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Apoplastic exosome-like vesicles
A new way of protein secretion in plants?
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The presence of apoplastic proteins without predicted signal peptide in the gene sequence suggests the existence of protein
secretion independent of the ER/Golgi classical route. In animals, one of the pathways proposed for alternative protein
secretion involves the release of exosomes to the extracellular space. Although this pathway has not been dissected in plants
some indirect evidence is emerging. We have reported that apoplastic fractions of sunflower seeds contain exosome-like
vesicles. Besides, these vesicles are enriched in the lectin Helja, which is immunolocalized in the extracellular space even if it
the protein has no predicted signal peptide. Here we show that Helja is not glycosylated and its secretion is insensitive to
brefeldin A, two of the major characteristics to discard ER/Golgi-mediated protein transport. Moreover, the levels of Helja in
sunflower extracellular vesicles are not affected by brefeldin A treatment. Our results suggest that Helja could be exported
through an exosome-mediated pathway and point out that this mechanism may be responsible for the secretion of at least
part of the leaderless proteins detected in the extracellular compartment of plants.

The apoplast or extracellular environment of plant cells houses a
complex and dynamic proteome which carries out multple
functions in plant metabolism and signaling. In the last decade
interesting news have arisen concerning the mechanisms involved
in eukaryotic protein secretion to the extracellular compartment.
The classical view of protein secretion involves the recognition of
a signal peptide in the N-terminus of extracellular proteins that
directs their sorting to the endoplasmic reticulum and thereafter
the transportation through the secretory pathway. Even if this
mechanism seems to be responsible for most protein export,
non-conventional protein transport has also been described in
eukaryotic cells and is actively investigated in mammals."* In
other words, some extracellular proteins have been discovered that
do not make use of the classical signal peptide-dependent
secretory pathway. In plants, non-classical secretion has been
poorly explored, although Cheng et al.” have provided evidence
on the salycilic acid-induced secretion of mannitol dehydrogenase,
a normally symplastic enzyme, using a non-Golgi dependent
pathway. In fact, plant non-classical protein secretion is
recognized taking into account the large number of leaderless
proteins detected in extracellular compartments, and has recently
been discussed based on the concepts developed in other
eukaryotic systems.*

The components and mechanisms required in unconventional
protein secretion are being elucidated in mammalian cells and
envisage four different mechanisms.”> One of them involves the
release to the extracellular milieu of exosomes, which are vesicles
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secreted upon fusion of multivesicular endosomes with the plasma
membrane. The purpose of this report is to integrate some
experimental evidence that is arising in the field of plant protein
export. Besides, we present novel data supporting the existence of
exosome-mediated protein secretion in plants.

Apoplastic Vesicles and Proteins
without Predicted Signal Peptide

While analyzing the extracellular proteome of sunflower seedlings
we have found that around 60% of the proteins identified have no
predicted signal peptide. Among them we have detected a jacalin-
related lectin  (Helja), whose extracellular localization was
confirmed by immunolocalization experiments.® Extracellular
proteins lacking a predicted signal peptide, known as leaderless
or non classically secreted, have also been systematically observed
in apoplastic proteomes from Brassica,” Arabidopsis®'® and rice,""
among others. Apart from the increasing repertoire of leaderless
proteins in extracellular plant fractions, the question is if there is
any evidence on exosome-dependent protein secretion. Some
experimental observations suggest that such a mechanism occurs
in plant systems. In fact, we have already detected the presence of
exosome-like structures in apoplastic fluids of sunflower.'” These
particles, of 20-200 nm, have been shown to contain a Rab11A,
typical proteins implicated in the production of vesicles from
donor membranes and their fusion with acceptor ones. More
important, we found that these vesicles were enriched in Helja,
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the extracellular leaderless lectin from apoplastic fluids recently
characterized, suggesting that this protein may be secreted via
exosome-like vesicles.

The existence of apoplastic vesicles in plants has also been
reported in other experimental systems but no function has still
been assigned to these structures. Hence, extracellular lipoprotein
particles have been detected in tomato apoplastic fluids."”
Interestingly, they contain several defense-related proteins
(including a leaderless aspartyl protease) and also the phospholipid
phosphatidylinositol 4-phosphate, previously shown to trigger the
activation of defense responses.'* This evidence obtained in our
laboratory joins additional observations of An et al.,'>'®
reported the release of exosome-like vesicles in barley leaves

who

attacked by a pathogenic fungus. Recently, Wang et al."” have
reported the presence of EXPO, exosome-like structures released
by Arabidopsis and tobacco cells, probably associated to
unconventional secretion. Overall, accumulated evidence suggest
that exosome-like structures carrying specific proteins may be
delivered to the extracellular compartment of plant cell to
accomplish still undiscovered functions.

An Extracellular Lectin Detected
in Exosome-Like Vesicles Fulfills the Requirements
for Non-Classical Secretion

Three basic observations have led to the proposal of alternative
pathways of eukaryotic protein secretion:"* (1) the lack of a
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Figure 1. Helja is not glycosylated. A purified fraction of Helja was
obtained from sunflower extracellular fluids (EF) collected from 10 g
of seeds as previously described®® and subsequent purification

on a D-mannose-agarose chromatography.® Twenty micrograms of the
mannose-eluted fraction (Helja) was analyzed in a 12% SDS-PAGE and
sequentially stained with GelCode Glycoprotein dye (Pierce) (A) and
Coomassie brilliant blue (B). Radish peroxidase was used as positive
glycosylation control (+) and soybean trypsin inhibitor as a negative
control (-). The molecular weight markers are indicated on the left.
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classical signal peptide in the secreted protein, (2) the exclusion of
these proteins from the secretory organelles and consequently the
lack of post-translational modifications such as N-gycosylation
occurring therein, and (3) resistance of these transport processes
to brefeldin A, an inhibitor of ER/Golgi-dependent protein
secretion. We have previously deduced that Helja was a leaderless

¢ which was confirmed by the analysis of its genomic

protein,
sequence. In fact, the complete gene sequence from Helianthus
annuus Helja available at the Sunflower Genome Project'®
(scaffold 12-HO_S039609, gene HA412r2011045039609.1)
revealed the absence of a signal peptide in the predicted protein.
So, we have further investigated whether this extracellular lectin
fulfills the rest of the requirements to be considered non-classically
secreted. In order to test Helja glycosylation we have purified this
protein from seed apoplastic fluids using a mannose affinity
chromatography followed by fractionation on SDS-PAGE and
detection of putative glycosydic moieties. Figure 1 shows that a
glycoprotein specific stain was unable to detect Helja (Fig. 1A)
even in the presence of high levels of the protein (Fig. 1B). Given
that adequate controls were performed it can be concluded that
Helja is not glycosylated. Additionally, we have analyzed if
brefeldin A was able to avoid Helja secretion, since treatments
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Figure 2. Helja secretion is not affected by brefeldin A treatment.
Sunflower seeds were imbibed in water (Control) or 50 pug ml~" brefeldin
A (BFA) for 2 h and subjected to extracellular fluid (EF) extraction

or extracellular vesicles preparation as previously described.'? The EF

(5 g of seeds, A) or the vesicles (15 g of seeds, B) were fractionated

by SDS-PAGE and the proteins were stained with Coomassie blue

(upper panel) or transferred to nitrocellulose for immunodetection of Helja
(lower panel). The molecular weight markers are indicated on the left.
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with this inhibitor result in the inability of ER derived vesicles to
fuse with Golgi cisternae.’” To that aim we have incubated
sunflower seeds in the presence of this inhibitor and apoplastic
fluids were then obtained. As expected for an inhibitor of classical
secretion, brefeldin A drastically affected the protein pattern of
apoplastic fluids, as reveled by Coomassie blue staining (Fig. 2A).
However, brefeldin A treated seeds do not show reduced levels of
Helja. Moreover, the levels of Helja contained in the vesicular
exosome-like fraction prepared by centrifugation of apoplastic
fluids also remained unchanged upon brefeldin A treatment
(Fig. 2B).

In conclusion, we show that Helja secretion responds to the
three premises accepted for non-classically secreted proteins:" this
leaderless protein is not glycosylated and its secretion is not
affected by brefeldin A. Furthermore, the fact that Helja is the
major protein detected in extracellular exosome-like vesicles and
its content is not affected by brefeldin treatment suggests Helja
export through an exosome-mediated pathway. Although the

origin and role of these vesicles in plants is still unknown, this
report points out that such a mechanism must be considered for
the secretion of at least part of the proteins lacking a signal peptide
detected in extracellular plant compartments.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Acknowledgments

This work was supported by grants from the ANPCYT,
CONICET and the University of Mar del Plata, Argentina.
M.R. and L.de la C. are members of the research career of
CONICET. We would like to thank Loren Rieseberg (University
of British Columbia), leader of the Sunflower Genome Project
(www.genomecanada.ca/medias/pdf/EN/Genomics-of-Sunflower.
pdf), Patrick Vincourt and Jerome Gouzy (INRA, France) for
providing the genomic sequence of Helja, the gene annotation
and the predicted protein.

References 8. Slabas AR, Ndimba B, Simon W], Chivasa S. 14. Gonorazky G, Laxalt AM, Testerink C, Munnik T, de
1. Nickel W. The mystery of nonclassical protein sccre- Proteomic analysis of the Arabidopsis cell wall reveals la Canal L. Phosphatidylinositol 4-phosphate accumu-
tion. A current view on cargo proteins and potential unexpected proteins with new cellular locations. lates extracellularly upon xylanase treatment in tomato
export routes. Eur ] Biochem 2003; 270:2109-19; Biochem Soc Trans 2004; 32:524-8; PMID: cell suspensions. Plant Cell Environ 2008; 31:1051-62;
PMID:12752430;  heep://dlx.doi.org/10.1046/j. 1432- 15157177; http://dx.doi.org/10.1042/BST0320524 PMID:18419735;  http://dx.doi.org/10.1111/j.1365-
1033.2003.03577 x 9. Kwon HK, Yokoyama R, Nishitani K. A proteomic 3040.2008.01818.x
2. Nickel W. Unconventional secretory routes: direct pro- approach to apoplastic proteins involved in cell wall 15. An Q, Hiickelhoven R, Kogel K-H, van Bel AJE.
tein export across the plasma membrane of mammalian regeneration in protoplasts of Arabidopsis suspension- Multivesicular bodies participate in a cell wall-asso-
cells. Traffic 2005; 6:607-14; PMID:15998317; heep:// cultured cells. Plant Cell Physiol 2005; 46:843-57; ciated defence response in barley leaves attacked by the
dx.doi.org/10.1111/j.1600-0854.2005.00302.x PMID:15769804; http://dx.doi.org/10.1093/pcp/ pathogenic powdery mildew fungus. Cell Microbiol
Ch EY Zamski E. Guo W-W. Phar DM pci089 2006; 8:1009-19; PMID:16681841; http://dx.doi.org/
> Wilelrilagmson )]D. Salicyli’c a;d stimuiates secretior: 10. Oh IS, Park AR, Bae N,[S’ Kwon §J, Kim.YS, 'Le? JE, 10.111l/j'1462»5822'204(4)6'00683')(
of the normally symplastic enzyme mannicol dehydro- et al. Secretome analysis reveals an Arabidopsis lipase 16. An Q, van Bel AJE, Hiickelhoven R. Do plant cells
genase: @ possible defense against mannitol-secreting involved in defense against Alternaria brassicicola. Plant secrete exosomes derived from multivesicular bodies?
fungal pathogens. Planta 2009; 230:1093-103; PMID: Cell 2005; 17:2832-47; PMID:16126835; htep://dx. Plant Signal Behav 2007; 2:4-7; PMID:19704795;
19727802; heep:/dx.doi.org/10.1007/s00425-009- doi.org/10.1105/tpc.105.034819 htep://dx.doi.org/10.4161/psb.2.1.3596
1006-3 11. Jung YH, Jeong SH, Kim SH, Singh R, Lee JE, Cho 17. Wang J, Ding Y, Wang J, Hillmer S, Miao Y, Lo SW,
4. Cheng F-Y, Williamson JD. Is there leaderless protein YS, et al. Systematic secretome analyses of rice leaf et al. EXPO, an exocyst-positive organelle distinct from
sccretion in plants? Plant Signal Behav 20105 5:129-31; and seed callus suspension-cultured cells: workflow multivesicular endosomes and autophagosomes, mediates
PMID:19923907;  hetp://dx.doi.org/10.4161/psb.5.2. development and establishment of high-density two- cytosol to cell wall exocytosis in Arabidopsis and tobacco
10304 dimensional gel reference maps. J Proteome Res 2008; cells. Plant Cell 20105 22:4009-30; PMID:21193573;
Nickel W. Rabouille C. Mechani ¢ reeulated 7:5187-210; PMID:18986194; http://dx.doi.org/10. http://dx.doi.org/10.1105/tpc.110.080697
> unlzoiventi,conaii l;)ruoltc?n s;:cretieocmal;\lls:rmR:v 1\/Cltg)Il EZH 1021/pr8005149 18. Sunflower Genome Project. (www.genomecanada.ca/
Biol 2009; 10:148-55; PMID:19122676; hetp://dx.doi. 12. Regente M, Corti-Monzén G, Maldonado AM, medias/pdf/EN/Genomics-of-Sunflower.pdf).
0rg/10.1038/nrm2617 Pinedo M, Jorrin J, de‘la Caf‘f’-l L. Vesiculjar fractio‘ns 19. Nebenfiihr A, Ritzenthaler C, Robinson DG. Brefeldin
6. Pinedo M, Regente M, Elizalde M, Quiroga 1V of sur?ﬂower apoplastic ﬂulds' are associated with A: deciphering an enigmatic inhibitor of secretion.
Pagnussat L, Jorrin-NoV(,) J, et al. Ex’tracellular sun: potential exosome marker proteins. FEBS Le'tt . Plant Physiol 2002; 130:1102-8; PMID:12427977;
flower proteins: Evidence on non-classical secretion of a 583:3.363-6; PMID:19796642; - hetp://dx.doi.org/10. heep://dx.dot.org/10.1104/pp.011569
jacalin related lectin. Protein Pept Lett 2012; 19:270-6; 1016/j.febsler.2009.09.041 20. Regente M, Corti Monzén G, de la Canal L. Phos-
PMID:21933133 13. GOHOTfiZkY G, La?(alt AM, Dekker HL;' pr .NL pholipids are present in extracellular fluids of imbibing
7. Basu U, Francis JL, Whitcal RM, Stephens JL, Wang Y Munnik T, TCSEGUH%( C, et al Phosphatlc}iylmosm‘)l sunflower seeds and are modulated by hormonal
Zaiane bR, et al. F:xtracellular P;Oteomes of/imbm’opsi; 4—ph‘osphate ls. assocxated.to extracellular I‘POPTOFGC treatments. ] Exp Bot 2008; 59:553-62; PMID:
thaliana and Brassica napus roots: analysis and com- fract10n§ and is detected in tomato apoplastic fluids. 18212025; heep://dx.doi.org/10.1093/jxb/erm329
patison by MudPIT and LC-MS/MS. Plant Soil 2006; Plant Biol (Stuttg) 2012; 14:41-9; PMID:21972816
286:357-76;  http://dx.doi.org/10.1007/s11104-006-
9048-9
546 Plant Signaling & Behavior Volume 7 Issue 5


http://www.ncbi.nlm.nih.gov/pubmed/12752430
http://dx.doi.org/10.1046/j.1432-1033.2003.03577.x
http://dx.doi.org/10.1046/j.1432-1033.2003.03577.x
http://www.ncbi.nlm.nih.gov/pubmed/15998317
http://dx.doi.org/10.1111/j.1600-0854.2005.00302.x
http://dx.doi.org/10.1111/j.1600-0854.2005.00302.x
http://www.ncbi.nlm.nih.gov/pubmed/19727802
http://www.ncbi.nlm.nih.gov/pubmed/19727802
http://dx.doi.org/10.1007/s00425-009-1006-3
http://dx.doi.org/10.1007/s00425-009-1006-3
http://www.ncbi.nlm.nih.gov/pubmed/19923907
http://dx.doi.org/10.4161/psb.5.2.10304
http://dx.doi.org/10.4161/psb.5.2.10304
http://www.ncbi.nlm.nih.gov/pubmed/19122676
http://dx.doi.org/10.1038/nrm2617
http://dx.doi.org/10.1038/nrm2617
http://www.ncbi.nlm.nih.gov/pubmed/21933133
http://dx.doi.org/10.1007/s11104-006-9048-9
http://dx.doi.org/10.1007/s11104-006-9048-9
http://www.ncbi.nlm.nih.gov/pubmed/15157177
http://www.ncbi.nlm.nih.gov/pubmed/15157177
http://dx.doi.org/10.1042/BST0320524
http://www.ncbi.nlm.nih.gov/pubmed/15769804
http://dx.doi.org/10.1093/pcp/pci089
http://dx.doi.org/10.1093/pcp/pci089
http://www.ncbi.nlm.nih.gov/pubmed/16126835
http://dx.doi.org/10.1105/tpc.105.034819
http://dx.doi.org/10.1105/tpc.105.034819
http://www.ncbi.nlm.nih.gov/pubmed/18986194
http://dx.doi.org/10.1021/pr8005149
http://dx.doi.org/10.1021/pr8005149
http://www.ncbi.nlm.nih.gov/pubmed/19796642
http://dx.doi.org/10.1016/j.febslet.2009.09.041
http://dx.doi.org/10.1016/j.febslet.2009.09.041
http://www.ncbi.nlm.nih.gov/pubmed/21972816
http://www.ncbi.nlm.nih.gov/pubmed/18419735
http://dx.doi.org/10.1111/j.1365-3040.2008.01818.x
http://dx.doi.org/10.1111/j.1365-3040.2008.01818.x
http://www.ncbi.nlm.nih.gov/pubmed/16681841
http://dx.doi.org/10.1111/j.1462-5822.2006.00683.x
http://dx.doi.org/10.1111/j.1462-5822.2006.00683.x
http://www.ncbi.nlm.nih.gov/pubmed/19704795
http://dx.doi.org/10.4161/psb.2.1.3596
http://www.ncbi.nlm.nih.gov/pubmed/21193573
http://dx.doi.org/10.1105/tpc.110.080697
http://www.ncbi.nlm.nih.gov/pubmed/12427977
http://dx.doi.org/10.1104/pp.011569
http://www.ncbi.nlm.nih.gov/pubmed/18212025
http://www.ncbi.nlm.nih.gov/pubmed/18212025
http://dx.doi.org/10.1093/jxb/erm329

	Figure 1
	Figure 2
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'press quality'] [Based on '[press quality for AG]'] [Based on '[Press Quality]'] Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 9
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


