Plant Cell Tiss Organ Cult (2007) 91:1-7
DOI 10.1007/s11240-007-9271-y

ORIGINAL PAPER

Regulation of metabolite production by precursors
and elicitors in liquid cultures of Hypericum perforatum

Xiao-Na Liu - Xiu-Qing Zhang -
Shi-Xiang Zhang - Jun-She Sun

Received: 25 January 2007/ Accepted: 13 July 2007/ Published online: 1 August 2007

© Springer Science+Business Media B.V. 2007

Abstract Four precursors (L-phenylalanine, L-tryp-
tophan, cinnamic acid and emodin) and one signal
elicitor (methyl jasmonate, MeJA) were added to
liquid cultures of Hypericum perforatum L. to study
their effect on production of hyperforin and hyper-
icins (pseudohypericin and hypericin). The addition
of L-phenylalanine (75 to 100 mg1~') enhanced
production of hypericins, but hyperforin levels were
decreased. Hypericin, pseudohypericin and hyperforin
concentrations were all decreased when L-tryptophan
(25 to 100 mg1™") was added to the medium.
However, addition of L-tryptophan (50 mg 17') with
MeJA (100 uM) stimulated hyperforin production
significantly (1.81-fold) and resulted in an increased
biomass. Cinnamic acid (25, 50 mg 171) and emodin
(1.0 to 10.0 mg 1") each enhanced hyperforin accu-
mulation in H. perforatum, but did not affect
accumulation of hypericins.
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Abbreviations

BA 6-Benzylaminopurine
DMF  N,N-dimethylformamide
DW Dry weight

TIAA Indoleacetic acid

IBA 3-Indolylbutyie

MeJA Methyl jasmonate

Introduction

Extracts of St. John’s wort (Hypericum perforatum L.)
have become a valuable commodity in the United
States and Germany, where they are used as a dietary
supplement and an anti-depressive phyto-medicine
(Di Carlo et al. 2001). Functional metabolites in
H. perforatum include hyperforin, hypericins
(hypericin and pseudohypericin) and other compounds.
The quality of these phyto-chemicals in field-grown
plants may be affected by physical and chemical
factors, as well as biological processes and environ-
mental factors (Mosaleeyanon et al. 2005; Zobayed
et al. 2005; Couceiro et al. 2006; Sirvent and Gibson
2002).

The use of bioreactors to grow liquid cultures
provides several advantages for plant propagation,
such as controlling and enhancing bioactive com-
pound production, avoiding intensive manual
handling, and increasing propagation speed and
efficiency (Ziv 2005). Zobayed etal. (2004)
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established a protocol for large-scale propagation of
H. perforatum organogenesis in bioreactors and
showed that total fresh mass production in a
balloon-bubble bioreactor was 2.5-fold greater than
that of plantlets grown on gelled medium. How-
ever, hyperforin and hypericin production in the
bioreactors was only one-third the production in
plantlets grown on gelled medium. It may be
possible to utilize regulators such as precursors and
elicitors, to stimulate metabolite production in
bioreactors.

Plant secondary metabolites were synthesized by
the shikimate and phenypropanoid pathways in vivo,
and several middle chemicals, including L-phenylal-
anine, L-tryptophan and cinnamic acid were produced
(Yu and Tang 1998). Phenylalanine, cinnamic acid
and tryptophan were shown to function as precursors
in taxoid, shikonin, phenylethanoid glycosides, mel-
atonin, and serotonin synthesis, as well as in the
biosynthesis of other compounds in various plants
(Liu et al. 2007; Mei et al 2001; Okamoto et al.
1995; Lu et al. 2001; Murch et al. 2000; Gill 2001).
In addition, Bais et al. (2003) suggested that hyperi-
cin and its naphthodianthrone analogs resulted from
dimerization of emodin anthrone. Abe et al. (2004,
2005) reported that type III polyketide synthases
(PKSs), which belong to the chalcone synthase (CHS)
superfamily, catalyzed the formation of flavonoids,
pentaketide, heptaketide and other polyketide chro-
mones. Based on the molecular structures of the
hypericins and hyperforin, we hypothesized that
small molecule chemicals, including L-phenylalanine,
L-tryptophan, cinnamic acid, emodin and others,
might also be precursors for biosynthesis of metab-
olites with type III PKSs catalysis. Further, these
metabolites might be regulated by the addition of
precursors.

The objective of this study was to regulate
metabolite production in H. perforatum through
organogenesis in a bioreactor. Four putative precur-
sors and one elicitor were selected for the study. Each
was added to Murashige and Skoog (MS) liquid
medium and biomass production and hyperforin and
hypericin levels were compared in each culture.
Identification of precursors or elicitors capable of
regulating metabolite production will be useful for
enhancing the effectiveness and economic value of
H. perforatum.
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Material and methods

Plant materials, treatments and growing
conditions

The seed surfaces of H. perforatum (obtained from
the Chongqing Academy of Traditional Chinese
Medicine, Chongqging, China) were sterilized by
immersion in a 75% ethanol solution for 30 s,
followed by immersion in a 4.5% (v/v) solution of
sodium hypochlorite with 0.1% Tween-80 (10 min),
and then rinsed five times with sterile distilled water.
Sterile seeds were germinated on hormone free MS
medium (Murashige and Skoog 1962) in Petri dishes
containing 0.6% agar (Qingdao Haiyang Chemical
Co., Ltd, Qingdao, China) and 3% sucrose. The pH of
the medium was adjusted from 5.7 to 5.8 prior to
autoclaving (121°C, 0.105 MPa, 15 min). The seeds
were incubated for 25 d and new shoots were
transferred to MS medium supplemented with
0.44 uM 6-benzylaminopurine (BA) (Gentel Co.,
Ltd, Beijing, China) and 0.049 uM 3-indolylbutyie
(IBA) (Gentel). Plantlet shoots were cultured for
25 d, under dark and light condition (8 h/16 h) at
25 + 2°C in 72.35 = 2.96 umol m s~ light inten-
sity. Elongated shoots were used as experimental
material for subsequent experiments.

Plantlet shoots were cut into pieces 20 to 25 mm
long (each with 3 to 4 nodes). Ten of the explants
were incubated in 50 ml of MS liquid medium
(0.88 uM BA + 0.049 uM IBA, agar free) in 250-ml
conical flasks. L-phenylalanine (Amerisco, USA)
concentrations were 25, 50, 75, 100 and 150 mg 1~
and L-tryptophan (Amerisco, USA) concentrations
were 25, 50 and 100 mg 17" in medium, respectively,
with amino acid free medium as control. Methyl
jasmonate (>95%, Sigma-Aldrich, Inc., St. Louis,
MO, USA) was dissolved in N, N-dimethylforma-
mide (DMF, Sigma, USA) and sterilized by filtering
through 0.22-um nylon syringe filters (Shenghe &
Sincerity Membrane Technical Development Centre,
Beijing, China). After plantlet shoots were cultured
for 12 d in MS liquid medium containing L-trypto-
phan (50 mg 1™"), MeJA (100 uM) was added to the
cultures in 0.5 ul of DMF per 1 ml of culture medium
for subsequent culture. Emodin solution (dissolved in
DMF, 10 mg ml™ 1) (National Institute for the Control
of Pharmaceutical and Biological Products
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[NICPBP]) was sterilized by filtering through 0.22-
um nylon syringe filters. The stock emodin solution
was diluted in DMF and added to the medium at 1.0,
5.0, 10.0, and 20.0 mg 17!, The emodin control was
the culture plus 2 ul of DMF per 1 ml medium.
Cinnamic acid (NICPBP, dissolved in ethanol) was
added to the medium in 1 ul of ethanol per 1 ml of
culture medium and sterilized by filtering through
0.22-um nylon syringe filters. The final media
concentrations were 25 mg 1~ and 50 mg 17", The
cinnamic acid control consisted of culture plus 1 ul
of ethanol per 1 ml medium.

Extractions and determination of
pseudohypericin, hypericin and hyperforin

Extraction methods were those previously described
by Ang et al. (2002) with all sample preparation steps
performed under dimmed light and at room temper-
ature. Briefly, plant materials cultured for 25 d were
collected in 50-ml Eppendorf tubes and then frozen in
liquid N, and stored at —40°C until needed. Fresh
weights were obtained for each sample prior to
freezing. Frozen tissues were freeze-dried for 24 h
using a freeze dry system (FD-1D-50, <20 Pa,
—50°C) (Boyikang Laboratory Instrument Co., Ltd.,
Beijing, China). Dry samples were weighed (dry
weight) and then pulverized using a mortar. Pulver-
ized sample powder (0.2 g) was placed into amber-
colored 50-ml vials for extraction with 9.8 ml of
methanol containing 200 pl of pyridine for 20 min in
an ultrasonic sonicator (JY92-II, Science Biotechnol-
ogy Co., Ltd. Ningbo, China) in an ice bath. Samples
were centrifuged (8,000 g, 15 min, GL-20B, Anke
Instruments Co., Ltd., Shanghai, China) and filtered
through a 0.45-pum nylon syringe filter prior to high
performance liquid chromatography (HPLC) analy-
sis. A 20-ul sample of the extract was injected into a
Dikma Diamonsil C;g column (5.0 um; 4.6 mm X
150 mm) with a C;g guard column (10 mm X
4.6 mm) (Shimadzu, Japan) in a Shimadzu HPLC
system consisting of an SCL-10A system controller
and a CTO-10AS column oven. The mobile phase
was acetonitrile and 0.05 M triethylammonium ace-
tate buffer (80:20) at 1.0 ml min~! flow rate.
Hyperforin (>97.0%, Alexis Co., Lausen, Switzer-
land) was quantified at 290 nm, and hypericin
(>95.0%, Fluka Co., Buchs, Switzerland) and

pseudohypericin (>98.0%, Alexis Co., Lausen,
Switzerland) were quantified at 588 nm in an SPD-
M10AV photodiode array detector. Standard curves
were obtained by plotting the peak areas of standard
concentrations of hypericin (1.0, 2.0, 4.0, 6.0, and
10.0 ug mlfl), pseudohypericin (5.0, 7.5, 10.0, 25.0,
50.0, and 75.0 pg mlfl) and hyperforin (2.5, 5.0,
10.0, 25.0, and 50.0 ug ml_l). Three linear regression
equations (R*> > 0.99) were obtained. Quantification
of pseudohypericin, hypericin and hyperforin was
based on peak area (RT, retention time of 6.4, 9.5,
and 19.3 min, respectively) in comparison with the
standard curves.

Statistical analysis

Each treatment consisted of eight replications and 80
shoots (n =3 independent experiments). The dry
weight of each plantlet was measured on day 25 to
establish biomass production. Statistical significance
was determined by one-way analysis of variance
(ANOVA) (V11.5, SPSS for Windows). Differences
between means were assessed with the Student-
Newman-Keuls test.

Results

The amounts of pseudohypericin and hypericin
produced increased significantly with the addition
of L-phenylalanine (75 mg1™') to the MS liquid
medium. Contents increased 1.32-fold and 1.20-fold,
respectively, compared with the control (Fig. la, b).
In contrast, hyperforin content was not changed
significantly (Fig. 1c) by the addition of L-phenylal-
anine at a concentration of 75 mg 17'. However,
higher concentrations of L-phenylalanine (150 mg
1"") did cause a significant increase in hyperforin
production, while hypericin production decreased.
Additionally, biomass appeared to increase with
added vL-phenylalanine, but the increase was not
significant (Fig. 1d).

Biomass production increased significantly in
H. perforatum when L-tryptophan (25 to 100 mg 171
was added to the medium (approximately 1.25-fold
compared to the control) (Fig. 2d). However, the
biomass did not increase when higher concentrations
of vL-tryptophan were added. The production of
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Fig. 2 Effects of L-tryptophan and MeJA supplementation on
growth and metabolite production in H. perforatum. Shoots
were transferred to MS liquid medium supplemented with BA
(0.88 uM) and IBA (0.049 uM), containing L-tryptophan (25,
50, 100 mg 1-'. T25, T50, T100). MeJA (100 uM) was added
to the media containing L-tryptophan 50 mg 1= (T + M) and
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L-tryptophan free (M) after plantlets were cultured for 12 d.
Plantlets cultured in the same hormone medium (both
L-tryptophan and MeJA free) were used as controls. Mean +
SD (vertical bars, n = 3). Different letters indicate significant
differences at P < 0.05
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hyperforin and the hypericins were both decreased
significantly by L-tryptophan supplementation. At
higher concentrations of L-tryptophan, lower produc-
tion of the metabolites was linearly observed
(Fig. 2a—c). However, hyperforin production was
stimulated approximately 1.81-fold compared to the
control when 100 uM of MeJA was added to the
culture medium containing 50 mg 1~' L-tryptophan
on the 12th day of culturing (Fig. 2¢). Hypericin and
pseudohypericin production remained lower than the
control when MeJA was added to the medium. When
MelJA (100 uM) was added to medium alone, hyper-
forin, hypericin and pseudohypericin contents were
significantly higher than the control, however, plant-
let growth was retarded and biomass production was
decreased significantly (Fig. 2d).

Addition of emodin (10 mg 1™') stimulated hy-
pericin and pseudohypericin production (Fig. 3), but
the increase was not significant. In contrast, hyper-
forin increased significantly, and was 1.56-fold
greater than the control. Both hyperforin and the
hypericins were decreased significantly when 20 mg
1=! emodin was added to the medium. Additionally,
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Fig. 3 Effects of emodin and cinnamic acid supplementation
on growth and metabolite production in H. perforatum. Shoots
were transferred to MS liquid medium supplemented with BA
(0.88 uM) and IBA (0.049 uM), containing emodin (1.0, 5.0,
10.0, 20.0 mg 17", El, E5, E10, E20) and cinnamic acid (25,
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emodin did not have a positive effect on biomass
production.

Hyperforin production was significantly increased
(1.3-fold) with cinnamic acid supplementation (Fig. 3c),
while the hypericins content decreased significantly.
As shown in Figs. 1 and 3, when ethanol (1 gl ml™")
was added to the medium, biomass production
was decreased. In contrast, DMF (2 ul ml~') added
to the medium had a positive affect on plantlet growth.

Discussion

Recently, Zobayed et al. (2007) found that hyperforin
accumulates in plants under water stress. In this
study, we found that the combination of L-tryptophan
with MeJA abolished hyperforin metabolism retarda-
tion and decreased biomass caused by L-tryptophan or
MeJA alone in liquid cultures of H. perforatum.
L-tryptophan is the precursor of indoleacetic acid
(IAA) (Wang et al. 2002). It is possible that the
increase in biomass is the result of IAA accumulation

E E1 E5 E10 E20 C (25 C50

a1
o

E E1

E5 E10 E20 C C25 C50
Treatments

50 mg 171 €25, C50). Plantlets cultured in the same hormone
medium containing DMF (2 ul mlfl) and ethanol (1 pul ml™h
were used as the emodin control (E) and cinnamic acid control
(C). Mean + SD (vertical bars, n = 3). Different letters indicate
significant differences at P < 0.05
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induced by L-tryptophan supplementation. Addition-
ally, L-tryptophan may attenuate the key transcription
enzymes for hyperforin or hypericins biosynthesis,
suggesting the attenuator may be in the L-tryptophan
operon (Wang et al. 2002). MeJA was an elicitor
involved in plant defense response pathways, which
could cause plant secondary metabolite biosynthesis
(Zhao et al. 2005). From this, we infer that L-tryp-
tophan inhibits production of the hypericins and
hyperforin via one pathway in plants, while MeJA
stimulates hyperforin biosynthesis via another path-
way. Different biosynthetic pathways may exist in
H. perforatum plantlets.

Couceiro et al. (2006) proposed that hypericin and
hyperforin biosynthetic pathways might be different,
based on the low correlation coefficient obtained for
the total hypericins and hyperforin contents. Our
research showed a high linear relationship between
the hypericins and total flavonoids contents in H.
perforatum (data not shown). Therefore, we hypoth-
esized that hypericin biosynthesis could be stimulated
by supplementing the medium with low concentra-
tions of L-phenylalanine via the phenylalanine
ammonia-lyase (PAL) pathway. Then, flavones, an-
thrones, dianthrones and other polyketides chemicals
might be stimulated to synthesize by reactions
catalyzed by PKSs. Gill (2001) reported that emodin
was the precursor of octaketides via some biosyn-
thetic steps in fungus. In this study, we found that the
addition of emodin increased both hypericins and
hyperforin formation in H. perforatum. Emodin
might serve as the precursor of the hypericin and
hyperforin, but both may be regulated in different
pathways by step-wise PKSs catalysis. Additionally,
hyperforin synthesis could be activated with high
concentrations of L-phenylalanine. It is possible that
high concentrations of L-phenylalanine promote PAL
activity to catalyze cinnamic acid synthesis. Mean-
while, cinnamic acid, as a possible precursor could
increase hyperforin accumulation. Further research is
needed to test this hypothesis.

Hyperforin and its analogs exhibit anti-depressive
activity and other neurological effects, as well as
effects on inflammation, and antibacterial, antican-
cer and anti-angiogenic effects (Medina et al. 2006).
As a result, increased pharmacological interest has
led to more research on these metabolites. Recently,
it was suggested the skeleton of hyperforin is
formed by isobutyrophenone synthase from
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isobutyryl-CoA and three molecules of malonyl-
CoA. It appears dimethylallyl diphosphate
(DMAPP) and geranyl diphosphate (GPP) catalyzed
the whole molecular formation (Beerhues 2006;
Klingauf et al. 2005). In our study, we also
presumed a possible pathway for hyperforin synthe-
sis, as well as for the hypericins. However, the
biosynthesis process still remains unclear (Nicolaou
et al. 2005). Additionally, cross-talk multiple sig-
naling pathways are important for plant secondary
metabolite production, but this operation process is
also unclear (Zhao et al. 2005).

In conclusion, hyperforin biosynthesis was stimu-
lated in H. perforatum by the presence of high
concentrations of L-phenylalanine (150 mg 17"),
cinnamic acid (50 mg 17" and emodin (10 mg 1.
Additionally, L-tryptophan (50 mg 1" and MeJA
(100 mg 1) in combination also stimulated hyper-
forin biosynthesis. Two different biosynthetic
pathways were assumed for biosynthesis of hyperfo-
rin and hypericins based on different chemical signals
in liquid culture of H. perforatum. Our results show
specific plant metabolites could be modulated by
exogenous signaling chemicals supplemented in the
bioreactor, according to their specific metabolite
pathway.

Acknowledgment This work was supported by a grant from
the National Natural Science Foundation of China (No.
20506029).

References

Abe I, Utsumi Y, Oguro S, Motita H, Sano Y, Noguchi H
(2005) A plant type III polyketide synthase that produces
pentaketide chromone. ] Am Chem Soc 127:1362-1363

Abe I, Utsumi Y, Oguro S, Noguchi H (2004) The first plant
type III polyketide synthase that catalyzed formation of
aromatic heptaketide. FEBS Lett 562:171-176

Ang CY, Cui Y, Chang HC, Luo W, Heinze TM, Lin LJ,
Mattia A (2002) Determination of St. John’s wort com-
ponents in dietary supplements and functional foods by
liquid chromatography. J AOAC Int 85:1360-1369

Bais HP, Vepachedu R, Lawrence CB, Stermitz FR, Vivanco
JM (2003) Molecular and biochemical characterization of
an enzyme responsible for the formation of hypericin in
St. John’s wort (Hypericum perforatum L.). J Biol Chem
278:32413-32422

Beerhues L (2006) Hyperforin. Phytochemistry 67:2201-2207

Couceiro MA, Afreen F, Zobayed SMA, Kozai T (2006)
Variation in concentration of major bioactive compounds
of St. John’s wort: effects of harvesting time, temperature
and germplasm. Plant Sci 170:128-134



Plant Cell Tiss Organ Cult (2007) 91:1-7

Di Carlo G, Borrelli F, Ernst E, Izzo AA (2001) St. John’s
wort: Prozac from the plant kingdom. Trends Pharmacol
Sci 22:292-297

Gill M (2001) The biosynthesis of pigments in Basidiomycetes.
Aust J Chem 54:721-734

Klingauf P, Beuerle T, Mellenthin A, El-Moghazy SAM,
Boubakir Z, Beerhues L (2005) Biosynthesis of the hy-
perforin skeleton in Hypericum calycinum cell cultures.
Phytochemistry 66:139-145

Liu JY, Guo ZG, Zeng ZL (2007) Improved accumulation of
phenylethanoid glycosides by precursor feeding to
suspension culture of Cistanche salsa. Biochem Eng J
33:88-93

Lu DP, Zhao DX, Huang Y, Zhao Q (2001) The effects of
precursor feeding on flavonoids biosynthesis in cell sus-
pension cultures of Saussurea medusa. Acta Bot
Yunnanica 23:497-503 (in Chinese)

Medina MA, Martinez-Poveda B, Amores-Sanchez MI,
Quesada AR (2006) Hyperforin: more than an antide-
pressant bioactive compound? Life Sci 79:105-111

Mei X, Wu D, Cheng Q, Shu X, Huang W (2001) Effects of
metabolic regulators on the biosynthesis of taxol and its
analogue. Nat Pro Res Dev 13:17-20 (in Chinese)

Mosaleeyanon K, Zobayed SMA, Afreen F, Kozai T (2005)
Relationship between net photosynthetic rate and sec-
ondary metabolite contents in St. John’s wort. Plant Sci
169:523-531

Murashige T, Skoog F (1962) A revised medium for rapid
growth and bioassays with tobacco tissue cultures. Physiol
Plant 15:473-497

Murch SJ, KrishnaRaj S, Saxena PK (2000) Tryptophan is a
precursor for melatonin and serotonin biosynthesis in
in vitro regenerated St. John’s wort (Hypericum perfora-
tum L. cv. Anthos) plants. Plant Cell Rep 19:698-704

Nicolaou KC, Carenzi GEA, Jesco V (2005) Construction of
highly functionalized medium-sized rings: synthesis of
hyperforin and perforatumone model systems. Angew
Chem Int Edit 44:3895-3899

Okamoto T, Yazaki K, Tabata M (1995) Biosynthesis of
shikonin derivatives from L-phenylalanine via deoxys-
hikokin in Lithospermum cell cultures and cell-free
extracts. Phytochemistry 38:83-88

Sirvent T, Gibson D (2002) Induction of hypericin and
hyperforin in Hypercicum perforatum L. in response to
biotic and chemical elicitors. Physiol Mol Plant Pathol
60:311-320

Wang JY, Zhu SG, Xu CF (eds) (2002) Biochemistry. Higher
Education Press, Beijing (in Chinese)

Yu SW, Tang ZW (eds) (1998) Plant physiology and molecular
biology. Science Press, Beijing (in Chinese)

Zhao J, Davis LC, Verpoorte R (2005) Elicitor signal trans-
duction leading to production of plant secondary
metabolites. Biotechnol Adv 23:283-333

Ziv M (2005) Simple bioreactors for mass propagation of
plants. Plant Cell Tiss Org Cult 81:277-285

Zobayed SMA, Afree F, Kozai T (2007) Phytochemical and
physiological changes in the leaves of St. John’s wort
plants under a water stress condition. Environ Exp Bot
59:109-116

Zobayed SMA, Afreen F, Kozai K (2005) Temperature stress
can alter the photosynthetic efficiency and secondary
metabolite concentration in St. John’s wort. Plant Physiol
Bioch 43:977-984

Zobayed SMA, Murch SJ, Rupasinghe HPV, Saxena PK
(2004) In vitro production and chemical characterization
of St. John’s wort (Hypericum perforatum L. cv ‘New
Stem’). Plant Sci 166:333-340

@ Springer



	Regulation of metabolite production by precursors �and elicitors in liquid cultures of Hypericum perforatum
	Abstract
	Introduction
	Material and methods
	Plant materials, treatments and growing conditions
	Extractions and determination of pseudohypericin, hypericin and hyperforin
	Statistical analysis

	Results
	Discussion
	Acknowledgment
	References



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


