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1. Production de protéines recombinantes

Pourquoi des protéins en thérapeutique?

Certaines cibles (récepteurs) ne répondent qu'a des effecteurs de structure plus
complexe que des molécules «simples » issus de la chimie:

— Coagulation et facteur VIl
— Croissance et hGH
— Glycémie et insuline

Nécessité d'avoir recours, en thérapeutique, a des macromolécules, le plus
souvent des protéines
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Anticorps

 Protéine =
— structure complexe
— Non accessible par la chimie de synthese
— Extraction
e Tissus/fluides animaux
e Tissus/fluides humains

e Limitations pour |'approvisionnement :
— Accessibilité /disponibilité

région variable de régions hypervariables
de la chaine lourde

— Barriere d'espece

A /'/ hypervariables
' |

site de
combinaison
antigénique

— Sécurité (micro)biologique

* Nécessité de nouvelles sources ? v 4

— Recours au génie génétique et OGM
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Production de protéines en milieu confiné:

* organismes:
— bactéries,
— levures,

— cellules de mammifere (eg. CHO,
‘Chinese hamster ovary’ cells)

 Milieu: systemes clos
— Fermenteur
— Cytoculteur

* Production : protéines médicaments (voir
liste)
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Exemples de protéines recombinantes

commercialisées depuis 1987:

e Hormones * Coagulation
— Hormone de croissance — tPA
(somatropine, hGH) — E VI
— FSH, LH — FE.VII
— Insuline — E IX
— Glucagon — Hirudine
* Cytokines « Anticorps monoclonaux
— Interférons (alpha, beta, — Diagnostic (anti-CEA)
gamma) — Anti-TNF
— I(r;’lcre)rT;e)ron consensus _ Anti-Lymphocyte
— CSF (G- ; GM-) * Divers
— 12 — Vaccin hépatite B
— EPO — DNAse

Erythropoiétine
(EPO)

Hormone de
croissance

Anticorps
monoclonaux



Avantages

Inconvénients

1. Production de protéines recombinantes

Procédés de production maitrisés
— Reproductibilité / homogénéité
— Systeme clos

Modifications post-traductionnelles variables selon I'organisme producteur

— glycosylation (ajout de sucres a des protéines qui dépendent de
I'organisme)

Volume/quantité de production limité

Colt élevé

— Investissement important
— Développement long

— Rendement +/- faible



Organismes producteurs de médicaments en
systeme ouvert: les animaux transgéniques

1. Production de protéines recombinantes

Vache, chevre, brebis, souris, cochon, lapin...
Elevage en étables controlées

Protéine purifiée a partir de tissu/fluide animal
(ex. lait)

Example: Antithrombine Il
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Animaux transgéniques

Avantages
e Modifications post-traductionnelles des protéines similaires a I’lhumain
e (Capacité de production relativement importante

— Récolte facile (lait)

— Rendement intéressant

Inconvénients
e Sécurité virale
— Barriere d’espece?
e Risque de contamination
— Biologique
— Physico-chimique
e Développement difficile
— Maturation animale longue
— Clonage?
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Organismes producteurs de médicaments en
systeme ouvert: les plantes transgéniques

Mais, tabac, tomate, pomme de terre, luzerne,
colza...

Culture en serres ou en plein champ

Pas de médicament encore commercialisé, mais SME*)
de nombreux en cours de développement ‘

Examples:

- Albumine humaine, glucocérébrase humaine,
Lactoferrine, Lipase gastrique

- Vaccins et Anticorps recombinants (Medicago
Inc., Planet Biotechnology Inc.)
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Plant molecular farming - Examples de companies

Corporate | Technologies | Manufacturing | Products | Investors | News Paﬂnershiusj Medicago USA

why Plants? why Proficia? why VLPs?

FOR PROTEIN PRODUCTION FOR EXPRESSING PROTEIN IN PLANTS FOR VACCINE PRODUCTION

Francais HOME CAREERS TEI CONTACT US

Planet Biotechnology

From the lab... .. tothe field. . o the clinic.

A Clinical Stage Company

Discovering, Developing and Commercializing

New Antibody-based Therapeutic and Preventative Products

Through Cultivation of Genetically Modified Green Plants
To Meet Significant Underserved Medical Needs




Table 2
Examples of the three classes of recombinant proteins being produced using plants.

Classification Recombinant proteins Plant expression platform References
Therapeutic proteins  Antibody: anti-West Nile virus maAb Hu-E16%, Nicotiana benthamiana Lai et al. (2010), Maet al. ( 1998)
Guy's 13 SlgA [ CaroRx)"
Vaccine: HSMN1, HIN1* M. benthamiana Shoji et al. (2008, 2011)
Therapeutic enzyme: glucocerebrosidase® Carrot suspension cells Aviezer et al. (2009a, 2009b)
Blood protein: human serum albumin® Potato Sijmons et al. (1990)
Cytokine: interlukin-12 Tobacco hairy roots Liu et al. (2009]
Growth factor: human epidermal growth factor  Tobacco tissues Parsons et al. (2010)
Growth hormone: human growth hormone' Tobacco chloroplast Staulby et al. (2000)
Oral therapeutic: human intrinsic factor® Arabidopsis thaliana Fedosov et al. (2003)
Industrial enzymes Cellulase Com Hood et al. (2007, 2011)
[’;—glucumn[dase" Com Kusnadi et al. (1998)
Tryps[n" Com Woodard et al. (2003)
Avidin® Com Hood et al. (1997), Murray et al. (2002)
u-ﬂmyhse‘ Com, tohacco Pen et al. (1992)
Laccase Com Hood et al. (2003)
Biopolymers Spider silk proteins Tobacco, potato, Arabidopsis Menassa et al. (2004), Scheller et al. (2001), Yang et al. (2005)
Elastin-like polypeptides Tobacco Conley et al. (2009)
Cullagensj Tobacco, corn Ruggiero et al. (2000), Xu et al. (2011h)
Flant gum Tobacco suspension cells ¥u et al. (2005)
4 Recent on commercial route,
H]

Phase [l clinical trial completed by Planet Biotechnology; approved for use in the EU, but not marke ted.

Phase Il and phase [ clinical trials for H5N1 and H1M1, respectively, completed by Medicago with positive results.

Phase IIl clinical trial completed by Protalis; the first plant-made therapeutic protein entering commercial sector; FDA approval pending.
First complex human protein expressed in plant

Early demonstration of high-yield protein expression in plant chloroplast.

£ Phase Il clinical trial completed by Cobento Biotech AS: Marketed in the EUL

" Sigma Aldrich products come as research enzyme or drug.

' Recently (Feb, 2011) commercialized by Syngenta.

I Under preclinical development by Medicago and Meristem Therapeutics.

" oEon

Xu et al, 2012 (Biotechnology Advances 30)
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Plantes transgéniques

Avantages

Capacité de production importante

Colit / rendement attractif

Sécurité virale accrue

Production simple dans tous les pays

grande uniformité de production (clonage naturel)

Inconvénients

Glycosylation et modifications post-traductionnelles
Parametres de culture non maitrisables
Risque de contamination

— Biologique (bactéries du sol)

— Physico-chimique (sous produits de la plante)
Risque de dissémination (pollen)?
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Comparatif des systemes d’expression

Table I, Comparizon of features of recombmant protein production in plants, veast and classical systems

Tramsgemze Flant Waast Bactera Mammahan Tramsgemc
plants Vinuses cell cultures amimals
Cost/storage CheapET Cheap/—20°C | Cheap/-207C  Cheap/'-20FL emgensmeT;  Expensive
Dhstribution Easy Easv Feazible Feazible Difcult Difficult
Zene size Mot limated  Limdted Unknown Unknowm Liyuted Limited
Clveosylaton Comrect’ 7 "Comect’ 7 Incomect Absent ‘Comect’ ‘Coract’
Multimerie protein Was Mo Mo Ho Ho Tes
assembly [SlzA)
Production cost Lo Low ladnamy Madivan High High
Production scale Worldwide — Worldwide Limatad Limuted Limited Limutad
Production vehecle s ez s {5 Yes Was
Propagation Eazy Faasible Eazy Eazw Hard Feasible
Protein folding High? High 7 Madinm Lonar High lugh
acouracy
Protein homogeneity | High 7 hednm Madinm Low Mediim Low
Protein vield Hish Very lugh Hizh Mediim Medwm-ligh  lugh
Public perception High High Iladmmy Lowar Mediiom High
of ‘n=k’
Safety High High Unknowm Lowr Mediiom High
Scale up costs Lowr Low High** High** High** High
(umlmited bicmass)
Therapeutic m=k* Unknowm Unknown Unknowm ez Tes Tes
Time required Madinm Low Madim Lonar High High

¥ _residual voal sequences, oncogenes, endotoans; ** — large, expensive farmenters ete; 7 —nclear.

Fischer et Emans, 2000 (Transgenic Research)
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* Criteres de choix - a colt équivalent - des systemes de production de
protéines recombinantes :

- du type de protéine a produire (organisme d’origine, facteur soluble ou pas...)
- du rendement a atteindre (petite versus grande échelle)

- du niveau de pureté nécessaire, des possibilité de stockage,...

* Succes commercial de la production de protéines recombinante dépend:

- des considérations économiques: colt de la production (dépend du
rendement) et colt de I'extraction/purification (‘downstream processing’)

- de la technologie: efficacité, facilité de mise en place, ‘scalabilité’, etc...
Mais aussi....

- des aspects de propriété industrielle, de la facilité de dé-régulation (sécurité
biologique) et de mise sur le marché

- du risque percu/de |’ acceptation par l'opinion publique!



2. Production de protéines
recombinantes chez les plantes
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Expression stable ou transitoire utilisant
Agrobacterium Tumefaciens

Transfert naturel de I'’ADN-T par Agrobacterium tumefaciens

h{rlclion:luulldﬂ lnnrllnn de 'ADN-T
nitkvése

.'.' \II d opines Expression
| r dao la virulence :
l |. diveloppement

Vettour | dela gale

Biologiqus .u._nu T b, Q\ _/ du collet

Agrobacterium rarsfé eal pl nte

tumefaciens

Transfert naturel de la construction génétique par Agrobacterium tumefaciens

Plasmide T Insertion
d"Agrobact “"'"-"" de la construct fiam
gt nétigue

mmmmmm o
de la constructi
Gupmmae wﬁ};um génétique
_____:_=.:_¢'f- “"m ._.:.«=-'*':ﬁ- g,
i T T ']I Expression
'| du gine
L | (& It diinuérét
Vectour i y 1 —
biologique e 4 B

Agrobacterium Tra s'i'¢r1 de
3 0 tumefaciens transformé la construction génétique
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Expression transitoire utilisant des vecteurs

viraux réplicatifs
TRBO: A High-Efficiency Tobacco Mosaic Virus
RNA-Based Overexpression Vector!!Cll0Al

John A. Lindbo*

Department of Plant Pathology, The Ohio State University /Ohio Agricultural Research and Development

Le virus est introduit par Agroinfection Il reste confiné aux feuilles inoculées
»

. ™
Ropicase puL 24

wE Pacl--Avrll--Notl
_ FDF’—)
Replicase }&LT_[I pJL TRBO
358
Pacl Notl
Replicase P | pJL TRBO-G
358
povee pCB 35SGFP
358
pJL3:P19
35S
Figure 1. Maps of plasmids used in this project. The T-DNA regions of Flgure 4. TRFO-G FEP|IICE)H does not ITIF)\-’? systemu:lally . plants. F,jne
binary plasmids used in this project are represented. Block arrow, CaMV leaf of an N. benthamiana plant was infiltrated with A. tumefaciens
duplicated 35S promoter. Black box, CaMV polyA signal sequence/ carrying p]]_24 or p]]_-TRBO-G plasmids. Plants were photographeci
terminator. Dark gray box, Tobacco etch virus 5'-nontranslated leader under UV |ight to visualize the GFP expressed by either expressit)n

sequence. Light gray box, Ribozyme. Bent arrows, Subgenomic pro-
moters. ORFs are represented by white boxes. Identities of ORFs are
labeled in white boxes. Replicase, TMV 126K/183K ORF; MP, move-
ment protein; P19, 19-kD RNA-silencing suppressor gene from Tomato
bushy stunt virus.

vector. [See online article for color version of this figure.]
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Optimisation : Augmenter le niveau
d’expression

* Promoteur:

- 35S pour les eudicots; Ubiquitin + introns
pour les monocots

- regulés/induits vs constitutifs

* Codon usage

* Combattre le RNA silencing:

- mécanisme de dégradation spécifique de
séquence de I'’ARN

, activé par I’ARN double brin et ARN

« aberrants »

- protection contre les acides nucléiques
invasifs (virus, transposons, transgenes)

transposon  virus  transgene

dsRNA [ T AT g

ATP
N DicER-ike
RMNase |l complex
ADF'+F|-(—//:, P

([ ™
P O
A i oo IR ™
SRNA T, :
HO

|

siRNA/protein
complex [ oH
ATP .
siRNA
ADP+, unwinding

Activated RISC
{(RMNA-induced
silencing complex)

sequence-specific
target recognition
mRNA

mRMNA degradation
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Combattre le RNA silencing

Des UTR viraux et I'inhibition du RNA silencing permettent une expression
transitoire trés élevée (> 1g/kgFW)

Plant Biotechnology

Journal

Plant Biotechnology Journal (2009) 7, pp. 682-693 doiz 10.1111/].1467-7652.2009.00434 x

PEAQ: versatile expression vectors for easy and quick
transient expression of heterologous proteins in plants

Frank Sainsbury®, Eva C. Thuenemann' and George P. Lomonossoff*

Department of Biological Chemistry, John Innes Centre, Norwich, NR4 7UH UK

(a) .  PpBD-FSC2- :
pBINPLUS o pEAQ

SRS 2L

Poac ] Ascl Mhe 1
A Ese 1 Fi 1

iCPalV UTHRs
P19: protéine virale
seéquestrant les siARNs
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Optimisation : Adressage des protéines

Transgenic Research (2005) 14:313-324 © Springer 2005
DOT 10,1007 511248-005-0272-5

High vield recombinant silk-like protein production in transgenic plants
through protein targeting

(a)

Fusion Structure Target
protein compartment
DP1B [T Cytosol

DP1Ba [IIIIIIIIIIIININNH  Apoplast

DP1Be [ImmmmmmmmmmmnmHEE ERlumen

DP1Bv [CCOmmmmmmmH— Vacuole
(c)
Construct Number of Yield range Average yield Productivity
plants (% TSP) (% TSP) (fold)
cytosol PGY411 4 1.1-1.4 1.2 1
Apoplaste pGYV511 5 None None None
ER lumen pGYV512 25 1.8-18 9.4 7.8

vacuole pGYV513 6 4.8-8.2 6.5 5.4
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Optimisation : transformation chloroplastique

Interét de la transformation génétique
chloroplastique:

-10.000 copies d’ADN chloroplastique par cellule,
vs 2-6 pour le genome nucleaire

- Niveau d’expression élevé: 40% des protéines de
la feuille

- Purification facilitée

- Pas de transmission par le pollen (L'ADN
chloroplastique est transmis par les gamétes
femelles)
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Technique de transformation du chloroplaste

Gene delivery

)
e
Selection

I

Regeneration

e 8 -

w

Additional rounds of selection
and regeneration

f

T

Gk
Shoot proliferation and rooting

@+

Plastid fransformation vactor

Geéne d’intérét

Séquences d’insertion
(identiques aux régions
d’intérét de ’ADN
chloroplastique)

» ADN chloroplastique

PIDMNA

A aad4d 2]

Transformed ptDNA

b

TRENDS in Bicteahnolagy

Apres bombardement des feuilles
avec I’ADN contenant le géne d’
interét et la  recombinaison
homologue (insertion) avec I'ADN
chloroplastique, on obtient une
plante transformée.
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Optimisation : modifications post-traductionnelles
(Glycosylation, carboxylation, lipidation)

Plants Mammalian
—Asn — Asn_ —Asn—

B GleNac N-acetylglucosamin

(O Man mannose
al 3-Fue fucose

<7 Pp1,2-Xyl xylose

.- al,6-Fuc fucose

® p1,4-Gal galactose

> Neu Ac N-acetylneuraminic acid

Figure 1. Typical N-glycan structuras of recombinant glycoproteins
produced in plant leaves ileft), seed endosparm imiddle and right) and
rarmmalian cells ifar right).

Peters and Stoger, 2011 (Human Vaccines)
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Choix du system d’expression:

Expression in leaves Expression in seeds

s Y4

Plant virus- Expression Nuclear Chloroplast
based vector-based transformation transformation

[“‘J

Nuclear m b

transformation ™, Q e

Chloroplast <
transformation o - %/ K

Microalgae

s Vil E o | i In vitro Cultured
Aquatic Plants Duckweed Plant Green Factory ZEAe BRE plant Cells/Tissues

Fig. 1. Various plant cell expression platforms for the production of recombinant proteins,

Xu et al, 2012 (Biotechnology Advances 30)
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Expression dans les feuilles:

> Tabac, luzerne (Alfalfa), soja, laitue...

Tobacco

* Technical Feasibility * Containment
— Transformation ability routine — Seed production typically prevented:
— Protein production in leaf tissue; chloroplast transformation reduces
medium level of expression dissemination by seed
— Glycosylation occurs with nuclear —  Minimum !4 mile 1solation distance
transformation; no glycosylation with — No wild relatives in most US planting
chloroplast transformation. reducing areas
flexibility of protein production — Seed dormancy in soil less than 2
—  Some IP 1ssues years
* Production Feasibility — Crop does not persist without
— Fair germplasm base available mtervention
— Tobacco is a more expensive crop to * EllVi_I'[_“““elltE!l impact: Driven by
grow specific protein
— Purification more difficult with * Food/feed impact
tissue-based production — Not a food or feed crop; non-target
— More by-product with tissue based species unlikely to feed
production — Food safety generally not established

— Risk driven by specific protein

@

BioTech Decisions
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Expression dans les graines:

> cereales: Rice, mais, blé; legumineuses: pois, soja

Rice

» Technical Feasibility

Transformation ability relatively
routine

Stable protein storage in grain; high
level of expression

Glycosylation occurs; high flexibility
in protein production

Intellectual property issues relatively
well understood

* Production Feasibility

Very good germplasm base available

Difficult to find US acres with food
concerns

Good economics of production

Ease of purification good if targeted
to endosperm

More limited by-product with grain

@

BioTech Decisions

 Containment

Primarily self-fertilized
Relatively lower separation
requirement

Presence of weedy red rice (relative)
must be determined. mitigated and
monitored

Seed dormancy in soil less than 2
years

Crop does not persist without
mtervention

» Environmental impact: Driven by
specific protein
» Food/feed impact

Primarily a food crop
Rice itself not a common allergen,
anti-nutritional or orally toxic

Risk driven by specific protein
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Expression dans les fruits/organes comestibles

> Production de protéines dans des organes
particuliers

- Exemples: Fruits (bananes, tomates), pommes de
terres)

- Facilités de récolte et de purification
> Production de vaccins oraux dans les plantes

- Ingestion d’antigénes produits par la plante
-> immunisation

- Faible cout, facilement accessibles dans les pays en
voie de développent
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Celllules de plantes, mousses, et algues vertes:

Biotechnol Lett (2010) 32:1373-1383
DOI 10.1007/510529-010-0326-5

REVIEW

Micro-algae come of age as a platform for recombinant
protein production

Elizabeth Specht + Shigeki Miyake-Stoner *
Stephen Mayfield

flagellum

Fig. 1 Chlamydomonas reinhardtii as a versatile recombinant
proiein  production platform. Protein expressed from the
chloroplast genome is accumulated inside the single large
chloroplast (a). The reducing environment of the chloroplast
allows for proper folding of heavily disulfide bonded proteins,
which is not easily accomplished in bacterial production
platforms. Protein expressed from the nuclear genome accumu-
lates in the cytosol (b), unless it is given an export signal
sequence. In this case, it is sent to the endoplasmic reticulum for
translocation and processing and then moves to the Golgi
apparatus for packaging and export to the extracellular media (c)

pyrenoid surrounded
by starch granules



Stable trafisgenic " platform Transiént expression platform Inwitro” platform

M?ﬂﬂﬁ. ages Mvamagaa ﬂd\“ﬂum es

L

Options for targeted seed- fruit- and/or leaf
biomass-based recombinant protein
production

High product yield
Rapid assessment of new gene products
Fast responsiveness and expandable production

High growth rate
Free of contamination by pathogens,
herbicides or pesticides

0 D 0O0C

0o
4
O Transgenic lines are readily scalable capacity ;
1 Cost-competitive (esp. at large scale) Comparatively inexpensive plant growth - Lnﬁ:rzniﬁgﬁzgag?;tgg}sd|mate e
1 Capital efficiency associated with expanding requirements relative to /7 wiro cultured cells 1 Easy protein separation & purification
production capacity Readily adaptable for co-expressing several genes , | ... regulatory concern
1 Chloroplastic targeting delivers high protein within a given plant O Consistent with current regulatory and
production levels approaching that of 1 Major target plants used are non-food/feed crops pharma industry frameworks
bacterial expression. thereby reducing regulatory risks of recombinant
U Low up-front capitalization costs products entering food chain.

U Greater containment and consistency compared to
field-grown crops

Chall&mas Ch_allgmag Ghal.lsnﬂas

“+ Production containment considerations and ** Integration of down-stream purification % Low protein yields

issues regarding agricultural practices processes required, including removal of “ Relatively unstable expression (cell
% Issues of gene silencing of nuclear targeted endotoxins associated with Agrobaclerium suspension culture)

transgenes limit production performance. < Possible presence of toxic alkaloids of % Difficulty in culture scale-up (hairy root
< Potentially long timeline from ‘event' to particular importance for oral delivery culture)

commercial production lines % Regulatory hurdles for recombinant “ Higher capital investment.

therapeutics,

Historically best studied platform for expressing Transient expression emerging as commercially In vitro cultures emerging as a more
foreign proteins in plants. competitive with significant cost-benefits. compliant platform than whole plants.

Fig. 2. Comparison of benefits and challenges associated with the three major types of plant production platforms. Because they are common to all plant platforms, the advantages
of plants over other production systems, e.g., eukaryotic protein processing, lack of human pathogens, scalability options, are not listed here.

Xu et al, 2012 (Biotechnology Advances 30)



Table 3
Comparisons of different expression systems.

Time for production®

Scalability

Regulatory compliance

Expression system Commercially viable species
Whaole plants

* Stable transgenic plants Corn, soy, safflower, rice

« Transient plants Nicotiana sp., lettuce

In vitro cultured plant cells and species

+ Hairy roots Nicotiana sp.
+ Cell suspension culture Tobacco BY-2, carrot, rice
+ Moss Physcomitrella patens

Aguatic plants

* Duckweed ([ closed system) Lemina sp., spirodela sp.

+ Microalgae Chiarmydomonas reinhardtii
Open system
Photobioreactor

Conventional bioreactor

3-6 months
2-7 days

14-30 days
7-20 days
14-30 days

20-40 days
20-40 days

14-30 days
7-20 days

Unlimited field culture
Greenhouse limited

20000 L
100,000 L
200L

10,000L
Limited by water surface area

10,000 L
200L

Difficul
Moderate

Easy
Easy
Easy

Moderate
Difficult

Moderate
Easy

* The time required to accumulate maximum amounts of recombinant proteins in a culture system after planting or bioreactor inoculation.

Xu et al, 2012 (Biotechnology Advances 30)



3. Production de Métabolites



3. Production de Métabolites

(antitumoral)

COOH
OH

Acide Salicylique

(Aspirine)
25% of all commonly prescribed pharmaceuticals are directly or indirectly (via
semisynthesis) derived from plants, (examples: paclitaxel, campthothecin, vincristine,

morphine, codeine, and steroidal hormones), representing a market value of over 40
billion € in western countries

Saule
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Production de substances médicalement actives
ingérées avec la plante

Example: le riz doré (golden rice)

-Carence en vitamineA (dérivé du caroténe)
chronique dans de nombreux pays

- +100 millions d’enfants -> cécité, maladies
infantiles

- Production de provitamine A

- Transformation du riz avec génes de biosynthése
des caroténoides exprimés dans le grain

- prometteur mais production encore insuffisante
(100 pg de Vit A pour 300 g de riz)



3. Production de Métabolites

Modifications métaboliques des plantes
ornementales

Modification du métabolisme des anthocyanes par transfert du géne
de la Dihydro Flavonol 3 Reductase (DFR) et de la flavonoid 3’5’
hydrolase de pétunia

- L]
[}
k 1 1
Florigene Moonaqua' Florigene Moonlite™ Florigene Moonvista™
&l

L+
&
FLORIGENE

FLeWERT



Pour approfondir...

* Twyman et al, 2003 (Trends in Biotechnology)

* Fischer et al, 2004 (Current Opinion in Plant Biology)
 Peters and Stoger, 2011 (Human Vaccines)

* Wilson and Roberts, 2012 (Plant Biotechnology journal)
* Obembe et al, 2011 (Biotechnology Advances)

* Special issue 2012 of Biotechnology Advances (30)

Molecular Farming: Plant-Made Pharmaceuticals and
Technical Proteins

Copyright @ 2004 Wiley-%CH Yerlag GmbH & Co, KGal,
W | Editor(s): Rainer Fischer, Stefan Schillberg
iy Published Online: 5 JUN 2005
: 111 PrintISBN: 9783527307864
N i Online ISBMN: 9783527603633
: Dol 10.1002/3527603638
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Expressions

Plant

Comparatif des systemes d’expression

. Transgenic || Animal Cell | Transgenic
System Yeast Bacteria viruses Plants Cultures Animals
Cost of inexpensive | inexpensive | inexpensive | inexpensive || expensive expensive

maintaining P P P P P P
Type of _2.0°C _2.0°C _2.0°C RT* N,** N/A
storage
Gene size
(protein) Unknown Unknown Limited Not limited Limited Limited
restriction
Production di di iah .
cost Medium Medium Low Low Hig High
Protein . . . . Medium to .
yield High Medium Very high High high High
Themg;‘f'c Unknown yes Unknown Unknown yes yes
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Comparatif des systemes d’expression

% 1) [ I — o

4 L s

O [ R T — o

R N I e e o
4 1 || QI

= [ I N . -
o I I I S R

0 1 2 3 4

Microbial
syslams

Plant systams

‘;’u ;‘ __.:I\'i"

Animal systems

Key
L LA

Microbial Animal Transgenic Plant cells Transient Transgenic Virus-infectad
cells cells animals plants clants plants
Transformation 100 mg 10 g pure protein Pre-clinical sudies GMP
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Figure 1. Pedormanee of plantbased producton systems in comparison to other commerncial pladorms for the produstion of recombinant proteins. Abbreviations: IND,
imvestigational new drug.

Twyman et al, 2003 (Trends in Biotechnology)



Probléme: comment introduire un géne nouveau dans toutes les cellules
d’'un organisme multicellulaire???

* La plupart des cellules végétales peuvent se développer
en plantes entiéres

* Soit en formant des embryons Totipotence
e Soit en formant des bourgeons

* Cette propriété n'est pas un artefact de culture, mais
existe dans la nature (boutures)

->Si on peut transformer

génétiquement une cellule on

peut espérer regénérer une plante

entiére

-> || faut maitriser les techniques

de culture et les conditions de regénératio
a partir de tissus des plantes que I'on veut
transformer

(A) (B)




Exemple: transformation génétique du tabac

gtne d'intérét  géne npril

——Tm

X Xz
% f O II Coculture

Agrobacterium \ Disques foliaires
2 \ de tabac

Transgénes intégrés
dans le noyau

I Sélection de cellules transformées

Prolifération des 3
cellules transformées >, __Cellules non transformées

Milieu + kanamycine N,

IV Régénération de plantes transgéniques
(vitroplants enracinés)

Milicu + kanamycine

Figure 1. Les étapes de la transformation génétique du tabac.

1: le vecteur de transformation est introduit dans une souche d’Agrobacterium tumefaciens ;
II: le transfert génétique a lieu au moment de Ia coculture ; Il : sélection des cellules
transformées ; IV : phase de régénération des plantes ; V : 'expérimentation au champ et la
commercialisation des plantes ne sont pas figurées, X, : géne d'intérét = gene de résistance
a un insecte ; X, : géne nptil conférant une résistance & la kanamycine.



Plus facile: transformation génétique d’arabidopsis
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Figure 4. Transformation génétique d'Ara-
bidopsis thaliana par infiltration.

Les plants d'Arabidopsis sont cultivés en
serre ou en phytotron. Dés que leurs
inflorescences présentent de nombreux
bourgeons floraux encore immatures,
elles sont trempées pendant 5 s dans une
solution contenant du saccharose, un
agent tensio-actif (Silwet) et la souche
d’Agrobacterium utilisée pour la transfor-
mation. Cette souche porte dans un vec-
teur de transformation binaire les génes
d'intérét et un géne de sélection confé-
rant la résistance a un herbicide, le Basta.
Les graines sont ensuite récoltées, et
sélectionnées aprés germination en pré-
sence de I'herbicide. Les plantes résistan-
tes de la génération T1 étant
hémizygotes, les transgénes intégrés
dans l'un de leurs chromosomes se
retrouvent, aprés méiose, dans la moitié
des gamétes produlits ; aprés fécondation,
on obtient donc un quart de plantes
homozygotes dans la génération T2.



Les agrobacteries hébergent de tres grands plasmides nécessaires a
La formation des tumeurs/chevelu racinaires

Figure 3. Organisation générale
des plasmides Ti a octopine (A) et
a nopaline (B).

LADN-T est encadré des zones de
bordure : BG, bordure gauche et
BD, bordure droite (plasmide
pTiC58). Le plasmide & nopaline
(pTi15955) posséde deux parties
distinctes dans FADN-T, une partie
gauche (TL) et une partie droite
(TR} qui sont transférées de
maniére indépendante dans la cel-
Jule végétale. vir: région de

A B virulence ; noc acc, et occ : régions

portant le catabolisme de la nopa-

. . . line, de lagrocinopine et de

A. TU m efaC|e nS -> pl aS m |de Tl I'octopine ; tra et trb : régions por-

tant les fonctions de conjugaison.

Nopaline BG GGCTGGCTGG TGGCAGGATVATATTGTGGTGTAAA CAAATT
Nopaline BD TATCAGTGTT TGACAGGATATATTGGCGGGTAAA CCTAAG
Octopine ADN-TLBG GECGGCAGCGG CGGCAGGATATATTCAATTGTAAA ATGGCT
Octopine ADN-TL BD TGATGCTGAC TGGCAGGATATATACCGTTGTAAT TTTGAG
Dctopine ADN-TRBG T GAGAAAAGG TGGCAGGATATATCGAGGTGTAAA ATATCA
Octopine ADN-TRBD T GATGACTGA TGGCAGGATATATGCGGTTGTAAT TCATTT

Séquence consensus Tik TG- - - - - - G- TGGCAGGATATAT- - - G- TGTAAA - - - - - -



Modification des plasmides Ti pour transférer des génes
-délétion des genes responsables de la croissance tumorale
-Délétion des génes de synthése d’opine

-Addition d’un géne sélectionnable (résistance aux antibiotiques
ou herbicides)

- Séparation en deux plasmides -> systeme binaire




Production:de I'ordre du gramme de protéines recombinante
par kg de tissus inoculé

(b)
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Fgure 3 Expression kevels from pEAQ and its derivatives compared with the parent plasmid pBINFLUS. 1 : 2 = constructs infiltrated at half the
standard OD600; and * = constructs co-infiltrated with P19. (a) Leaves visualized under LV light, (b) Coomassie-stained 12% SDS-PAGE with
malecular weight size markers indicated, and ic) spectrofluorometric analysis of GFP expression where alues represent 6 samples from 2 separate
experiments £ SE




Purification des protéines par chromatographie d’affinité
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Rapid Transient Production in Plants by Replicating and
Non-Replicating Vectors Yields High Quality Functional

Anti-HIV Antibody

Frank Sainsbury'**2, Markus Sack?, Johannes Stadlmann?®, Heribert Quendler*"®, Rainer Fischer®>,

George P. Lomonossoff’
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Table 1. Purification of ““Y2G12 and ""2G12 variants from infiltrated tissue.

mg recovered/kg of

2G12 variant Leaf mass (g} Extract volume (ml) 2G12 conc. (ug/ml) 2G12 yield (mg) % Recovery fresh weight tissue
MY G12HL 176.0 485 537 26 73% 10.8
HT2G12HL 134.9 435 2057 9.0 79% 52.6
CPMY3G12HEL 105.9 315 12.75 4.0 71% 26.9
AT3G12HEL 85.6 290 36.56 10,6 85% 105.1
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Plant based HIV-1 vaccine candidate: Tat protein produced in spinach
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Table 1
Immunoreactivity of the plant-produced Tat in a Western-blot assay tested
against a panel of available Tat-specific monoclonal antibodies
Utilisation d’'un vecteur viral MAb Original antigen Reactivity with TatCP
rép|icatif ABI #161 aa 1-16 ++
#151 aa 1-16 +H—
#4138 aal-15 +-
NT8ED1 S8 Whole tat +-
NT7TD51 Whole tat —

NTT4A48 Whole tat +H—




Transgenic Res (2011) 20:271-282
DOI 10.1007/s11248-010-9415-4

ORIGINAL PAPER

Transplastomic expression of a modified human
papillomavirus L1 protein leading to the assembly
of capsomeres in tobacco: a step towards cost-effective

second-generation vaccines
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Quelques applications de la transformation du chloroplaste

La résistance au glyphosate

Le Glyphosate est un puissant herbicide avec un
bas impact environnemental, utile pour éliminer les
plantes infestantes d’une culture résistante.

Daniell et al. (1998) a transformé avec succes des
plantes de tabac avec un gene de résistance au
glyphosate inséré dans le génome du chloroplaste.
Les plantes sont résistantes et le gene ne peut pas
étre transféré par le pollen a des autre plantes.

Résistance aux insectes grace a la toxine Bt

Les toxines du Bacillus thuringensis (Bt) sont
toxiques pour les insectes apres ingestion (mais
elles ne sont pas toxiques pour les animaux). Kota
et al. (1999) ont vu que I'expression de la toxine Bt
dans les chloroplastes de plante porte a une
mortalité élevée des insecte en protégeant les
plantes des attaques. En plus I'expression de la
toxine est localisée dans les feuilles et absente
dans le tissus (fruits, grains) qui sont mangés par
les animaux.




Optimisation : Glycosylation
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TRENDS in Blalechrology

Figure | Examples of AHiinked aligosaccharide groups found in plant glycoproteins. (a) High-mannose type (dots indicate unceriam hnkage anchnecture). (b} Shon-
chain complextype. (o] Long-chain complex type. (d) Hybrid type.

Twyman et al, 2003 (Trends in Biotechnology)



La production de nouvelles protéines a aussi un interét en amélioration des plantes

(A) (B)

Endotoxine de Bacillus thuriengensis (Bt)
-protoxine clivée dans l'intestin moyen de l'insecte
par protéase + pH alcalin

-se fixe a des sites de l'intestin

-ulceration, perte d’appétit

-Rupture des cellules, mort des larves




Tahle 1 Recent successes in Shempeadc protein prodacton in algas

Cene ex pressed Farction Expression level achieved Applicason Soare

HEWE-lac First mammalian pmiein exgressal, Dedeciahle Pharmaceatcal Mayfield ed d. (3005,
midhady

CTH-VFI Chaolera wmin B saban fased o fool and % TSP Vaccine Sam e al (2003}
momh disesme VP

HESVE-mcFv Dassic single-chain anghady 0.5% TSP Prarmaceatical Mayfield ed o (3005,

hMT-2 Haman medalloghiomne2 Dedaciahle Pharmaceatical, UNV-profecton Zhang ed al. (20046)

hTRAIL Haman samor necmsis fador-related ~ [L6T % TSP Prarmaceatcal Ymng et al (2006
mpaptos s-indadng ligand (TRAIL)

M-5AM Bavine mammary -smsaciated ssram ~ 5% TSP Thempeatics, oral deliveny Mamael] et al. (207}
amy koicd

CSFV-E2 Swine fever visas E2 viral pmtein ~ 2% TSP WVaccime Heet d. (30T}

hiGADGS Ciahetes-assadated anmomS gen raman ~ (%% TSP DMagnostics and therapeatics Wang et al (2005}
ghitamic acid dearhoxylase 65

ARSZ-crBpo-hish Haman eryhropoietn fusad o ARSZ 100 pugd caliare Prurmaceatical, protein expon EichlerStahlherg et al {2005}
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HIKTC Falldength gl Faman monockmal L01% dey algal hiomass Thempeatcs Tran & al {2009)
miabady agamns andmax pmiecdve
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IgG1 Muodne and haman antbhodies Dedeciahls Thempeatcs Tran a al {2009
{LC and HC}

VPR White spot syndrome vinme profein 28 ~ 105% TSP Vaccine Swreycki et al. 2009

CTR-Ix2 2 fibronectm-binding domamn of 0. 7% TSP Oral vacine Dmesen & al (3010}
Raphykcooas prreas fased wid the
cholera toxin B subang

1INFE, 14FN3 Doamains 10and 14 of baman fibronectn, 14FNE: 3% TSP Thempeatics Rasala ed al. {2010}
potendial andibody mimics 10FNE: dedeciahle

M-8 Ad-Imerferan [il Muliple sclerosis Teatment fased 1o Dedeciahle Thermpeatcs Rasalaed al. (2010)
MEan

Py e Bin Hlond sagar level-regalaging honmone, Dedeciahle Thermpeatcs Rasala et al. (2010)
tope | diahedes Featment

VEGF Haman vascalar endothelid growsh factor % TSP Thempewtics Rasala ed al. (2010}
iwaform 121

HMGE] High mahilty gromp protein B I 5% TSP Thermpeatics Rasala et ol (20100)




Table 2. Salected pharmaceutical protems exprassad in ransgemce plants

Tear  Protem Transformed species  Fefaence
1986  Fuman growth hommone N, tabacum (Barta et al., 1986)
H. awnis
1960  Human serum albumin N tabacum (Simens et 2L, 1990)
5 rmuberozum
1983 Humean epidermal growth facter M rabacum (Higo et al., 1993)
1984 Trout growth factor N rabacum (Bosch et al., 1984
1964 Human «-mterfaron O sama (Tl et al, 1994
1995 Himdin N tabacum (Parmenter ot al. | 1955)
Suzpension cells
1995  Erythropostin N tabacum (Matsumeto ot al | 1995)
Suzpension cells
1996 Glucocerebrosidase, hnman N tabacum (Cramer et al., 1996)
protein O serum proteasze
1987 Humen o and f hasmoglobm N, rabacum (Dreryek et al, 1997)
1987 Homen mscarinic N, rabacum M etal, 1997)
cholimergic raceptors
1967 Munme granvlocyte-macrophaze M fabacum (Lee et al, 1997)
colorry stimulatng factor
1988 Interlenkm-2 and Interleukm-4 N, rabacum (Mazmzon et al., 1998)
Suspension cells
1999  Human placental alkalme N tabacum (Borisyuk =t al, 1999
phosphataszs Fluzosecretion
1989 Huomean ol-antypsm 0. zarva (Terazhima et al , 1999
Suspension cells
2000 Flumean growth hoomone N, tabacum (Leate et al., 2000}
(zomatotrophor) seeds
2000 Human growth hormone N, rabacum (Staub et al., 2000)
(zormatotrophory Chleroplazs

Fischer & Emans, 2000 (Transgenic Research)



Table 3. Fecombmant antibodies expressed m hansgenie plants

Year  Antbody Antigen Flant Cellular Transformed Rafarence
format oIgan location spacies
1939 I=G1 Phosphonate ester Leaf ER N tabacum (Hiatt et al., 1989)
1960  I=M WP hapten Leaf EF. ehloreplast N tabacum (Drining =t 2l., 19500
1961 Vg domain  Substancs P Leaf Intra- and N, benthamiaria (Bemvenuts ot al, 1991)
(nemeopeptide) =etra-cellular
1992 scFv Plytochrones Leaf Cytozol N tabacum (Crwen et al., 1992)
1993 I=G1 Hhuman Leaf HMuclealus N iabacum (De Meve ot al, 1953)
Fab creatine kinase A thaliona
1993 scFv Plytochrones Leaf Apaoplast N, mabacum (Fuek et al., 1993a)
1993 seFv ACY Leaf Cyiosel N benthamiana (Tavladerak et al., 1993)
1994 I=G Fungal cutinase Foot Apaplast N tabacum (van Engelen et al, 1994)
1984 I=G1 Septococcur Leaf Apaplast N, mabacum Mz et al., 19594)
mutans adhesin
1985 I=zAG Smeptococcur Leaf Apaplast N, rabacum (M= =t al., 1995)
mutans adhasin
1995 I=G TRV Leaf Apoplast N tabacum (Vozz et al, 1995)
1996  scFv Cutinaze Leaf ER N, mabacum {Schowren et al., 1996)
1996  I=M REN secretion Leafroot  Apoplast N tabacum (Baum et al., 1996)
1996 scFv NYVV Leaf Apoplast N benthamiana (Facker ot al, 1996)
1996  seFv Hhuman Leaf Cytoplasm N tabacum (Bruyms et al, 1996)
creating kinass EF.
1996 I=2Gl Human Leaf Apoplast A thaliona (D Wilde et al., 1996)
Fab creatine kinase
1997  =cFv f-1.4-=ndoglucanzse  Root Cytosel 5. mberozum {Schouten et al., 1997)
1997 =cFv Oreazolone Laaf ER N, rabacum (Fadlar 2t al., 1987}
1997 seFv Abseisic acid Leaf ER N tabacum (Fiadler 2t 2l., 1987)
1997 seFv Abseisic acid Seed ER N tabacum (Plullips et al., 1997)
1997 scF-IT CD-40 Plant Apoplast N tabacum (Francisco et al., 1997)
tizsne cultire
1998 seFv Orazolone fuber ER 5 tuberozum {Artsaenko et al., 1998)
1998  Humamesd HSV-2 Plant Secretory Glycine mar (Zerthn et al., 1998}
I=G1 pathwray
1998 seFv Dihydro-flavonal Leaf Cytasel P hybrida {De Jasger at 2l | 1998)
4aeductase
1995 I=G Human IzG Plant Apoplast Medicago sarha (Khoudi et al, 1999)
1999 =cFv CEA Laaf Tranzient exprassion N tabacum (Vagquero et al., 1959)
1999 seFv Tosporiiuses Plant EE, apoplast N bemthamiana {Francon: et al, 199%)
199%  br-zeFv TRV Laaf EF._ apoplast N, rabacum (Frzcher st al., 19994d)
Suspansion calls
1999 seFv TV Plant Cytasel N tabacum {Zimmermanm et al , 1998)
1999 seFv CEA Cell ER, apoplast Q. sativa {Teares et al | 19990F
Suzpension calls
1999 seFv 38C13 mouse Leaf Apoplast N, bemthamiana (MeComuck =t al., 1999
B cell lymphoma
2000 seFv CEA Plant EF, apoplast O zativa T aesthvum (Stéger et al, 2000)
200 seFv TNV Leaf Apoplast, N tabacum {Sehillberg et al | n prass)
mamhrane

CEA - cammmoembryome antigen; ER — endoplasnue reficvlum; AWCY — Artichioks mottls crmkls virmns; TMV — tobacco maosae virus; BRI
—root knot nemztods; BINYWVV — beat nectrotie yellow vein vorws; HSV-2 - herpes simplex vaws-2; seFv-IT — seFr-bryodin-immmmetoosm.

Fischer & Emans, 2000 (Transgenic Research)



Table 4. Recombmant vacemes exprassad in plants

Year  Vaccine antigen Transfoomed species Feference

1992 Hepattis voas B sunface antigen N, tabacum (Mfason et al., 1992)
1995 Dalana parasite antigen Virus paticle {Twpen et al., 1995}
1995 Eabies vius glycoprotein L ezculenium (MleGarvey et al, 1995)
1995 Escherichia coli heat-labile enterctosan N rabacum, 5. nubsrosum {Hagq et al., 1995

1986 Humem rhinevrus 14 (FEV-14) Vi particle (Portz et al., 1994)

and luman mmmnodeficiency
wirus tvpe (HIV-1) epitopes

1986 Norwalk vous capsid protem N, tabacum, 5. tubsrosum (Mason et al., 1596)

1987  Dhabetes-associated autosntizen N, tabacum, 5. tubsrosum (Maetal, 1997

1987  Hepatihs B swface proteins 5. tuberozum (Ehzani et al., 1597}

1967 Dimk Enteritiz Virus epitope Vs particle (Dalsgaard et al, 1997)

1967  Eabies and HIV eprtopes Virus particle (Muzibov et al., 1997)

1988  Foot and mouth disease vams A thaliana (Camzllo et al., 1993
VPI struchoral protem

1988 Escherichia coli heat-labile enterotoran 5. tuberozum (Mazon et al., 1598)

1988 Escherichia coli heat-labile enferotomn 5. tuberozum {Tacket et al , 1598)

1958 Eabies vius Virus particle hiodelska et al., 1998)

1988 Chelera toxan B subnmt 5. tuberozum {Arakawa et al, 1998z}

1988 Human msulm-Cholara toeen B 5. tuberozum {Arakawa et al, 1998%)
subrmet fision protain

1989 Foot and mouth diseaze vims Medicago sarha (Wigdorovitz et al., 1599)
WPI stuchoal protein

1999 Hapatiis B vuus sunface antigen Leprinenes lutens, Lactica sativa (Kapusta et al., 1999}

1999 Fumam cytomegalovins gheoprotein B N fabacum (Tackabeary et al., 1999}

1989 Dhabetes-associated autoantigen N, tabacum, D. cavota (Porceddu ot al, 19597

Fischer & Emans, 2000 (Transgenic Research)



Table 1
Plant-derived pharmaceuticals in clinical stages of development or on market. Information from Basaran and Rodrigues-Cereso [2008), Kalser {2008, Key et al_ [ 2008), Spik et al
[2008), Sharma and Sharma [2009) Lau and Sun [2004), Obembe (20010} Faye and Gomord (2010) Updated from company websites.

Product Disease Flant Clindcal trial stamus COampany Source: URL/academic
Vaaines
Hepatitis B antigen He patitis B Lettuce Phase| Thomas |efferson University, USA  Streatfield. 2006
[HBEsag) Potato Phasell Artzona State University
Fusion proteins, incleding  Rables Spinach Phase | ompletad Thamas |efferson Undversity, USa  www | sbomeorgiexpe mjusa
epitopes from rables hilary-koprowski-233492 html
Canrer vamine Non-Hodgkin's Tabacco Phasell Largs Sale Bialogy®, USA Thitpe/ e g safety e article f483
Iymphoma |phearmnaa- plants- s atws-re port bl
Vibrio cholerae Chalera Potato Phase] Artzona State University Tacker, 2005
Heat-labdle toxin B subundt  Diarrhea Maize Phasel e ene® LSA Tadket, 2006
of Echerichia colf Potato Phase] Artzona State University
Capsid protein Morwalk Darrhea Potata, Phase] Artzona State University Khalsa et al, 2004
virus Tamata
Antigen Feline parvovinus Tabacco Advanced Largs Sale Bialogy®, USA i/ w1 she com
(Dags)
Antigen Papilloma virus Tobacco Early Large Sale Biolagy® USA hape/wvwew dshecom
{ Reabbit)
HN protein of Newcastle  Newcastle disease Tobaoco suspension  USDA Approved Do Agro Sclences, hitpe e dowagro.com,
disease virus [Poulry ) cells U5a andmal healrh
Viral vacdne mixture Diseases of harses, Tobacco suspension  Phase | Daww Agro Sclences, hittpe s dowagocomy
daogs, and birds cells Lsa andmal healrh
Parilery waccine Coocidiosts infection Canola Phasell Guardian Blosclences, Canada Basaran and Rodriguez-Cerezo (2008)
Gastroenterits vins Piglet gastroenterits Maize TPhasel ProdiGens®, LISA Basaran and Rodriguez-Cerezo (2008)
[TGEV) capsid protein
H5N1 vaccine candidate H5N1 pandemic Tobacco Phase] Madicago, USA hitpe e meadicagocom
influenza
Antihadies
Caral X Dental caries Tobacco HI approved Planet Biotechnology, USA hape/wvew planet atechnalogy.comy
medical advice
DaxoRX Slde-effects of Tobacco Phase | ompletad Planet Biotechnology, USA hape/wvew planet atechnalogy.comy
cancer therapy
RhinoRX Common odd Tabacco Phase | ompletad Flanet Biotechnology, LUSA Thitpe /e pl anet Wotechnalogy.comy
Fv antibodies Non-Haodgkin's Tobacco Thasel Large Sale Blalagy, USA ‘htpetweww Isbe com®
Iymphoma
Igh (1CAM1) Common oold Tobacco TPhasel Planet Biotechnology, USA it fweanwpl anet Wotechnology comy
At body againa hepatitis B Vaocine purification Tabacco O market CIGE, Cuba Kalser, 2008
Therapeutic human profeins
Gastric lipase, Merkpase®  Cystic filrosls Maize Om market Meristem Therapeu tics France hittpeffweww mer istem-t herapeutics.
oM
wi-Galacrosidase Fabry disease Tabacco Phasel Planet Biotechnology, USA Thanpe/ el anet otechnalogy.comy
Lactoferon™ Hepatitis B and ¢ Duckweed Phasall Biolex, USA e/ fwevew biolex_com/
[ex-interferon)
Fitrinolytic drug Blood clat Duckweead Phasel Biolex, LSA it wewnw bl o ext_com
[ throm balyric drug)
Human glucocerebrosidase Gaucher s disaase Carrd suspendion Awaiting USDAS Protalix Eothe ra pewtics, e wvwew prega lizcomy
[ Gy cells approval lrael glucoce rebrosidase_himl
Insulin Diabeates Safflower Phasz 111 SemBicsys, Canada hitpe e semblosys.comy
Apalipoprotein Cardiovasailar Safflower Phase] SemBicsys, Canada hapewwew semblosys.comy
Nutraceuticals
150kine™  DERMOkine™  Human growth Gaor  Barley On market ORF Genetics hitpe/ e orfigens tics com,
Human intrinsic factar, Vitamin B12 deficlency  Arabldopals Om market Cobanto Bimech AS ‘hape/wvew cobento.dky
Cohan defaultasp?id="7%6
Human lactoferrin Anti-infection Kice Advanced, on market  Ventria USA hittpe e venitria bioooom)
ant iHnflammatary a5 fine chemical
Human lysozyme Anti-infection, Rica Advanced, on market Ventria, USA hitpe,/ s ventria com,
ant Hnflammatory as fine chemical
Immnosphere ™ Foad additive for S afflower Marketing expected  SemBicSys, Canada hittpe e semblosys oomy
shrimps for 2000

* 1SBC filed bankruptcy in 2006,
B Prodigens has winded up activity.
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