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The recognition of and adherence to animal epithelia by bacteria is often mediated by
bacterial surface lectins, called adhesins, that bind to sugars on the brush borders of host
cells (Giampapa ef al., 1987; Abraham et al., 1988; Sharon et al., 1989). We report here
results of experiments that provide evidence for the role of adhesin-glycan interactions in
the initiation of the model symbiosis (Ruby, 1996) between the sepiolid squid Euprymna
scolopes and its light organ symbiont Vibrio fischeri.

1. MATERIALS AND METHODS

Animals were collected and maintained as previously described (McFall-Ngai et al.,
1991). To investigate whether bacterial adhesin-animal glycan interactions are involved in
the successful colonization of the E. scolopes light organ by V. fischeri, we determined: i)
the type of adhesin(s) present on the surfaces of V. fischeri; ii) the nature of the glycans on
light organ epithelia that interface with the symbionts; and, iii) the ability of sugars and
sugar analogs to inhibit the experimental inoculation of the symbiotic organ.

Standard hemagglutination assays were employed for the detection of adhesins on V.
fischeri (Duguid et al., 1980). A hemagglutination deficient mutant of E. coli (pilE", strain
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ORN133) and its parent strain (Maurer ef al., 1987) were used as negative and positive
controls, respectively. Sugars on the surfaces of light organ host cells were detected by
light microscopy on paraffin-embedded tissue sections using specific lectins conjugated to
colorimetric reporters (Bry et al., 1996). In colonization experiments, a light organ isolate.
V. fischeri strain ES114 (Lee ef al., 1994), was grown in scawater-based media, washed
and inoculated into seawater containing sugars or sugar analogs; specific sugars that are
metabolizable by V. fischeri were substituted with nonmetabolizable analogs. After 15
min, the seawater was dispensed as 5 ml aliquots into scintillation vials and a single newly
hatched squid was introduced to cach vial. Host tissue colonization was detected both by
monitoring ¥ fischeri luminescence with a photometer and by enumerating colony-form-
ing units (CFU) of V. fischeri that resulted from the plating of light organ homogenates,

2. RESULTS

In analyses of V. fischeri for the presence of specific adhesins, both the symbiosis-
competent strain ES114 and the symbiosis-noncompetent strain MJ1 were found to agglu-
tinate guinea pig red blood cells (RBCs). These data suggest that V. fischeri has mannose
adhesins either on fimbriae or on the cell wall.

Because these results suggested that V. fischeri has mannose-recognizing adhesins on
their surfaces, we analyzed host tissues for the presence of mannose residues that might be-
have as receptors for these adhesins. Histological sections of the juvenile light organ stained
positively for the presence of mannose along the apical surfaces of the host epithelial cells,
whereas there was no detectable staining in samples incubated with the fucose-recognizing
lectin. which was used as a control for the possible non-specific binding of lectins to host
tissue. In addition, we analyzed host tissue extracts for the presence of 5 common glycans
(Glycan DifTerentiation Kit, Bochringer Mannheim, Inc., Indianapolis, IN, USA). Whereas
control extracts from mantle tissue had all 5 of the glycans detected by this method, only
mannose was abundant enough in light organ extracts to be detected.

In determinations of the ability of several sugars and sugar analogs to block infec-
tion (Fig. 1), only the mannose analog, methyl-a-D-mannopyranoside (Sigma Chemical
Co., St. Louis, MO, USA), was capable of blocking infection; i.c., only the animals ex-
posed to this sugar under prescribed conditions (see below) showed neither luminescence
nor detectable CFUs in light organ homogenates. In the presence of other sugars or sugar

Figure 1. The effect of the presence of sug-
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analogs, under all conditions, the juveniles exhibited luminescence and averaged 3.0 x 10°
CFU/animal, similar to the colonization level of control animals not exposed to sugars.
The growth conditions of the bacteria, i.e., grown in either a rich or a minimal medium,
had no discernible effect on the inhibition patterns of the sugars.

We investigated the conditions under which mannose analogs were capable of inhib-
iting inoculation of the light organ. With strain ES114 at a concentration of 700 cells/ml,
the mannose analog at concentrations from 2% down to 0.25% was capable of blocking
infection in 100% of the juveniles. [Animals were healthy for up to 6 d when continuously
exposed to 2% sugar in seawater; however, at higher percentages of sugar, they showed
signs of stress, and 5% sugar was lethal within a few hours.] At slightly higher inoculation
densities of the bacteria, approximately 1000 cells/ml, the mannose analogs were less
effective at blocking infection. However, in those animals that did become infected, the
onset of infection was always delayed by several hours relative to control animals, and the
extent of the infection was always lower in comparison with controls exposed to no sugar
or sugars other than the mannose analog. When bacteria were present at a concentration of
5000 cells/ml. full colonization was not inhibited in juvenile animals by the mannose ana-
log, but was delayed up to 10 hr. These data suggest that inhibition by mannose analogs is
only effective at concentrations of bacteria similar to those the animal experiences in its
natural environment (Lee ef al., 1994).

We also found that the continued presence of the mannose analog is required to
block infection by the bacteria. After the animals were exposed to bacteria in the presence
of the mannose analog for 4 hr, the animals were placed in seawater without the sugar.
These juveniles became infected, although the infection was delayed a few hours in com-
parison with the infection kinetics of the control groups. Also, when added after coloniza-
tion, mannose analogs were not capable of climinating the infection or changing the
colonization level, even when added within a few hours of exposure to V. fischeri cells.
Finally, animals that had been exposed to the mannose analog for 48 hr, rinsed and placed
in seawater without analog, but containing 700 V. fischeri cells/ml, were colonized within
20 hr following exposure to symbionts. These data provide evidence that long periods of
exposure to the sugar did not permanently alter the animal’s ability to become colonized
by its bacterial partner.

3. DISCUSSION

These data provide evidence for the presence of mannose-recognizing molecules on
the surface of ¥, fischeri cells and mannose glycans on the apical surfaces of the host epithe-
lia that interact with the bacteria during colonization. Colonization experiments with man-
nose analogs showed that this specific sugar is capable of inhibiting infection of the light
organ, presumably by binding to the adhesins on V. fischeri, thereby blocking those sites
from interaction with host cells. The final proof of the involvement of adhesin-glycan inter-
actions in this symbiosis awaits the production of adhesin-defective mutants of V. fischeri.

ACKNOWLEDGMENTS

We thank Professor S. Clegg, University of lowa, for assistance with the study of ¥,
fischeri adhesins. This work was funded by NSF grant #IBN 96-01155 and ONR grant
#N00019-J-1357.




276 M. McFall-Ngai et al.

REFERENCES

Abraham, S. N, D, Sun, J. B. Dale, and E. H. Beachey. 1988, Narure 336:682-684.

Bry, L.. P. R. Falk, T. Midtvedt, and J. 1. Gordon. 1996, Science 273:1380- 1383,

Duguid, J. P and D. C. Old. 1980, pp. 184 217 in Beachey, E. H. (ed.), Bacterial Adherence. Chapman & Hall,
New York.

Giampapa, C. S.. S. N. Abraham. T. M Chiang. and E. H. Beachey. 1987, /. Biol. Chem, 263:5362-5367.

Lee, K.-H, and E. G. Ruby. 1994, Appi. Environ. Microbiol. 60:1565-1571.

Maurer, L., and P. E. Omdorff. 1987, J. Bacteriol. 169:640-645.

McFall-Ngai, M. ). and E. G. Ruby. 1991, Science 254;1491 1494,

Ruby. E. G. 1996, Anme. Rev: Microbiol. 50:591-624.

Sharon, N. and H. Lis. 1989, Science 246:227-234.




	MMN 2018-2009 inclusive
	MMN publications 2018-2010
	MMN 2018-2013
	Peyer_et_al-2018-MicrobiologyOpen(1)
	Nawroth PNAS2017
	  Chen mBio 2017
	RESULTS
	EsBPI2/4 are typical animal BPIs, both biochemically and phylogenetically. 
	Studies of the symbiosis with V. fischeri demonstrate EsBPI2/4 antimicrobial activity and their modulation of the symbiosis. 
	EsBPI2/4 are abundant in epithelial tissues. 
	EsBPI2, but not EsBPI4, is abundant in the hatching organ and bloodstream. 
	Epithelia interacting with seawater are devoid of colonizing bacteria. 

	DISCUSSION
	MATERIALS AND METHODS
	Sequence analysis, structural modeling, and phylogenetic tree construction. 
	Colonization of the host with V. fischeri. 
	Protein purification by immunoprecipitation. 
	EsBPI2/4 antimicrobial activity assays. 
	Immunocytochemistry. 
	Scanning electron microscopy. 
	Labeling bacteria in living squid. 
	Statistical analysis. 
	Accession number(s). 

	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

	Peyer et al. 2017 
	HeathHeckman 2016
	Krasity 2015 mBio LBP1
	RESULTS
	Structural comparison of LPS-binding domain of mammalian LBP and BPI to corresponding region of EsLBP1. 
	LOS-/LPS-binding properties of EsLBP1. 
	EsLBP1 does not kill Escherichia coli. 
	eslbp1 transcript expression is induced by symbiosis and TCT but not by the binding partner, LPS. 
	eslbp1 transcripts localize to light organ tissues interfacing with V. fischeri. 
	EsLBP1 protein is present at epithelial surfaces that directly associate with bacteria and with the environment. 

	DISCUSSION
	MATERIALS AND METHODS
	Alignment of EsLBP1 with mammalian LBP and BPI. 
	Expression of EsLBP1 in insect cells. 
	Preparation of MAMPs. 
	EsLBP1—endotoxin, TCT, and LOS:CD14 complex binding assays. 
	Assay for bactericidal activity of proteins. 
	General procedures for animal experiments. 
	qRT-PCR. 
	HCR-FISH. 
	Immunocytochemistry. 
	Statistics. 

	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

	1-Kremer-Proc Roy Soc ALL
	Kremer Proc. R. Soc. B-2014
	Kremer Proc Roy Soc supp1

	Heath-Heckman et al 2014
	B-Peyer et al., 2014
	Eye-specification genes in the bacterial light organ  of the bobtail squid Euprymna scolopes, and their expression in response to symbiont cues
	1 Introduction
	2 Experimental procedures
	2.1 Sample preparation and generation of full-length cDNA sequences
	2.2 Sequence analysis and phylogenetic reconstructions
	2.3 Whole-mount in situ hybridization
	2.3.1 Embryonic development
	2.3.2 Postembryonic development

	2.4 Sectioned light-organ in situ hybridization
	2.5 Quantitative real-time PCR
	2.6 Analysis of gene transcript expression and regulation data in the light organ

	3 Results
	3.1 Conservation of eye-specification genes in the eye and light organ
	3.2 Localization of gene transcripts throughout development
	3.3 Effect of symbiosis and symbiont light production on eye-specification genes

	4 Discussion
	4.1 Eye-specification genes through embryonic development
	4.2 Expression of the eye-specification genes in response to bacterial cues
	4.3 Future studies

	5 Conclusions
	Acknowledgements
	Appendix A Supplementary data
	References


	Koropatnick et al. 2014
	Kremer et al 2013
	CoverCHM copy 2

	Heath-Heckman et al. 2013
	Bacterial Bioluminescence Regulates Expression of a Host Cryptochrome Gene in the Squid-Vibrio Symbiosis
	RESULTS
	Two cryptochrome genes are expressed in the E. scolopes light organ.
	escry1 expression in the light organ is influenced by symbiosis.
	Abundant EsCry1 localizes to the apical surfaces of light-organ epithelial cells that are adjacent to the symbiont.
	Peak expression of escry1 requires symbiont luminescence.
	Symbiont MAMPs enable light to induce cry1 cycling in the light organ.

	DISCUSSION
	MATERIALS AND METHODS
	General methods.
	Exogenous blue-light and MAMP stimuli.
	Identification of cryptochrome sequences from transcriptional databases.
	RACE.
	Protein alignment and phylogenetic analysis.
	RNA and cDNA preparation.
	Quantitative reverse transcriptase PCR.
	Western blotting.
	Immunocytochemistry.
	Statistics.
	Nucleotide sequence accession numbers.

	SUPPLEMENTAL MATERIAL



	Altura 2013 Env Micro cilia attachment
	Post et al 2012
	Rader-2012
	Modulation of Symbiont Lipid A Signaling by Host Alkaline Phosphatases in the Squid-Vibrio Symbiosis
	RESULTS
	E. scolopes expresses two alkaline phosphatase transcripts in the light organ.
	esap1 and esap2 are differentially expressed in squid tissues.
	EsAPs have a pH optima of ~8.
	Regulation of AP activity begins between 12 and 24 h following onset of the colonization process and exhibits a daily rhythm.
	The AP inhibitor levamisole compromises normal colonization of the juvenile light organ.
	EsAP activity localizes to the internal regions of the light organ.
	Alkaline phosphatase treatment of V. fischeri lipid A compromises the ability of lipid A to induce normal apoptosis in developing light organ tissues.

	DISCUSSION
	MATERIALS AND METHODS
	General procedures.
	RACE and sequence analysis.
	RT-PCR.
	Quantification, inhibition, and localization of AP in host tissues.
	Detection of chromatin condensation.
	Nucleotide sequence accession numbers.

	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES


	Heath-Heckman et al. 2011
	zoology2011-4u1(3)
	Heath-Heckman, Zoology-Chitin 2011
	The occurrence of chitin in the hemocytes of invertebrates
	1 Introduction
	2 Materials and methods
	2.1 General methods
	2.2 RT-PCR analysis
	2.3 Localization of putative chitin in E. scolopes tissues
	2.4 Chitinase treatment
	2.5 Assessment of possible protein association of CBP-positive biomolecules
	2.6 Hemocyte preparations for taxonomic survey

	3 Results
	3.1 Localization of chitin to E. scolopes hemocytes
	3.2 Specificity of the chitin-binding probe
	3.3 Expression of chitin synthase mRNA in E. scolopes hemocytes
	3.4 Biochemical characteristics of chitin-containing compartments
	3.5 Survey of animal hemocytes for CBP-labeling

	4 Discussion
	Acknowledgements
	References



	Wier et al. 2010
	Troll et al. 2010
	PGRP2EnvMicroCover copy
	TrollPGRP2
	emi_2121 1..14



	2009
	PNAS-2009-Tong-0904571106
	Troll et al. 2009
	cover page CMI
	cmi_1315-1.pdf

	Nyholm et al. 2009
	Castillo et al.
	Identification and molecular characterization of a complement C3 molecule in a lophotrochozoan, the Hawaiian bobtail squid Euprymna scolopes
	Introduction
	Materials and methods
	General procedures
	RNA extraction
	EST selection and rapid amplification of cDNA ends (RACE)
	Sequence analysis
	Patterns of C3 gene expression
	Immunocytochemistry

	Results and discussion
	Identification of Es-C3 as a complement component C3 homolog
	The phylogenetic position of Es-C3
	mRNA expression of Es-C3 in E. scolopes

	Conclusion
	Acknowledgments
	Supplementary data

	References



	McFall-Ngai to 2009
	Chun PNAS combined
	PNAS-2008-Chun-11323-8
	Chun Suppl

	Koropatnick hemocyte
	Chun gene discovery
	BMCgenomics_squidgenediscoverypaper.pdf
	S1.pdf
	SuppFig1.tif
	S2.pdf
	SuppFig2.tif
	S3.pdf
	SuppFig3.tif
	S4.pdf
	SuppFig4.tif

	Goodson p53
	Sycuro Morphology
	Kimbell psome
	Goodson NFkB
	Koropatnick TCT
	Koropatnick.SI
	Materials and Methods
	Animal colonization
	Reagents
	Biochemical analyses
	Host phenotypes
	Statistics

	References and Notes

	Davidson NO
	Kimbell AEM actin
	Crookes reflectin
	Nyholm AEM dominance
	Kimbell demes
	Nyholm AEM mucus
	Foster Bull Mar Sci
	Foster 2000
	INTRODUCTION
	FIG. 1
	FIG. 2

	MATERIALS AND METHODS
	RESULTS
	FIG. 3
	FIG. 4
	FIG.5
	FIG. 6
	TABLE 1

	DISCUSSION
	FIG. 7

	ACKNOWLEDGMENTS
	REFERENCES

	Nyholm PNAS aggregates
	Doino-Lemus & McFall-Ngai proteome
	Small HPO
	MATERIALS AND METHODS
	Fig. 1.

	RESULTS
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Fig. 5.
	TABLE I.
	TABLE II.
	TABLE III.
	TABLE IV.

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES

	Montgomery_McFall-Ngai_Dec1998_BiolBull
	Nyholm hemocyte discovery
	Nishiguchi competition
	Foster apoptosis 1998
	Lamarcq I&I microvilli
	Weis HPO
	Doino_McFall-Ngai_1995_BioBull
	Montgomery_McFall-Ngai_July1994_Development
	Tomarev 
	Montgomery_McFall-Ngai_Jun1993_BiolBull
	Weis Enhancedproduction
	Contents
	image 1
	image 2
	image 3
	image 4
	image 5
	image 6
	image 7
	image 8
	image 9
	image 10
	image 11
	image 12
	image 13


	Montgomery lens
	Ruby Science
	Contents
	1491
	1492
	1493
	1494


	McFall-Ngai et al. Mannose
	Scan
	Scan 1
	Scan 2
	Scan 3

	McFall-Ngai Animals in a Microbial
	McFall-Ngai Annu Rev 1999
	McFall-Ngai ARM 2014
	McFall-Ngai Bioscience
	McFall-Ngai Care for Community
	McFall-Ngai Huffnagle book
	McFall-Ngai insight
	McFall-Ngai JEB 2015 
	McFall-Ngai Light secret language rev
	The secret languages of coevolved symbioses: Insights from the Euprymna scolopes–Vibrio fischeri symbiosis
	1 Introduction
	2 The common language – MAMPs and PRRs in animal–microbe interactions
	3 The secret language – luminescence
	4 Host sensing of symbiont luminescence – eyes, light organs, and immune privilege
	5 Concluding remarks and future challenges
	Acknowledgements
	References


	McFall-Ngai NRM futureshock
	Abstract | The study of symbiosis is quintessential systems biology. It integrates not only all levels of biological analysis — from molecular to ecological — but also the study of the interplay between organisms in the three domains of life. The development of this field is still in its early stages, but so far, the findings promise to revolutionize the way we view the biotic world. This Essay outlines some of the challenges facing the field and the implications of its development for all of biology.
	The history of biology and symbiosis
	Figure 1 | Growth of the symbiosis field. This figure illustrates the rapid growth in the field of symbiosis over the past 40 years, as measured by citations to papers mentioning symbiosis in the title. Data derived from Pubmed.
	The good news and the bad news
	The impact of our increased awareness
	What’s next for symbiosis?

	McFall-Ngai PLoS  rev 2014
	McFall-Ngai review PLoSBiology
	PLoS Biology whole only
	PLOS BIO PUB 2014 with cover

	McFall-Ngai Sem Immun rev
	Nyholm winnowing
	Dethlefsen Insight
	Visick & McFall-Ngai review



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e00200055007000640061007400650064002c002000330030007400680020004d006100720063006800200032003000300035002c00200074006f00200045006d00620065006400200046006f006e00740073002c002000530052002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e00200055007000640061007400650064002c002000330030007400680020004d006100720063006800200032003000300035002c00200074006f00200045006d00620065006400200046006f006e00740073002c002000530052002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.32000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.32000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    34.69606
    34.27087
    34.69606
    34.27087
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    8.50394
    8.50394
    8.50394
    8.50394
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (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 false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




