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Growth promotion of Suillus luteus by adenosine in vitro

Haihan Zhang - Ming Tang - Hui Chen

Received: 12 December 2008/ Accepted: 28 August 2009/ Published online: 8 January 2010

© The Mycological Society of Japan and Springer 2009

Abstract In this work, adenosine has been shown to
stimulate Swillus Iuteus mycelial growth, branching, and
aggregates on solid substrate. Adenosine promoted S.
luteus mycelial growth and branching, and the fungus
responded significantly at a concentration as low as
0.01 mg/ml. The highest mycelial biomass and density of
three strains were observed at 0.16 mg/ml in SNP-20,
0.08 mg/ml in SAF-501, and 0.16 mg/ml in PT-501.
Adenosine enhanced mycelial aggregate at concentration
of 0.02 mg/ml in SNP-20. The study suggests that adeno-
sine promotes S. luteus mycelial growth, branching, and
aggregation. Thus, it may be a good candidate as a bio-
logical elicitor of mycelial growth for S. luteus.

Keywords Aggregate - Branching

Suillus luteus (L.: Fr.) Gray is one of the well-known edible
ectomycorrhizal (ECM) fungi with a worldwide distribu-
tion. Over the course of past decades, assessment of ECM
fungal sporocarp production has been carried out, and some
pot culture trials have been conducted to determine the
golden edible ECM fungal growth, primordium, and
basidiocarp formation (Yamada et al. 2001, 2007), which
are greatly influenced by various factors such as fatty
acids (Unestam and Sun 1995), wood ash (Hagerberg
and Wallander 2002), surfactants or vegetable oil (Guerin-
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Laguette et al. 2003), and microbial interaction (Gamalero
et al. 2003). Among these factors, much attention has been
devoted to the bioactive compounds that improve the
process of mycelial growth (Unestam and Sun 1995). So
far, several bioactive compounds have been well assessed
for their ability to promote ECM fungal growth, such as
amino acids for Hebeloma vinosophyllum (Yamanaka
1999), rutin for Pisolithus tinctorius (Lagrange et al. 2001),
olive oil for Tricholoma matsutake (Guerin-Laguette et al.
2003), and fulvic acid for Leccinum aurantiacum (Souku-
pova et al. 2008). Recently, Kikuchi et al. (2007) suggested
that flavonoids induce germination of basidiospores of the
ECM fungus Suillus bovinus on solid medium. However, to
date, the development of mushrooms in ECM basidiomy-
cetes has not been well described (reviewed in Kiies and
Liu 2000), which means the life cycle of ECM fungi is
poorly understood. The lack of effective growth-activating
elicitors (GAEs) for the mycelial growth process may
contribute to the difficulty.

Adenosine is a precursor of cyclic adenosine 3/,
5’-monophosphate (¢cAMP) (Griffin 1993) and acts as an
essential functional substance in edible mushrooms. cAMP
also has broad biological activities to regulate fungal
mycelial cellular synthesis (Laychock 1989), affecting
mycelial branching (Kubo and Mihara 2007). Alexander
and Lippert (1989) indicated that cAMP enhanced the
mycelial growth of Calvatia gigantea by 24%. Interest-
ingly, the level of cAMP increased only during fruiting
development, as reported by Griffin (1993). A follow-up
study by Ohta (1994) reported that Lyophyllum shimeji
formed fruiting bodies on an artificial medium when cAMP
was added in pure culture without a host plant. Thus, it was
surmised that adenosine would play an essential role as a
mycelial growth-signaling molecule component. A related
study by Ohga (1989) had demonstrated that adenosine and
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adenosine triphosphate were the most important GAEs for
the growth of Lentinus edodes in hot water extracts of
onion. In addition, the results from the pure culture study
on adenine and its derivatives as mushroom growth
enhancers by Yoshikawa and Ooga (1989) suggested that
addition of adenine or its derivatives significantly increased
the carpophore weight of Agrocybe aegerita. Moreover,
Lou and Montag (1994) found that the dominant fraction of
nucleosides in mushrooms 1is adenosine. Later on,
Domondon et al. (2004) revealed that adenosine acts as a
biological elicitor to enhance mycelial growth in vitro and
stimulates production of the edible mushrooms Pleurotus
pulmonarius and Stropharia rugosoannulata. In view of
these findings, we hypothesize that adenosine is essential
and sufficient to stimulate the mycelial growth of ECM
fungi. Consequently, the present study reported on adeno-
sine, which promotes mycelial growth and branching and
induces the mycelial aggregate of S. luteus in pure culture.

Three strains of S. luteus were used in this study. SNP-
20 and PT-501 were each isolated from fruiting bodies
collected beneath Chinese pine (Pinus tabulaeformis Carr.)
forests in Shangnan County and at Qinling Mountain
(experimental forest at Huoditang, Northwest A & F Uni-
versity), respectively. SAF-501 was isolated from a fruit-
ing body collected beneath Populus euramericana and
P. tabulaeformis mixed forests in the microbiology
experimental station in northwestern China (Tang et al.
2009). Identification was confirmed by rDNA internal
transcribed spacer (ITS) sequences (Peintner et al. 2003).
Sequences of the fungi are deposited at GenBank under
accession numbers GQ330568, GQ330567, and GQ330566,
respectively. Pure cultures were preserved in the Laboratory
of Forestry Microbiology, College of Forestry, Northwest A
& F University, China. Stock cultures were maintained
routinely at 25 + 2°C in darkness on potato dextrose agar
(PDA) medium and subcultured weekly. PDA medium
contained 1000 ml distilled water, 200 g potato, 20.0 g
glucose, and 10.0 g agar. Adenosine (>99.9%) was pur-
chased from KAYON Biological Technology, China.
Mycelia of S. luteus were first grown on modified Melin-
Norkrans (MMN) medium (Marx 1969) containing 10 g/l
glucose and 1.0% agar at 25 4 2°C for 7 days. Mycelial
disks (5 mm diameter) cut from the margin of actively
growing stock colonies were grown on MMN medium
(20 ml/9-cm-diameter Petri dish) supplemented with
adenosine at different concentrations (0.01, 0.02, 0.04, 0.08,
0.16, 0.32, or 0.64 mg/ml), and a no-adenosine medium was
set as control. All inoculated plates were incubated at
25 &+ 2°C in darkness. Mycelial diameter was measured
every third day by a caliper in two directions until the entire
surface of the agar plate medium was covered with mycelia.
Once the agar plates were covered with mycelia, then
incubation conditions were shifted to a growth chamber
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condition with a constant temperature of 15 &+ 2°C, 80%
humidity, and a 12:12 h photoperiod. Growth of the
mycelium was regularly monitored until the surface of the
growth media was homogeneously overgrown. The myce-
lial branching and aggregate were observed under a
microscope (Olympus BX51, Japan). To determine myce-
lial biomass, the mycelium was either collected on a cel-
lophane sheet 100 x 100 (Shanghai, China) or recovered
from agar melted in a water bath (Guerin-Laguette et al.
2003), oven dried at 80°C for 48 h, and weighed after
cooling in a vacuum desiccator. All the assays were repli-
cated five times independently with each five plates. Data
calculations were performed with the statistical software
SAS System for Windows V8.1 (SAS Institute, USA).

In the present investigation, the growth rates of S. luteus
increased in the presence of adenosine concentrations at
0.01-0.32 mg/ml. The highest growth rates, 7.3 mm/day in
SNP-20, 7.8 mm/d in SAF-501, and 6.6 mm/day in
PT-501, were obtained when the adenosine concentration
was at 0.16, 0.08, and 0.16 mg/ml, respectively. However,
no stimulatory effect of PT-501 was found at 0.64 mg/ml,
and mycelial growth of the SNP-20 and SAF-501 strains
was inhibited at this concentration (Table 1). Interestingly,
branching clearly increased in the mycelium treated with
adenosine (Fig. 1). We therefore concluded that mycelial
growth rates and branching of S. luteus could be promoted
by adenosine at micromolar levels.

When the three strains were cultured in 0.16 mg/ml
adenosine medium, the mycelial growth increased by 2.05
(SNP-20), 2.45 (SAF-501), and 1.68 (PT-501) times that of
the control, respectively. However, 0.64 mg/ml adenosine
inhibited mycelial growth. Dry mycelial biomass and
density of S. luteus grown on a range of concentrations of
adenosine are summarized in Table 2. The dry weight of
mycelia of the three strains of S. luteus increased linearly
with increasing adenosine concentrations (0.01-0.08 mg/

Table 1 Effects of adenosine on growth rate of diameter (mm/day)
of three strains of Suillus luteus: SNP-20, SAF-501, and PT-501

Adenosine SNP-20 SAF-501 PT-501

concentration (mg/ml) (mm/day) (mm/day) (mm/day)
0 52405 49+ 0.8 47+ 09
0.01 6.6 £ 0.5 58 +£04 52+£09
0.02 6.8 £ 0.5 5.8 £0.0 55405
0.04 6.8 £ 0.5 59 +09 5.8 +05
0.08 7.0+ 09 7.8 +£0.5 6.6 £ 0.5
0.16 73+ 04 73 +05 6.6 = 0.5
0.32 63+ 04 6.1 £ 0.5 55405
0.64 5.1 +04 48 £ 0.5 47+ 0.6

Each value is expressed as mean =+ standard deviation (n = 5)
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Fig. 1 Colonies of Suillus
luteus SNP-20 after 9 days
culturing. Appearance of
mycelial branching grown on
no-adenosine medium (A) and
on adenosine-containing
medium (B: 0.04 mg/ml;

C: 0.16 mg/ml). D Mycelial
aggregate on the medium,
where the numbers (/—4)
represent adenosine
concentrations at 0, 0.02, 0.08,
and 0.32 mg/ml, respectively.
Bars A, C 40 pm; B 80 pum;
D2cm

Table 2 Effects of adenosine on dry mycelial biomass and density of three strains of S. luteus: SNP-20, SAF-501, and PT-501

Adenosine SNP-20 SAF-501 PT-501

concentration > > >
(mg/ml) DW (g) MD (mg DW/cm®) DW (g) MD (mg DW/cm®) DW (g) MD (mg DW/cm®)
0 0.21 £ 0.01c 344+0.2 0.09 £ 0.04c 14 £0.1 0.19 £+ 0.02d 31+£03

0.01 0.27 £ 0.06¢cb 42 409 0.15 £ 0.08bc 23 +0.6 0.21 £ 0.02cd 32+03

0.02 0.27 £ 0.07bc 43+ 1.1 0.15 £ 0.04bc 24 + 0.6 0.22 £ 0.01bcd 35+02

0.04 0.28 £ 0.05bc 44408 0.20 £ 0.01b 3.1+0.7 0.22 £ 0.04bcd 35+05

0.08 0.32 £ 0.04b 5.1 +£0.7 0.31 £ 0.06a 49 £+ 0.7 0.26 & 0.01b 4.1+£02

0.16 0.43 £ 0.06a 6.8 £ 1.0 0.22 £+ 0.03b 34+04 0.32 £ 0.07a 50+ 0.1

0.32 0.31 + 0.04b 5.0+ 0.7 0.19 £ 0.06b 294+038 0.25 £ 0.02bc 39402

0.64 0.23 £ 0.03¢ 3.6+ 04 0.12 £+ 0.03¢ 1.8 £04 0.18 £+ 0.05d 28+ 0.7

Each value is expressed as mean =+ standard deviation (n = 5); means with different small letters within a column are significantly different at

the 0.05 level
DW dry weight mycelial biomass; MD mycelial density

ml). The highest mycelia biomasses and densities of the
three strains were observed at 0.16 (SNP-20), 0.08 (SAF-
501), and 0.16 mg/ml (PT-501), respectively (Table 2).
The results showed that all adenosine concentrations tested
induced mycelial aggregates of strain SNP-20. No mycelial
aggregate development was detected on the medium
without adenosine. Fewer mycelial aggregates were
observed in PT-501 and SAF-501 than in SNP-20.

Studying the effects of bioactive products on ECM
fungal mycelial growth in pure culture promotes the
understanding of the role of the different factors in the life
cycle of those basidiomycetes. To date, several bioactive
compounds have been well described for their ability to
promote mycelial growth of ECM fungi, such as 1-meth-
oxy-3-indolymethyl glucosinalate and 4-methoxy-3-ind-
olymethyl glucosinolate for Paxillus involutus and
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P. tinctorius (Zeng et al. 2003), flavonoids for S. bovinus
(Kikuchi et al. 2007), and rutin for P. tinctorius (Lagrange
et al. 2001). In a related study, Domondon et al. (2004)
extracted the adenosine from ryegrass (Lolium multiflorum)
and showed that adenosine could act as an effective bio-
logical elicitor to stimulate the growth of P. pulmonarius
and S. rugosoannulata. In this study, adenosine as inves-
tigated was effective in stimulating mycelial growth and
branching of the S. luteus in pure culture without the host
plant. To our knowledge, this is the first report of a positive
effect of adenosine on stimulating mycelial growth and
branching and inducing the mycelial aggregate process of
ECM fungi.

Mycelial growth rates of S. luteus were stimulated by
adenosine at 0.01-0.32 mg/ml, but 0.64 mg/ml adenosine
in the medium inhibited mycelial growth. The highest
mycelial growth rates were different among the three
strains tested, which suggests considerable intraspecific
variation among S. luteus strains. Higher concentrations of
adenosine inhibited mycelial growth. There are two pos-
sibilities for this phenomenon. (1) The mycelial catabolism
was suppressed by the higher concentrations of adenosine
because of osmotic pressure as ectomycorrhizal fungi do
not grow under high osmotic pressure (Hatakeyama and
Ohmasa 2004a). (2) It is well known that adenosine is a
precursor of cAMP, and the higher concentration improves
the activity of cAMP-dependent protein kinase; however,
the enzyme could suppress mycelial growth (Lubbehusen
et al. 2004). This effect was also found in other carbon and
nitrogen components (Hatakeyama and Ohmasa 2004b).
Kusuda et al. (2007) reported catabolite suppression by
higher concentrations of extra glucose in the ectomycor-
rhizal fungus Tricholoma matsutake.

In the present investigation, aggregation and branching
of the mycelium was observed on plates treated with
adenosine (see Fig. 1). Mycelial densities of the fungus
treated with all concentrations of adenosine were much
higher than that of control. These effects were also found in
other basidiomycetes, such as P. pulmonarius and S. rug-
osoannulata, and the concentrations of 0.012, 0.025, and
0.05 mg/ml adenosine significantly increased the mycelial
aggregation of P. pulmonarius (Domondon et al. 2004).
Kubo and Mihara (2007) demonstrated that cAMP pro-
motes mycelial branching in Mucor globosus. The reason
suggested by Domondon et al. (2004) was that there is a
ready source for the synthesis of cAMP from adenine for
mycelial cellular synthesis and growth.

In this study, therefore, additional adenosine in the
medium might induce the synthesis of cAMP and conse-
quentially trigger mycelial aggregates of S. luteus. Inter-
estingly, fewer mycelial aggregates were observed in PT-
501 and SAF-501 than in SNP-20. The most probable
explanation is that the ability of ECM fungus to form
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mycelial aggregates in pure culture depended on the strain
(Ohta 1994). As discussed here, the present study includes
only three strains of S. luteus. Although the results from
limited microcosm research should be extrapolated, they
are essential in assessing the positive effects of adenosine
on the growth of S. luteus in pure culture. More research
should be undertaken to determine the mechanisms of these
positive effects in the future.

Acknowledgments This research was funded by the Key Project of
National Natural Science Foundation of China (30630054) and by the
Program for Changjiang Scholars and Innovative Research Team in
University of China (IRT0748). We appreciate two anonymous
reviewers for valuable advice to improve this article.

References

Alexander G, Lippert B (1989) The effect of phytohormones on the
mycelial growth of Calvatia gigantean. Mushroom Sci 12:401—
410

Domondon DL, He WD, Kimpe ND, Hofte M, Poppe J (2004)
f-Adenosine, a bioactive compound in grass chaff stimulating
mushroom production. Phytochemistry 65:181-187

Gamalero E, Fracchia L, Cavaletto M, Garbaye J, Frey-Klett P,
Varese GC, Martinotti MG (2003) Characterization of functional
traits of two fluorescent pseudomonads isolated from basidiomes
of ectomycorrhizal fungi. Soil Biol Biochem 35:55-65

Griffin DH (1993) Fungal physiology, 2nd edn. Wiley, New York

Guerin-Laguette A, Vaario LM, Matsushita N, Shindo K, Suzuki K,
Lapeyrie F (2003) Growth stimulation of Shiro-like, mycorrhiza
forming, mycelium of Tricholoma matsutake on solid sub-
strates by non-ionic surfactants or vegetable oil. Mycol Prog
2:37-44

Hagerberg D, Wallander H (2002) The impact of forest residue
removal and wood ash amendment on the growth of the
ectomycorrhizal external mycelium. FEMS Microbiol Ecol
39:139-146

Hatakeyama T, Ohmasa M (2004a) Mycelial growth characteristics in
a split-plate culture of four strains of the genus Suillus.
Mycoscience 45:188-199

Hatakeyama T, Ohmasa M (2004b) Mycelial growth of strains of the
genera Suillus and Boletinus in media with a wide range of
concentrations of carbon and nitrogen sources. Mycoscience
45:169-176

Kikuchi K, Matsushita N, Suzuki K, Hogetsu T (2007) Flavonoids
induce germination of basidiospores of the ectomycorrhizal
fungus Suillus bovinus. Mycorrhiza 17:563-570

Kubo H, Mihara H (2007) cAMP promotes hyphal branching in
Mucor globosus. Mycoscience 48:187—189

Kiies U, Liu Y (2000) Fruiting body production in basidiomycetes.
Appl Microbiol Biotechnol 54:141-152

Kusuda M, Ueda M, Konishi Y, Yamanaka K, Terashita T, Miyatake
K (2007) Effects of carbohydrate substrate on the vegetative
mycelial growth of an ectomycorrhizal mushroom, Tricholoma
matsutake, isolated from Quercus. Mycoscience 48:358-364

Lagrange H, Jay-Allgmand C, Lapeyrie F (2001) Rutin, the phenol-
glycoside from eucalyptus root exudates, stimulates Pisolithus
hyphal growth at picomolar concentrations. New Phytol
149:349-355

Laychock SG (1989) Coordinate interactions of cyclic nucleotide and
phospholipid metabolizing pathways in calcium dependent
cellular processes. Curr Top Cell Regul 30:203-242



Mycoscience (2010) 51:139-143

143

Lou SN, Montag A (1994) Changes in the nucleostatus of mushrooms
during storage and thermal processing. Dtsch Lebensm-Rundsch
90:278-284

Lubbehusen T, Polo VG, Rossi S, Nielsen J, Moreno S, McIntyre M,
Arnau J (2004) Protein kinase A is involved in the control of
morphology and branching during aerobic growth of Mucor
circinelloides. Microbiology 150:143-150

Marx DH (1969) The influence of ectotrophic mycorrhizal fungi on
the resistance of pine roots to pathogenic infections. I. Antag-
onism of mycorrhizal fungi to root pathogenic fungi and soil
bacteria. Phytopathology 59:153-163

Ohga S (1989) The effects of administration of growth activating
substances on the cultivation of shiitake mushroom, Lentinus
edodes. Bull Kyushu Univ For 61:1-90

Ohta A (1994) Production of fruit-bodies of a mycorrhizal fungus,
Lyophyllum shimeji, in pure culture. Mycoscience 35:147-151

Peintner U, Moser MM, Thomas KA, Manimohan P (2003) First
records of ectomycorrhizal Cortinarius species (Agaricales,
Basidiomycetes) from tropical India and their phylogenetic
position based on tDNA ITS sequences. Mycol Res 107:485-494

Soukupova L, Hrselova H, Gryndlerova H, Merhautova V, Gryndler
M (2008) Alkali-extractable soil organic matter: an important
factor affecting the mycelial growth of ectomycorrhizal fungi.
Appl Soil Ecol 40:37-43

Tang M, Sheng M, Chen H, Zhang FF (2009) In vitro salinity
resistance of three ectomycorrhizal fungi. Soil Biol Biochem
41:948-953

Unestam T, Sun YP (1995) Extramatrical structures of hydrophobic
and hydrophilic ectomycorrhizal fungi. Mycorrhiza 5:301-311

Yamada A, Ogura T, Ohmasa M (2001) Cultivation of mushrooms of
edible ectomycorrhizal fungi associated with Pinus densiflora by
in vitro mycorrhizal synthesis I. Primordium and basidiocarp
formation in open-pot culture. Mycorrhiza 11:59-66

Yamada A, Kobayashi H, Ogura T, Fukuda M (2007) Sustainable
fruit-body formations of edible mycorrhizal Tricholoma species
for 3 years in open pot culture with pine seedling hosts.
Mycoscience 48:104—108

Yamanaka T (1999) Utilization of inorganic and organic nitrogen in
pure cultures by saprotrophic and ectomycorrhizal fungi pro-
ducing sporophores on urea-treated forest floor. Mycol Res
103:811-816

Yoshikawa M, Ooga Y (1989) (inventors) IThara Chemical Industry
Co. Ltd. (assignee). Mushroom growth enhancers containing
adenine and adenosine. Jpn Kokai Tokkyo Koho JP 01186802

Zeng RS, Mallik AU, Setliff E (2003) Growth stimulation of
ectomycorrhizal fungi by root exudates of Brassicaceae plants:
role of degraded compounds of indole glucosinolates. J Chem
Ecol 29:1337-1355

@ Springer



	Growth promotion of Suillus luteus by adenosine in vitro
	Abstract
	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 true
  /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 <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


