E (1953) The taxonomic significance of fermentative
versus oxidative metabolism of carbohydrates by various Gram-
negative bacteria. J Bacteriol 66:24-26

Ishige T, Tani A, Sakai Y, Kato N (2000) Long-chain aldehyde
dehydrogenase that participates in n-alkane utilization and wax
ester synthesis in Acinetobacter sp. strain M-1. Appl Environ
Microbiol 66:3481-3486

Kimura M (1980) A simple method for estimating evolutionary rates
of base substitutions through comparative studies of nucleotide
sequences. J] Mol Evol 16:111-120

MacCormack WP, Fraile E (1997) Characterization of a hydro-
carbon degrading psychrophilic Antarctic bacterium. Antarct Sci
9:150-155

Margesin R, Schinner F (1997a) Bioremediation of diesel-oil-
contaminated alpine soils at low temperatures. Appl Microbiol
Biotechnol 47:462-468

Margesin R, Schinner F (1997b) Efficiency of indigenous and
inoculated cold-adapted soil microorganisms for biodegration of
diesel oil in alpine soils. Appl Environ Microbiol 63:2660-2664

Margesin R, Schinner F (1997c) Laboratory bioremediation experi-
ments with soil from a diesel-oil contaminated site—significant
role of cold-adapted microorganisms and fertilizer. J Chem
Technol Biotechnol 70:92-98

Margesin R, Schinner F (1999) Biogegradation of diesel oil cold-
adapted microorganisms in presence of sodium sulfate. Chemo-
sphere 38:3463-3472

@ Springer



734

Extremophiles (2008) 12:729-734

Margesin R, Schinner F (2001) Biodegradation and bioremediation of
hydrocarbons in extreme environments. Appl Microbiol Bio-
technol 56:650-663

Margesin R, Gander S, Zacke G, Gounot AM, Schinner F (2003)
Hydrocarbon degradation and enzyme activities of cold-adapted
bacteria and yeasts. Extremophiles 7:451-458

Marmur J (1961) A procedure for the isolation of deoxyribonucleic
acid from micro-organisms. J Mol Biol 3:208-218

Pratuangdejkul J, Dharmsthiti S (2000) Purification and character-
ization of lipase from psychrophilic Acinetobacter calcoaceticus
LP009. Microbiol Res 155:95-100

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

Tamaoka J, Komagata K (1984) Determination of DNA base
composition by reversed-phase high-performance liquid chro-
matography. FEMS Microbiol Lett 25:125-128

Thompson JD, Higgins DG, Gibson TJ (1994) CLUSTAL W:
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific gap
penalties and weight matrix choice. Nucleic Acid Res 22:4673—
4680

Westlake DWS, Jobson AM, Philippe R, Cook FD (1974) In situ
degradation of oil in a soil of the boreal region of the Northwest
Territories. Can J Microbiol 24:254-260

@ Springer

Whyte LG, Greer CW, Inniss WE (1996) Assessment of the
biodegradation potential of psychrotrophic microorganisms.
Can J Microbiol 32:99-106

Whyte LG, Hawari J, Zhou E, Bourbonniére L, Inniss WE, Greer CW
(1998) Biodegradation of variable-chain-length alkanes at low
temperature by a psychrotrophic Rhodocuccus sp. Appl Environ
Microbiol 64:2578-2584

Whyte LG, Slagman SJ, Pietrantonio F, Bourbonniere L, Koval SF,
Laurence JR, Inniss WE, Greer CW (1999) Physiological
adaptations involved in alkane assimilation at low temperature
by Rhodocuccus sp. strain Q15. Appl Environ Microbiol
65:2961-2968

Yumoto I, Yamazaki K, Hishinuma M, Nodasaka Y, Suemori A,
Nakajima K, Inoue N, Kawasaki K (2001) Pseudomonas
alcaliphila sp. nov., a novel facultatively psychrophilic alkali-
phile isolated from seawater. Int J Syst Evol Microbiol 51:349—
355

Yumoto I, Nakamura A, Iwata H, Kojima K, Kusumoto K, Nodasaka
Y, Matsuyama H (2002) Dietzia psychralcaliphila sp. nov., a
novel, facultatively psychrophilic alkaliphile that grows on
hydrocarbons. Int J Syst Evol Microbiol 52:85-90



	Acinetobacter sp. strain Ths, a novel psychrotolerant �and alkalitolerant bacterium that utilizes hydrocarbon
	Abstract
	Introduction
	Materials and methods
	Bacterial strain and cultivation
	Phenotypic characterization
	Electron microscopy
	Chemotaxonomic characterization
	16S rRNA sequencing
	DNA-DNA hybridization

	Results and discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /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
  /SyntheticBoldness 1.00
  /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

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


