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Ectopic expression of soybean leghemoglobin in chloroplasts
impairs gibberellin biosynthesis and induces dwarfism
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Abstract We have characterized potato (Solanum
tuberosum L.) plants expressing a soybean leghemo-
globin that is targeted to plastids. Transgenic plants
displayed a dwarf phenotype caused by short inter-
node length, and exhibited increased tuberization
in vitro. Under in vivo conditions that do not promote
tuberization, plants showed smaller parenchymal cells
than control plants. Analysis of gibberellin (GA)
concentrations indicated that the transgenic plants
have a substantial reduction (approximately 10-fold)
of bioactive GA| concentration in shoots. Application
of GAj3 to the shoot apex of the transformed plants
completely restored the wild type phenotype
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suggesting that GA-biosynthesis rather than signal
transduction was limiting. Since the first stage of the
GA-biosynthetic pathway is located in the plastid,
these results suggest that an early step in the
pathway may be affected by the presence of the
leghemoglobin.
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Introduction

Introduction of dwarfism into plants is one of the
prime targets for crop improvement because it allows
better management and higher yields while avoiding
lodging in cereals (Hedden 2003). The use of
dwarfing genes in wheat and rice breeding dates
from the beginning of the 20th century in the far-east
and has spread worldwide as a consequence of the
Green Revolution. The recognition that Reduced
height (Rht) genes of wheat cause impairment of
gibberellin (GA) signal transduction (Peng et al.
1999), while the rice semi-dwarf1 (sdl) genes disrupt
GA biosynthesis (Monna et al. 2002; Sasaki et al.
2002; Spielmeyer et al. 2002) demonstrate the
importance of GAs for the control of plant architec-
ture. Thus, genetic manipulation of GA biosynthesis
or signal transduction offers a very promising strat-
egy for crop improvement (Phillips 2004).
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GAs are an important class of diterpenoids that can
act as plant growth promoters, affecting numerous
development processes, including organ growth,
flower and fruit development, and the mobilization
of seed reserves (for review see Richards et al. 2001).
GA biosynthesis is a complex pathway mediated by
several distinct enzyme classes located in three
different subcellular compartments: the plastid, the
endoplasmic reticulum (ER) and the cytosol (Hedden
and Philips 2000a). In the last few years, the isolation
and characterization of most of the genes involved in
GA biosynthesis have increased understanding of
GA-biosynthetic pathways and their regulation in
several plant species (Hedden and Philips 2000a;
Olszewski et al. 2002). The first reactions involve two
plastid-located enzymes, ent-copalyl diphosphate
synthase (CPS) and ent-kaurene synthase (KS) that
convert geranylgeranyl diphosphate into the highly
hydrophobic ent-kaurene. The oxidation steps from
ent-kaurene to GA |, are catalysed by two cytochrome
P450 mono-oxygenases, the first of which, ent-
kaurene oxidase (KO), oxidizes ent-kaurene to ent-
kaurenoic acid and has been shown to be located in
the plastid envelope (Helliwell et al. 2001a). Finally,
the last stages of GA biosynthesis are catalysed by
small families of cytosolic 2-oxoglutarate-dependent
dioxygenases, which catalyse 20-oxidation (GA200x)
and 3f-hydroxylation (GA3o0x) reactions to produce
the active GAs, and 2-oxidation (GAZ2o0x), which
causes inactivation (Thomas et al. 1999).

Suppression of GA biosynthesis and enhancement
of GA inactivation have been shown to be effective
strategies for controlling plant stature (reviewed in
Pimenta Lange and Lange 2006). Identification of
new approaches to achieving this aim, ideally through
expression of dominant transgenes would increase the
option for breeders to obtain dwarf varieties of
agriculturally important crops, such as rice, wheat
and trees for use in arboriculture, horticulture and
forestry (Busov et al. 2003).

In the present work, we demonstrate that targeting
of soybean leghemoglobin to potato chloroplasts
reduces GA; production resulting in dwarfism, short
internode length, reduced cell size and increased
tuberisation in vitro and in vivo. The wild type
phenotype could be fully restored by spraying the
dwarf plants with GAj3, indicating that GA-depletion
is the major, if not sole cause of dwarfism in these
plants. The implication for GA biosynthesis of the

@ Springer

presence of a high-affinity oxygen-binding protein
inside the chloroplast is discussed.

Materials and methods
Plant material and growth conditions

Transgenic and control (untransformed) potato plants
cv. Bintje (Chaparro-Giraldo et al. 2000) were
propagated by in vitro culture of single node stem
cuttings in MS medium (Murashige and Skoog 1962)
supplemented with 2% sucrose and 0,7% (w/v) Agar
(Acros Organics). Culture media was adjusted to pH
5.7 with NaOH prior to autoclaving. The plantlets
were grown for four weeks in tissue culture media
under long days (16 h of light, 8 h of dark) before
being transplanted to a commercial substrate and
transferred to the glasshouse. Plants were propagated
and grown under a photoperiod of 15 h daylight and a
temperature of 25/30°C.

Phenotypic assessment of transgenic potato plants

Analysis of phenotypic traits was performed on
control plants (WT) and three independent transfor-
mants (B1, B2, B3). Measurements of plant height
and internode length were made after two and four
weeks of in vitro growth. The tubers were recovered
from three months-old in vitro plants.

GA; treatment

Transgenic (B1, B2 and B3) and control plants were
grown in vitro for four weeks and then transferred to
the glasshouse. After one month, plants were sprayed
with 100 uM GAj. This procedure was repeated after
one week. As a control, another equivalent group of
plants was sprayed with water.

Histological sections

Longitudinal sections of the 6th internode were
performed on four week-old potato plants. Samples
were fixed on Karnovsky solution (Karnovsky 1965)
under slight vacuum and dehydrated through an
ethanol series. Sections were cut at 5 um and stained
with 0.05% toluidine blue according to Sakai (1973).
Permanent slides were mounted in synthetic resin.
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Quantitative analysis of GA

Young expanding leaves were excised from 4 week-
old plants grown in vitro, frozen in liquid nitrogen,
freeze-dried, homogenized in a ball-mill to a fine
powder and stored at —20°C. Aliquots (1 g) were
analysed for GA content by GC-MS using [*H,]GA
internal standards as described previously (Coles
et al. 1999), except that full scans were acquired and
quantification was based on mass chromatogram
traces.

Results and discussion
We have shown previously that soybean leghemoglo-
bin is stably expressed, efficiently imported and

correctly processed into potato chloroplasts (Chapar-
ro-Giraldo et al. 2000). The transgenic plants

WT Bl

B2 B3

Fig. 1 (a) Transgenic potato plants (B1, B2, B3) and control
plant (WT), after 2 weeks of in vitro culture. (b) Reversion of
the dwarf phenotype in greenhouse-grown plants by application

presented reduced stature, increased tuberization
in vitro and enhanced sprouting. In potato (Solanum
tuberosum L.), GAs suppress tuberization (Carrera
et al. 2000) and conditions that promote tuberization,
such as short days, are negatively correlated with GA
content (Carrera et al. 2000). Transgenic potato plants
expressing leghemoglobin in chloroplasts initiated
tubers earlier than wild-type plants (Chaparro-Giraldo
et al. 2000).

Comparison of three independent transgenic lines
with the wild-type revealed substantially decreased
stem length (Fig. 1a) associated with a reduction in
internode length (Table 1). The number of leaves was
unchanged. The differences in internode length seen at
14 and 28 days (Table 1) were maintained throughout
the plant life cycle (not shown). Additionally, expres-
sion of leghemoglobin in potato chloroplasts also
affected the cell size and organization of parenchyma
cells as observed in leaf cross section (Fig. 2). Cell size

of GAj3. The photograph represents a typical response observed
in all different transformants (TRA) in at least three replicate
plants in each of the GA and control experiments

Table 1 Characterization of phenotypic traits of transgenic and untransformed potato

Age/Trait WT B1 B2 B3

Height 14d (cm) 243 £+ 6.3 15.6 + 1.7 114 £ 1.6 93 +42
Height 28d (cm) 43.6 + 7.8 29.7 £ 2.6 204 + 34 18.8 £5.6
Internode 2a (cm) 87+ 19 38+ 1.0 3.0+ 0.7 28+ 1.3
Internode 3a (cm) 4.1 +£22 1.8 £ 0.1 1.6 £ 04 1.5+ 0.7
Internode 2b (cm) 102 £ 1.8 50+ 14 42 £ 04 45+ 1.6
Internode 3b (cm) 8.8 £ 1.1 3.7+04 32+0.6 33+£09
Internode 4b (cm) 52+£05 3.6 £ 0.5 23+£0.6 2.7£09
Parenchyma cell length (cm) 6.48 + 1.41 4.35 + 1.51 3.46 + 0.92 3.08 £+ 1.07

Plant height was measured at 14 and 28 days from plants grown in vitro. Internode 2, 3 and 4 length was measured at 14 (a) and 28
(b) days of in vitro grown plants. Data represent mean values of 12 plants of each line = SE. Measurements of cell length represent

mean values from 100 parenchyma cells &= SE
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Fig. 2 Longitudinal
section of the 6th internode
of control (WT) and
transgenic (TRA) B3 plant.
Bar represents 10 um

in the parenchyma layer of transformed plants was
reduced by 80% in comparison with wild-type plants
(Table 1). On the other hand, cells in the pith were not
significantly affected. Most of the traits observed in the
transgenic potato plants were similar to those previ-
ously reported for GA-deficient mutants (Reid and
Ross 1993; Carrera et al. 2000; Rosin et al. 2003).

To determine whether the dwarf phenotype was
due to GA deficiency, 100 uM GA; was applied
twice with a one-week interval to the shoot apex of a
transgenic line, resulting in complete rescue of the
wild-type phenotype (Fig. 1b). This is consistent with
the phenotypic alterations seen in the transgenic lines
being a result of decreased GA content rather than
reduced GA signal transduction. We confirmed this
by analysis of the concentration of C;9-GAs in the
shoots.

In potato plants, the early 13-hydroxylated path-
way seems to be the predominant route for GA
biosynthesis (van den Berg et al. 1995). This pathway
involves 13-hydroxylation of GA}; to GAsj3, followed
by oxidative removal of C-20 to produce GA,, and
then 3p-hydroxylation to form bioactive GA;. The
C19-GAs GA,y and GA,; are inactivated by 2f-
hydroxylation to form GA,9 and GAg, respectively.
Quantification of the C;o-GA concentrations in shoots
of transgenic and untransformed potato plants indi-
cated substantial changes in GA levels (Table 2). The
bioactive GA (GA,;) was reduced in transformed
plants to 5-9% of the concentration in untransformed

Table 2 GA content in leaves of transgenic and untrans-
formed potato

GA WT Bl B2 B3
GA, 19.0 1.0 2.7 36
GAs 1.9 34 3.9 45
GAso 61.1 5.7 53 6.7
CAg 7.9 2.9 33 4.6

GA levels are represented in ng g~' DW
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plants, while levels of GA,(, the immediate precursor
of GA,, were 1.8-2.4-fold higher in the transformed
plants. The concentrations of GA,9 and GAg were
reduced approximately 10- and 2-fold, respectively,
in the transgenic plants.

These results could be explained by a reduction in
biosynthetic flux due to a restriction early in the
pathway. The concentration of the intermediate GA,,
may be maintained by enhanced GA 20-oxidase
activity and reduced 2f-hydroxylation as a result of
changes in expression of genes encoding the enzymes
responsible for these activities in response to the low
bioactive GA concentration (Hedden and Phillips
2000b). A major question from this work is why
expression of soybean hemoglobin in plastids would
interfere with GA biosynthesis. Plant hemoglobins are
widespread in the plant kingdom, generally displaying
a high affinity for oxygen (Arredondo-Peter et al.
1998). The first two steps of GA biosynthesis are
plastid-localised, and involve two enzymes (ent-
copalyl diphosphate synthase and ent-kaurene syn-
thase), which have no requirement for oxygen.
However, it has been shown that ent-kaurene oxidase
(KO) is present in the plastid envelope and may link
the plastid and endoplasmic reticulum steps of GA
biosynthesis (Helliwell et al. 2001b). This enzyme is a
cytochrome P450 mono-oxygenase, a heme-contain-
ing protein with an oxygen requirement. The
leghemoglobin and P450 could compete for the heme
moiety or for oxygen, leading to reduced ent-kaurene
oxidase activity. We cannot rule out the possibility
that other oxygen-requiring processes or those requir-
ing heme-containing proteins inside the plastid are
also affected, but the ability to achieve full recovery of
the wild-type phenotype by GA application indicates
that GA biosynthesis is the primary target. It is also
possible that, despite its plastid targeting, a small
amount of the chimeric proteins could accumulate in
the cytosol or other non-chloroplastic plastids. Our
previous observation based on immunological
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analyses of subcellular fractions from leaves of
transgenic tobacco and potato plants showed that
very little if any mistargeting occurs. Targeting
efficiency is difficult to evaluate precisely since some
organellar proteins are released during homogeniza-
tion. However, most of the oxygenation reactions of
GA biosynthesis occur outside the plastid and it is
possible that a small amount of leghemoglobin
mistargeting might affect these reactions. Interest-
ingly, tobacco plants expressing the same
leghemoglobin inside chloroplasts did not show any
developmental change or alteration in stature (Barata
et al. 2000). This could reflect the levels of transgene
expression in the two species, differences in the
oxygen affinities of the respective ent-kaurene oxi-
dases or in the availability of heme. Although
speculative, these assumptions can be tested experi-
mentally. Further experiments will aim to determine
precisely which GA-biosynthetic steps are affected by
the presence of plastid-localised leghemoglobin and
what are the limiting factors limiting enzyme activity.

A number of different strategies have been
described for restricting plant growth through genetic
manipulation of the GA biosynthetic or signal
transduction pathways (Phillips 2004). These include
silencing GA-biosynthesis genes (Bulley et al. 2005),
ectopic expression of the GA-inactivating 2-oxidase
genes, as for example in rice (Sakamoto et al. 2003),
wheat (Appleford et al. 2007) and tobacco (Gallego-
Giraldo et al. 2007), or expressing mutant forms of
the DELLA growth repressors that are not degraded
in responsive to GA. An example of this last
approach is the ectopic expression of the dominant
mutant form of the Arabidopsis GAI gene in rice (Fu
et al. 2001), which is analogous to the Rht gene in
wheat (Peng et al. 1999). Despite the different genes
targeted by these approaches, their overall effects on
plant phenotype are very similar and mimic those of
GA-biosynthesis inhibitors that are widely used in
agriculture as growth retardants (Rademacher 2000).
The results reported here demonstrate a further
strategy for manipulating GA signaling in plants that
offers new possibilities for introducing useful agro-
nomic traits into crops. In addition, the work has
provided novel information on factors that may limit
GA-biosynthesis.

Acknowledgements This work was supported by Fundagao
de Amparo a Pesquisa do Estado de Sao Paulo (FAPESP).

ALB. and A.C-G. were recipients of scholarships from
CAPES. M.C.S'F. is a research fellow of CNPq. Rothamsted
Research contains grant-aided support from Biotechnology and
Biological Sciences Research Council of the United Kingdom.

References

Appleford NEJ, Wilkinson MD, Ma Q et al (2007) Decreased
shoot stature and grain o-amylase activity following
ectopic expression of a gibberellin 2-oxidase gene in
transgenic wheat. J Exp Bot 58:3213-3226

Arredondo-Peter R, Hargrove MS, Moran JF et al (1998) Plant
hemoglobins. Plant Physiol 118:1121-1125

Barata RM, Chaparro A, Chabregas SM et al (2000) Targeting
of soybean leghemoglobin to tobacco chloroplasts: effects
on aerobic metabolism in transgenic plants. Plant Sci
155:193-202. doi:10.1016/S0168-9452(00)00219-3

Bulley SM, Wilson FM, Hedden P et al (2005) Modification of
gibberellin biosynthesis in the grafted apple scion allows
control of tree height independent of the rootstock. Plant
Biotechnol J 3:215-223

Busov VB, Meilan R, Pearce DW et al (2003) Activation
tagging of a dominant gibberellin catabolism gene (GA2-
oxidase) from poplar that regulates tree stature. Plant
Physiol 132:1283-1291

Carrera E, Bou J, Garcia-Martinez JL, Prat S (2000) Changes in
GA 20-oxidase gene expression strongly affect stem length,
tuber induction and tuber yield of potato plants. Plant J
22:247-256. doi:10.1046/j.1365-313x.2000.00736.x

Chaparro-Giraldo A, Barata RM, Chabregas SM et al (2000)
Soybean leghemoglobin target to chloroplasts influences
growth and development of transgenic plant. Plant Cell
Rep 19:961-965. doi:10.1007/s002990000254

Coles JP, Phillips AL, Croker SJ et al (1999) Modification of
gibberellin production and plant development in Arabid-
opsis by sense and antisense expression of gibberellin 20-
oxidase genes. Plant J 17:547-556. doi:10.1046/j.1365-
313X.1999.00410.x

Fu X, Sudhakar D, Peng J et al (2001) Expression of arabid-
opsis GAI in transgenic rice represses multiple gibberellin
responses. Plant Cell 13:1791-1802

Gallego-Giraldo L, Garcia-Martinez JL, Moritz T, Lopez-Diaz
1(2007) Flowering in tobacco needs gibberellins but is not
promoted by the levels of active GA; and GA, in the
apical shoot. Plant Cell Physiol 48:615-625. doi:10.1093/
pep/pem034

Hedden P (2003) The genes of the green revolution. Trends
Genet 19:5-9. doi:10.1016/S0168-9525(02)00009-4

Hedden P, Philips AL (2000a) Gibberellin metabolism: new
insights revealed by the genes. Trends Plant Sci 5:523—
530. doi:10.1016/S1360-1385(00)01790-8

Hedden P, Phillips AL (2000b) Manipulation of hormone bio-
synthetic genes in transgenic plants. Curr Opin Biotechnol
11:130-137. doi:10.1016/S0958-1669(00)00071-9

Helliwell CA, Chandler PM, Poole A et al (2001a) The
CYP88A cytochrome P450 ent-kaurenoic acid oxidase
catalyses three steps of the gibberellin biosynthesis path-
way. Proc Natl Acad Sci USA 98:2065-2070. doi:
10.1073/pnas.041588998

@ Springer


http://dx.doi.org/10.1016/S0168-9452(00)00219-3
http://dx.doi.org/10.1046/j.1365-313x.2000.00736.x
http://dx.doi.org/10.1007/s002990000254
http://dx.doi.org/10.1046/j.1365-313X.1999.00410.x
http://dx.doi.org/10.1046/j.1365-313X.1999.00410.x
http://dx.doi.org/10.1093/pcp/pcm034
http://dx.doi.org/10.1093/pcp/pcm034
http://dx.doi.org/10.1016/S0168-9525(02)00009-4
http://dx.doi.org/10.1016/S1360-1385(00)01790-8
http://dx.doi.org/10.1016/S0958-1669(00)00071-9
http://dx.doi.org/10.1073/pnas.041588998

618

Mol Breeding (2008) 22:613-618

Helliwell CA, Sullivan JA, Mould RM et al (2001b) A plastid
envelope location of Arabidopsis ent-kaurene oxidase
links the plastid and endoplasmic reticulum steps of the
gibberellin biosynthesis pathway. Plant J 28:201-208. doi:
10.1046/j.1365-313X.2001.01150.x

Karnovsky MJ (1965) A formaldehyde-glutaraldehyde fixative
of high osmolality for use in electron microscopy. J Cell
Biol 27:137-138

Monna L, Kitazawa N, Yoshino R et al (2002) Positional
cloning of rice semidwarfing gene sd-1: rice ‘green rev-
olution gene’ encodes a mutant enzyme involved in
gibberellin biosynthesis. DNA Res 9:11-17. doi:10.1093/
dnares/9.1.11

Murashige T, Skoog F (1962) A revised medium for rapid growth
and bioassays with tobacco tissue cultures. Physiol Plant
15:473-497. doi:10.1111/j.1399-3054.1962.tb08052.x

Olszewski N, Sun T-p, Gubler F (2002) Gibberellin Signaling:
Biosynthesis, Catabolism, and Response Pathways. Plant
Cell 14:S61-S80

Peng JR, Richards DE, Hartley NM et al (1999) ‘Green revo-
lution’ genes encode mutant gibberellin response
modulators. Nature 400:256-261. doi:10.1038/22307

Phillips AL (2004) Genetic and transgenic approaches to
improving crop performance. In: Davies PJ (ed) Plant
hormones: biosynthesis, signal transduction, action!.
Kluwer Academic Publishers, Dordrecht, The Nether-
lands, pp 582-609

Pimenta Lange MJ, Lange T (2006) Gibberellin biosynthesis
and the regulation of plant development. Plant Biol
8:281-290. doi:10.1055/s-2006-923882

Rademacher W (2000) Growth retardants: Effects on gibber-
ellin biosynthesis and other metabolic pathways. Annu
Rev Plant Physiol Plant Mol Biol 51:501-531. doi:
10.1146/annurev.arplant.51.1.501

Reid JB, Ross JJ (1993) A mutant-based approach, using Pisum
sativum, to understanding plant growth. Int J Plant Sci
54:22-34. doi:10.1086/297088

@ Springer

Richards DE, King KE, Ait-Ali T, Harberd NP (2001) How
gibberellin regulates plant growth and development: A
molecular genetic analysis of gibberellin signaling. Annu
Rev Plant Physiol Plant Mol Biol 52:67-88. doi:
10.1146/annurev.arplant.52.1.67

Rosin FM, Hart JK, Horner HT et al (2003) Overexpression of
a knotted-like homeobox gene of potato alters vegetative
development by decreasing gibberellin accumulation.
Plant Physiol 132:106-117. doi:10.1104/pp. 102.015560

Sakai WS (1973) Simple method for differential staining of
parafilm embedded plant material using toluidine blue 0.
Stain Technol 48:247-249

Sakamoto T, Morinaka Y, Ishiyama K et al (2003) genetic
manipulation of gibberellin metabolism in transgenic rice.
Nat Biotechnol 21:909-913. doi:10.1038/nbt847

Sasaki A, Ashikari M, Ueguchi-Tanaka M et al (2002) Green
revolution: a mutant gibberellin-synthesis gene in rice-
new insight into the rice variant that helped to avert
famine over thirty years ago. Nature 416:701-702. doi:
10.1038/416701a

Spielmeyer W, Ellis MH, Chandler PM (2002) Semidwarf (sd-
1), green revolution rice, contains a defective gibberellin
20-oxidase gene. Proc Natl Acad Sci USA 99:9043-9048.
doi:10.1073/pnas. 132266399

Thomas SG, Phillips AL, Hedden P (1999) Molecular cloning
and functional expression of gibberellin 2-oxidases, mul-
tifunctional enzymes involved in gibberellin deactivation.
Proc Natl Acad Sci USA 96:4698-4703. doi:10.1073/
pnas.96.8.4698

Van den Berg JH, Davies PJ, Ewing EE, Halinska A (1995)
Metabolism of gibberellin A, and Aj,-aldehyde and the
identification of endogenous gibberellins in potato (Sola-
num tuberosum spp. andigena) shoots. J Plant Physiol
146:459-466


http://dx.doi.org/10.1046/j.1365-313X.2001.01150.x
http://dx.doi.org/10.1093/dnares/9.1.11
http://dx.doi.org/10.1093/dnares/9.1.11
http://dx.doi.org/10.1111/j.1399-3054.1962.tb08052.x
http://dx.doi.org/10.1038/22307
http://dx.doi.org/10.1055/s-2006-923882
http://dx.doi.org/10.1146/annurev.arplant.51.1.501
http://dx.doi.org/10.1086/297088
http://dx.doi.org/10.1146/annurev.arplant.52.1.67
http://dx.doi.org/10.1104/pp. 102.015560
http://dx.doi.org/10.1038/nbt847
http://dx.doi.org/10.1038/416701a
http://dx.doi.org/10.1073/pnas.132266399
http://dx.doi.org/10.1073/pnas.96.8.4698
http://dx.doi.org/10.1073/pnas.96.8.4698

	Ectopic expression of soybean leghemoglobin in chloroplasts impairs gibberellin biosynthesis and induces dwarfism �in transgenic potato plants
	Abstract
	Introduction
	Materials and methods
	Plant material and growth conditions
	Phenotypic assessment of transgenic potato plants
	GA3 treatment
	Histological sections
	Quantitative analysis of GA

	Results and discussion
	Acknowledgements
	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


