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Abstract In plants, numerous parameters of both biotic
and abiotic environments are continuously monitored.
Specialized cells are evolutionary-optimized for effective
translation of sensory input into developmental and moto-
ric output. Importantly, diverse physical forces, influences,
and insults induce immediate electric responses in plants.
Recent advances in plant cell biology, molecular biology,
and sensory ecology will be discussed in the framework of
recently initiated new discipline of plant sciences, namely
plant neurobiology.
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Sensory plant biology and plant electrophysiology were
two lively disciplines up until the 1970s (Biinning 1959;
Haupt and Feinleib 1979), but then, for somewhat obscure
reasons, they showed no further development. In the last
few years, however, there have been numerous advances in
plant sciences, which necessitate not just a revival of plant
sensory biology but also the introduction of plant neuro-
biology (Baluska et al. 2006a; Brenner et al. 2006a). First
of all, and contrary to all ‘mechanistic’ predictions based
on the high turgor pressure of plant cells, endocytosis has
been found to be an essential process of plant cells, which
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impinges upon almost all aspects of plant life (éamaj et al.
2005, 2006). Moreover, recent advances in the plant
molecular biology have identified, besides classical neu-
rotransmitters, also several proteins typical of the animal
neuronal systems, such as acetylcholine esterases, gluta-
mate receptors, GABA receptors, and endocannabinoid
signaling components, as well as indicating signaling roles
for ATP, NO, and ROS (Baluska et al. 2006b). Importantly,
plant action potentials have turned out to influence pro-
cesses such as actin-based cytoplasmic streaming, plant
organ movements, wound responses, respiration, and pho-
tosynthesis, as well as flowering (Wagner et al. 2006;
Fromm and Lautner 2007). Last, but not least, there have
been significant advances in ecological studies on plant—
plant and plant—insect communications, in behavioral
studies on memory and learning phenomena in plants
(Trewavas 2005a, b; Galis and 2008; Ripoll et al. 2009), as
well as the revelation that complex plant behavior (Karban
2008; Scott 2008) implicates signal perception, processing,
and the integration of ambient signals (Brenner et al.
2006b).

Recent advances in plant cell biology, molecular biol-
ogy, and ecology have accumulated a critical mass of data,
which are not ‘digestible’ within the framework of these,
now classical, disciplines of plant sciences (Baluska et al.
20064, b; Brenner et al. 2006b; Bruzzone et al. 2007). New
approaches are required, characterized by system-like
analysis of information acquisition, storage, processing,
and the making of decisions.

Plants retrieve from the abiotic environment information
critical for their survival, especially relating to light and
gravity, two physical factors pervading the universe. Plants
actively experience environment and can both store and
retrieve memories (Galis and 2008; Ripoll et al. 2009).
Intriguingly, the translation of these physical forces into
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plant activities—typically differential growth responses—
is based on the transcellular transport of auxin, which helps
to bring about the final shape of the plant body (Friml
2003; Baluska et al. 2006b; Brenner et al. 2006b). Thus,
this information-bearing molecule is central to our call for
plant neurobiology.

Although the history of auxin can be traced back to the
Darwin’s early experiments with phototropism of coleop-
tiles (Baluska and Mancuso 2009), we still know almost
nothing about its peculiar features. Let us examine the
mystery of this unique molecule. Although auxin can be
synthesized probably in each plant cell, it is tediously
transported from cell to cell throughout the plant body
(Friml 2003). Puzzling is the well-known phenomenon by
which, although the auxin molecule is sufficiently small to
pass easily through plasmodesmatal channels, plants cells
somehow manage to prevent this direct cell-to-cell means
of auxin transport. Rather, plants maintain an energetically
costly system based on vesicle trafficking, closely
resembling neuronal and immunological cell-cell com-
munication, to drive transcellular auxin transport (Baluska
et al. 2003, 2005; Friml and Wisniewska 2005). The next
peculiarity is that when extracellular auxin hits the outside
leaflet of the plasma membrane, it induces electric
responses based on the ABP1 auxin-binding protein (Felle
et al. 1991; Steffens et al. 2001; Baluska et al. 2004). All
this suggests that auxin, besides hormone- and morphogen-
like properties, also possesses neurotransmitter-like prop-
erties. Since the cell-to-cell transport of auxin is also
involved in plant response to light and gravity, plant neu-
robiology approach is needed to explain this great mystery
of plant nature (Baluska and Mancuso 2008).

DeWeese and Zador (2006) loosely defined neurobiol-
ogy as having three basic characteristics: (1) all biological
systems (organisms) are embedded within a physical
environment that shapes their organization and behavior;
(2) to survive, all biological systems need to effectively
retrieve of information from their physical environment;
(3) neuronal activity is essential to translate information
sensed concerning the environment into electrical impul-
ses, which are then capable of rapid transformation into
biological signals that induce motoric responses. Impor-
tantly, sensing of the biotic environment is physically
mediated through the senses: hearing, seeing, feeling, or
smelling; all this is based on the laws of physics. In short,
the neurobiological apparatus translates sensory informa-
tion first into electrical impulses and only then into
biological information inducing organismal actions.
Human perception of the outside world relies on so-called
‘neural code,” which links together sensory signals and
neural responses.

Similarly, in plants, numerous parameters of the physi-
cal environment are monitored. Specialized cells (e.g., root
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cap statocytes and root transition zone cells) are evolu-
tionarily optimized to translate sensory information
obtained from the environment into motoric responses
(e.g., gravibending of root apices). Moreover, physical
forces, influences, and insults, all induce immediate elec-
trical responses in plants. Obviously, one task is to make a
connection between all these events with the molecules and
cellular processes, which are known, from neurobiology,
and for which there is firm or emerging evidence from
plants. We need to understand how those processes trans-
form physical information (e.g., light, gravity, temperature,
mechanical and osmotic forces, etc.) into biological
information. Particularly, we need to know if it is possible
to convert physical information directly into biological
information without inducing any bioelectrical responses,
or if physical sensory information needs to be first trans-
formed into bioelectrical information before it can be
translated into purely biological information. For this, we
need a merging of classical electrophysiology with cell
biology and molecular biology. Obviously, plant neurobi-
ology as a new branch of plant sciences is not only justified
but also competent to solve the new and urgent questions of
contemporary plant biology.

The plant neurobiological perspective reveals several
surprises when the classical plant hormones like auxin,
abscisic acid, ethylene, and salicylic acid are considered
from this angle. Auxin and abscisic acid elicit immediate
electric responses if applied to plant cells from outside
(Pickard 1984; Felle et al. 1991; Roelfsema et al. 2004; Pei
and Kuchitsu 2005), suggesting that their regulated release
within plant tissues may be a part of neurotransmitter-like
cell-to-cell communication (for auxin, see Baluska et al.
2003, 2005; Friml and Wisniewska 2005; Schlicht et al.
2006). Abscisic acid signaling pathway is conserved
between plants and animals, and this signaling molecule
both stimulates and is endogenously produced in human
granulocytes in a way suggesting that it acts as endogenous
proinflammatory cytokine (Bruzzone et al. 2007). Impor-
tantly, biologically active abscisic acid was isolated also
from brains of vertebrates (Le Page-Degivry et al. 1986)
indicating possible roles of abscisic acid in the central
nervous system. Salicylic acid activates similar subset of
MAPKSs as voltage pulses (Link et al. 2002). Ethylene, a
classical plant hormonone, is an anesthetic (Campagna
et al. 2003), a fact that plant physiologists have ignored
until now. Interestingly, anesthetics used on animals
including man induce anesthetizing effects on roots similar
to those of ethylene (Powell et al. 1973). Ethylene is
released in mechanically stressed plant tissues, and struc-
turally diverse anesthetics activate mechanosensitive
channels (Patel and Honoré 2001; Patel et al. 2001). As
ethylene is released after wounding, it might act to relieve
‘pain’ in plants. There are numerous other plant-derived
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substances, which manipulate the pain receptors in ani-
mals, such as capsaicin, menthol, and camphor.
Interestingly, the monoterpene volatiles, menthol, and
camphor induce oxidative stress and inhibit root growth in
maize (Zunino and Zygadlo 2004), indicating that they too
act as plant signaling molecules. Finally, plants express
inhibitors that are specific to the neuronal nitric oxide
synthases (Lowe et al. 2007; Osawa et al. 2007). Another
example of neuronal-like behavior of plants is the report
that prevention of nyctinastic movements of leguminous
leaves causes their death while leaves allowed to ‘sleep’
stayed healthy (Ueda and Nakamura 2006). This resembles
the situation in animals (Cirelli et al. 2005). Although
melatonin was discovered in plants more than 10 years ago
(Kolar and Machackova 2005; Arnao and Hernandez-Ruiz
2006, 2007; Pandi-Perumal et al. 2006), we know almost
nothing about the roles of melatonin in plants despite the
fact that it is biochemically closely related to auxin.
Interestingly, in this respect, melatonin mimics auxin in the
induction of lateral root primordia from pericycle cells
(Arnao and Hernandez-Ruiz 2007).

The Arabidopsis genome encodes ten NADPH oxidases
(RbohA-J) of which six are expressed only in root apices
(A, B, C, E, G, I) and two (D, F) are expressed in whole
seedlings including the root apices (Sagi and Fluhr 2006).
Expression of eight of these molecules in root apices makes
this one of the most complex signal-mediated ROS-gen-
erating organs. It is currently unknown for what
developmental and signaling purposes so many different
NADPH oxidases in roots are needed. A similar perplexing
complexity, unique also for root apices, concerns polar
auxin transport. Five types of PIN molecule (PIN1,2,3,4,7)
are expressed in root apices (Blilou et al. 2005), whereas
only one PIN (PIN1) is sufficient for the morphologically
more complex shoot apices (Reinhardt et al. 2003; Rein-
hardt 2006). What, then, is so special about root apices?
This is a tough question, but answers seem to be emerging
in the multitude of recent data, not easily interpretable by
the classical plant physiological approach, but compre-
hensible from the approach of plant neurobiology (Baluska
et al. 2005; Brenner et al. 2006a). One of them involves the
idea that the transition zone of root apices acts as some
kind of ‘command center’ (Baluska et al. 2004). In accord
with the original proposal of Darwin (1875), this root apex
zone resemble brains of animals, as its cells are very active
in the sensory integration, via synaptic vesicle-recycling
(Baluska et al. 2003, 2004, 2005), and do not have any
other obvious biological duties.

Despite a relatively simple body organization, plants
need sophisticated sets of coordinative processes. Besides
their root—shoot coordination, there is also need for coor-
dination amongst radial tissues, especially within and
between the cortex and stele. Action potentials run

preferentially in an axial direction and they link root and
shoot apices. Despite the modular and apparently decen-
tralized organization of the plant body, there are several
critical situations requiring ‘centralized’ decisions, such as,
for instance, the onset of flowering as well as the onset and
breakage of dormancy. Although these decisions are based
on information retrieved via numerous distant organs, they
imply some central ‘processor,” which would reliably
control the whole plant body. Importantly, any wrong
decision would have detrimental consequences for the
whole plant. The transition zone of root apices is the only
zone in the plant body showing oscillatory patterns of
cellular activities responding also to leaf wounding (Sha-
bala et al. 2006). Moreover, cells of this specific zone are
the only ones to express up to five different PIN efflux
carriers (Verbelen et al. 2006; Bandyopadhyay et al. 2006).
Across the F-actin and myosin VIII-enriched plant syn-
apses (Baluska et al. 2005), PINs drive complex
transcellular patterns of polar auxin transport. These
complex networks of auxin transport pathways are driven
via synaptic processes at the plant synapses and translate
diverse sensory perceptions into tropistic root growth
responses, which allow roots to navigate their growth
according to gravity, light, humidity, touch, and other
environmental stimuli (Baluska and Mancuso 2009). Polar
auxin transport is driven via vesicular secretion (Schlicht
et al. 2006; Mancuso et al. 2007), and auxin elicits elec-
trical responses in adjacent cells (Felle et al. 1991) as well
as synchronizes cell activities within a cell file (Nick 2006;
Maisch and Nick 2007). So auxin fulfils the minimum
criterion for being a neurotransmitter-like signaling mole-
cule in plants. We expect that plant synapses will be,
similarly like synapses in animal and human brains, inte-
grating sensory inputs to allow experience-based behavior
and cognition. In fact, plant cognition is another just
emerging topic of plant sciences (Calvo Garzén 2007;
Calvo Garzén and Keijzer 2009).

Plants perform neuronal-like computation not just for
rapid and effective adaptation to an ever-changing physical
environment but also for the sharing of information with
other plants of the same species. In fact, plants emerge as
social organisms. Plants societies increase their immunity
to damage after receiving warnings from attacked neigh-
bors (Engelberth et al. 2004; Ton et al. 2007; Karban
2008). Strategies involve, among others, the release of
volatiles, which then attract the enemies of the attacking
herbivores (D’ Alessandro et al. 2006). Moreover, there are
examples of ‘war-like’ phenomena whereby invading
plants kill other plants via the release of toxic allelo-
chemicals from their root apices (Bais et al. 2006). That
root apices of other plants can cause this hostility is a new
discovery. However, roots are also well known for their
ability to avoid dangerous places by actively growing away
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from hostile soil patches. Also in ‘war-like’ mode, the root
apices of parasitic plants actively recognize the roots of
their prey, grow toward them, and then, to gain control
over them, send out root-hair-like processes that later
develop into parasitic haustoria (Tomilov et al. 2005).
Thus, by using a vast diversity of volatiles, plants are able
to attract or repel diverse insects and animals, and thereby
are able to shape their biotic niche. The number of volatile
compounds released and received by plants for communi-
cation is immense, requiring complex signal-release
machinery, as well as an unprecedent ‘neuronal’ decoding
apparatus for correct interpretation of received signals.
These aspects of plant activity have not yet been studied
yet.

Concluding remarks

Human perception of the outside world relies on a so-
called ‘neural code,” which links sensory signals and
neuronal responses (DeWeese and Zador 2006). Similarly,
in plants, numerous parameters of the physical environ-
ment, especially, light, temperature, and gravity, are
continuously monitored. Polar auxin transport translates
perceived and processed sensory information into adap-
tive physiological, developmental, and motoric responses.
Structural and developmental plasticity of plants (Friml
2003; Baluska et al. 2006a, b; Baluska and Mancuso
2009) resembles experience-based plasticity of neurons
and neuronal networks in brains (Trachtenberg et al.
2002; DeBello 2008). New concepts are needed, and new
questions must be asked, for advancing our rudimentary
understanding of the communicative nature of sensory
plants.

Close similarities in sensory and neurobiological aspects
seem to be at odd with the currently dominating evolu-
tionary ideas about plants and animals (e.g., Baldauf and
Palmer 1993). However, plants and animal share several
very complex and conserved features that are missing from
fungi and unicellular organisms, suggesting that they are
phylogenetically much more closely related (Stiller 2007;
Veerappen et al. 2008). Earlier phylogenetic analyses of
gene sequences were obviously obscured from several
phylogenetic  tree-building artifacts (Stiller 2007).
Removing the old Aristotelian schism between plants and
animals will unify all multicellular organisms under one
conceptual ‘umbrella.’

References

Arnao MB, Hernandez-Ruiz J (2006) Plant Signal Behav 1:88-94
Arnao MB, Hernandez-Ruiz J (2007) J Pineal Res 42:147-152

@ Springer

Baldauf SL, Palmer JD (1993) Proc Natl Acad Sci USA 90:11558-
11562

Baluska F, Mancuso S (2009) Plants and animals: wide comparison.
In: Baluska F (ed) Plant—environment interactions from behav-
ioural perspective. Springer, Berlin

Baluska F, gamaj J, Menzel D (2003) Trends Cell Biol 13:282-285

Baluska F, Mancuso S, Volkmann D, Barlow PW (2004) Biologia
59:9-17

Baluska F, Volkmann D, Menzel D (2005) Trends Plant Sci 10:106-111

Baluska F, Mancuso S, Volkmann D (2006a) Communication in
plants: neuronal aspects of plant life. Springer, Berlin

Baluska F, Hlavacka A, Mancuso S, Volkmann D, Barlow PW
(2006b) In: Baluska F, Mancuso S, Volkmann D (eds) Commu-
nication in plants: neuronal aspects of plant life. Springer, Berlin

Bais HP, Weir TL, Perry LG, Gilroy S, Vivanco J (2006) Annu Rev
Plant Biol 57:233-266

Bandyopadhyay A et al (2006) Biochem Soc Trans 35:137-141

Blilou I et al (2005) Nature 433:39-44

Brenner E et al (2006a) Trends Plant Sci 11:413-419

Brenner E et al (2006b) Trends Plant Sci 12:285-286

Bruzzone S et al (2007) Proc Natl Acad Sci USA 104:5759-5764

Biinning E (ed) (1959) Einfiihrung und Ubersicht. In: Handbuch der
pflanzenphysiologie. Springer, Berlin

Calvo Garzén P (2007) Plant Signal Behav 2:208-211

Calvo Garzon P, Keijzer F (2009) Plant cognition. In: Baluska F (ed)
Plant-environment interactions from behavioural perspective.
Springer, Berlin

Campagna JA, Miller KW, Forman SA (2003) N Engl J Med
348:2110-2124

Cirelli C et al (2005) Nature 434:1087-1092

Darwin CR (1875) The movements and habits of climbing plants.
John Murray, London

D’Alessandro M, Held M, Triponez Y, Turlings TC (2006) J Chem
Ecol 32:2733-2748

DeBello WM (2008) Trends Neurosci (in press)

DeWeese MR, Zador A (2006) Nature 439:920-921

Engelberth J, Alborn HT, Schmelz EA, Tumlinson JH (2004) Proc
Natl Acad Sci USA 101:1781-1785

Felle H, Peters W, Palme K (1991) Biochim Biophys Acta 1064:199—
204

Friml J (2003) Curr Opin Plant Biol 6:7-12

Friml J, Wisniewska J (2005) In: Flemming A (ed) Intercellular
communication in plants. Annual plant reviews, vol 16. Black-
well, Oxford

Fromm J, Lautner S (2007) Plant Cell Environ 30:249-257

Galis I et al (2008) Plant Cell Environ (in press). Published online 24
July 2008

Haupt W, Feinleib ME (1979) Encyclopedia of plant physiology.
Springer, Berlin

Karban R (2008) Ecol Lett 11:727-739

Kolar J, Machackova I (2005) J Pineal Res 39:333-341

Le Page-Degivry et al (1986) Proc Natl Acad Sci USA 83:1155-1158

Link VL et al (2002) Plant Physiol 128:271-281

Lowe ER et al (2007) Phytomedicine 1:1-7

Maisch J, Nick P (2007) Plant Physiol 143:1695-1704

Mancuso S et al (2007) Plant Signal Behav 2:240-244

Nick P (2006) Plant Biol 8:360-370

Osawa Y, Lau M, Lowe ER (2007) Plant Signal Behav 2:129-130

Pandi-Perumal SR et al (2006) FEBS J 273:2813-2838

Patel AJ, Honoré E (2001) Anesthesiology 95:1013-1021

Patel AJ, Lazdunski M, Honoré E (2001) Curr Opin Cell Biol 13:422—
428

Pei Z-M, Kuchitsu K (2005) J Plant Growth Regul 24:296-307

Pickard BG (1984) Plant Cell Environ 7:171-178

Powell JN, Grant CJ, Robinson SM, Radford SG (1973) Br J Anaesth
45:682-690



Cogn Process (2009) 10 (Suppl 1):S3-S7

S7

Reinhardt D (2006) Curr Opin Plant Biol 8:487-493

Reinhardt D et al (2003) Nature 426:255-260

Ripoll C et al (2009) Memorization of abiotic stimuli in plants. A
complex role for calcium. In: Baluska F (ed) Plant-environment
interactions from behavioural perspective. Springer, Berlin

Roelfsema MRG, Levchenko V, Hedrich R (2004) Plant J 37:578—
588

Sagi M, Fluhr R (2006) Plant Physiol 141:336-340

§amaj J, Read ND, Volkmann D, Menzel D, Baluska F (2005) Trends
Cell Biol 15:425-433

Samaj J, Baluska F, Menzel D (2006) Endocytosis in plants. Springer,
Berlin

Scott P (2008) Physiology and behaviour of plants. Wiley, New York

Schlicht M et al (2006) Plant Signal Behav 1:122-133

Shabala S et al (2006) J Exp Bot 57:171-184

Steffens B et al (2001) Plant J 27:591-599

Stiller JW (2007) Trends Plant Sci 12:391-396

Tomilov AA, Tomilova NB, Abdallah I, Yoder J (2005) Plant Physiol
138:1469-1480

Ton J et al (2007) Plant J 49:16-26

Trachtenberg JT et al (2002) Nature 420:788-794

Trewavas A (2005a) Trends Plant Sci 10:413-419

Trewavas A (2005b) Naturwissenschaften 92:401-413

Ueda M, Nakamura Y (2006) Nat Prod Rep 23:548-557

Veerappen CS et al (2008) BMC Evol Biol 8:190

Verbelen J-P et al (2006) Plant Signal Behav 1:296-304

Wagner E, Lehner L, Normann J, Veit J, Albrechtova J (2006) Hydro-
electrochemical integration of the higher plant—basis for
electrogenic flower induction. In: Baluska F, Mancuso S,
Volkmann D (eds) Communication in plants: neuronal aspects
of plant life. Springer, Berlin, pp 369-389

Zunino MP, Zygadlo JA (2004) Planta 219:303-309

@ Springer



	Plant neurobiology: from sensory biology, via plant communication, to social plant behavior
	Abstract
	Concluding remarks
	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


