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Abstract Molecular farming is production of pharma-
ceutically and industrially important proteins in plants.
Plants and plant cell culture systems have been used as
bio-factory to produce recombinant proteins such as mono-
clonal antibodies, enzymes, vaccines, hormones, interleukins,
commercial enzymes and etc. The terms molecular farming,
biofarming, molecular pharming, phytomanufacturing, re-
combinant or plant-made industrials, planta-pharma, plant
bioreactors, plant biofactory, and pharmaceutical gardening
are used interchangeably. Molecular farming can provide
safe and inexpensive pharmaceutical proteins as well as
commercial ones. In spite of several advantages of molecular
farming such as safety and inexpensive cost, there are also a
couple of drawbacks in the existing technology. One of them
is low expression level of target gene in plants, which has
been improved by optimizing gene-based codon usage,
screening of strong promoters, expression of transcription
factors, subcellular targeting of target proteins, chloroplast
transformation, and transient expression using viral expres-
sion system (magnifection). Some plant-based commercial
proteins have already been in markets and more than twenty
plant-based pharmaceuticals have been in clinical trials,
from that we can expect that several plant-based pharma-
ceutical proteins will be seen in the markets in the near
future.
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Table 1 Overview of biopharmaceuticals for human use commercially produced in plants

Company name

Product

Indication Production host

Status

Planet Biotechnology Inc.
Planet Biotechnology Inc.

Planet Biotechnology Inc.

Cobento AS

Ventria Bioscience

SemBioSys Genetics Inc.
SemBioSys Genetics Inc.

Kentucky BioProcessing
LLC

Mapp Biopharmaceutical
Inc. with Kentucky
BioProcessing LLC

Bayer Innovation GmbH
with Kentucky
BioProcessing LLC
Intrucept Biomedicine
Medicago

Bayer Innovation GmbH
(formerly Icon Genetics)
Protalix BioTherapeutics

Protalix BioTherapeutics

Greenovation

Biolex
Biolex

CaroRx™™

ICAM-1-antibody-fusion
-protein
Anti-doxorubicin—.antibody

Human intrinsic factor

Human lactoferrin, Human
lysozyme

Recombinant human insulin
Apolipoprotein

Aprotinin

Anti-viral microbicide
Anti-bacterial monoclonal
antibody

Undisclosed high-value
proteins

Anti-viral proteins
Influenza vaccines
Personalized cancer
vaccines
Glucocerebrosidase

Alpha-galactosidase,
Follicle stimulating
hormone,
Acetylcholinesterase
Undisclosed

Locteron (alpha-interferon)
Full-length recombinant
plasmin,

Anti-CD20 antibody

Prevention of tooth decay Tobacco (field-grown)

Prevention and treatment Tobacco (field-grown)
of the common cold
Prevention of
chemotherapy induced hair
loss

Dietary supplement for the Arabidopsis
treatment of vitamin B-12 (greenhouse)
deficiency

Dietary supplement for
acute pediatric diarrhea
Treatment of diabetes
Reduction of plaque
associated

with stroke and acute
coronary syndrome
Reduction of systemic
inflammation due to

Tobacco (field-grown)

Rice (field-grown)

Safflower (field-grown)
Safflower (field-grown)

Tobacco (greenhouse)

cardiopulmonary bypass

surgery

Undisclosed N. benthamiana
Treatment of Clostridium (greenhouse)

dificile

disecase

Undisclosed Tobacco (undisclosed)
Various Undisclosed

Prevention of influenza  Alfalfa (greenhouse)

Tobacco (greenhouse)

Gaucher's disease Carrot cells
(cell culture)
Fabry disease, female Carrot cells

infertility, (cell culture)
undisclosed
Undisclosed P. patens (cell culture)

Chronic hepatitis C
Acute peripheral arterial
disease,

non-Hodgkin's lymphoma

Duckweed (contained)
Duckweed (contained)

Approved for human use
in Europe
In phase I clinical trials

Undisclosed

Approved for human use
in Europe

Release expected soon

In phase I/II clinical trials

Entry into human
expected soon

Already sold for
nonclinical

use, Clinical status
undisclosed
Undisclosed

Undisclosed

Undisclosed
Undisclosed
Undisclosed

In phase III clinical trials

In preclinical development

In preclinical development

In phase II clinical trials
In preclinical development

* Karg and Kallio (2009)

BZFHAS Ho|7|E it AE A ZH cellulose S & £ polyhydroxybutyrate (PHB)E &S H ¢l vl A&
sfsto] For HEA7|7] Qg a0l cellulaseE S A A A7 = SFGATt (Poirier et al. 1992).
Foll A tfEFo® Aatetal Qi o]9F e AAE AlY
S E A8 ohul A 2 = peroxidase, laccase”} 7l E] o BRSOl dhM Fat
Aol e} 9]

DA A8Ee ARl O BAAL W AT o)A ARY AT 2ol UL Jore Tt A
A ete 7 AEs) g SeAE Ade] i RE =Y, wuEE xZghsto] thekgt EofofA] theFdt AAE o] gt
FAAS AEA A Aoz w0zl ARG 24 SR HIol= Ao BEFE AMSEHI Qe Ax
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Table 2 Status of plant-based edible vaccine development

Company Plant Grown in Product Disease Status
Dow AgroScience Tobacco cell culture Poultry vaccine Newcastle disease USDA approved
CIGB, Cuba Tobacco greenhouse  Vaccine purification antibody Hepatitis B On market
Arizona State University Potato greenhouse antigen Hepatitis B Phase II trial
Large Scale Biology Tobacco antigen Non-Hodgkin’s Phase 1I trial
lymphoma
Arizona State University Potato greenhouse antigen Norwark virus Phase 1 trial
Thomas Heferson Spinach antigen Rabies virus Phase I trail
ProdiGene Maize antigen Diarrhea Phase I trial

* Modified from Kaiser (2008)

Table 3 Commercial industrial proteins from plant molecular farming

Product Trade name Pharma crop Source of genes Commercial purpose ~ Company producing
Avidin Recombinant avidin Transgenic corn Chicken Research & diagnosis ProdiGene (USA)
Aprotinin AproliZean Transgenic corn Cow Research & diagnosis ProdiGene (USA)

. . Modified viral . . .
Aprotinin AproliZean vectors in fobacco Cow Research & diagnosis Large Scale Biol. (USA)
[3-Glucuronidase N/A Transgenic corn Bacteria Research & diagnosis ProdiGene (USA)
Trypsin TypZean Transgenic corn Cow Research & diagnosis ProdiGene (USA)
Lactoferrin N/A Transgenic rice Human Research Ventria Biosc. (USA)
Lysozyme N/A Transgenic rice Human Research Ventria Biosc. (USA)
Thyroid-stimulating N/A Transgenic oriental Human Diagnosis Nexgen (Korea)
hormone receptor melon
Hantaan _and Puumala N/A Transgenic oriental Virus Diagnosis Nexgen (Korea)
viral antigens melon

. . . Applied Biotechnology
Peroxidase N/A Transgenic Corn Fungus Paper bleaching Institute (USA)

. . Applied Biotechnology
Laccase N/A Transgenic Corn Fungus Paper bleaching Institute (USA)
Cellulase N/A Transgenic Corn Fungus Ethanol production Applied Biotechnology

(USA)

* Basaran and Rodriguez-Cerezo (2008)

Aom 2 whE A o] Ao U Ao etk FAAE A& AustAY A SAE HAAA
Hdd 59 HalAof st 20259 AAAIe] oF 1 & et I 7HeAdE AAT & ok A7kl Widt
ol 29 (9f 10029) A=z st 2 Ao st feidores FAASE A% *J%OJ T of o
Aotk F 2ol o] H e EEhe AdelE &ekal o SiM A=A EAshs the S AT JEAEo ¢
7t A= FAAR Aol Hiet AAol #E HES o 54 DAY ksl diF ol o2 EAl=
BHEo7HA A Adetelal vt S AeAle @A TAE Vel AsiA AR Wgt sl it
AAZ QL mfo ot Ao ofyzet A Hor & HAT GARRL FAIE SElA Hast F 4 9l Aol
FAAE AEol Holge2 2 A& 7= s (E7]9 2010).

AE wes Aol G Ao g 3= 2 s S FAAE H=S oot oorg T
i A7kl digh Asfdolnh. B digt A F o AYE EEE Aikste AR g3l FH2
A AEA7E G o2 mEHol w7} 7heRt A AAES 7HAE dstste] gt =g, AbE B
Foll FAAF A dotA| ¢F2 Bate] o7t o AF o Fgeltal & 4 Uk FEOkAoh ofZ Tt Qe
& gl 239 2d Aotk ol EAle 24, F7E2 AAEY olRE g2 Aee] Ay %t
AEsdi 2ol Sn AHEHUAY wHHd Fkeld LEH oo Fokl Yo BES AT ZAR o)F



248 J Plant Biotechnol (2010) 37:243-249

ol 1EL A1 it} o| 3t AlSho A Bz} dhA Gleba Y, Klimyuk V, Marillonnet S (2007) Magnifection-a new

of o3t olm & Arelg thulzl o] 7}A ol5}9} HES 4] platform for expressing recombinant vaccines in plants.
- Vaccine 23:2042-2048

ol 2L 1EL AL o|5o/ YL =& AR 7

E‘]’]i rj o 58 AL oI5l A¥S 2 A ] Haq TA, Mason HS, Clements JD, Arntzen CJ (1995) Oral

ARRthe £ Holglrks e Aol gtk 1t
BAsglo] HASARS AOR ANE AN
o] g3 Aol oleF Aofz A it elAle A
wsa o oAt teb BAsl e gw
Sol AelA ATH AdolA ARHOoR BuE B
o] W Wak ofujet Ro| YYpelol B} B0l
A&A oz FAHTY o2 vigoz BAsgle) At
A g4e A AR 2 Rolvl, BAps o] wHE
27 A%E Ao AN (4719 2010

g2

Bae JL, Lee JG, Kang TJ, Jang HS, Jang YS, Yang MS (2003)
Induction of antigen-specific systemic and mucosal immune
responses by feeding animals transgenic plants expressing the
antigen. Vaccine 8:4052-4058

Barta A, Sommergruber K, Thompson D, Hartmuth K, Matzke M,
Matzke A (1986) The expression of a nopaline synthase human
growth hormone chimeric gene in transformed tobacco and
sunflower callus tissue. Plant Mol Biol 6:347-357

Basaran P, Rodriguez-Cerezo E (2008) Plant molecular farming:
Opportunities and challenges. Crit Rev Biotechnol 28:153-172

Bock R (2001) Transgenic plastids in basic research and plant
biotechnology. J Mol Biol 312:425-438

Commandeur U, Twyman RM, Fischer R (2003) The biosafety of
molecular farming in plants. AgBiotechNet 30:109-112

Daniell H, Chebolu S, Kumar S, Singleton M, Falconer R (2005)
Chloroplast-derived vaccine antigens and other therapeutic
proteins. Vaccine 23:1779-1783

De Jaeger G, Scheffer S, Jacobs A, Zambre M, Zobell O, Goossens
A, Angenon G (2002) Boosting heterologous protein pro-
duction in transgenic dicotylodonous seeds using Phaseolus
vulgaris regulatory sequences. Nat Biotechnol 20:1265-1268

De Zoeten GA, Penswick JR, Horisberger MA, Ahl P, Schultze M,
Hohn T (1989) The expression, localization, and effect of a
human interferon in plants. Virology 172:213-222

Doran PM (2006) Foreign protein degradation and instability in
plants and plant tissue cultures. Trends Biotechnol 24:426-432

immunization with a recombinant bacterial antigen produced
in transgenic plants. Science 268:714-716

Hiatt A, Cafferkey R, Bowdish K (1989) Production of antibodies
in transgenic plants. Nature 342:76-78

Horn ME, Woodard SL, Howard JA (2004) Plant molecular
farming: systems and products. Plant Cell Rep 22:711-720

Ibrahim AF, Watters JA, Clark GP, Thomas CJ, Brown JW,
Simpson CG (2001) Expression of intron-containing GUS
constructs is reduced due to activation of a crytic 5' splice site.
Mol Genet Genomics 265:455-460

Kang TJ, Han SC, Jang MO, Kang KH, Jang YS, Yang MS (2004)
Enhanced expression of B-subunit of Escherichia coli heat-
labile enterotoxin in tobacco by optimization of coding
sequence. Appl Biochem Biotechnol 117:175-187

Kang TJ, Kim YS, Jang YS, Yang MS (2005) Expression of the
synthetic neutralizing epitope gene of porcine epidemic
diarrhea virus in tobacco plants without nicotine. Vaccine 23:
2294-2297

Karg SR, Kallio PT (2009) The production of biopharmaceuticals
in plant systems. Biotechnol Adv 27:879-894

Kim TG, Kim BG, Kim MY, Choi JK, Jung ES, Yang MS (2009)
Expression and immunogenicity of enterotoxigenic Escherichia
coli heat-labile toxin B subunit in transgenic rice callus. Mol
Biotechnol 44:14-21

Kim YS, Kim MY, Kim TG, Yang MS (2009) Expression and
assembly of cholera toxin B subunit (CTB) in transgenic
carrot (Daucus carota L.). Mol Biotechnol 41:8-14

Kumar GB, Ganapathi TR, Revathi CJ, Bapat VA (2005) Expres-
sion of hepatitis B surface antigen in transgenic banana plants.
Planta 222:484-493

Lee KY, Kim DH, Kang TJ, Kim J, Jung GH, Yoo HS, Arntzen CJ,
Yang MS, Jang YS (2006) Induction of protective immune
responses against the challenge of Actinobacillus pleuropneu-
moniae by the oral administration of transgenic tobacco plant
expressing ApxIIA toxin from the bacteria. FEMS Immunol
Med Microbiol 48:381-389

Mason HS, Haq TA, Clements JD, Arntzen CJ (1998) Edible
vaccine protects mice against Escherichia coli heat-labile
enterotoxin (LT): potatoes expressing a synthetic LT-B gene.
Vaccine 16:1336-1343

Outchkourov NS, Peters J, de Jong J, Rademakers W, Jongsma MA
(2003) The promoter-terminator of chrysanthemum rbsS1
directs very high expression levels in plants. Planta 216:1003-
1012

Poirier Y, Dennis DE, Klomparens K, Somerville C (1992)
Polyhydroxybutyrate, a biodegradable thermoplastic, pro-
duced in transgenic plants. Science 256:520-523

Schillberg S, Twyman RM, Fischer R (2005) Opportunities for
recombinant antigen and antibody expression in transgenic
plants technology assessment. Vaccine 23:1764-1769

Shin YJ, Hong SY, Kwon TH, Jang Y, Yang MS (2002) High level



J Plant Biotechnol (2010) 37:243-249

249

of expression of recombinant human granulocyte-macrophage
colony stimulating factor in transgenic rice cell suspension
culture. Biotechnol Bioeng 82:778-783

Sijmons PC, Dekker BMM, Schrammeijer B, Verwoerd TC, van
den Elzen PJ, Hoekema A (1990) Production of correctly pro-
cessed human serum albumin in transgenic plants. Bio/
Technol 8:217-221

Vaquero C, Sack M, Schuster F, Finnern R, Drossard J, Schumann
D, Reimann A, Fischer R (2002) A carcinoembryonic antigen-
specific diabody produced in tobacco. FASEB J 16:408-410

Walsh J (1998) Pharmaceuticals, biologics and biopharmaceuticals.
In: Biopharmaceuticals: Biochemistry and Biotechnology, (pp.
1-35) Wiley, Chichester, UK

Yu J, Langridge WH (2001) A plant-based multicomponent vac-
cine protects mice from enteric diseases. Nat Biotechnol
19:548-552

Yang MS (2009) Development and status of plant-based edible
vaccine using transgenic plants. BioSafety 10:44-53

Zhou F, Badillo-Corona JA, Karcher D, Gonzalez-Rabade N,
Piepenburg K, Borchers AM, Maloney AP, Kavanagh TA,
Gray JC, Bock R (2008) High-level expression of human
immunodeficiency virus antigens from the tobacco and to-
mato plastid genomes. Plant Biotechnol J 6:897-913

H7]d (2010) LA E ARG B oA Babse
o] A3} 717, 554 E 7] % 7] 853 71 9.

http://www.ipet.re.kr/morgu/data_view.asp?seq=13&page=1&c
olumn=&keyword=&bo_tpcd=L&func=




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


