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From the Cover: Rapid high-vicld expression of full-size Izt antibodics in plants coinfected
with noncompeting viral vectors

Anatoli Giritch, Sylvestre Marillonnet, Carola Engler, Gerben van Eldik, Johan Botterman, Victor
Klimvuk, and Yuri Gleba

PNAS 2006,103;14701-14706; originally published online Sep 14, 2006;
doi: 10.1073/pnas. 0606631103

Monoclonal antibodies from plants: A new speed record

Andrew Hlatt* and Michael Pauly
Mapp Blopharmaceutical, fnc, 6760 Lusk Bowlevara, CT05 San Dvego, O& 92727

he medical use of mAbs has Table 1. Translent plant technology: The advantage of magnifection

ﬂ'mmgﬁi?jiﬁu? ”E;J;;_ Exprasslon system Tirmea to milligrarms of mak Tima to grams of mab

proved jn’l.;.a,f, far tm;tmcnt ramrnallan call culbura= 2—6 months 6-12 months
of transplant rejection. In addition to Trarsgenic animals =12 months =12 manths
immunosuppressive therapy, mAbs have  Stable trarsgenic plants 12 months =24 months
proven useful as treatments for theuma- — Magnifaction 14 days 14-20 days
toad arthritis, transplant rejection, in-
flammatory diseases, and a variety of

*Walues are based on direct quotes from contracd manufacturers,
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EppPoia- Avtiocopata- aMa PappakenvTika mpoiovta

Eppoia

Avaoovdoaopevn Ipoteivn

AvBpmriog
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Vibrio cholerae
Hepatitis B
Norwalk virus
Rabies virus

Zma

Foot and mouth virus
Porcine coronavirus
Mink enteritis virus
Canine parvovirus

enterotoxin B

CtoxA / CtoxB
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glycoprotein
VP2
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EppPoia- Avtiocopata- aMa PappakenvTika mpoiovta
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Table b. Examples of plant-based expression systems used for pharmaceutical protein production

System Protein Expression Company’

Stable nuclear transformation systems

Whole plant (cytosolic) HbsAg, vaccine [65] 0.007% TSP AltaGen Bioscience Inc. (potato)
collagen [66] 1 mg/g DW CropTech Corp. (tobacco)

Medicago Inc. (alfalfa)
Meristem Therapeutics (tobacco)

Cellular compartment  Vacuole scFv, hepatitis B [67] 0.032% TSP PlantGenix Inc. (notreported)
slgA/G [68] not reported
ER scFv, cutinase [69] 1% TSP Novoplant GmbH (tobacco)
scFv, T84.66 [70] 29 ug/g FW
scFv, ABA [71] 6.8% TSP
Apoplast IgG1[55] 1.3% TSP Epicyte Pharmaceutical Inc. (tobacco)
lgA/G172] 500 ngrg FW
IgG1, Fab [73] 13% ISP
Tissue-specificity Seed avidin [74] 6% TSP ProdiGene Inc. (corn)
hirudin [61] 1% FW SemBioSys Genetics Inc. (canola)
Applied Phytologics Inc. (rice)
Epicyte Pharmaceutical Inc. (corn)
IPT, Monsanto (corn)
Meristem Therapeutics (rape)
Tuber scFv, oxalozone [75] 2% TSP Meristem Therapeutics (potato)
Root IgM, RKN [76] 0.003% TSP
Fruit RSV-F protein [77] not reported

Exudate

Stable plastid transformation system
Chloroplast

Transient transformation system
Viral

human SEAP [62]
human SEAP [63]

somatotropin [78]

c-trichosanthin [79]

20 ug/g DW/day
2.8% TEP

7% TSP

2% TSP

Phytomedics Inc. {tobacco roots)
Phytomedics Inc. (tobacco leaves)
Biolex Inc. (duckweed)

Large Scale Biology Corp. (tohacco)

Abbreviations: DW, dry weight; ER, endoplasmic reticulum; F\W, fresh weight; ISP, intercellular soluble protein; TEP, total exuded protein;

TSP, total soluble protein.

*Companies sharing a row with a protein and reference are sources of this information.




Table 1 | Plant-derived pharmaceutical proteins that are closest to commercialization for the
treatment of human diseases

Product Class [ncication Company/Orgarization Crop Status

Various single- Antibody  Non-Hodgkin's Large Scale Biology Corp WViral vectors Phase |
chain Fv anti- lvmphoma in tobacco
bodyv fragments

CaroRx Antibody  Dental caries  Planet Biotechnology Inc. Transgenic  Phase 11
tobacco

E. vodf liesai- Vacdne Dart hoes Frodigere Inc. Tramszenic  Plase ]
labile toxin maize
Arntzen group Transgenic Phase ]
(Tacket et al, 1993) potato

(sastric lipase  Therapeutic Cystic fibrosis, Meristem Therapeutics Transgenic  Phase I
ENZVITE pancreatitis rmaize

Hepatitis B Vaccine Hepatitis B Arntzen group Transgenic Phase ]
virus surface (Richter et al, 2000) potato

i
NOas | &Tar<s o s I AN STETT

Polish Academy of Sciences  lettuce

Human Dietary Vitamin B12  Cobento Biotech AS Transgenic Phase Il
intrinsic factor deficiency Arabidopsis

Lactoferrin Dietary Castrointestinal Meristem Therapeutics Transgenic  Phase ]
infections maize

Morwalk virus  Vaccine Morwalk virus  Arntzen group Transgenlc Fhasel
capsid protein infection (Tacket et al, 2000) potato

Habies Vaccine Rabies Yusibov et al (2002) Viral vectors Phase [
glvcoprotein inspinach




Table 2. European companies and organisations active in molecular farming®

Company or
Organization

Plant hostis)

Products or Indications

Agrenvec, Spain
BASF, Germany
Bayer Crop Science,
BinScience, Germany
Cobento Biotech,
Denmark
CropDesign®

ERA Flantech, Spain

Fraunhofer IME,
Germany
Greenovation Biotech
GmbH, Germany*®
lcon Genetics AG,
Germany®

LemnaGene 5.4,
France®

Maltagen Forschung
GmbH, Germany
Meristzm
Therapeutics, France

MNovoplant GmbH,
Germany

ORF Genetics,
loeland®

Phyton Biotech,
Germany
Pharma-Flanta
Project, European
Community
PlantBio Products,
Spain

Flantechno SRL, Italy

Flanton, Germany
Plant Research
International, The
Netherlands

SunGene, Germany'

Syngenta, Switzerland

UniCrop Ltd, Finland

Brassica |viral expression)
Brassica, tabacco
Mot specified

Arabidopsis

Maize, rice
Protein bodies in most plant
tissues and species

Tobacco, corn, rice, wheat,
tomato, plant suspension cells
Moss

Tobacco, Micotiana benthamiana,

spinach, red beets

Lemna sp.
Barley, malt

Maize, tobacco

Tubers, rape seed, flax seed,
peas
Barley, lettuce

Flant cells

Maize, tobacco (various plants)

Chloroplast transformation

Rice, wheat, tomato, maize,
poplar, Agaricus, barley

Potato

Platform technologies

applicable in all plant hosts
(tobacco, potato, tomato, rice
and others)

Rapeseed, potato, tagetes,
Arabidopsis, tobacco and tomato
Safflower

Camelina sprouts

Contract manufacturing
Polyunsaturated fatty acids
Antibodies

Hurman intrinsic factor and transcobalamin protein

Contract manufacturing
Product-neutral productivity improvements

Antibodies, vaccines (injectable and oral administration),
enzymes for oncology and infectious disease

Monoclonal antibodies and other complex proteins

Interferon, somatotropin, restriction enzymes, single-chain
antibodies, monoclonal antibodies, antigens,
glucocerebrosidase, thaumatin, albumin, DNase, RMNase
inhibitor, insulin

Mot specified

Lactoferrin, lysozyme, human serum albumin, hepatitis vaccine,
edible vaccines

Gastric lipase (MERISPASE®), albumin, human collagen, human
lactoferrin, human lgA (x4), dust mite allergens, murine lgh
(monomeric) and human plasma proteing

Orally administered antibodies for animal health

Growth factors, proteases, antibodies and vaccines

Includes growth hormone-receptor antagonist for treating
acromegaly, cancer and diabetes
Antibodies and vaccines

Bioplastics
Enzymes, phytoremediation

Contract manufacturing
Antibodies as a model: vaccines for oral application and
targeted delivery

Secondary metabolites, for example, carotenoids and vitamins
for food, feed and health

Biopharmaceuticals for a range of indications, including
antibodies, enzymes and other protein therapeutics

Model proteins: monoclonal antibodies, immunoglobulin fusion
protein, human serum albumin, enzymes

®Spurces: [1,4) company websites (Box 2); “this company recently became afully owned subsidiary of BASF; “licence agreement with Bayer; “this com pany recently becamea
fully owned subsidiary of Bayer; *recently acquired by the US co mpany Biolex Therapeutics; leeland is not 8 member of the EU but belongs to the Eurcpean Economic Area;
Yjoint venture of BASF Flant Science, the Institute of Plant Genatics and Crop Plant Research.




Box 2. Useful links

Agrenvec: http:fwww.agrenwvec.es

Arizona State University: hitp:fwww.asu.edu/

BASF: http:/fwww.corporate.basf.com/en/produkte/biotech/
plantscience/pflanzenalsfabrik

Bayer Crop Science: hitp://www.bayercropscience.com

Biolex Therapeutics: hitp J/www.biolex.com

Biotechnology Industry Organization: http:fwww.bio.org
Canadian Food Inspection Agency (CFIA}: http:fwww.inspection.
gc.ca

Cobento Biotech AS: http/fwww.cobento.dk

CropDesign: http:/fww.crop design.com

Dow Agro Sciences: hitpz/iwww.dowagro.com/news room/
corporate news/2006/200601310.him

Environment Protection Agency (EPA): hitp:/www.e pa.gov/
ERA Plantech: http:{fwww.erabiotech.com

EuropaBio: http:/fwww.europabio.org

European Food Safety Authority: hitpdfwww.efsa.eu.int
European Plant Science Organisation: http://www.epsoweb.org
Fraunhofer Gesellschaft: http:/www. fraunhofer.defha/EN/
Fraunhofer IME: http:/www.ime. fraunhofer.de

German Parliament: http:/fwww.bundestag.de

Greenovation Biotech GmbH: htt p:fwww.greenovation.com
lcon Genetics AG: hitp:fwww.icongenetics.com

Institute for Prospective Technology Studies: http:/Anww.jrc.es
International Alliance of Patients® Organizations: http:fwwae.
patientsorganizations.org/

Large Scale Biclogy Company: hitp:/f/www.lsbc.com
LemnaGene S.A.: http:/fwww.lemnagene.com

Maltagen Forschung GmbH: http:/fwww.maltagen.de
Meristem Therapeutics: hitp:.fwww.meristem-therapeutics.com
National Corm Growers Association: httpJ/fwww.nega.com/
Novoplant GmbH: hitp:fwww.novoplant.de

Office of Technology Assessment at the German Parliament:
httpy//fwwwy.tab.fzk.de/home_en.htm

ORF Genetics: htt p:fwww.orfgenetics.com

Pharma-Planta Project: http:/www.pharma-planta.org

Phyton Biotech: http:/iwww.phytonbiotech.com

Planet Biotechnology: http:/Asww.planetbiotechnology.com
Plant Research International: http:/fwaww.priswur.nl

PlantBio Products: hittp:/\www.planthioproducts. es

Plantan: httpy/www.planton.de

SemBioSys Genetics Inc.: http//www.sembiosys.ca
Sigma-Aldrich: http:/fwww.sigmaaldrich.com

SunGene: httpd/www.sungeme.de

Syngenta: http:/fwww.syngenta.com

UniCrop Ltd: http:/fwww. unicrop.fi

United States Departrment of Agriculture (USDA): http:fwaww.
usda.gov

Ventria: h ttp://wwaw.ventria.com
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Genetic engineering technology [4-9, 65-67]

Agronomical elite line transformation [4,5]
Transgenes expression contral [8]

Site-specific integration and genes stacking [7-9)
Plastid transtormation [65]

Male sterility [66]

s

tress tolerance [39-52]

Effector genes [43,49] (SOD,
insacticidal proteins)

~,

Starch composition [15-19]
Starch enzymes [15-18]
Amylopullulanase [19]

Transcription factors [51,52] (DREB/CEBF)
Signal fransduction [41,42,45—458] (MAPK)
.,\_Hegulalian [50] (miRMNA)

Cell wall composition [20-27]

Biomass Caffeic acid o-methyltransferase [23,24]

Photosynthesis [53-60] WL, | properties

CQ, fixation [53,54] (FEPC)
Calvin cycle enzymes [55, 56]
Flant architecture [57] (brassinosteroids)

Grain yield [61-64]
Sink strength [61-64] (AGF)

Biofuel

Specific cytochrome P450 enzymes [26]
p-Courmarate 3-hydroxylase [27]

Biomass conversion enzymes [28-32]

Glucanase exprassion [29-31]
Expansin [32]

Current Opinian in Bicdechnolagy
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Depending on the
bioresource and
isolation method-
ology, molecular
welghts for native
lignin have been

| reported from
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{778)] to 8300 [in
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g mol', which are
derived from C8
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| described in Fig. 2.
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Expression systems for the production of biopolymers in plants:

+ Ubiguitous expression and
expression of transgenic

proteins in storage organs (e.g. tubers, seeds)

« Accumulation in ‘optimal’
compartments (e.q. ER, chloroplast)

« Production of plastic-like biomaterials
in chloroplasts and peroxisomes
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Protalix Biothea.utics

http://www.elelyso.com/how-elelyso-is-made
ELELYSO™ (taliglucerase alfa):

FDA 2012, Pfizer 1 Avkooepefpooiodon yia Ocparcio
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pPEAQ Multiple cloning site:

Pacl-Asel-Stul-Xhol-Shfl-Mfel-BrZ 1 T1-Avrll- BspEl- A gel-SnaBl-Smal- Ymal- A scl- A a8 1- Ml - Fre

RBE Cmp— 8 [ pv | [ NPT | pEAQHT

TriA
PEAQexpress
ColEl PEAQsclectK
[ P13 | [ NPTII | pEAQspecial K
- [ 1 [ P19 | [ NPTIL | EAQ-HT-DESTI
NPTII PEA T ST
DEST3
pEAQ-HT polylinker:  Agel/Nrul - 6xHis - Xmal/Smal - 6xHis - Xhol/Stul
B ]
pMS1B-SINT-1 () [ WP [ L s HII
t } t ¢
Pad BspHI Stal Arel
[ ]
pMEI-FSC2 pME1-FSC3 pMBI1-FSC4 pMBI1-FSCS pMB1-FSC6
} ¢ 4 ¢ ¢ 4 ) } } ¢
Pad Ascl Pacl Pad Ascl Asd Pad B Sl Ascl
—— viral UTREs l:l noy terminator

I:‘ CaMV promoter B PEAQ-HT polylinker




