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Program me

Wednesday May 25", 2016

09.007 09.50 Registration / Coffee

09.507 10.00 Welcome by Ann Depicker

Session 1: Plant, animal and Pichia production platforms
Chairs: Pascal Drake & Vikram Virdi

Invited speakers

10.00 7 10.30 Andy Hiatt, MaPP Biopharmaceuticals Inc., USA

fiEbol a anti bodies and clinical trial so

10.307 11.00 Luc Kupers, Genzyme, Belgium
fAnimal cell technology forthemanuf act uring of Dbiophar

11.007 11.30 Willem Van de Velde, Ablynx, Belgium
fDouble digit-titers and highly cost/quality-effective production of nanobodies® via

Pichia pastoriso

11.3071 12.00 Coffee break

12.007 12.20 Markus Sack, Fraunhofer Institute, Aachen, Germany
AiOf products and processeso

12.207 12.40 Andreas Schaaf, Greenovation Biotech GmbH, Germany
iBryotechnol ogy: technol ogy updat-leasede

manufacturingo

12.407 13.00 Estelle Nisse, Université de Lorraine i INRA, France
icarni vorous plants as alternative moi«

proteinso

13.007 13.50 Lunch

Session 2: Greenhouse to market: translational aspects
Chair: Sylvie De Buck

Invited speakers
13.5071 14.00 Marc Van Montagu, International Plant Biotechnology Outreach, Belgium
fDiscover, innovate, communicateo
14.007 14.20 Lars von Borcke, Plant Bioscience Limited, UK
iPr ogankospsportunities in molecular phar

14.207 14.40 Els Beirnaert, VIB, Belgium
fVIB new ventures: translating scientific excellence into economic valued

14.407 15.00 Joachim Schiemann, Julius Kiihn-Institut, Germany
APl ant genome editing: application, r



Session 3: Plant-made vaccines
Chairs: George Lomonossoff & Eva Stoger

Invited speakers

15.001 15.30 Xavier Saelens, Medical Biotechnology, VIB, UGent, Belgium
APrevention and treatment of respirato

15.307 16.00 Group Picture - Coffee break

16.00 7 16.20 Inga Hitzeroth, University of Cape Town, South Africa

fDevelopment of a plant-made recombinant virus-like particle (VLP) vaccine against
African horse sicknesso

16.207 16.40 Rima Menassa, Agriculture and Agri-Food Canada, Canada
AVeterinary vacci ne sE. dolo-impmving acumdilatian of typeh
3 secretion proteins in plantso

Selected short talks

16.40 7 16.50 Renate Lamprecht (l. Hitzeroth), University of Cape Town, South Africa
fProduction of Human papillomavirus pseudovirions in plants and their use in
pseudovirion-based neutralisation assays in mammalian cellso

16.5071 17.00 Hoang Trong Phan (U. Conrad), IPK Gatersleben, Germany
fMultimerization strategy to create avian flu vaccinesi n pl ant s 0

17.107 17.20 Johanna Marsian (G. Lomonossoff), John Innes Centre, Norwich, UK
fDeveloping a synthetic polio vaccine using two plant-based expression systemso

17.2071 17.30 Zayn Khamis* (R. Menassa), Agriculture and Agri-Food Canada, Canada
fPorcine epidemic diarrhea virus: Producing the membrane protein as a subunit
vaccine, and producing virus-like particleso

17.307 17.40 Eva Thuenemann (G. Lomonossoff), John Innes Centre, Norwich, UK
fi Bveloping plant-expressed bluetongue virus particles as a delivery system for
foreign proteinso

17.407 17.50 Keith Saunders (G. Lomonossoff), John Innes Centre, Norwich, UK
firhe generation of modified plant virus-like particles by transient expression for
potential bionanotechnological applicationso

17.50 7 18.00 Matilde Merlin (L. Avesani), University of Verona, Italy
fi G A D-BaSed edible vaccine: a new autoimmune diabetes perspective

*received an ISPMF bursary
2-min poster presentations for ISPMF bursaries: Adam Chin-Fatt and Cornelius J. Gunter

18.007 21.30 Poster walk with Mediterranean buffet

Busses have been arranged to bring everybody back to the Gent Sint-Pieters railway station.



Thursday May 26, 2016

Free morning or Knowledge for Growth or Visit to Food Pilot at ILVO

12.307 13.30 ISPMF annual general meeting

Session 4: Innovative expression strategies and applications
Chairs: Alexandra Castilho & Inga Hitzeroth

Invited speakers

14.007 14.30 Yuri Gleba, Nomad Bioscience GmbH, Germany

Mntimicrobials made in plantso
14.307 14.50 Udo Conrad, IPK Gatersleben, Germany
ANanobodies in and from plants: produ

protein degradation in planta by nanobody-F-Bo x f usi onso

145071 15.10 Diego Orzaez, IBMCP (CSIC-UPV), Spain

AfConsi stent p r erhdecreconinant gdlyclopdl antibbdies against
snhake venomso

15.1071 15.30 Ann Meyers, University of Cape Town, South Africa
AFunct i ofosadantHRRfbbi t 1 gG scFvs produced

Selected short talks

15.30 7 15.40 Nicola Weichert (U. Conrad), IPK Gatersleben, Germany
fSeeds are capable to produce non-cytotoxic synthetic spider silk biopolymerso

15.4071 15.50 Roberta Zampieri (L. Avesani), University of Verona, Italy
fi Mdified plant-viruses nanoparticles fortheSj ogr ends sy nd& ome

15.507 16.00 Axel Masloboy* (I. Broer), Department of Agrobiotechnology, Rostock, Germany
fSpaying with the aid of plant-made vaccineso

16.00 7 16.10 Henrik Nausch* (. Broer), Department of Agrobiotechnology, Rostock, Germany

fRegulated degradation of plant-derived Cyanophycin to release dipeptides as feed
additiveso

16.107 16.20 Shruti Bakshi (A. Depicker), Ghent University/VIB, Belgium

fEngineering chimeric antibodies aimed for passive mucosal immunization against
HRSVO

16.20 7 16.30 Jorge Palaci (A. Depicker), Ghent University/VIB, Belgium
fStability evaluation of orally given plant-made antibodies by faecal analysiso

* received an ISPMF bursary

2-min poster presentations for ISPMF bursaries: Reza Saberianfar, J. Hendrik Els and Ahmad
Ibrahim

16.301 17.00 Coffee break


http://createsend.com/t/r-9B8B818DC185D1162540EF23F30FEDED
http://www.foodpilot.be/

Session 5: Boosting expression levels and optimizing processing
Chairs: Inge Broer & Markus Sack

Invited speakers

17.007 17.20 Renier van der Hoorn, University of Oxford, UK
firhe extracellular protease complement of agroinfiltrated Nicotiana benthamianad

17.207 17.40 Eva Stdger, University of Natural Resources and Life Sciences, Austria
i Ut i lendagenous and ectopic protein storage organelles to boost recombinant
protein performanceo

17.407 18.00 Jussi Joensuu, VTT , Finland
fi P | -based production of bi-functional fusion proteins with hydrophobin fusion
l i braryo

18.007 18.20 Johannes Felix Buyel, Fraunhofer Institute for Molecular Biology and Applied
Ecology, Germany
AfHeat precipitation of tobacco host ce
purification, which can be implemented into an automated large-scale manufacturing
processao

Selected short talks

18.20 1 18.30 Philippe Jutras (D. Michaud), Université Laval, Québec, Canada
firhe multiple uses of tomato cystatin SICYS8 as a co-expression partner in plant
protein biofactorieso

18.30 1 18.40 Kouki Matsuo (T. Matsunura), National Institute of Advanced Industrial Science
and Technology (AIST) Japan
fDicer-Like 2/4 suppressed tobacco plants for high expression of recombinant
proteinso

18.40 71 18.50 Lotte Westerhof (A. Schots), Plant Science Group, Wageningen University, The
Netherlands
fiCodon use and mRNA structure analyses across kingdoms indicates selection on
both mRNA stability and translatabilityo

18.50 1 19.00 Noriho Fukuzawa (T. Matsumura), National Institute of Advanced Industrial
Science and Technology, Sapporo, Japan
fICMV-Agroinfection triggers plant defense mechanism suppressing gene
expressiono

19.007 19.10 Hamideh Ofoghi* (P. Ehsani), Biotechnology Dept., IROST. Tehran, Iran
fProduction of Human Nerve Growth Factor in Nicotiana benthamianad

19.107 19.20 Luis Matias Hernandez (R. Aiese Cigliano), Parc Cientific Barcelona (PCB), Spain

iTri choPharming and OrtoPharming by Se
and bioinformatics tools to ease plant

*received an ISPMF bursary
2-min poster presentations for ISPMF bursaries: Mahsid Amiri

19.207 21.30 Poster walk with Belgian buffet with beer

Busses have been arranged to bring everybody back to the Gent Sint-Pieters railway station.



Friday May 27", 2016

Session 6: Plant glycan-engineering
Chairs: Veronique Boudolf & Eva Decker

Invited speakers

09.0071 09.30 Francis Santens, Medical Biotechnology, VIB, UGent, Belgium
fi Us i @hygoDelete for pharming of proteins without plant-specific N-glycan
modificati o n 0

09.3071 10.00 Richard Strasser, BOKU, Austria
fO-glycan engineering in Nicotiana benthamianad

10.007 10.20 Svend Dam, Carbohydrate Recognition & Signaling, University of Aarhus,
Denmark
AENngi neer i and O-ghjeasylathén pathways in plants for mammalian-like
gl ycoprotein farmingo

10.207 10.40 Alexandra Castilho, BOKU, Austria
fiComplex sialylation of plant-d er i ved r ecombi nant protei

10.407 11.00 Coffee break

Selected short talks

11.007 11.10 Szymon Stelter (J. Ma), St George's, University of London
Pl ant antibodies in mediating FcoR four

11.107 11.20 Sunghwa Choe, Seoul National University, Korea
fOptimization of protein glycosylation pattern in host plants through CRISPR/Cas9-
mediated genome editing for production of edible influenza vaccineso

11.207 11.30 Chiara Lonoce (M. Donini), Laboratory of Biotechnology ENEA Research Center,
Casaccia 00123 Rome, Italy
fProduction of tumour targeting antibodieso

11.30 7 11.40 Catherine Navarre (M. Boutry), Institute of Life Sciences, Université de Louvain,
Belgium
firowards humanization of glycoproteins secreted in Nicotiana tabacum BY-2 cellso
11.407 11.50 Ruud Wilbers (A. Schots), Wageningen University and Research Centre, The
Netherlands
fEngineering of plants for the expression of helminth glycoproteins with their native
N-glycan structureso

11.507 12.00 Kim van Noort (A. Schots), Wageningen University and Research Centre, The
Netherlands
fCharacterization of Schistosoma mansoni fucosyltransferases for glyco-engineering
of oOnat i v edlycah ®ructoiesirt phantdd
12.007 12.10 Sébastien Mercx (M. Boutry), Institute of Life Sciences, Université de Louvain,
Belgium
fiGene inactivation by CRISPR-Cas9 in Nicotiana tabacum BY-2 suspension cellso




Session 7: Secondary metabolite farming
Chairs: Diego Orzaez & Renier van der Hoorn

Selected short talks

12.107 12.20 Moran Oliva (G. Galili), Plant Sciences, Weizmann Institute of Science, Rehovot,
Israel
fEnhancing levels of aromatic amino acids in whole plants and cell cultures. A case
study in flowering plants and grape derived cell culture®

12.207 12.30 Suvi T. Hakkinen (H. Rischer), VTT Technical Research Centre of Finland
fPlant-based production of natural flavours i case raspberry ketoneo

12.30 - 13.30 Lunch

Invited speakers

13.307 14.00 Gilbert Gorr, Phyton Biotech GmbH, Germany
fPlant cell culture as a highly controllable tool for the sustainable production of
anticancer productso

14.007 14.30 David Craik, Institute for Molecular Bioscience, University of Queensland,
Australia

ADesign dHradepl amtoducti on of therapeuti

14.307 15.00 Alain Goossens, Plant Systems Biology, VIB, UGent, Belgium
AHow jasmonates provide the key to har

15.00 7 15.20 Heribert Warzecha, Technische Universitat Darmstadt, Germany

AProduction of halogenated Ilyewinapred tabacpor
pl antso

15.207 15.40 Closing remarks by Julian Ma

15.4071 16.30 Farewell drink



Session 1
Plant, animal and Pichia
production platforms



Session 1 Invited speaker

Ebola antibodies and clinical trials

Hiatt A.
Mapp BigharmaceuticglSan DiegdJSA

This review describes the history of Ebola monoclonal antibody (mAb) development leadmthep
recent severe Ebola outbreak in West Africa. The Ebola virus has presented numerous perplexing
challenges in the long effort to develop therapeutic antibody strateds#sce the first report of a
neutralizing human ardtbola mAb in 1999, the stghitforward progression fromin vitro
neutralization resulting inn vivo protection and therapy has not occurred number of mAbs,
including the first reported, failed to protect nemuman primates (NHPs) in spite of protection in
rodents. An appreciationof the role of effector functions to antibody efficacy has contributed
significantly to understanding mechanismsiofvivo protection. However a crucial contribution, as
measured by poséxposure therapy of NHPs, involved the comprehensive testing of coéktails.

This effort was aided by the use of plant production technology where various combinations of mAbs
could be rapidly produced and testethtroduction of appropriate modifications, such as specific
glycan profiles, also improved therapeutic efity.¢ KS NBadzZ GAy3a 02010l Af X
mADbs that were identified from numerous mAb candidatésa ! LILIJx A& y2¢ o0SAy3 S
clinical trials but has already played a role in bringing awareness to the potential of antibody therapy
for Ebola.



Session 1 Invited speaker

Animal cell technology for the manufacturing of biopharmaceuticals

Kupers L.
Genzyme, Geel, Belgium




Session 1 Invited speaker

Double digittiters and highly costeffective production of nanobodies® viRichia
Pastoris

Van de Velde W.
Albynx NYGent Belgium

Ablynx is a biopharmaceutical company engaged in the discovery and development of Nanobodies®, :
novel class of therapeutic proteins based on sirdgenain antibody fragments, for a range of serious
human diseases, including inflammation, haematology, owoand pulmonary disease. The company

has >40 pharmaceutical programs in the pipeline and several of our Nanobodies are already in Phase
[, Phase Il and Phase Il clinical trials. Because of their small size, Nanobodies have several advantag
in comparson to conventional antibodies, such as ease of manufacturing, flexible formatting, excellent
stability and possibility to use alternative routes of delivery.

t AOKAL LI a8G2NAR&E A& OdaNNByiGfte !'6feyEQ LINBHESNNS
high expression yields and low amount of secreted host cell proteins, resulting in short process
development timelines. Production processes are fully developéwuse, starting from host creation

to fermentation optimization and development of ttdgownstream process. NeoGMP productions

are performed at Ablynx up to 106skcale, while larger cGMP productions for early clinical studies are
being performed externally at >1006sktale.

This presentation will address the different aspects of Pichiage® development for Nanobody
production, from host creation to process development and analytics, with the main focus on the
optimization of product yield and quality.



Session 1 Invited speaker

Of products and processes

Sack M.
RWTH Aachen Universifachen Germany

Plant molecular farming is maturing, as demonstrated by recent trends in the building of manufacturing
capacity and investments from large pharmaceutical companies. As the field advances, the demand for
a supply industry comprising hardveaRTD services and auxiliary technologies will increase in parallel,
possibly comparable to the growth of the CHO/mammalian cell culture industry. However, plant
molecular farming products and applications are much more diverse, which can be seen laoth as
advantage and a drawback. In any case, products and manufacturing processes must advance to a stac
where they become economically viable. Different strategies and tools to achieve this will be
presented, including the use of protein engineering to @&se yields, and the application of a recently
RSOSE2LISR LI FGF2NY o6FaSR 2y LXFyld adallSyairzy



Session 1 Invited speaker

BryoTechnology: technology update and clinical pipeline of mbssed
manufacturing

Schaaf A.
GreenovatiorBiotech GmblHFreiburg Germany

BryoTechnology, i.e. mosmsed production of biopharmaceuticals has evolved into a GMP
manufacturing technology for complex biopharmaceuticals. Whilst leveraging the unchallenged
advantages of phototrophic nss based production, comparability to mammalian cell based
G§SOKy2t23ASa gla | YIFI22N F20dza Ay LINRBOSaa RSO
from cryocconserved master cell banks and realized in unmodified simggeequipment from well
known bioprocess suppliers. These facts among others allow for straightforward establishment of the
technology at any production site and facilitate its adoption by biopharmaceutical producers.
Greenovation, developer of BryoTechnology, generatelingcal pipeline of currently four mossade
products. All of them are in rare indications and potentially possess a therapeutic advantage from being
produced in moss. MossGal, a mosproduced version of human alpkgalactosidase A is the furthest
advarced in development and has been approved by German regulatory authority (BfArM) for a first
in-men clinical phase | study.

The presentation will give an update on the current technological status of BryoTechnology and
summarize the preclinical and clinicthtus of Greenovation's products.



Session 1 Invited speaker

Carnivorous plants as alternative models for the production of plant recombinant
proteins

Nisse E:%, Miguel S-%, Mignard B!, Hehn A2 andBourgaud F:23

Y fFyd ! RAFIYOSR ¢S OKyeaNaacy krande AJRAIUMR LY R daiadaiiBe

I INBY2YAS S 9y JA NRsNynSyYFSaycé; University” BedfdeghiNg UMR 1121,

[ F62NFG2ANBE ! ANRPY2YAS SésNhgFranByySYSyids I yRdz
&Equalcontributions to this work

Carnivorous plants are able to attract, trap, retain, kill, and digest @hayiperet al., 1989) They are
found all around the world growing on nutriepbor soils. They have established an original way to
circumvent the shortage of mineral nitrogen resoes: their leaves have evolved to form traps for
catching prey. These preys (insects or small animals) are subsequently digested allowing acquiring
substantial amounts of nitrogemroseraand Nepenthesare two genera of carnivorous plants able to
produce and excrete out of their tissues a digestive fluid containing proteins which are mostly
hydrolytic enzymesDroseraleaves are covered on their upper face by stalked glands secreting sticky
and viscousligestive mucilageNepenthedeaves are differentiated in pitchers, the lower internal part
being covered by glands secreting a digestive li¢luchiperet al., 1989)

One of the major issues related to the production of recombinant proteins from plants is the cost
associated to the xdraction, separation, and purification of the recombinant proteins. Downstream
processes can represent up to 80% of the total cost of production of a recombinant pfiddiwiget

al.,, 2004) To overcome this bottleneck, we aim to exploit the natural ability of garous plants to
secrete proteins in order to develdproseraand Nepentheplants as new plant recombinant protein
platforms.These systems address two main drawbacks: 1) extraction is made easier since the digestive
fluid is readily accessible and 2) fization is simpler because the digestive fluid contains only proteins
(Hatano and Hamada, 2008)owever, these proteins are mainly constituted of hydrolytic enzymes
which represent a potential threat in a protein recovery process.

An early proof of concept was acquired wiblrosera rotundifolia for which a protocol for genetic
transformation was already availabl@Hirsikorpi et al, 2002) Our experimentalstudies clearly
KAIKE AGKGSR (KS LINBaSyoOS 2 F-glizxiNdifase (GUS)n2thelligeStSe/ i
secretions of transgenic plan{8iteau, 2009) These preliminary results were patented as the PAT
Friday’technology in 2008Biteauet al., 2008) The technology was further extended to two additional
plants: 1)Drosera capensisvhich has longer leaves and hencehieigquantities of mucilage available
than Drosera rotundifoliaand 2)Nepenthes mirabilisthe digestive liquid of this latter species being
harvestable just by pouring the pitchers. For both species, an original protocol for the genetic
transformation ha been establishe{Miguel, 2013; Nisse, 201d4nhd GFP could be detected in their
digestive fluids.

A major drawback of thisystem relies on proteases naturally present in the secretions which could
damage the recombinant proteins. Although our ultimate results show that these hydrolytic enzymes



can be inactivated by modulating the pH of the plant secretions, it is importach&oacterize them

at the molecular level. Therefore, we have investigated the exact composition of the digestive liquids
from Drosera capensiand Nepenthes mirabilishrough transcriptomic and proteomic approaches
(Rottloffet al.,, 2016).

Our ultimategoal is to offer the PAT Frid&technology for the production of relevant recombinant
therapeutic proteins. The production of a monoclonal antibody, of a cytokine, and a gastric protein
among others are currently under way.

Biteau, F. (2009). Production de protéines recombinantes par des plantes carnivores génétiquement transformées:
Application aDrosera rotundifoilat transfert de la technologie Bepenthes alataUniversité de Nancy.

Biteay F.,Bourgaud, F., Gontier, E., and Fevre, J.P. (2008). Process for the Production of Recombinant Proteins Using
Carnivorous Plants. WO/2008/040599A1.

Hatang N., and Hamada, T. (2008). Proteome analysis of pitcher fluid of the carnivorouNgtemthes alatalJ. Proteome
Res. 806816.

Hellwig S., Drossard, J., Fischer, R., and Twyman, M. (2004). Plant cell cultures for the production of recombinant proteins.
Nat. Biotechnol. 22 (11).

Hirsikorpi M., Kdmardinen, T., Teeri, T., and Hohtola, A. (2@@ghbaceriummediated transformation of round leaved
sundew Drosera rotundifolid..). Plant Scl62 537%542.

Juniper B.E., Robins, R.J., and Joel, D.M. (1989). The Carnivorous Plants (San Diego). Academic press Editions.

MigueE { ® O0HAMOU ® 5 fd&ieplakisneSgyétaleRIO grgdSction de protéines recombinantes par
f QdziAt Aal GA2y RSa LI Iy (SGniversié ddlokradn2.NBa Rdz ISYyNB bSLISy (K

bA&daSTI 9® OHnAnmMnO® 5S@BSE2LIISYSY(d RQdzy y2dz@S| giante&ainivérer S R ¢
Drosera capensi§/niversité de Lorraine.

Rottloff S.et al. (2016). Proteome analysis of digestive fluids in Nepenthes pitchers Banril7, 479495.



Session 2
Greenhouse to market:
translational aspects



Sessior? Invited speaker

Discover, innovate, ammunicate

Van Montagu M.
International Plant Biotechnology Outreach (IPBO),-\BBent UniversityGent, Belgium

¢tKS NBOSYl 2L SYRY¥HI &E)J PNAYRE GWBYSYyR2dza G22f a
targeted mutagenesis and pathway constructions in all living organisms.

This breakthrough in fundamental research will however only be appreciated by society if we can
convince the private sector to get involved in the production and commercialisation ofdkel
compounds now accessible. Finding financial support for such endeavours will depend on the socio
economic acceptability of these new technologies by a substantial part of our communities. To obtain
this, rational arguments alone are rarely convigcenough. Our R&D scientists need direct interaction
with social scientist and economists, staged in the units where the innovative products are developed.
A similar effort in pointing out the dangers of technophobia and aversion for new knowledge, to the
students in human sciences, will be needed.



Session 2 Invited speaker

Progress and opportunities in molecular pharming

von Borcke L.
Plant Bioscience Limitebtllorwich,United Kingdom

The production of heterologous proteins for pharmaceutical and othegs in plants has been a
scientific and commercial target for over 25 years. Over this time the industry has encountered a range
of issues. A defining moment was the discovery that some of the planted transgenic corn producing
trypsin was still present ithe field after harvesting. This event in 2002 resulted in great concerns about
producing heterologous proteins in transgenic crop plants and was a major setback for the Plant
Molecular Pharming community.

The concerns over regulatory and safety issuesrdtically reduced the active companies in the field

of molecular pharming about 12 years ago as investors were reluctant to continue to support these
companies. While the industry is now much smaller than in the early 2000s when around 200 Biotech
companes were active in the Plant Molecular Pharming field it has certainly recovered from the early
setbacks and is now focussed on a range of promising products.

This presentation will give an overview of the industry, its current state and opportunitiesddugqts

and applications, as well as different approaches to produce heterologous proteins in. plants



Session 2 Invited speaker

VIBnew ventures: Translating scientific excellence into economic value

Beirnaert E.
VIB,Gent, Belgium

1 VIB approach towardstart-ups
1 Opportunities forinnovativestart-ups
1 Challenges ifinancing and fundraising



Session 2 Invited speaker

Plant genome editing: application, risk assessment and regulation

Schiemann].
Julius Kuhdnstitut (JKI), Institute for Biosafety iraRt Biotechnology, Quedlinburg, Germany

The genome editing and modification techniques are tools for sequepeeific changes in the plant
genome. These techniques enable breeders to introduce a single point mutation or a new DNA
sequence at a specifiodation in the plant genome, thereby circumventing the negative side effects of
conventional mutagenesis. The potential risks of exploring these new genome editing techniques are
comparable to conventional mutagenesis or genetic engineering. Consideresg thchniques and
emerging new breeding techniques, the GN&Qislation framework in the EU, which is mainly
interpreted and executed as being based on the technique which is used to produce a new plant, is not
reflecting the progress made in recent demeinent of genome editing.

In its recent Statement on New Breeding Techniqgues EASAC (European Academies Science Advisc
Council) requests that the EU policy development for agricultural innovation should be transparent,
proportionate and fully informed byhe advancing scientific evidence and experience worldwide.
EASAC demands to resolve current legislative uncertainties and asks EU regulators to confirm that the
products of genome editing, when they do not contain foreign DNA, do not fall within the sfope
GMOlegislation. In contrast, in an Open Letter to the Commission on new genetic engineering
methods the aniGMO NorGovernmental Organizations call on the Commission to reject any attempt

to exclude these new techniques from EU regulation. In pddicthey urge the Commission to ensure

that organisms produced by these new techniques will be regulated as GMOs under existing EU
regulations and that current GMO health and environmental safety testing requirements are
strengthened in light of the enhaed ability of these new techniques to alter the genetic code.

The European Plant Science Organisation (EPSO) as well as National academies of science e.g.
Germany such as the Leopoldina, acatech and the Union of the German Academies of Sciences an
Humanities support the application of genome editing for future crop improvement and share the legal
interpretation that the Directive 2001/18/EC should be interpreted as procasswell as produet
based.

To date March 2016 a clarifying legal opinion of ¢hEuropean Commission is still pending. Until the
legal opinion is released the legal status of living organisms and products deriving from genome editing
approaches is unclear.






Session 3
Plant-made vaccines



Session 3 Invited speaker

Prevention and treatment of respiratory viral infections: plants come to the rescue
Saelens X.

Medical Biotechnology Center, VIB, Gent, Belgium; Department of Biomedical Molecular Biology,
Ghent University, Gent, Belgium

Human influenza viruses and human respiratory syncytial virus (HRSV) circulate globally and caust
serious economical and clinical problems. Prophylactic vaccines are available against influenza. Mos
of these are based on the growth of live influenza \esisn embryonated chicken eggs. The only
currently available medical intervention that is licensed to reduce the risk of hospitalization due to
HRSV infection is a prophylactic therapy with a monoclonal antibody. Recently recombinant influenza
viruslike particles produced in plants have been evaluated in early stage clinical trials with promising
outcome. There are also several small molecule antivirals available to treat human influenza. We have
explored the use of single domain antibodies directed addivesinfluenza glycoproteins and against

the HRSV fusion protein for prophylactic and therapeutic use against these viruses. Some of these
single domain antibodies were genetically fused to a conventional IgG Fc domain and produced in
transgenic Arabidops plants. These single domain antibodies inhibited virus replicatigitroand in

a mouse model of influenza and HRSV infection.



Session 3 Invited speaker

Development of a planrimade recombinant virudike particle (VLP) vaccine against
African hoise sickness

Hitzeroth 1.1, Dennis S.J., Meyers A.E. and Rybicki E.P.
Biopharming Research Unit, Department of Molecular and Cell Biology, University of Cape Town,
RondeboschSouth Africa

African horse sickness is a devastating, infectious, fmrtcontagious disease that causes great
suffering and many deaths among horses in-Salharan Africa. The aetiological agent is a dsSRNA virus
of the same name, African horse sickness virus (AHSV), an orbivirus of the family Reoviridae. Thi
disease has gigficant economic consequences for the equine industry both in southern Africa, and
increasingly further afield as its midge vector spreads with global warming. Live attenuated vaccines
have been in use with relative success for more than 5 decades, brg th a risk of reversion to
virulence as well as reassortment of the segmented genome between outbreak and vaccine strains.
Furthermore, the vaccines lack DIVA capacity, the ability to distinguish between vamticed
immunity and that induced by natal infection. Several studies have demonstrated the potential for

the use of plant expression systems for the prod uction of VLPs which are excellent vaccine candidates
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reassortment with wild virus strains. Even though recombinant VLPs have the potential to be excellent
vaccine candidates, they usually only provide protection against one serotype.

In this study, we investigated the formation of AHSV VLR lenthamiana by expressing the four
structural proteins VP2, VP3, VP5 and VP7 of two serotypes. We successfully cloned Nicotiana spy
codonoptimised AHSV capsid protein genes into a replicating geminig@tiged plant expression
vector pRIC3.0 and mfpEAGHT. Recombinant Agrobacterium tumefaciens harbouring the VP genes
were coinfiltrated into N. benthamiana and shown to successfully express in plants by western blot
analysis. The formation of AHSV VLPs was observed by transmission electron mmycrosco
demonstrating the potential of this system for the production of a novel AHSV VLP vaccine.
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Veterinary vaccines for enterohemorrhagic E.cqlimproving accumulation of type 3
secretion proteins in plants
Menassa R.Miletic S., MacDonald J., Kaldis A., Leuthreau A., Gaildry T., Huenerberg M

and McAllister T.
Agriculture and Agitood Canadd,ondon,Canada

Enterohemorrhagic E. coli (EHEC) are human enteropathogens that colonize the digestive tract of
animals and are shed their manure, frequently contaminating meat, vegetables, and drinking water.
EHEC does not affect animal health, but causes disease in humans which can vary from mild diarrhe;
to kidney failure and death. Immunizing cattle against EHEC is a strategguice colonization and
therefore decrease food contamination. Such veterinary vaccines can dramatically reduce human
cases, yet adoption of these vaccines has been low due to cost of the vaccine and necessity of anima
handling for injection. The goal dhis project is to produce a plamhade vaccine for oral
administration to ruminants. Several recombinant proteins from the type 3 secretion system (T3SS) of
EHEC were designed as vaccine candidates and expressed transiently in Nicotiana benthamiana an
transplastomically in N. tabacum. Only one of these protei ns accumu lated at levels that could be used
for oral immunization of animals. This vaccine candidate, EspA, accumulates in transplastomic lines tc
220.7 mg/kg of fresh leaf weight and is stableyiaphilized leaf tissue. Oral immunization of sheep
with EspA shows potential for reducing EHEC shedding.

To improve accumulation of T3SS proteins, wexjressed T3SS chaperones with EspD, Tir, and EspA.
We found that ceexpression with the chaperone Cesignificantly increased accumulation of
recombinant Tir when both proteins were transiently expressed in the nucleus and targeted to the
chloroplast of N. benthamiana. CesT also helped maintain higher levels of a Tir.GFP fusion protein ove
time both in wo and ex vivo, indicating that the favourable effect of CesT on accumulation of Tir is not
specific to a single time point or to fresh material. To validate the effect of CesT on Tir, we transformed
the nuclear genome of Tir transplastomic plants witls Ceargeted to the chloroplasts, and found that
while Tir was undetectable in the original transplastomic lines, it became clearly detectable in the CesT
lines. These results can contribute to the production of recombinant-&B3S&iated proteins in plasit

and may have implications for understanding interactions between T3 SS chaper ones and their targets.
In particular, our findings highlight the potential of chaperones to increase accumulation of
recombinant proteins in heterologous systems.
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Production of Human papillomavirus pseudovirions in plants and their use in
pseudovirionbased neutralisation assays in mammalian cells

Lamprecht R.E, Kennedy P, Huddy S.M, Hendrikse M, Bethke $, Hitzeroth I.l and
Rybicki E.p3

Biopharming Research Unit, Department of Molecular and Cell Biology, University of Cape Town,
RondeboschSouth Africa?Pharmaceutical Product Development, Fraunhofer IME, Aachen, Germany;

3Institute of Infectious Disease and MoleauMedicine, University of Cape TowRendeboschSouth
Africa

Human papillomaviruses (HPV) are the causative agents of cervical cancer and have recently beer
implicated in several other cancers, including mouth, laryngeal and anogenital cancers. Pteseatly

are two prophylactic vaccines that show good efficacy, but further work is needed to develop second
generation HPV vaccines that are more affordable, stable and displayraossalizing activity across

a broader range of HPV types. Candidate veecneed to be tested for their ability to neutralize HPV
pseudovirions (PsVs) in a pseudovirimsed neutralisation assay (PBNA). The HPV PsVs consist of HPV
L1 and L2 capsid proteins that encapsidate ~8 kbp plasmids encoding reporter genes. Successft
neutralisation of the PsVs is ultimately observed as a loss of reporter gene function. Currently, the
accepted PsV production method utilizes mammalian cell culture to produce HPV PsVs, which is
expensive and timeonsuming. Transient re combinant proteirpeession of the L1 and L2 capsid
proteins and of the reporter genes in plants as a-sgfficating plasmid may offer a more rapid and
costeffective alternative to the currently accepted method.

In this study, we aimed to manufacture plamtoduced HPM6 PsVs for use in the PBNA, with a view

to developing a cheaper alternative to the current assay approach. Aegditating geminivirus
derived viral vector was modified to include the secreted embryonic alkaline phosphatase (SEAP)
reporter gene requiredfor the PBNA. Autonomous replication of the SEAP construct resulted in
replicons of a size that were able to be packaged by assembling HPV virions. This replicating vector wa
co-infiltrated with the nonreplicating vectors expressing L1 and L2 in plants resulting PsVs were
purified and tested for DNA encapsidation to confirm the assembly of PsVs in plants. The purified PsV:s
were able to infect mammalian cells and were also successfully neutralised by different HPV antibodies.
To our knowledge, this ige first demonstration of the production of HPV PsVs in plants and their
successful use in a PBNA and the first demonstration of the potential of plants to make DNA vaccines.
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Multimerization strategy to create avianlfi vaccines in plants

Phan H.T2, Schinkoethe A, Gresch U.and Conrad U.

Department of Molecular Genetics, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK)
Gatersleben, GermanyDepartment of Plant Cell Biotechnology, Institute Ribtechnology (IBT),
Vietnam Academy of Science and Technology (VAST), Hanoi, Vietnam

The H5N1 avian influenza A virus is a highly contagious, deadly pathogen in poultry, transmitted from
to humans from poultry causing high mortality (ca 60%) and p@ssdemic threat. Vaccination is the
most effective approach to reduce illness and death from pandemic influenza. Influenza vaccines in
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obstacles such aomplex processes, long preparation time and limited capacity. To address these
points, the subunit vaccines are an alternative approach to meet the global demand for the influenza
vaccines. However, the subunit vaccines generally induce low immunogeaggeityst influenza. To
overcome this effect, we are presenting here strategies to generate oligomers of main surface antigen,
hemagglutinin, in plants. New oligomers show higblecularweight and have super functionality
rather than a counter trimer. Thisicludes hem agglutination activity and induction of mouse sera
providing hemagglutination inhibition activity.
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Developing a synthetic polio vaccine using two plamdsed expression systems

Marsian J.DandLomonossoffs.P.
John Innes Centre, Norwicdnited Kingdom

Poliomyelitis is a serious infectious disease caused by the poliovirus. It attacks the central nervous
system of mostly infants and children and in the worst case it can lead to paralysis of the extremities
or death. Poliovirus is a neenveloped virus that is 230 nm in diameter. The initiative by the World
Health Organisation (WHO) to eradicate poliomyelitis has been very successful, decreasing cases b
over 99% since 1988. However, that story of succassbieen disturbed with numerous outbreaks in

the last 3 years in East and West Africa and in the Middle East. WHO is therefore seeking novel polic
vaccines because the existing Sabin oral polio vaccine (OPV) and the parentally administered Sal
inactivated polio vaccine (IPV) have major disadvantages and their continued deployment is
incompatible with eradication. Failure to implement strategic approaches has led to ongoing
transmission of the virus. Endemic transmission is continui ng in Pakistan anai&fgha

The overall aim of this project is to produce a novel vaccine against poliovirus using a plant expressior
system. In particular, it is aimed at the generation of feiectious poliovirudike particles (PV VLPSs)

that have the capability of elicitg a protective immune response against polio. To execute this plan,
stabilized mutant versions of the poliovirus gene P1, encoding the precursor of the structural genes
and the necessary proteinase. 3CD, were cloned into separate -pHAEXpression vectsrand
transformed into A.tumefaciens. Recombinant strains weréngittrated into N.benthamiana and the
leaves harvested 5 days after infiltration. VLPs were purified by Nycodenz gradient centrifugation giving
a purified PV VLP yield of 70 mg/kg freshgheitissue. Mice carrying the gene for the human PV
receptor were protected of wildype PV when immunized with the plant made PV VLPs. This
represents the first report of the production of immunologically effective 4mtfiectiou s poliovi rus

like partickes in plants.

To make the product more attractive to the vaccine industry, tobace@ Bls have been successfully
tested for the transient expression of the abemeentioned PV mutant VLPs using the -paltk
method. Work is currently ongoing on examigithe properties of these PV VLPs:Bdells grow in
suspension culture and have no limit for mass production which is a potential advantage over whole
plants.
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Porcine epidemic diarrheavirus: Producing themembrane protein as a subunit
vaccine, and producing virdlike particles

Khamis Zand Menassa R.
London Research & eDelopment Centre, Agriculture anégriFood Canada, London, Canada;
Department of Biology, University of Western Ontario, London, Canada

Porcine epidemic diarrhea has caused widespread economic losses due to death of neonatal piglets
and weight loss of fattening pigs. A subunit vaccine against its causative agent, porcine epidemic
diarrhea virus (PEDv), a coronavirus, could help proteodshéhrough vaccinating sows, providing
lactogenic immunity to suckling newborns. Research to date has focused on producing the spike (S)
protein. However, while S is prone to mutations, the membrane (M) protein is highly conserved, and
also has a virueeutralizing epitope. As well, the membrane protein of coronaviruses has been shown
to play a critical role in viral assembly and budding, and thus is necessary for production -tikeirus
particles (VLPs). VLPs resemble the virion, and due to this steraitang immune responses, making
them the ideal vaccine. Expression of M alone or in combination with the envelope protein (E), the
nucleocapsid protein (N), or the spike pr otein (S) of other coronaviruses has resulted in VLP assembly
Using plants as platform to produce the protein allows for oral administration, a method that was
shown to elicit a strong mucosal immune response. Therefore, | have undertaken the production of
the M protein in Nicotiana benthamiana, and found that M accumulates to leigtls in the insoluble
membranerich fraction of leaf extracts. | then undertook the production of Mexpressed with the

E, N and/or S proteins. Similar to what was shown previously with SARS virus, another coronavirus
thermal aggregates form with thmembrane protein when boiled. In addition, the choice of detergent

for membrane protein extraction has a significant impact, increasing extraction efficiency and allowing
a more precise determination of accumulation levels of over 0.7 mg/g fresh weigleixgtessing M

and E has shown promise, and transmission electron microscopy will be used to determine if VLPs are
produced.
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Developing plantexpressed bleutongue virus particles as a delivery system for foreign
proteins

Thuenemann E.Gnd Lomonossoff G.P.
Departmentof Biological Chemistry, John Innes Centre, Norwich, United Kingdom

Biocompatible nanoshells based on a variety of viikes particles (VLPs) have been developed as-drug
delivery and bioimaging agents ouvitie past few years. In most cases the cargo that can be loaded
into the nanoshells is restricted to small molecules due to size constraints. The use-aéried
nanoshells to encapsulate larger molecules, such a proteins, requires that the particlesaha
comparatively large internal volume. The bluetongue virus (BTV) subcore structure, with its large
(approx. 40 nm diameter) internal cavity encased by only 120 subunits of the VP3 structural protein,
makes it particularly suited for this applicatiorurthermore, we have previously shown that BTV
particles can be efficiently assembled after the pthased transient expression of VP3 with or without

the other three main structural proteingThuenemann et al., 2013). Thus we have investigated
whether praeins fused to VP3 can be efficiently encap sulated.

We have followed an approach oftlrminal fusion, similar to that previously used in insect cells (Kar

et al., 2013). Green fluorescent protein fused to VP3 has allowed us to efficiently producedkmre
subcore, core and viruslike particles that harbour GFP on the inside without altering the size or
surface structure of the particles. Such constructs can be used to study particle assembly in plants, or
to visualise attachment and entry into hosglls.

Beyond fluorescent proteins, BTV particles can be made to encapsulate even larger proteins and,
depending on the cargo, such particles could have a range of applications from vaccine carriers to nano
scale reaction vessels.

Thuenemann, E. C., B. Meyers, J. Verwey, E. P. Rybicki and G. P. Lomonossoff (2013). "A method for rapid production of
heteromultimeric protein complexes in plants: assembly of protective bluetongue-Nkiparticles.” Plant Biotechnol
J 11(7): 83B46.

Kar, A. K., Nwatani and P. Roy (2005). "Assembly and intracellular localization of the bluetongue virus core protein VP3."
Journal of Virology 79(17): 11487495.
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The generation of modified plant virubke particles by transientexpression for
potential bionanotechnological applications.

Saunders K CastellsGraells R. and Lomonossoff G.P.
Biological Chemistry, John Innes Centre, Norwich Research Park, Namitel, Kingdom

A key property of singtstranded RNA plant viruses o multiply and produce high yields of virus
particles that encapsidate the viral genome. The transient expression of the viral coat proteins induces
the synthesis of viruBke particles (VLPs) that lack the infectious genome. This technology, which is
now well established, can be used to produce high yields of VLPs that have a morphology essentia
identical to that of the virus from which they have been derived.

We have utilised genome components of two plant viruses of differing morphology, turnkbecvirus

(TCV, a spherical virus) and tobacco mosaic virus (TMV, a ridgbapdd virus) to generate VLPs in
infiltrated plant leaves. Both viruses consist of a capsid shell composed of multiple copies of a single
coat protein entity. By transiently pxessing modified forms of the coat protein of these plant viruses
and altering the length of the RNAs designed to be encapsidated, it is possible to demonstrate the
formation of T=1 or T=3 spherical shells and reois of a differing geometry, compared the
morphology that these viruses naturally exhibit. Nenod length is regulated by the length of its
encapsidated RNA. Additional changes to coat protein sequence allows for the expression of defined
amino acid sequences on the capsid surface. In #se of TCV, it is also possible to extend the range

of maodification which can be incorporated into the coat protein through the cr eation of mosaic
spherical VLPs consisting of both the wilde and modified coat proteins.
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GADG65based edible vaccine: a neautoimmune diabetes perspective

Bertini E.Merlin M., Gecchele E., Klimyuk V., Pezzotti M. and Avesani L.
University of Veronayeronag Italy

Plants have emerged as competitive production platforms for pharmacdupicateins that are
required in large quantities. One example is thek#a isoform of human glutamic acid decarboxylase
(GADG65), a major autoimmune diabetes autoantigen that has been developed as a vaccine candidate
for the primary prevention of diabete3he production of GADG65 in plants has been optimized by the
expression of a mutated catalytically inactive form of the protein (GAD65mut), but-$aaje
purification is hampered by its tendency to associate with thylacoid membranes.

More recently, aN-G SNX¥ Ayl £ (G NHzyOFGSR F2NX 2F D! 5c¢p Ydz
Nicotiana spp. aiming at obtaining a more soluble form of the protein. In this framework, the truncated
form of the protein revealed to be also more stable and to accumulate atehilgivels than the full

length one when expressed in N. benthamiana with the MagnICON system.

Here, we investigated the potential of combining two different approaches: the high yields obtained
with the MagnICON system, particularly with GAD65mut andNtHay O § SR F2NXY npy 1D
the use of edible tissues as expression platforms teupedin edible vaccine, thus bypassing purification

of recombinant protein from plant material.

The plant systems tested in the project as hosts for target molecule ssiore were spinach and red
beet. The growing conditions for each plant system were firstly selected to improve biomass
production, then optimal infiltration conditions were identified (e.g. Agrobacterium dilution, day of
sampling, performance comparisonmfinual/vacuum infiltration systems).

The best expressing system comprising the combination of target molecule, plant species and best
performing protocol for transient expression in terms of recombinant protein accumulation, was
selected for the first stes of setup of a putative edible vaccine for type 1 autoimmune diabetes.
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Leaf Systems®: industrialisation of the Hypertrans@sient gene expression system

Jamieson G.
Leaf SystemdNorwich United Kingdom

The Hypertrans@HT-CPMV) gene expression system was developed by Professor George Lomonossoft
and Dr Frank Sainsbury at The John Innes Centre, Norwich for the transient expression of proteins ir
plants.

The technology is already being used commercially in Canada andShehere licensee Medicago

Inc. is using pladbased expression for the rapid development and production of pandemic and
seasonal influenza vaccines, the most advanced of which are in phase Il clinical trials.

Now the John Innes Centre has partnered wiith main strategic funder the Biotechnology and
Biological Sciences Research Council (BBSRC) and Plant Bioscience Ltd to bring the use of t
technology closer to home.

The three partners have established a new compahgaf Systems® which will comprisate of the

art plantgrowing areas and development laboratories. This is a translational facility enabling the
transition of the Hypertrans system from research use to production of materials for onward evaluation
and potential commercialisation.

Target poducts include therapeutic proteins, vaccines and also plant natural products. Work at the
W2KyYy LyySa /SyiNB o0& tNRFSaa2N)!yyS haoz2dz2NyQa
insights into the clustering of plant natural product genes to eeathle facile manipulation of
secondary metabolite pathways to access the enormous diversity in plant bioactive molecules.



Session 3 Poster 3.9

The transient expression of Bluetongue virus proteins in Nicotiana benthamiana for
plant-based vaccine develapent

Maranyane H.Meyer A., Regnard G., Hitzeroth |I. and Rybicki E.
The Biopharming Research Unit (BRU), Department of Molecular and Cell Biology, Faculty of Science
University of Cape TowRondeboschSouth Africa

The Bluetongue virus is a prototypeus of the genus Orbivirus. It is transmitted to vertebrate hosts
(sheep, cattle, horse and deer) via arthropod vector bites (Culicoides species) in a blood meal. Host
infections cause fatal illness characterized by damage to small blood vesselsceratianh, facial and
pulmonary oedema, vascular thrombosis and necrosis of infected tissues. There is currently no
treatment for the disease other than supportive care. Bluetongue is mainly controlled by vaccination
with live-attenuated or inactivated virsl vaccines however these come with disadvantages. Live
attenuated vaccines are known to revert to virulence or recombine with circulating strains of the virus
thereby leading to the development of progeny strains and inactivated virus vaccines aretdifficul
make. There are currently 26 known serotypes of the virus, with serotypes 2, 4 and 8 being of global
AYLER2 NIl yOSe 28 FAYSR (2 SELINBaa .¢+x GANF £ L
viruslike particles (VLPs) in order to create DI8nplaint subunit vaccines against these three
serotypes. We successfully cloned Nicotiana spp. cagiwimised BTV8 capsid protein genes VP2, VP5,
VP3 and VP7 and BTVP2 into a replicating Geminivirus platpression vector pRIC3.0.
Recombinant Agrobaerium tumefaciens GV3101::pMP90RK strains were generated. Combinations of
these recombinant strains were 4ofiltrated into N. benthamiana and shown to successfully express

in plants by western blot analysis. -@diltration experiments were then optiméd for VLP production

and purification.
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Development of a plaproduced vaccine candidate for beak afehther disease virus

Regnard G.E, Hitzeroth I.I* and Rybicki E.P.

Biopharming Research Unit, Department of MoleculaiC&ll Biology, University of Cape Town,
RondeboschSouth Africa?lnstitute of Infectious Disease and Molecular Medicine, Faculty of Health
Sciences, University of Cape Town, ObservaRopdeboschSouth Africa

Psittacine beak and feather disease (PBREIe most prevalent viral disease affecting psittacines, is
caused by beak and feather disease virus (BFDV), a small spherical virus with a circular ssDNA genon
The main clinical features are beak and feather abnormalities accompanied by immunosupprass
present no treatment or vaccine is commercially available, largely because the virus is not culturable,
and it is difficult to produce the coat protein (CP) in bacterial or animal cell expression systems.
Accordingly, in this study we investigatéie feasibility of making a plasqtroduced BFDV subunit
vaccine candidate.

The capsid gene (cp) was optimised based on protein localisation, infiltration density and time of
harvest for transient Agrobacterivimediated expression in whojglant Nicotiana kenthamiana (N.
benthamiana). Virudike particles (VLPs) were purified using sucrose cushion centrifugation and CsCl
density gradient centrifugation, and analysed using transmission electron microscopy. As a control,
virions from a naturaliynfected Palntockatoo (Probosciger aterrimus) were also purified. The CP was
successfully expressed in N. benthamiana, and expression was increased through optimisation of
Agrobacterium infiltration density and the gofiltration of the tomato spotted wilt virus NS#encing
suppressor. Expression and accumulation of CP was highest on day 3, when Agrobacterium containin
cp was cdnfiltrated at an absorbance value of 0.5 together with NSs at an absorbance value of 0.25.
These planproduced BFDV VLPs were shownedarorphologically similar to those produced in insect
cells and infectious virions. It is possible that the VLPs are spontaneously incorporating amplicon DNA
produced from the replicating geminivirdmsed plant expression vector. The resulting pseudawrio
could feasibly be used to further the efficacy of vaccines against BFDV. The CP was successful
produced in planta and presence of VLPs suggests the possibility of developing pseudovirions. This i
the first report of BFDV VLP production in plants.
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Expression in Nicotiana benthamiana and oral immunogenicity gfacine epidemic
diarrhea virus epitope (S1D) fused with Cholera toxin B subunit

Tien N:Q.-D., Kim M:Y. and Yang M.S.
Department of Molecular Biology, Chonbuk Natiodaiversity, Jeonpsi, Republic of Korea

Porcine epidemic diarrhea virus (PEDV) is a coronavirus, that causes very severe diarrhea, vomiting
dehydration, and high mortality rates in sucking pigs. It had resulted in significant economic losses in
many svinesraising countries in the world. Currently, there are no licensed vaccines and substantial
PEDV vector control effort has not stopped its rapid emergence and global spreading. Plant cells are
ideal bioreactors for the production and oral delivery oteiaes, eliminating the need for expensive
fermentation, purification, cold storage, transportation and sterile delivery-a@uministration of a
plantmade vaccine antigen with a carrier protein such as cholera toxin, it can increase the
immunogenicity anccompensate in part for low antigen recognition. In this study, a new epitope of
PEDV (S1D) alone or fused with Cholera toxin B subunit were rapidly transiexpressed with p19
protein of tomato bushy stunt virus in Nicot iana benthamiana as an oiva candidate against
PEDV. The expression and Giéihglioside receptor binding activity of G$BD fusion protein were
confirmed by Western blot analysis and GHELISA. Importantly, following oral immunization of mice,

the CTBS1D fusion protein or withacterial cholera toxin or mutant cholera toxin 61F from rice callus,
the immunized mice were induced significantly serum IgG and slgA levels against bacterial CTB and S
antigen, peaking at sixth week. Our results suggest that new epitope S1D of PEDWi ih cholera

toxin B subunit have potential to be developed as plaased vaccines candidate against porcine
epidemic diarrhea virus.
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Porcine circovirus cafg protein production in plants

Gunter C.J.Regnard G.L., Hitzeroth. and Rybicki E.P.
Biopharming Research Unit, Department of Molecular and Cell Biology, Faculty of Science, University
of Cape TownRondeboschSouth Africa.

Porcine circovirus type 2 (PQYis the main causative agent associated with diseases todisc
known as porcine circovirus associated disease. There is significant economic strain on the global swin:
industry due to high production costs of currently available 2G¥%ccines. Plant expression systems
are a viable technology for the productiaf recombinant proteins as pharmaceutical agents and
vaccine development. These systems are free of mammalian pathogens as well-eSexiiste with

rapid and scalable production potential. Plant expressed;assd&mbled virus like particles (VLP) may
elicit strong antibody and cellular immune responses. Our objective in this study was to express the
PCW2 capsid protein (CP) in Nicotiana benthamiana plants so that expression would produce VLP.
Recombinant Agrobacterium tumefaciens delivered the medifEAGHT vector which ensured high
levels of transiently expressed foreign proteins in N. benthamiana. Immunoblotting confirmed the
expression of PG¥ CP which was optimised for days post infiltration, and the OD600 of infiltrated
recombinant A. tumefaens. The seldssembled virudike particles (VLP) would then be purified by
CsCl density purification and visualised by transmission electron microscopy.

Optimum protein expression of the ZkDa PC\2 CP has been confirmed at A. tumefaciens OD600
infiltration of 0.5 three days post infiltration.

The impact of successfully producing PCZP selff 8 ASYof Ay3 Ay(2 [t Qa o
understanding of foreign protein and DNA production in plants, but may well serve as viable alternative
for commercial vaccine development.
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Screening for a planbased subunit vaccine biobetter with improved stability against
STEC O157:H7

ChinFattA.and Menassa R.
Department of Biology, University of Western Ontario, London, Canada

Shigatoxin producing Escherichia coli (STEC) O157:H7 is a pathogen that harbors asymptomatically ir
the recto-anal junction of cattle and is commonly associated with widespread meat recalls and food
poisoning affecting approximately 2.8 million people globa#gh year. EspB is a bacterial secretory
protein involved in the type Ill secretion system and has previously been validated to be effective at
immunizing cattle against STEC O157:H7. Its production in a-h@daetl system would be
advantageous because tfe potential for oral delivery to cattle, the lack of animal pathogens and
endotoxin contaminants as well as the potential for scalability. A major hurdle of recombinant protein
production is low accumulation levels, due at least in part to structuralniity of the protein upon
folding, which may result in degradation and aggregation. Given the cost of producing these molecules,
even small increases in stability, and resul tant yield and product homogeneity, can translate to
significant savings. Theanhsient transformation of chloroplast targeted native EspB into Nicotiana
benthamiana leaf tissue results in accumulation of approximately 100mg/kg FW. To further improve
accumulation, stabilizing point mutations were predicted in silico by first modetitia structure with

the FTASSER software and then predicting the free energy changes upon all possible amino acic
substitutions. The top 22 candidates predicted to have the most improved stability were chosen for
site-directed mutagenesis of EspB. Thetamis were transiently transformed into N. benthamiana leaf
tissue, extracted and then assessed by immunoblot. Two asparagine to aspartate mutations were
found to improve accumulation by ~20% (~120mg/kg FW) compared to native EspB. Removal of the
transmembyane and coiled coil domains was also investigated as part of the screen since these domains
can resist solubilisation upon extraction leavi ng the pr otein trapped in the pellet but no change in
accumulation was observed. The screening for a ptasied sbunit vaccine biobetter provides an
avenue for improved yield that could potentially translate to better cost appeal for cattle farmers and
processors. Development of a robust and affordable STEC 0O157:H7 subunit vaccine that can be
administered orally taattle has the potential to improve food safety and reduce outbreak recurrence

of O157:H7.
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Towards Pepino mosaic virus viridike particles production

MéndezLdpez E., SanchéZina M.A., Valle M. anéiranda M.A.
Plant Pathologynit, Centro de Edafologia y Biologia Aplicada del Segura ({CEB&)$ Murcia, Spain;
and Structural Biology Unit, Center for Cooperative Research in Biosciences, CIC bioGUNE, Derio, Sp:

We have described Pepino mosaic virus (PepMV; genus Potexaimily, Alphaflexiviridae) particles

at 3.9 A resolution using electron cryomicroscopy (Agirrezaiah,2015). The cryoEM map revealed

a lefthanded helix with a diameter of 130 A and an inner narrow channel of 13 A, with a pitch of 34.6
A and 8.7 coaprotein (CP) copies. The single stranded RNA runs in a helix of 70 A and resides in &
continuous groove with a high electropositive potential. The helical assembly of PepMV is also
mediated by proteirprotein interactions involving the CRtBrminal arm anl Gterminal extension.

The Nterminal arm establishes the main sitbg-side contact in the helical arrangement, whereas the
Gterminal extension builds the inner wall of the virus and creates a network of small and local
interactions. No specificity in thssRNA sequence is required to stabilise viral particles; still, expression
in plants of the CP on its own did not result in the formation of viika particles (VLPSs), whereas co
expression of CP with viral genomic RNA does, suggesting the existamcer@in of assembly (OAS).

A 5-deletion analysis of viral genomic RNA identified a stem loop between nucleotides 53 and 87 as
potential OAS. Indeed, expression of the CP from an RNA containing this stem loop resulted in the
formation of VLPs. Taggecrgions of PepMV expressingt&minal GFFCP fusions are viable
(Sempereet al.,2011), thus the VLPs described here have significant potential for epitope display in
plants.

Agirrezabala et al., 2015, eLIFE 4:e11795
Sempere et al., 2011, Plant Methods6
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Polymeric IgGAg85B fusion proteins as TB vaccine candidates

Webster G.,Teh A., Rgt R., Craig van Dolleweerdatd Ma J.
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London, United Kingdom

Tuberculosis (TB) remains a major global health issue, despite the widespread use of BCG vaccine ar
effective drug therapies. The development of a new vaccine would be an important component of TB
control in the future. Ag85B, thmost abundantly expressed protein in mycobacterial culture fluids, is

a leading vaccine candidate currently used in various TB subunit vaccines in clinical trials. In this project
Ag85B was used to form a novel polymeric immune comjitexstructure withimmunoglobulin
(polymeric immunoglobulin or PIgs). lg® K| Ay ¢ & FtatPpi€cr to taéilitate Holymeric
structure formation. Polymeric antibodies such as IgM fix complement much more effectively than
monomeric IgG. Conversely, IgG activatdgenimmune responses through binding to Fc receptors,
such as antibody dependent cell mediated cytotoxicity (ADCC). Plgs were cloned and expressed i
Nicotiana benthamianand complexes of expected size were observed and could be purified using
Protein Gchromatography. They were shown to be biologically active as they bind to C1g component
2T GKS O2YLX SYSyid OFraoOFRS Ia ¢Sttt Ia cO'wad C
cells, a macrophage cell line. Immunisation and challenge studies BI8#&id CD64 transgenic mice

are ongoing. Future work involves vitrocell binding and activatioassays as well as analysing results
from on-going immunisation and challenge studies in animal models.
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Molecular design of anovel, selfadjuvanting vaccine against dengue infection
Mi-Young K.Craig \D., Alastair C., Gina W., Jorge R., M8daY ., Yon§uk J., Rajko R.

andJulian KC.M.
Molecular Biology Department of Basic Science, Chonbuk National University, South Korea

Dengue infection is a global health problem with vaccine development and urgent priority. Here,
molecular engineering approach was employed to construct a polymeric molecular scaffold that
incorporates multiple copies of the consensus domain Il sequehB&EblV glycoprotein E. This new
vaccine construct, termed cEBHIGS (polymeric 1gG scaffold) was made, either using murine
immunoglobulin sequence for preliminary evaluation, or human immunoglobulin sequender
subsequent product development. Botlergions were successfully expressed in plants and Chinese
Hamster Ovary cells. These molecules were shown to assemble into polymeric structures that retain
important Fc receptor functions associated with immunoglobulins, including binding to Clq
componentof the complement cascade and thegfeceptors. Murine and human cEBRIGS were
shown to be highly immunogenic in wild type and CD64 transgenic mice (expressing hugRame= c
ceptor) respectively, with or without an adjuvant. The murine cEEMHS iduced a high level IgG
antibody response in their sera, which showed neutralising activity against DENV serotype 2.
Additionally, these molecules also induced a significant cellular response, as measured by T cel
proliferation, secretion of IFlgand pregnce of polyfunctional -Tells. A balanced helper/cytotoxie T

cell profiles were were induced by both murine and human cEDBE, thus underscoring the potential

of this immunisation approach to induce and modulate a breauging antidengue immune resgnse.
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Exploiting Bean pod mottle virus as a transient expression system to produce plant
made vaccines against porcine reproductive and respiratory syndrome virus (PRRSV)
in soybean leaves.

Tran H-H., Chen H., Menassa R., Huneahld Wang A.
Department of Biology, Western University, London, Canada; Agriculture andrdigti Canada,
London, Canada

PRRSV is a severe pathogen that infects pigs and causes huge economic losses in the swine indus
worldwide. Since no therapy for tidisease exists, prevention of outbreaks relies mostly on vaccines.
Plantmade vaccines have garnered increasing interest within the veterinary field, for which regulatory
approval is less cumbersome than human applications. Here, we introduce a travisam ixpression
system based on bean pod mottle virus (BPMV) to produce {pteatte vaccines against PRRSV. BPMV
belongs to the family of Comoviridae, which possesses a genome of two genomic RNAs, RNAL an
RNA2. BPMV RNA1 (approximately 6 kb) encodesrfatare proteins, protease cofactor (§wo),
putative helicase (Hel), viral genorlieked protein (VPQ), protease, and putative Riependent RNA
polymerase (RdRp), all of which are necessary for viral replication. BPMV RNA2 (approximately 3.6 kb
encodedour proteins including a replication c ofactor ( CR), a putative movement protein (MP), a large
coat protein (ECP) and a small coat proteinC®). The full length cDNAs of RNA1 and RNA2 were
cloned into binary vectors under the control of a 35S promoflne vector containing RNA2 was
modified to carry genes of interest, flanked by two s#ffavage sites in the region between MP and L

CP. A combination of modified RNA2 and RNA1 clones was transfected into soybeans via biolistic
bombardment. Using thigansient expression system, green fluorescence protein (GFP) was produced
at levels up to 37 mg/kg fresh leaf biomass at430days post inoculation. Furthermore, the
glycoprotein 5 (GP5) gene of PRRSV was halved-teioriihal GP5 (GP5N) andé€minal G°5 (GP5C)
fragments and fused with GFP to express GBHR® and GPSGFP, respectively. The presence of
GP5GGFP in soybean was confirmed by western blot, whereas the plants bombarded with the GP5N
GFP construct showed no infectivity. The resulting GBBBwill be evalu ated for potential utilization

as an oral vaccine against PRRSV.
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Plantderived antigerantibody complex induced aricancer protective immune
response through large quaternary structural formation

Kim D-S?, LeeK.J, Qiao L%, Ko K2, Do ¥, Myeung S.GandKo K*!

Department of Medicine, Therapeutic Protein Engineering Lab, College of Medicine,-&tmging
University, Seoul, KoredDepartment of Stem Cell Biology, School of Medicine, Konkuk University,
Seoul, KoreaSchool of Nan@ioscience and Chemical Engineerigigan National Institute of Science
and Technology, Ulsan, South KoréBgpartment of Urology, Chusgng University,College of
Medicine, Korea

The effectiveness of antigeamtibody complex (AA@pediated immunomodulation as a vaccine
spurred the development of diverse quaternary protein structures for vaccinatlerein,we describe

the formation of a largejuaternary protein structure, involving the clustering of the colorectal cancer
associated antigen GA73F3:KDEL ER retention motif fusion protein fGAnd the antGA733
antibody mAb COZXIA with KDEL (CP coexpressedin plants and its immune functioal
characterization. Transgenic plants expressing theaBd the anticolorectal cancer COrespectively,

were crossed to produce; plants expressing both proteins (BGA). ELISA and surface plasmon
resonance (SPR) revealed that both"@Ad CQ® proteins were assembled into the large quaternary
structure of AAC Electron micrographs (EM) showed that #h&Cformed a ~30 nm circular protein
structure. In addition, atomic force microscope (AFM) confirmed that the sizes Bk@B&and GA

were ~15 and ~3@m, respectively. Furthermore, dynamic light scattering (DLS) also identified larger
molecular size of GACG than individual GAand mixture GA+CG. In mice administered with
COR GA, antirGA733 IgGs were generated at significantly higher titers than in mice induced by the
independent antigens [mammaliagterived GA (G# and GA] or the in vitro mixtures of GM and
mammalianderived mAb CO%IA (CH) (GA+CO"), and GA+CO counterpart, respectivelySera

from the mice immunized with the GACO efficiently inhibited the growth of SW620 human
colorectal cancer cells xenografted in nude mice similar to the@Aff33 mAM. These data indicate
that antigen and antibody can be assembledférm large quaternary protein complex structures in
plants, which induce antumor immune responses to inhibit tumor growth.
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Antimicrobials maden plants

Gleba'y.
Nomad Bioscience GmbH, Halle, Germany

Enterohemorrhagic or Shiga toxjproducing Escherichia colcontaminating food productsare a
leading cause of bacterial enteric infections in USA and worldWitere are no effective methods to
control pathogenic bacteria in food chain. Nomad scientists investigated colicinsantimotic
antimicrobial proteins produced by certaih colstrains and narrowly active against some other strains

of the species, as potential pathogen control ageMsst colicins are expressed at very high yields in
plants, are fully functional and identical to bacterially produced molecules, and simple cocktails of two
or more colicins applied at low concentrations are highly and broadly active against all major
pathogenicE. colid 0 NI} Ay a Ol dza Ay 3 2 dzidpoodtiliBed tolicinsabe.bdirg prépSsedS y u
as inexpensive food additives for a broad control of pathogg&nicolibacteria in food products that

can be promptly approved in USA under existing regwyaapproval process. In 2015, Nomad has
received its first GRAS (Generally Regarded As Safe) regulatory approval fongdantolicins. We

have also expressed, in addition to colicins, other antimicrobial proteins, including phage endolysins,
pyocins,pesticins and other, and are in the process of defining antimicrobial cocktails for a range of
Gramnegative and Grarpositive pathogens includingsalmonella Pseudomonas Listeria and
Clostridium The products under development may have a broad applicatidood safety and human

and animal therapy.
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Nanobodies in and from plants: production of nanobody multimers and selected
protein degradation in planta by nanobod¥~Box fusions

Conrad U.Baudisch B., Phan H.T., Weselek A. and Hauptmann, V.
Department of Molecular Genetics, Leibniz Institute of Plant Genetics and Crop Plant Research (IPK]
Gatersleben, Germany

Camelidae heavghain antibodies have been suggested as an alternative drug format for the
treatment of several diseases. These antibodies recognize the antigen through a single variable heavy
chain domain (VHH), a molecule which is about ten times snihfierthe complete conventional 1gG.

In contrast to IgG antibodies, singdemain antibodies lack a light chain instead comprising a single
polypeptide. VHH domains are highly temperature tolerant, and their thermal unfolding is reversible.
The antigen sp@A UOA GAS& YR FFFUYyAGASE 2F 11 FyR L3AD
constants lying in the nM range. The multimerization of nanobodies may help to increase the serum
half-life and the stability in organs of application as the intestingdiy effects could also be induced.

We produced nanobody multimers by different strategiés planta Such strategies are
multimerization by trimerization domains combined with disulphide bridges caused by specific cysteins
and the use of transplicingstrategies by inteins. The specific degradation of proteins in cells is a
valuable tool of cell biologypecific nanobodies fused teBox proteins can be used to target proteins

to the proteasome causing directed degradation. We firstly applied thisn@olgy in plants and
demonstrate specific degradation of green fluorescent protein in tobacco cells. This paves the way for
the development of phenotypic mutants for several applications in physiology as well as in pathogen
resistance.
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Consistent production of plantmade recombinant polyclonal antibodies against snake
venoms
Julve JM., Huet E., Fernandez del Carmen A.;s@g P., Venturi M., Jimenez A.,

Gutierrez C., Calvete JJ., Segura A., Gutierrez JM, Granell@zardD.
IBMCPCSICValenciaSpain

Snakebites cause 125000 deaths and 300000 amputations and permanent disabilities per year
worldwide. Unfortunately, shortage of antivenin supplies is a constant threat due to the high
manufacturing costs in confluence witihe low income of most target populations. Moreover,
antiserumbased treatments are not free of serious secondary effects as consequence of the exposure
to heterologous antibody constant regions. Alternative antivenins made of recombinant human or
humanizel antibody cocktails would be highly desirable, as they would reduce secondary effects while
facilitating product standardization and reproducibility. Unfortunately, manufacturing costs for
complex antibody cocktails are very high because it requires eraantce of parallel production lines

for each component in the cocktail to ensure consistency. As a way to overcome these limitations, we
have developed a new strategy for affiable antivenin production based on @ubinant polyclonal
antibodies made in pihts. This strategy takes advantage of viral interference, an intrinsic property of
many plant viruses, to induce the formation of somatic expression mosaics in the plant leaf, which in
turn ensures that high levels of recombinant polyclonal antibodiespsogluced with outstanding
batchto-batch reproducibility regardless of the complexity of the polyclonal composition. We show
here that this new strategy enables the expression of a selected portion of a mammalian immunized
FyidAo2Re& NBLISNI 2 ¥ NB a 8 MHzY 8adRsgenid plahttinyadkiglilyAreproducibly
manner. Our results indicate that the exploitation of somatic expression mosaics in plants results in
affordable and scalable production of recombinant polyclonal antibodies that distihctognbine
batchto-batch reproducibility with virtually unlimited complexity.
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Functional HRRused anttrabbit IgG scFvs produced in plants

Meyers A.
Biopharming Research Unit, Department of Molecular and Cell Biology, r&ltyivef Cape Town,
Rondebosch, South Africa

Labelled antrabbit IgG secondary antibodies are used extensively in immunochemical applications
such as western blotting, ELISAs and immunofluorescence. These are normally raised in animal host:
the speciesof which have been used to generate the primary antibodies utilised in the particular
immunochemical application. However, anirsalurced reagents are becoming increasingly more
difficult to produce. This is due mostly to increasing ethical limitationgkimgatheir production more
time-consuming and expensive. Moreover, there is now a worldwide trend towards producing
laboratory reagents in recombinant systems which do not involve any animals or animal tissue.

We tested the production and functionality af recombinant plantmade secondary antibody as a
proof of concept for use in western blots and ELISAs. A gene encoding a short chain variable fragmen
(scFv) isolated from a chicken Ig phage display library and shown to bind to rabbit IgG protein, was
fuseR 2 GKS 0Q GSNXAyYydza 2F | K2NAESNI RA&AK LISNRE?
gene was previously cloned into an expression vector in our laboratory and shown to transiently
express HRP protein at high levels in N. benthamiana. TRdg@&cFv fused construct was cloned

into the pTRAKERH and pTRAc plant expression vectors which were subsequently infiltrated into
Agrobacterium GV3101:pMP90RK. The recombinant constructs were introduced into N. benthamiana
leaves by Agrobacteriugmediaed infiltration. Harvesting of infiltrated leaves at three days post
infiltration and preliminary screening of crude leaf extracts by western blots probed withchitken,
anti-HRP and an® X histidine antibodies confirmed expression of the recomtindRPIgGscFv

fusion protein, and activity of the HRP component was also successfully demonstrated. Production of
the protein was scaled up and the protein purified usindNWA affinity chromatography.

The functionality of the purified recombinant fusigrotein was verified by western blotting; it was
shown to be able to allow the detection of several different proteins bound by specific primary rabbit
antibodies, using a HRP substrate. The functionality of the fusion protein is currently being tested b
ELISA to detect binding to a selection of antibodies produced in rabbits.
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Seeds are capable to produce naytotoxic synthetic spider silk biopolymers
Weichert N1, Hauptmann \4, Menzel M?, Reimers R, Kirbitz .and Conrad U.
Abteilung fur Molekulare Genetik, Leibsizstitut fir Pflanzengenetik und Kulturpflanzenforschung
(IPK), Gatersleben, Germartifraunhoferinstitut fir Mikrostruktur von Werkstoffen und Systemen
(IMWS), Halle/S., Germarilinik fur Plasgsche, Asthetische, Handnd Wiederherstellungschirurgie,
Medizinische Hochschule Hannover (MHH), Hannover, Germany

Recent biomedical developments in the field of tissue engineering require prbtsiad biomaterials

as scaffolds that have been optimizior substantial extensibility, biocompatibility as well as kbexgn
stability. Spider silk proteins represent a potentially ideal biomaterial for medical applications. Our goal
is to produce plantderived high molecular weight spider silk proteins (spiis) which have superior
mechanical properties combined with a nagtotoxic behavior. Miniaturized spidroin genes were
synthesized, combined to form multimers of distinct length and expressed as dilstpeptide

fusion proteins in tobacco. The elaspenetration moduli E of biolayers from these different materials
were estimated. The increase of the spidroin content in these fusion proteins lead to an ascending E
value, and, therefore, represents a higher stiffness of these materials. We also bhbwapidroin

based biopolymers can i nduce hum oral immune responses mainly directed against the fusion partner
ELP. Cytocompatibility assays gave no indication of spidmimed cytotoxicity, suggesting that
recombinantly produced biopolymers composedspider silkike repetitive elements are suitable for
biomedical applications. This needs also suitable scaluable-pée®d production systems. Here, we
explored the benefits of seelddased expression systems to produce high molecular weight spider silk
protein FLAG using intelmased transsplicing. Multimers larger than 460 kDa in size are routinely
produced. The storage of seeds until 1 year at an ambient temperature of 15°C does neither influence
the accumulation level nor the typical pattern of muoierized bands. Seeds are the method of choice

for stable accumulation of products of complex transgenes and have the capability fotelomg
storage at moderate conditions, an important feature for the development of suitable downstream
processes.
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Modified plant-viruses nanoparticles forthejBA NSy Qa a8y RNRBYS RAl
Zampieri R.Tinazzi E., Merlin M., Bason C., Beri R., Lico C., Lunardi C., Pezaodti M.

Avesani L.
University of Veronayeronag Italy

Plantviruses can be exploited as sedplicating protinaceous nanomaterials generally stable and easily
produced at high titers in plant hosts (Tinazzi et al., 2015). In this work Potato Virus X (PVX) has beel
used as a scaffold to display a linear peptidpofliderived from human Lipocalin. Lipo peptide is
AYYdzy2R2YAYLFYyG Ay {21 ANByQa {@yRNRYS 6{2{0 06857
serum.

The resulting virusnodified nanoparticles (PVI¥o) have been used to develop a diagnostickitSjS

based on a direct enzyrnked immunosorbent assay (ELISA). We found that the ELISA assay set up
using PVXipo were more sensitive than the chemically synthesized immunodominant peptide lipo and
equally specific when used to distinguish betweeralti®ey individuals and SjS patients. Our kit
therefore allows the SjS diagnosis with a Jmwasive blood test in comparison with the currents
diagnostic techniques which include labial biopsy.

Moreover, laboratory trials have demonstrated that our kit denstorage at 4°C for up to two month
without any loss of sensitivity or specificity. Our results confirm that nanoparticles based on plan
viruses can be exploit in order to improve SjS diagnosis and could also be developed for the diagnosi:
of other diseaes.

E. Tinazzi, M. Merlin, C. Bason, R. Beri, R. Zampieri, C. Lico, E. Bartolini, A, Puccetti, C. Lunardi, M. Pezzdtt2Q15vesan
PlantDerived Chimeric Virus Particles for the Diagnosis of Primary Sjogren Syndrome. Frontiers in Plant ®cience. d
10.3389/fpls.2015.01080.
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Spaying with the aid of plantade \accines

Masloboy A, Unkel K., Broer I. and Huckauf J.
University of Rostock, Faculty of Agricultural and Environment, Department of Agrobiotechnology,
Rostock Germany

Spaying animals is usually realized by surgical sterilization or hormone therapy, though both are
accompanied by negative side efféct¥accinebased contraception using zona pellucida proteins is a
promising alternativé This method ofpaying successfully regulates wild animal population e.g. feral
horse population in USA, but the antigens are purified from pig ootytasorder to produce high
amounts of the vaccine we fused the coding regions of two porcine zona pellucida prat&igtand
Tetanus toxoid. Both fusion proteins were transiently and stably expressed in plants. The vaccine is
stable at room temperature in freezdried material or after purification and evoked an immune
response after parenteral injection in mice withcan additional adjuvant.

1ASA CS (2005) TYPES OF CONTRACEPTION. Wildlife Contraception: Issues, Methods, and 2gplications:

2 Kirkpatrick JF, Lyda RO, Frank KM (2011) Contraceptive Vaccines for Wildlife: A Review. AMERICAN JOURNAL
REPRODUCTIVE IMNOLOGY 680¢50.

3Bechert U et al. (2013) Effects of two porcine zona pellucida immunocontraceptive vaccines on ovarian activity in horses.
Jour. Wild. Mgmt. 771386;1400.
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Regulatel degradation of plantderived gzanophycin to releage dipeptides as feed
additives

Nausch H.Ponndorf Dand Broer |I.
University of Rostogk Faculty of Agricultural and Environmental Scienc@epartment of
Agrobiotechnology and Risk Assessment for @ Gene Technology, Rostock, Germany

The usage of plants as forage for pig and poultry farming is limited, sincedssential amino acids,

such as arginine (arg), are underrepresented (dfaa Galili, 2008). Conventional breeding failed to
increase the biosynthesis of free arg due to the regulation by feedimdkition and/or the immediate
metabolizing of elevated pools. In contrast to that, the amount of bound arg could be substantially
improved by introducing the biosynthesis of the cyanobacterial polymer cyanophycin (CP) into plant
plastids (Huhns et al., 200Buhns et al., 2009). CP is composed of argiaspartate dipeptides and
cannot be metabolized by eukaryotic proteases. Itsrddgtion is exclusively restricted to bacterial
cyanophycinases (CPases), releasing the dipeptides (Law et al., 2009). These proved to be superi
compared to free amino acids in fostering animal growth and development (Klang et al. B2065;
2008;Ya@saki and Hashimoto, 2008al lam and Steinbuchel, 2010).

In order to release the dipeptides in the gastrointestinal tract of animals, CPases need te be co
delivered with CRontaining plant feed. Hence, we expressed an mni@phBTe) (Richter et al.,99)

and an extracellular (CphEal) (Sallam and Steinbuchel, 2008) CPase variant in the cytosol of plants. Dt
to this spatial separation, plastidic CP should be unaffected by the enzymes as long as the cells are
intact, but degraded during animal feeding, h@n chloroplasts are decomposed.
CphB was instable in the cytosol and needed to be stabilized by fusion partners such as GFP. Moreove
even though CphB proved to be active in crude plant extracts, it did not degrade the polymer when
transiently expresseth CRproducing plants after disintegrating the plant material. In contrast to that
CphE was not affected by endogenous proteases, accumulated in significantly higher amounts, showec
a higher enzyme activity and degraded CP in homogenized CP contaisugg tis

In first feeding experiment with mice, enhanced levels of arghaisggartate dipeptides were found in

the blood serum when CP and CPase were added to the feed.

Broer, S. (2008Rhysiol Re88, 249-286.

Huhns, Met al.(2009).Plant Biotechnol 3, 883-898

Huhns, Met al.(2008).Plant Biotechnol 8, 321-336.

Klang, J.Eet al.(2005).J Anim S@3, 172-181.

Law, A.Met al.(2009).J MolBiol 392, 393-404.

Richter, Ret al.(1999).EurJ Biochen263, 163-169.

Sallam, A. and Steinbuchel, A. (20@§)p! Environ Microbidl4, 34343443.

Sallam, Aand Steinbuchel, A. (201@ppl Microbiol Biotechn@7, 815-828.

Ufaz, S. and Galili, G. (2008)ant Physiol47, 954-961.

Yagasaki, M. and Hashimoto;|. S2008) Appl MicrobioBiotechnoB1, 13-22.
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Engineering chimeric antibodies aimed for passive mucosal immunization against
HRSV

Bakshi S:2, Juarez P2, Palaci 32, Virdi V12, Schepens B? Saelens X*and Depicker
Al2?

Department of Plant System Biology, VIB, Gent, BelgiD@partment of Plant Biotechnology and

Bioinformatics, Ghent Universitgent, Belgium;3Medical Biotechnology Center, VIB, Gent, Belgium;
“Departmentof Biomedical Molecular Biology, Ghent Univers@gnt,Belgium

Human Respiratory Syncytial Virus (HRSV) is the leading cause of acute lower respiratory tract infectior
in infants and frequently causes severe disease in the elderly. There is no lit#RS&vaccinéds an
alternative, the prophylactic treatment of infants that are at risk for developing severe disease
following HRSV infection, with an HRSV fusion protein targeting monoclonal antibody (mAb) is often
recommended. However, the high costthis associated with the current mammalian dslsed mAb
manufacturing systems hampers the broad implementation of this therapy. Also, it is possible that IgA
type antibodies against HRSV may contribute to protection. Therefore, we aimed to compare the
effectiveness of IgG with secretory IgA based passive immunization against HRSV. In this context, wi
choose for the transient expression platform in plants that was shown to permit rapid small scale
production of IgG and IgA based antibody versions.

In thisstudy, we have genetically fused three different single domain antibodies that are specific for
the HRSV fusion protein#to the fragment crystallizable part (Fc) of different murine and human
monomeric IgA and IgG antibodies. In order to obtainiffiéicbnt permutations we took advantage of

the GoldenBraid2.0 cloning systéfh Since secretory IgA are the predominant antibodies in mucosal
surfaces, they might be more effective than monomeric IgA and IgG in virus neutralization; therefore,
IgA basedantibodies will also be tested in their dimeric and secretory forms. A total of 15 different
versions of these chimeric antibodies against HRSV have been engineered and prodiicetiana
benthamianavia Agrobacterium tumefaciens mediated transient epression. Results on the quality,
guantity and HRSV neutralization effectiveness of the produced antibodies in clarified extracts after
transient expression ifl. benthamiandeaves will be presented.

1Schepens, B., et al. (2011). "Nanobodies(R) spémifiespiratory syncytial virus fusion protein protect against infection
by inhibition of fusion.'d Infect Di®04(11): 16921701.

2 SarrionPerdigones, A., et al. (2011)oldenBraid: an iterative cloning system for standardized assembly of reusable
genetic modules.PLoS ON&(7): €21622.
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Stability evaluation of orally given planinade antibodies by faecal analysis

Palaci J:2, Virdi V2 and Depicker A?

Department of Plant Systems Biology, VIB, Gent, BelgiDepartment of Plant Biotechnology and
Bioinformatics, Ghent Universitgent,Belgium

Because of its numerous advantages, the oral delivery of therapeutic proteins is being explored for
several applications. In this context, production of therapeutic proteins in edible plant tissues is a first
step. While progress has been made in waysiprove production of the recombinant proteins in
plant tissues, there is a lack of information about the effects of gut transit on the target molecule. In
our lab we focused on the production of antibodies in Arabidopsis seeds and investigated theystabilit
and interactions of planimade recombinant antibodies with their target during gut transit. More
specifically, the antibodies that were applied to confer protection againstpesining diarrhea (PWD)
disease in aim vivochallenge experiment in piglétsvere quantified by analyzing the faeces of treated
animals. In the experiment, daily collected faecal samples were processed and the presence of
functional recombinant secretory IgA (SIgA) was evaluated by ELISA. Although the analysis of faec:
samplescan be technically challenging, for instance, due to the interferences in the results generated
by competing molecules or due to the presence of proteases, it is a convenieahvesive method

to prove the integrity and functionality of orally fed recombant secretory IgA after gut transit.
Moreover, in our experiment, a daily follewp of the antibody shedding could be performed not only
showing that the antibodies were functional after gut transit, but also suggesting that the antibody
dose deliveredd the piglets may be higher than the dose required for their protection against PWD.

Wirdi, V., et al.Qrally fed seeds producing designer IgAs protect weaned piglets against enterotoxigenic Escherichia coli
infection.Proceedings of the National Academy of Sciences of the United States of Americd,1Z{23), 1180911814.
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Transient expression of camelid VHH secretory IgA agdtisstridium difficiletoxin A

Saberianfar R, Henry K, Hussack GandMenassa R.
!Agriculture and AgiFood Canada, Londoanada ?National Research Council Canada, Ottawa,
Canada

Clostridium dficile is a gastrointestinal (Gl) pathogen that cau€eglificile-associated disease (CDAD)

in humans and animals. Symptoms of CDAD range from mild diarrhea tthréfdening
pseudomembranous colitis, bowel perforation, sepsis and even death, with an estimated $3.2 billion
annual associated health care cost in the(RX&L2).C. dificile@ virulence factors include toxins A (TcdA)
and B (TcdB), surface layer proteins (SLPs), cell wall proteins and flagellar components. Toxins A an
are the major therapeutic targets. Currently, antibiotics are used to treat CDADh veliier the
microflora found in the gut, and select for antibiotic resistant bacteria. An alternative therapeutic
strategy is to neutralize the toxins within the Gl tract. Previous studies have shown potential advantages
of oral administration of immunoghulins such as bovine and human IgA, and chicken IgY against
human pathogens that secrete toxins into the Gl lumen. The major limitations of this method are the
susceptibility of antibodies to proteolytic degradation, extreme pH conditions, and high lefels
proteases available in the Gl tract.

Secretory IgA antibodies containing camelid heavy cbaly antibodies (VHHspossess several
characteristics that make them suitable for oral immunotherapy, including stability, high solubility and
resistance toharsh gastrointestinal condition§Ve used the previously described llama VHH 5.1 and
VHH 26.8 raised againGt dfficile toxin A (TcdA antigen) and their corresponding engineered versions
VHH 5.1m and VHH 26.8m (with increased protease resistance amdahstability) for production in
Nicotiana benthamianéeaves.To producehe full sigAmolecule we ceexpressed the VHHA Fc with

the joining chain and the secretory component and are currently investigating the assembly of the full
slgA complex iN. benthamianaleaves.
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Production and characterization of humanized RABV neutralizing monoclonal
antibodies

Ibrahim A, van Dolleweerd C., Banyard A.C., Seldon D., Drake P. and Ma J.
Institute for Infection and Immunity, St Georgésiversity of LondonLondon, United Kingdom

Rabies is a central nervous system disease that is caused by a negative stranded virus of the genu
Lyssavirus of the Rhabdoviridae family. From the site of bite, the virus infects neurons and spreads in
trans-synaptic retrograde fashion finally causing lethal encephalitis. The WHO estimates that rabies
causes 55,000 human deaths per year. Universalegposure vaccination is not deemed to be cost
effective and posexposure prophylaxis (PEP) will continue #&tbe primary strategy for treatment.

PEP is comprised of both rabies vaccinpr@iolactone inactivated virus) to induce virasutralising
antibodies and rabies immunoglobulin (RIG) either of human or equine origin. However, due to
socioeconomic reasanless then 1% of all applications of PEP include administration of RIG. As an
alternative, the WHO identified a panel of murine monoclonal antibodies against the viral glycoprotein.
Previously, we generated and tested a plaerived mousenuman chimaeriwersion of one of those
monoclonal antibodies, 621-3, and demonstrated that it bound to antigenic site | of the RABV
glycoprotein. In the present study, we produced six different humanised versions of this antibody in
Nicotiana benthamiana, and assesskdm in virus neutralisation assays.
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Production of an Ebola therapeutic protein using a eeck system

Els J.H Hitzeroth l.and Rybicki E.
MolecularCell Biology, University of Cape TowRpndeboschSouth Africa

The Ebolairus is part of the Filoviridae family in the order Mononegavirales. The Ebola haemorrhagic
fever virus (EHFV) is a zoonotic virus that has a high fatality rate among those who contract it. There
are five different Ebola species which range widely indktyy, the highest caséatality rate between
60-90% is the Zaire Ebola virus followed by the Sudan Ebola virus with fatalities fr6@%#Qahus,

these are the strains focused on in this study.

The current Ebola epidemic underway in West Africa has rededle difficulty in treating and
controlling this disease. Despite the fact that the Ebola virus has been studied extensively there are still
no preventative approaches or vaccines available and treatment of the disease revolves around
addressing the cuent symptoms of the patient. The only therapeutic available during the outbreak
was well publicised, an antibody treatment known as ZMapp, but very few doses were available.

In an attempt to resolve this problem the Biopharming Research Unit (BRU) haavended to
produce a viral inhibitor (NB). It has been shown that antibddgendant enhancement is required

for Ebola infection. The complement component 1 (C1q) binds the Fc region of the antibody while
interacting with cell surface molecules to medidtee antibodydependant enhancement. The viral
inhibitor NB406 is highly effective in preventing the immune complex IgG binding to FcRs or C1q by
disrupting of the Fé-c interactions which is a factor in Ebola pathogenesis.

NB406 has been shown to inhikiféction of many viruses such as Ebola (Zaire and Sudan), Pandemic
influenza, Dengue and Hepatitis C virus (HCV) core antigen. Problems in producing this protein in E.co
has prompted investigations into alternative expression systems such as plants.
TheAYKAOAG2NI gAff 0S f Ay-3el® Rerd)®d fotm theé fudion froteinzaB.] 3 S
Zera is known to form large protein bodies which allow for simple purification and production of high
levels of protein while it enhances immune mediatedponse. This project will investigate the ability

of plants and plant cell packs to produce a polypeptide viral inhibitor as a potential therapeutic agent
against the Ebola virus. Pilot production of the candidate therapeutic protein will be followed by
binding studies. Success in these will prompt the development of larger scale production, purification,
and testing in animal models.
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Production and stabilization of Cyanophycinase in Nicotiana benthamiana

Ponndorf D}, Nausch H, Gors S, Mettges C and Broer [,
lUniversity of RostoglFaculty of Agriculture and Environmental SciergsobiotechnologyRostock
Germany?Leibnitz Institut for Farm Animal Biolgdyutritional PhysiologyDummerstorf Germany

Arginine supplementation of feed, which has proven beneficial effects during the last decade (Wu et
al. 2014), can be optimized by the use of -Agp dipeptides (Sallam and Steinbuchel 2010). These
dipeptides can be produced by the degradation of the baatestorage peptide Cyanophycin (CP) by

the enzyme Cyanophycinase (Sallam et al. 2009). The production of Cyanopyhicanse in plants wouls
be an alternative to bacterial expression systems. Different variants of a shortened cphB coding region
(cB) were expmrssed transiently in Nicotiana benthamina plants. Optimization of translation by
adapting the codon usage of the bacterial coding regiord)ct® plants (cB) and the insertion of the
amino acids AlaniserinSerin (cBsA) downstream of the start codofed to an increase of protein
accumulation. Anyhow, Cyanophycinase withottekninal modifications was highly instable in crude
plant extract. The fusion of the protein to GFP (pGEBs) and to the transit peptide of the small
subunit of Rubisco (S), gelting in pScB for protein production in the chloroplast, led to a high
expression of the protein but no transport to the chloroplast could be demonstrated for-pSkB
contrast to that, the combination of cBS and S (pSe8A) led to a decrease of éhprotein level.
Interestingly, the amount of the native protein, carrying afosextension at the Nerminus (pcBs-c),

was lower in Nicotiana benthamiana as well as its activity compared to the shortened version fused to
GFP and S respectively. RNA gsialindicates that differences in protein accumulation are caused by
differences in protein stability. First animal trials indicate that feeding of CP and Cyanophycinase leads
G2 |y A y-Apdgdipeptiddsythough the final evaluation of this eiment is ongoing.

Sallam, A., A. Kast, S. Przybilla, T. Meiswinkel and A. Steinbuchel [B@8hnological Process for Production of beta
Dipeptides from Cyanophycin on a Technical Scale and Its Optimization." Appl Environ Microbiol 7381): 29

Sallam A. and A. Steinbuchel (2010). "Dipeptides in nutrition and therapy: cyanoptigdired dipeptides as natural
alternatives and their biotechnological production." Applied Microbiology and Biotechnology 87(332815

Wu, G. Y., F. W. Bazer, Z. &i,D. F. Li, J. J. Wang and Z. L. Wu (2014). "Amino Acid Nutrition in Animals: Protein Synthesis
and Beyond." Annual Review of Animal Biosciences, Vol 2 21387
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Production of recombinant human acid alpha glucosidase in trgasic rice cell
suspension alture

Jung JW. and Yang MS.
BioactiveMaterial Science Department of Basic Science, Chonbuk National Univedgionjusi,
Republic of Korea

Recombinant human acid alpha glucosidase (rhGAA) that is used for enzyme replacement therapy for
Pompe disease was produced from transgenic rice cell suspension culture. Pompe disease is fata
genetic disorder because of deficiency of this enzyme. rhGAdawn as the one of the most
expensive therapeutic enzyme and patient are must treated in every two weeks to decrease lysosomal
in fibroblast. Recently, rice cell suspension culture is thought as an attractive expression system for
production of therapeut recombinant proteins owing to several advantages such as safety of product,
cost effectiveness, scalability and desirable-&ativity. The target cONA genes were amplified from
cDNA of humaiplacental total RNA and cloned into plant expression vedtan introduced into
embryogenic rice callus. Putative transgenic calli was selected on the medium containing hygromycin
-B as selection maker. The rice algraylase 3D pro moter (Ra my3D), signal sequence and terminator
were used for the expression anécsetion of rhGAA to high levels into culture medium under sucrose
free conditions. Genomic DNA PCR and Northern blot analysis were used to determine the integration
of target gene and expression of mMRNA in the putative transgenic rice callus. Westandsis and
SDSPAGE results indicated that putative 110kDa of GAA precursor form were produced and secreted
into culture medium. The amount of expressed rhGAA was maximized on 11days after sugar starvation
and measured as 37mg/L by ELISA. Algilheosicse activity of rhGAA in cultured medium and
purified rhGAA was approximately 3.48U/mg and 3.313U/mg individually. The rhGAA was purified from
cultured medium by using affinity chromatography with 6histidine on thder@inal.

In this study, we set uphte expression of rhGAA in rice cell suspension culture and characterized it.
However,for the therapeutical purpose, the uptake of rhGAA into target cell requires specific N
glycosylation residue. So strategies for modification of rhGAA is we expressetlirsher studying.
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Recombinant production of human blood clotting factor IX in the moss bioreactor

Top Q'? Schaaf A, Reski R2*and Decker E 1.

Plant Biotechnology, Faculty of Biology, University of Freiburg, Freil@ggnany 2Spemann
Graduate School of Biology and Medicine (SGBM), University of Freiburg, Freiburg, Germany
SGreenovation Biotech GmbHFreiburg Germany “BIOSS Centre for Biological Signalling Studies,
Freiburg, Germany

Hemophilia B is a congenital bleeding disorder caused by a malfunction or deficiency of coagulation
factor IX (FIX), a vitamindépendent (VKD) serine protease. Current treatment is restricted to a
protein-replacement therapy. Approximately 1 billion wniof FIX were consumed in 2012 (World
Federation of Hemophilia). However, still about8@% of the patients, mainly in developing countries,
received inadequate or no treatment because of unavailable and/or unaffordable FIX concentrates.
Our aim is to prduce high levels of recombinant FIX in the moss bioreactor. Moss, Physcomitrella
patens, is an important model organism for evolutionary and functional genomics approaches and also
a well established molecular farming platform (Reski et al., 2015). Thee dfagene targeting was
employed for precise genome engineering resulting in the elimination of Sigecific protein N

glycan residues. It has been used as a bioreactor for the production of complex recombinant proteins.
For the production of bioactivelk in a planbased system, some features have to be taken into
account. In addition to glyeengineering, the enzyme gamnggutamy! carboxylase (GGC) is crucial for
posttranslational gammacarboxylation of the first 12 glutamic acid residues within tremga
carboxyglutamic acid (Gla) rich domain of FIX. Moreover, paired basic amino acid cleaving enzyme
(PACE) is a serine protease which is responsible for the processing of the -pbftpte. As both
enzymatic functions were not characterized in plan&doe, GGC and PACE coding sequences were
introduced into the moss genome. Recombinant-pidducing moss lines will be generated and
characterized in terms of Gla content and glycosylation by mass spectrometric analyses. The activity of
the mossderived FX will be evaluated by activated partial thromboplastin time assay.

Reski, R., Parsons, J. and Decker, E. L. (2015Madespharmaceuticals: from bench to bedside. Plant Biotechnol J, 13:
1191¢1198.
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Plant production of potenial Salmonella Typhimurium diagnostic antibodies

Kopertekh L%, T. Meyer P, Freyer G, Hust M? and Schiemann?lJ.

Dulius Kuehn Institute, Federal Research Centre for Cultivated Plants (JKI), Institute for Biosafety ir
Plant Biotechnology, Quedlinburgzermany;?Technische Universitat Braunschweig, Institut fir
Biochemie, Biotechnologie und Bioinformatik, Braunschweig, Germ#BipNTech AG, Mainz,
Germany

Salmonella infection is one of the most worldwide important fdmmine diseases with ten millions
cases every year. The emergence of maltig resistant Salmonella Typhimurium strains requires an
enhanced surveillance of bacterial food contamination. Application of new specific antibodies can
improve currently available ELISA tests for S. Typhimudiagnostic. The aim of this work was plant
production of antibody fragments that can be potentially applied in ELISA diagnostic assay.

The candidate scFM43E10, scFadbM43E10 and scFFeTM43EL10 antibody derivatives were
transiently expressed in N. hthamiana using PVBased expression vector. The-S8cE LINS & & A 2 V'
gene silencing suppressor from Poa Semilatent Virus significantly increased the accumulation level of
recombinant proteins. Beside the expression system plant, the antibody derivatives also
produced in E. coli (scAMA43E10, scFalhM43E10) and mammalian HEK28& (scFFcTM43E10)

cells. The correct expression of the recombinant proteins was confirmed by Western blot. To assess
their functionality the purified proteins were subjest to ELISA test. The antigen binding was
confirmed for all recombinant antibodies. There were no significant difference between binding
capacity of antibody fragments produced in plants and microbial/mammaliasfbaséid systems.

The results of ouexperiments demonstrate that the plaqproduced scFRIM43E10, scFaiM43E10

and scFFGTM43E10 antibody fragments are functional and could be considered as possible
candidates for development of diagnostic ELISA kits for S. Typhimurium detection.
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In vivo study of two differently shaped plant virus nanoparticles reveals peculiar traits
in biodistribution and safety profiling
Lico C.Giardullo P., Macuso M., Benvenuto E., Santahd Baschieri S.

Laboratory of Biotechnology, 3Sy T Al bl TA2yIFfS LISNI £S bdz2 @S ¢
Economico Sostenibile (ENEA), Rome, Italy

Selfassembling plant virus nanoparticles (pVNPs) have started to be explored as nansineter
G2o02S00Ga¢ 2F Ayl SNBEBang esperitlly forhdcifing @ HrigXaivery Angd imagh@ Y ¢
Plant VNPs are attractive because of the wide diversity of symmetries and dimensions, easy
chemical/biological engineering, easy and rapid production in plants, and may be ideal in terms of
biocompdibility and biodegradability.

During the last years, Tomato bushy stunt virus (TBSV) and Potato virus X (PVX) have been extensive
characterized as ideal, highly ordered, multivalent scaffolds to be used for delivery purpose of peptide
or molecules of lmpharmaceutical interest. TBSV is icosahedral with sisigéended positivesense

(ss(+)) RNA genome embedded in a capsid of about 30 nm in diameter made of 180 identical coat
protein (CP) units, while PVX has a filamentous flexible structure of aboutrd@®length and 13 nm

in diameter, made of a ss(+) RNA wrapped in approximately 1300 units of a single CP. We have
established that TBSV can be useful for the encapsulation of small molecules and the display of
polypeptides, and that geneticalgngineeed PVX chimeric particles are able to induce the activation

of both antibody and celnediated immune responses without the need of adjuvandetivery.

Recently, we started to define the safety profile of both viruses, demonstrating, by in vitro aivdin v
assays, they are neither toxic nor teratogenic.

To get a more complete understanding of the behaviour of these nanoparticles in vivo, we report the
results of a study aimed to define the biodistribution of unlabeled, unpegylated, underivatized TBSV
and PVX using immunohistochemistry and Enzyme Linked ImmunoSorbent Assay for detection. The
results revealed that the two pVNPs do not induce major alterations in the cellular and tissue
architectures and have different behaviours in terms of persistencéénblood stream and tissue
localization. Moreover, only PVX associates to erythrocytes. The reported data add new important
information about the in vivo behaviour of these naabjects and demonstrate that these pVNPs are
endowed with different and pecw@r properties. Moreover, this study sets a solid ground reference for
future testing of functionalized pVNPs displaying peptides or active moieties on their external surface,
but also on the inner, designddr biomedical applications.
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A PlantProduced Bacteriophage Tailspike Protein for the ControBadlmonella

Miletic S2, Simpson D3].Szymanski C.K).Deyholos M.KandMenassa R?"
1Southern Crop Protection and Food Research Centre, Agriculture anéodgriCanadal.ondon,
Canada?Department of Biology, University of Western Ontario, London, Carfadizerta Glycomics
Centre and Department of Biological Sciences, University of Alberta, Edmonton, C@regmiatment
of Biology, University of British Columbia, Keloyw@Ganada

The receptor binding domain of the tailspike protein Gp9 from the P22 bacteriophage was recently
shown to reduce&salmonellacolonization in the chicken gut. In this study, we transiently expressed the
receptor binding domain of the Gp9 tailspigeotein inNicotiana benthamianaand targeted it to the
endoplasmic reticulum (ER) or to the chloroplasts. Gp9 was also fused to either an-létastin
polypeptide (ELP) or | tag, which were previously described to improve accumulation levels of
recombinant proteins. The highest levels of recombinant protein accumulation occurred when unfused
Gp9 was targeted to the ER. Lower levels of chlorofitagieted Gp9 were also detected. EfuBed

Gp9 was purified and demonstrated to bindSalmonella entericaerovar Typhimuriunin vitro. Upon

oral administration of lyophilized leaves expressing-Gp® to newly hatched chickens, we found that
this tailspike protein has the potential to be used as a therapeutic to coSalvhonellacontamination

in chickens.

Miletic S, Simpson DJ, Szymanski CM, Deyholos MK and Menassa R (201&)adRiaatl Bacteriophage Tailspike Protein
for the Control of Salmonella. Front. Plant Sci. 6:1221. doi: 10.3389/fpls.2015.01221
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Theextracellular protease complement of agroinfiltrated Nicotiana benthamiana
GrosseHolz F., Madeira L., Sueldo D., Chandrasekar B., Hong T.Waraddr Hoorn

R.A.L.
The Plant Chemetics laboratory, Department of Plant Sciences, University of Oxford, Orited,
Kingdom

Agroinfiltration ofNicotiana benthamianas frequently used to transiently express and study proteins

in plants. Besides being a model in plant science, it is also increasingly used as a protein productior
platform in Molecular Pharming, because if its flexible, quick expression of (glycojs.ofome
proteins are efficiently expressed, accumulating up to 50% of the leaf proteome, but the majority of
the recombinant proteins accumulate to low levels, show truncated products, or declining
accumulation levels, indicating that degradation by englogus proteases is a major obstacle in the
study of plant proteins and production of recombinant proteins. Here, we aim to identify the proteases
and inhibitors that accumulate in the apoplast of agroinfiltrated leaves. We have analysed leaves that
were irfiltrated by disarmed Agrobacterium tumefaciens strains with and without carryindd&lA
producing silencing inhibitor P19, and buffer controls at various time points. Transcript, protein, and
activity levels were determined by RNAseq, apoplast proteoraitd protease activity profiling,
respectively. We detect 192 annotated proteases and inhibitors in the apoplast, mostly accumulating
at late stages upon agroinfiltration. We detected 11 active pafiaenCys proteases, 7 subtilases, 10

Ser carboxypeptidges, but also vacuolar processing enzymes and various subunits of the proteasome.
Protomap analysis also indicates that numerous processing events in the apoplast. This study reveals
a complex proteolytic network in the apoplast of agroinfiltrated leaves.
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Utilizing endogenous and ectopic protein storage organelles to boost recombinant
protein performance

Hofbauer AL, Tschofen M, Arcalis E, Melnik S, Phan H.F, Conrad U.and Stger E!
Department of Applied Genetics ai@kll Biology, University of Natural Resources and Life Sciences,

Vienna, Austrig?Department of Molecular Genetics, Leibniz Institute of Plant Genetics and Crop Plant
Research (IPK), Gatersleben, Germany

Naturally occurring storage proteins such as zeins are versatile fusion partners for recombinant
proteins because they induce the formation of ectopic storage organelles known as protein bodies
(PBs) where the proteins are bioencapsulated and stabilizehtbymolecular interactions and the
formation of disulfide bonds. Endogenous PBs are derived from the endoplasmic reticulum (ER) of seec
endosperm cells. However, the biogenesis and budding of ectopic PBs does not requirerdeBd
specific factors.

Beng waterinsoluble polymers, isolated cereal prolamins such as zeins e widely used to
formulate carrier particles for the delivery of therapeutic molecules. We used an alternative strategy
combining the production and encapsulation of a recombinamodel vaccine antigem planta. A

fusion construct comprising the ectodomain of hemagglutinin subtype 5 and#eS\NY A y I £ LIl |
zein was generated to incorporate the recombinant antigen into newly formed zein bodies. The
chimeric protein was transntly produced in tobacco leaves, and-etintaining protein bodies (PBS)

were used to immunize micA&n immune response was achieved in all mice treated witlzéih, even

at low doses. The fusion to zein markedly enhanced the IgG response compareditile &l control,

and the effect was similar to a commercial adjuvaitite Teadministration of adjuvants with the H5

zein bodies did not enhance the immune response any further, suggesting that the zein portion itself
mediates an adjuvant effectWhile thezein portion used to induce protein body formation was only
weakly immunogenic, our results indicate that zeiduced protein bodies are promising production

and delivery vehicles for subunit vaccines.
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Plantbased production of biHunctional fusion proteins with hydrophobin fusion
library

Reuter L., Ritala A. addensuul.J.
VTT Technical Research Centre of Finland LTD, Espoo, Finland

Hydrophobins (HFB) are small globular proteins from filamentous fungi. In fiig$ have several
biological functions. While the secreted HFBs decrease the surface tension, theoatli§ is
functioning as a fungal rain jacket on spores and hyphae to decrease wettability and to support
penetration at airwater interfaces. HFBoating also serves as camouflage and adhesion agent for the
fungus. These interesting biological functions of HFBs have inspired multitude potential uses in
biotechnology from structure enhancing food additives to coating of sensors and nanoparticles.
Combininghe properties of HFBs with activities of other fusion protein partners opens avenue for new
applications. However, the peculiar fold of hydrophobins (sudexgosed hydrophobic patch and four
intramolecular disulphide bridges) have made their heterologyexpression challenging.

We have previously shown that plants can provide an excellent platform for manufacturing of HFB
fusion proteins. HFBusion strategy has enhanced the expression level of many fusion partners.
Furthermore plants contain only fewative hydrophobic proteins enabling very efficient purification
through surfactant based aqueous two phase separation (ATPS) system.

Until now, the HFB fusion technology has relied solely on Trichoderma reesei HFBI leaving the large
diversity of other HFBunexplored. Here we report plabiised expression of several novel HFB tags.
The amphipathic properties, contributed to the fusion protein by the HFB tag, were evaluated by
testing the performance of the fusions in ATPS. The established library of g#RBas further used to
engineer bifunctional fusion proteins with human transferrin, human interleuRix and
Staphylococcus aureus Protein A. The target proteins were expressed in transient Nicotiana
benthamiana system as well as in stably transformdshtwo B¥2 cells.
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Heat precipitation of tobacco host cell proteins facilitates target protein recovery and
purification and can be implemented into an automated largeale manufacturing
process

Menzel S., Fischer dBuyelJ. F.
Fraunhofer Institute for Molecular Biology and Applied Ecology IME

Chromatographic techniques are most frequently used for the purification of biopharmaceutical
proteins. However, identifying an effective capture step can be a challenging taskri@ntibody

target proteins, especially if these are expressed at low levels or contaminated by a large number of
host cell proteins (HCPs) as it is often the case for mlanved products. In such cases, several HCPs
can bind to the capture resin aneéduce the effective binding capacity resulting in the necessity for
large column dimensions and increasing downstream processing (DSP) costs. A selective removal c
HCPs prior to the initial capture step may help to circumvent this problem and reduceirt@gP.

Here we present how a heat precipitation step can remove more than 90% of tobacco HCPs and
increase the product stability, i.e. prevent proteolytic degradation. We have optimized the procedure
for three multtdomain malaria vaccine candidate prote and a fluorescent model protein using a
designof-experiments (DoE) strategy. In this context, we compare four different variants of heat
precipitation (blanching, hot extraction, heat treatment of extract in a vessel or heat exchanger) along
with seveal process parameters (incubation time and temperature, various buffer conditions) in terms
of product purity, recovery and compatibility with large scale manufacturing. We also highlight the
impact of heat precipitation on subsequent process steps inotudhe capacity and costs of
subsequent filtration and chromatographic purification. Finally, we present how the best performing
heat precipitation step is automated and currently being implemented into a GdtRpliant
production process for malaria vanei candidates transiently expressed in Nicotiana benthamiana
with a weekly biomass output of 100 kg.
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The multiple uses of tomato cystatin SICYS8 as-axjoression partner in plant protein
biofactories

Jutras P.\}, Rolert S, Goulet M:C!, Sainsbury F?and Michaud B.

IDépartement de Phytologie/ SY 1 NB RS wSOKSNOKS Si RQLYYy2@I (A
Québec, QC, Canad&entre for Biomolecular Engineering, Australian Institute for Bioengineering and
Nanotechnology, University of Queensland, Brisbane, QLD, Australia

We here discuss the potential of tomato cystatin SICYS8 as a useful accessory protein for the
stabilization, high yield production and downstream purification of clinically useful recombinant
proteins expressed in plant protein biofactories. The strong inhibitory effects of SICYS8 against
endogenous Cys proteases in plant tissues make this protein attraciseceexpression partner for

the in situ stabilization of proteassusceptible proteins, especially during their migration along the cell
secretory pathway. The high translation rates of SICYS8 transcripts in plant cells make this protein alsc
useful as a Nterminal translational fusion partner to boost the production of recombinant proteins
recovered at lower levels when expressed alone. Finally, the well defined tertiary structure and intrinsic
stability of SICYS8 make this protein a convenient andstoimsion template to pohHis tags for the
efficient, singlestep IMAC puri fication of recombinant proteins following extraction. These different
applications of SICYSS8 in plant systems are here illustrated with mammalian and human proteins
transiently expressed in leaves of the widely used expression Nasttiana benthamiana
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DicerLike 2/4 suppressed tobacco plants for high expression of recombinant proteins

Matsuo K.and Matsunura T.
National Institute of Advancebhdustrial Science and Technology (AlS@jpporoJapan

Many attempts have been made to improve the expression level of recombinant proteins in plants.
One of the effective approaches, repression of RNA silencing seemed directly linked to the
enhancemenof the recombinant protein production.

Many components are involved in post transcriptional gene silencing (PTGS)iKigeoteins (DCLS)

are one of the important factors because the DCLs produced small interference RNAs (SiRNAS) to star
and maintan RNA silencing. To overcome RNA silencing systems, we have developed DCL2 and DC
NBLINEAaSR (NIXyadaSyaAO bAO20Al Yl o06SYGKFYALFYIl L3X
Furthermore, DCL2 and DCL4 genes dotdypeessed N. benthamiana plant wassalproduced
opns5unps5n LXFydod Ly SIFEOK GNIXyaaSyao LIXIFyidz GKS
genes was greatly decreased. However, significant morphological differences were not observed.
Green fluorescent protein (GFP) was transiently egped in those transgenic plants. At 3 days after
AYFTAEGNI GA2Y ORLIAOGYE GKS KAIK | OOdzydz | GA2Yy 27
2F p5u3 ps5n FYyR gAfR (GeL)S LXlyiad ¢KSYy | OARA
expres SR Ay (KS G(GN}ya3asSyrd LXlydaod ¢KS SELINBaai
plants were nearly identical to those of WT plants. In contrast, the expression level of aFGF mRNA anc
LINEGOSAY AY nSups5n LA FyGa FanshIyATFh O wRE 2¢ KIAM
¢KS n5ups5n LXILyda Oy SELINB&aa fIFNBS |Y2dzyia 2
be useful for recombinant protein production.

This study was supported by a GramtAid from Ministry of Economy, Trade and IndugtiETI) of Japan.



Session 5 Short talk- Poster 5.3

Codon use and mRNA structure analyses across kingdoms indicates selection on both
MRNA stability and translatability
Westerhof L.B.Sterken M.G., Wilbers R.H.P., Luijben L., van Raaij D.R., L. Snoek L.E

Bakker J. and Schots A.
Laboratory of Nematology, Plant Science Group, Wageningen Univelsiageningen The
Netherlands

To boost heterologous protein production the codon use of a gene of interest is often adapted to
NEFtSOG GKS SELINBaarzy K2aidQa O2R2y dzasS Ay K.
results obtained with this strategy are variable. A comparigetween the overall codon use and the
codon use in highly expressed genes of several plant species revealed that optimal codons are not
always the codons of which the use is most increased with expression. Although the codon composition
of highly expressi genes differs between monocots and dicots, often the same codons are linked
strongest to expression (here after named expression codons). We used these conserved expressior
codons to optimise the codon composition of three genes, which enhanced pragthsygnificantly

upon stable and transient expression in plants. Upon stable transformation both transcript levels and
protein yield per transcriptncreased. Next, we analysechether this expressiofinked codon bias

found in plants also extends to ah kingdoms of life. Thereto, expressibnked codon use was
investigated in Escherichia coli (Bacteria), Saccharomyces cerevisiae (Fungi), Caenorhabditis elegal
(Animalia) and Mus musculus (Animalia) using more than 250 microarrays per species. Wi&bund

a common codon use bias exits over all species. In addition, computational analyses of various mRN/
characteristics revealed a similar selection pressure across kingdoms that increases both stability anc
translatability. Combining gene expressionaatith available protein abundance data showed that an
increased number of stedoop transitions together with a reduction of stem size increases translation
efficiency. An algorithm was developed that combines the use of optimal and expression codons to
create an ideal mRNA structure for any given gene. This algorithm was again tested in plants and leac
to a signiftant increase in protein prodtion. The spin off company TripleT Biosciences combines this
algorithm with all available knowledge on codon as®l offers a codon optimization tool.
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CMV£Agroinfection triggers plant defense mechanism suppressing gene expression

Fukuzawa N, Masuta C, Murota K2, Itchoda Nt and Matsumura F.
INational Institute of Advancebhdustrial Science and Technology, Sapporo, J&@maduate School
of Agriculture, Hokkaido University, Sapporo, Japan

We previously developed the Cucumber mosaic virus (CMV) vector and have produced a wide variety
of protein using the CMV vector. To dr@further improvement in expression levels of gene of interest
(GOI), we have developed the CMYroinfection methods. Here, these methods were used to express
the Green Fluorescence Protein (GFP) in Nicotiana benthamiana plants, results show tha tine GF
plants inoculated with the CMV vector were systemically expressed, whereas the expression of GFP ir
plants used for CMMAgroinfection were observed in vein localization.

We predicted that the occurrence of vein localization of GFP expression wasethdy post
transcriptional gene silencing (PTGS) because of transient accumulation of GFP mRNA- by CM\
Agroinfection. We attempted to overcome the PTGS using RNA silencing suppressers (RSS). Then bc
HCPro transgenic (Tg) plants and 2b Tg plants werd tmeCMVAgroinfection. The 2b Tg plants show

that GFP was detected in all parts of the leaves. However, tHerblTg plants show that the GFP was
again localized only in the veins. These results suggested that the PTGS was not involved in the GF
vein bcalization.

On the other hand, we also observed that the accumulation levels of salicylic acid (SA) had markedly
increased in the plants which were inoculated with Agrobacterium using vacuum infiltration.
Consequently, the large accumulation of SA wasymeed to be involved in the GFP vein localization.
Therefore, we produced the Tg plants expressing SA glucosyltransferase (SGT) which catalyzed th
conversion of SA to salicylic acid glucoside (SAG). When the SGT Tg plants were used for CM'
Agroinfection,we confirmed that the GFP vein localization was breaking up systemically.

These results indicated that the localized expression of GFP withAgkt¥hfection is caused by the

large accumulation of SA which was triggered by vacuum infiltration of Agrobhauntesupported by

the spreading of GFP which was induced in both SGT Tg plants and 2b Tg plants. We speculate that -
may function as not only a silencing suppressor but also revealing correlation with the response of SA.

This work was supported in pasy grants from the Ministry of Economy Trade and Industry in Japan.
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Production of Human Nerve Growth Factor in Nicotiana benthamiana

Ofoghi HY, Zangi M., AminiBayat Zand Ehsani P.
Biotechnology Demrtment, IROST. Tehran, IrafMolecular Biology Unit, Pasteur Institute of Iran,
Tehran, Iran

Plantbased expression systems proved to be an efficient approach for the production of complex
heterologous proteins). Compared to traditional expression systems basedbacterial and
mammalian cells, they generally offer major advantages such as low costs, especially atddegge
LINE RdzOGA2Y YR 0aSyO0S 2F 02y dl YAY INGEH @etadeivezl f f
growth factor) is a neurotrophic factamportant for the development and maintenance of the sensory

y' S dzN2 yW@EFRbis aujargederived secreted homalimeric protein which contains 128mino acid
polypeptides.

In this study, the gene encoding human NGF protein containing 811 base pair andsocoiBi®, Pro

and Mature sequences which was codon optimized and cloned in expression binary vector pGR107
dzy RSNJ O2y GNRf 2F (GKS OF dzf A Tt 2-HENhsexprésied by @RONIHza
silencing suppressor. The P19 protein was cloned wector pCAMBIA1304, which contained the

/[ I dzf AFE26SNI Y24l A0 @OANHzZ o6/ Fax0 op{ LINBY2{SNJ]
nopaline synthase gene of Agrobacterium.

Expression vectors containing the desired genes were transformed to Adeoliat tumefaciens

strain GV3101 by electroporation. Accuracy of expression cassette was confirmed by restriction
enzyme analysis, PCR and colony PCR. By infiltration of recombinant Agrobacterium cells carryini
K dzY I -MGF gene into Nicotiana benthamiamsaves, transient expression assays were performed
within 3, 4 and 5 DPI (days after infiltration). Our results showed that transient expression of the
recombinant NGF protein yielded about 1.5% of TSPexpeession with the p19 suppressor also
significant & A y O NSNG& Sxpresaida $evel approximateljold (to about 67% of TSP) after

just 4 DPI. A 27 kDa band was detected onBBGE and confirmed using Western blotting presenting
the precursor form of proNGF and 15 kDa band of Mature NGF waswets in apoplast of Nicotiana
benthamiana leaves. We conclude that the genetically modified plants are capable of producing human
rh NGF with a molecular weight and structure similar to human NGF.
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TrichoPharming and @oPharming by Sequentia: trichomes as natural factories and
bioinformatics tools to ease plant molecular pharming research

Hernandez L.M.Sanseverino W. and Aiese Cigliano R.
Sequentia Biotech, Barcelona, Spain

TrichoPharming, our biofarming researcheli use trichomes as natural biactories for producing

some interesting compounds to treat malaria and cancer. Trichomes are specialized epidermal
protrusions on the surfaces of leaves and other aerial organs of most of the plants. Trichomes defend
plants against insect herbivores, virus, UV light and excessive water loss. But interestingly, glandular
trichomes are also able to synthesize, store and sometimes secrete large amounts of specialized
metabolites, which could have significant commercial valaepharmaceuticals. Furthermore, the
isolated compartmentalization in trichomes allows the production of potentially detrimental
compounds without affecting plant development. Therefore, TrichoPharming may represent an
unprecedented opportunity to manufacta affordable modern medicines and make these available at

a global scale, particularly in underdeveloped countries where access to medicine s has historically
been limited. We have focused in the use of different medicinal plants, starting with Arteamisia,

as a coseffective and valuable system to produce huge amounts of bioactive compounds with anti
cancer and antmalarial properties. Artemisinin, a sesquiterpene lactone, is a natural substance only
naturally produced in Artemisia annua plant thatvery powerful and efficacious molecule to treat
malaria as well as diverse types of cancer. Indeed, the discovery of this substance has been recentl
awarded with the Nobel Prize in Medicine 2015.

Additionally, Sequentia have also started to developp®harming. OrtoPharming is a bioinformatics

tool which goal is to ease w#db work for scientists involved in biofarming research areas.
OrtoPharming will analyze and compare different key enzymes and precursors of interesting plant
molecular pharming péiways in order to look for their possible orthologous in other plant species.
This potent tool will facilitate the improvement of the efficiency for producing valuable products in
plants.
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Adverse impact of silencing suppressgorotein 19 on production of Tissue
Plasminogen Activafor in Nicotiana species

Amiri M., JalakJavaran M., Ehsani #éhdHaddad R
Department of Plant Breeding & Biotechnology, Faculty of Agriculture, Tarbiat Modares University,
Tehran, Iran

P19 protein ofTomato Bushy Stunt Virus (TBSV) suppressestiaostcriptional gene silencing (PTGS)
process and allows rapid and high expression of the gene of interest utilizing transient expression.
However, the influence of the P19 on expression should be assaykffierent plant species. Tissue
plasminogen activator (tPA) gene was transferred to pTHRRd binary vector. The expression level
was determined in both cagroinfiltrated pTRAPAERH with and without agrobacteria carrying
pCambiaP19. ELISA results sted that concentration of tPA protein in the absence of P19 was 0.65%
and 0.74% of total soluble protein, versus, 0.141% and 1.36% in presence of P19 in Nicotiana
benthamiana and N. tabacum, respectively. In N. tabacuragroinjection of P19 has increakéhe
production of tPA twefold higher and confirmed the synergistic effect of P19 on tPA expression.
However, in N. beitamiana, the presence of P19 has deceshf?A production fivdold lower. N.
bentamiana is well known for less production of protémyenzymes especially in endoplasmic
reticulum than other member of genus. In spite that, Western blot analysis has shown that retention
of tPA in endoplasmic reticulum using KDEL peptide could not prohibit the degradation of tPA in
N.benthamiana. Therefe, other transgene specific mechanisms must further be investigated to
improve the production of heterologous protein using gene silencing suppressors. In conclusion, our
results showed that the expression level of tPA ameliorated using virus coded geneing
suppressor in N. tabacum.
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Reducing proteolytic activity in Medicago cell cultures for optimized production of
recombinant goteins

Santos R.B.Chandrasekar B.van der Hoorn R.Schiermeyer AandAbranchesR!

lInstituto de Tecnologia Quimica e Bioldégica Anténio Xavier, Universidade Nova de Lisboa, Oeiras

Portugal;?Department of Plant Sciences, University of Oxford, Oxford, United Kingffoaunhofer
Institute for Molecular Biology and Applied Ecology (IMBfh&n, Germany

Medicago truncatula is an established model for legume biology studies. It has a small, diploid genome
that is fully sequenced and it is easy to manipulate and transform. Our lab has been working with
Medicago exploring this platform as dapt production platform for biopharmaceuticals. We have
successfully produced fungal and human recombinant proteins in both plant and cell suspensions.
However, some challenges remain so that plant systems become truly competitive, including the
degradaton of protein products during production and downstream processing stages, preventing low
yields that are generally obtained.

In Medicago truncatula genome, there are more than 400 known and putative protease genes,
however, the proteolytic content of Medago cell suspensions is not known. We started by evaluating
the proteolytic activities that hamper the successful production and purification of selected target
proteins. The use of selective protease inhibitors that blocked proteolysis enabled us siyctasi
identify the proteases classes responsible for the degradation of the target proteins. Commercial and
in-house made inhibitors were used and inhibition of degradation was achieved for cysteine, aspartyl
and metalloproteases. By mass spectrometmalgsis, we concluded that Medicago suspension cells
contain cysteine, serine, aspartyl and metalloproteases. Activity based protein profiling (ABPP) probes
were used to classify specific proteases responsible for degradation and proteolytic activitees wer
determined in cell extracts and spent culture mediumteNminal sequencing of target protein
cleavage products was performed in order to understand which protease is responsible for each
particular cleavage.

Knowledge gained about the proteolytic acties will be applied to engineer cell lines with reduced
endogenous protease activities by-empression of selective protease inhibitors together with the
target protein.
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Quantitative evaluation of constitutive and seed specifipromoter activity in
immature soybean cotyledons
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andMoravec T.

Laboratory of Virology, Institute of Experimental Botany, Pragueaegnt of Biochemistry, Charles
University, Prague

Seed of leguminous crops and particularly that soybean is a very important source of dietary proteins.
Its natural ability to express and store large amounts of proteins makes it especially suitable for
expression of high value proteinscduas vaccines or antibodies. However stable transformation of
legumes is technically challenging and takes 9 to 12 months. With the onset of synthetic biology
approaches and combinational cloning there is a strong need to quantitatively evaluate andzeptim
large number of genetic constructs in transient expression assay. Here we report a quantitative
comparison of several constitutive and tissue specific promoters in transient assay in developing
soybean seeds performed both in vitro and in vivo.
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The development Pepper mild mottle virus expression vector

Bonnet R.M.V., Duarte M.A., Junqueira, B.R. T Naghta T.
Department of Cellular Biology, University of Brasilia, Brazil

The plant virus vector is one of strategic toal fbe heterologous protein expression in plant. Some
virus groups were used for this purpose as tobamovirus, potexvirus, comovirus, cucumovirus and so
on. For the natural capacity of high amount coat protein accumulation, tobamovirus and potexvirus
were alvays leading this technology. In tobamovirus, Tobacco mosaic virus or Tomato mosaic virus are
often used, but other tobamovirus vectors are not wediveloped. In this study, Pepper mild mottle
virus (PMMoV) is used for the development of virus vector gostein expression. At first, the
infectious clone of PMMoV was constructed in the small binary vector pJL89 flanking to 35S promoter
of Cauliflower mosaic virus and Hepatitis Delta virus ribozyme using Gibson Assembly technique. After
confirming the infetivity by agreinfiltration, a reporter gene of Green fluorescent protein (GFP) was
inserted to the infectious clone. The resulting construction showed infectivity and GFP signals when
agroinfiltrated. Here we developed the PMMdddsed vector for proteinxgression.
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Hairy roots as bioreactors for the production of antimicrobial immunotherapeutics for
astronauts

Cerasi M.Lico C Catellani M., Massa S., Benvenuto E. and Capodicasa C.
ENEA, SSHIOAG, Laboratory of Biotechnolo§esearch Center Casaccia, Rpltady

Diseases caused by opportunistic fungi, expecially in immunocompromised hosts, are in general
increasing and becoming a health emergency. To fight infectious disease, immunotherapy could be a
feasible alternative toeplace or integrate the treatment of pathogen with classical chemical drugs.
We recently demonstrated that chimeric murkimeiman antibodies (a full IgG and a scFvFc format)
conferred significant antifungal protectiom vivo against systemic and mucos@kdida albicans
infections (Capodicasat al. 2011). These chimeric antibodies (Abs), recognising a polysaccharide
present in the cell wall of the majority of fungi, represent promising therapeutic candidates against a
broad spectrum of pathogens. In addii, these Abs were produced in plants that are now well
consolidated platforms to produce biopharmaceuticals.

In the BIOXTREME projectitmded by ENEA and ASI (ltalian Space Agency), one of the major goals is
the production of antimicrobial biomoleculessing roots as bioreactor, for therapeutical application
against infectious diseases contracted by astronauts. During space missions, in fact, the immune
system of the crew tends to be compromised by the stressful conditions of life to which it istedbjec
exposing astronautso risks for their health such as that of contracting microbial infections. To this
FAYS 6S SELINBaaSR GKS FyGATFdzy3art aOCgNotinAd NY I
benthamianaand Solanum lycopersicuplants. Ater transformation of plants, HR clones expressing
higher level of 2G8 Ab were selected. The quantity and quality of 2G8 Ab in thexpeessor HR
clones identified have been evaluated by Western blot and by immunoenzimatic assays (ELISA).

In addition,having fused 2G8 Ab to a signal peptide that direct proteins outside the plant cell, we
verified the rhizosecretion of antifungal Ab in the root culture medium. However, the Ab is found in
the medium only partially and further improvements of secretion aeeded. In a future perspective,
growth inhibition assays df. albicansusing both extract and secretion of HR will be developed to
verify their efficacy as readyp-use antimicrobial immunotherapeutics.

Capodicasa C, Chiani P, Bromuro C, De Bernard@atellani M, Palma AS, Liu Y, Feizi T, Cassone A, Benvenuto E,
Torosantucci A. Plant production of ahtiglucan antibodies for immunotherapy of fungal infections in humans. Plant
Biotechnol J. 2011 Sep;9(7):78).
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Expressiorof BMP2ZHYDROPHOBIN Fusion Protein in Tobacco Plant

Rahimifard P, Ofoghi H, Solouki Mt andEhsaniP 3

!Plant Biotechnology Department, University of Zabol, Zabol; fteanian Research Organization for
Science and Technology Biotechnology Departmé&ehran, Iran3Molecular Biology Department,
Pasteur Institute of Iran, Tehran, Iran

There is a demand for pharmaceutical proteins produced in different prokaryotes and eukaryotic
systems.Bone Morphogenic Protein2 (BMP2) is an important factor fomiggor role in restoration

and construction of bone tissues. Studies have shown that the recombinant BMP2 produced in
eukaryotic host has a potential capability for pharmaceutical applications. However, production of
BMP2 in transgenic plants was not sktctory because of low level of expressibtydrophobin protein
originated from trichoderma reesei has shown to be effect on yield and stability of its partner fusion
protein when transiently expressed in Nicotiana Benthamiana. We have used -EfRdkplasid for
expression of hydrophobgBMP2 fusion protein with kozak and enterokinase (ent) sequences for
efficient BMP2 purificationIn silico studies has shown that the hydrophokm-BMP2 secondary
structure has best results for its primary and secondstrycture of mRNA in addition to better
solubility and activity comparing to reversed order of two protein fusibmmunochemical
experiments have shown that using P19 silencing suppressor has enhancing effect on expression of the
recombinant protein. In ddition there were two types (mono and dimer) of BMP2 fusion protein were
expressed as 13 kDa and 26 kDa bands.

Friedrich A, Ripp R, Garnier N, Bettler E, Deléage G, Poch O, Moulinier L. Blast sampling for structural and functiona
analysesBMCBioinformatics (2007); 8:-82.

Khalesi, M., Deckers, S.M., Gebruers, K., Vissers, L., Verachtert, H. and Derdelinckx, Hyda@itzobins: Exceptional
proteins for many applications in brewery environment and otheribitustries. Cerevisia, 37¢3.

Martin GJ, Boden SD, Marone MA, et Rbsterolateral intertransverse process spinal arthrodesis with rh2Mi® a
nonhuman primate: important lessons learned regarding dose, carrier, and safety. J Spinal Disord (199%)862:179

Zhang H, Migneco Ejn C,Hollister S. J. ChemicalBonjugated Bone Morphogenetic Proteéinon ThreeDimensional
Polycaprolactone Scaffolds Stimulates Osteogenic Activity in Bone Marrow Stromal Cells. Tissue Eng Part A. 2011
November; 16(11): 344B448.
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Versatile tools for in vivo detection of protease activity: Fluorophore Quencher probes
FernindezFermndez Al?, StaelS1234 WillemsP 1234 andVan Breusegeri?
Department of Plant Systems Biology, VIB, Gent, BelgiDapartment of Plant Biotechnology and
Bioinformatics, Ghent University, Gent, Belgid®epartment of Medical Protein Research, VIB, Gent,
Belgium;*Department of Biochemistry, Ghent University, Gent, Belgium

Proteolysis is a universal process found iergworganism and it can be executed by single proteases
or the proteasome complex. Despite the old notion that hydrolysis of peptide bonds is performed only
during catabolic degradation of proteins, specific proteolysis is crucial for certain signalivgagat
Proteolysis is tightly spatiotemporally regulated, which hinders the understanding of protease
activation and activity in vivo, remaining as one of the biggest hurdles to unveil the mechanisms
governing proteolytic processes. We have developed nagivic GFFQ (rGFFQ), a tool that allows

the detection of proteolytic activity in plants. rGEPis based on the ewanslational expression of a
ratiometric signal with a protease reporter using al## peptide. While the ratiometric tag allows to
determine the expression levels of our probe in different tissues, the proteolysis reporter reveals
protease activity. Our probe showed potential metacaspase activation in the root tip and growing root
hairs of Arabidopsis thaliana. The results obtained irtditlhaat ratiometric GFR) is a promising tool

that can be easily tailored by researchers fitting their experimental conditions for other proteases.

Callahan, B.P. et 42010). Protease activation of split green fluorescent protein. Chembiochem 11¢@259

Minskaia, E., et al. (2013). Optimisation of the faad-mouth disease virus 2A @xpression system for biomedical
applications. BMC Biotechnol. 13: 67.

Tsiatsiani, L., et al.(2012). Natural substrates of plant proteases: how can protease degrasaeridsour knowledge?
Physiol. Plant. 145: 280.

Tsiatsiani, L., et al. (2013).The Arabidopsis metacaspase9 degradome. Plant Cell@&/.2831
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An amiRNAmediated silencing approach to reduce rhizosecreted recombinant
protein proteolysis inArabidopsis thaliana

Lallemand J.Périlleux C. and Tocquin P.
Laboratory of Plant PhysiologyhytoSYSTEMSniversity of Lieged.iege, Belgium

Plantbasedbiopharmaceuticals have gained a lot of interest in the past decade due to their reduced
cost and relative safety compared to mammalian cell cultures. The first-plade recombinant
proteins have been on the market for the past few years; however, thetfilased production systems

still need improvements to maximize their competitiveness against traditional production platforms.
Optimizing production hosts requires the identification and subsequent inhibition of the most active
endogenous peptidases, peplysis being one of the main factors limiting yields.

The aim of our study was to identify roeecreted proteases of Arabidopsis thaliana involved in target
protein degradation (BSA) and inhibit them in vivo. Biochemical analyses identified serinespotes

the main class responsible for BSA degradation. AQHRIR experiment led to the choice of the serine
protease gene SBT4.12 and its homologs as targets for an amiediAted silencing approach.
Arabidopsis amiRN@xpressing lines showed lower ldyeof expression for SBT4.12 and reduced
proteolytic activity in their rhizosecreted extracts. Crossing these lines with recombinant protein
producing lines could lead to an improved production platform for proteins of interest.
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Tomato hairy root cultures as a platform for the biopduction of valuable molecules
Massa S, Bennici B, Villani M!, Desiderio A, Koes R, Quattrocchio F and
Benvenuto B

'ENEA lItalian National Agency for New Technologies, EnergyataingbleEconomic Development
Rome, Italy?University of Amsterdam, Faculty of Sciensensterdam, The Netherlands

SUMMARY:

The work takes in consideration the use of plaased systems for the production of valuable
molecules able to tackle the health issues.

MAIN HYPOTHESIS, METHODOLOGY, MAIN RESULTS AND ADDED VALUE:

In the context of the BIOXTREME project, launched by ENEA anddsal by ASI (Italian Space
Agency), in order to devise and formulate bioactive products counteracting detrimental effects of the
permanence in the confined environments of the lelegm space missions, the optimization of the
production of natural antbxidants present in plants was pointed out using plbased systems as
YVIEGdz2NI £ WoA2NBF O02NRQ T 2ukklikkabtoXidiBsBRdzOGA2Y 2F 0.
28 SELX2AGSR Iy 2NHIY Odz dz2NBE d2aidSyz GKS aKI 2
platform that combines the benefits of cultivating plant systems with those typical of cell cultures
(sterility, ease of handig) for the bioproduction of valuable molecules.

In cooperation with the University of Amsterdam, a pkaxipression vector harbouring a Wike
transcription factor from petuniaRetunia hybrida fused to the reporter gene Green Fluorescent
Protein was used to constitutively express this transcription factor in plant samples. In petunia, the
cooperation between different transcription factors activates genes involved in the biosynthesis of
anthogyanins, valuable antxidants responsible for the purple pigmentation of petals. We have
activated the same genetic switch in tomato by gerensfer mediated byAgrobacterium rhizogenes
(strain A4RSII). Clonal HRCs were obtained from the cultivar-Woano HRCs lines having a strong
purple pigmentation were obtained and getw@nsfer confirmed by PCR. High levels of anthocyanins
and flavonoids were determined by HPLC and mass spectrometry.
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Using GlycoDelete for pharming of proteins without plaspecific Nglycan
modification

Santens F.
Medical Biotechnology Center, VIB, Gent, BelgiDmpartment of Biochemistry and Microbiology,
Ghent University, Gent, Belgium

N-glycosylation is one of the most widespread posttranslational protein modifications. This is also
reflected in the field of pharmaceutical protein production, where currently over 65% of the
biopharmaceuticals on the market carrygycans. The fdlycans ee essential for the correct folding

of the protein, and often have a significant impact on the function of the protein, so in most cases it is
not possible to remove them. However, glycans tend to be very heterogeneous (e.g. in CHO cells,
approximately 360 different Nglycoforms are possible) and additionally, cells from different species
modify Nglycans differently. Therefore we implemented our GlycoDelete system, which was
previously developed in mammalian cells, in plants. This enables the prodottieny homogeneous
glycoproteins in seeds without the plant specifigljcan modifications.
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O-glycan engineering itNicotiana benthamiana

Strasser R.
Department of Applied Genetics and Cell Biology, University of NaResdurces and Life Sciences,
Vienna, Austria

Current mammalian cebased expression systems for recombinant glycoproteins typically produce a
mixture of heterogeneous glycosylation variants that are neither identical to human glycans nor
suitable for theanalysis of their biological function. In terms of glycosylation, plants offer certain
advantages compared to other organisms as thgly¢osylation pathway of plants can easily be
modified towards the generation of homogenous hurdgpe Nglycans and aypical mammalian
mucintype Oglycosylation pathway does not exists at all. In this project, we focus on the de novo
generation of structurally defined mueciype Oglycan structures on recombinant glycoproteins
produced in plants. For the generation ofsiied Oglycans the missing mammalian biosynthetic
pathway is transiently expressed in Nicotiana benthamiana leavesx@ession of different human
glycoproteins like human IgAl, erythpoietin or mucinl with the mammalian Q glycosylation
machinery reglted in the production of different humahke mucintype Oglycans. Our study
demonstrates that N. benthamiana are amenable to extensivgly@osylation engineering and a
valuable platform for the production of recombinant human glycoproteins with deffiNeand O
glycans for therapeutic use and structdienction studies.
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Engineering the N and Oglycosylation pathways in plants for mammalidrke
glycoprotein farming
Pedersen C.T. ThayserAndersen M., Lorentzen A, Packer N.H, Petersen B.f.

Roepstorff P, Clausen H, Stougaard JandDam St

1Centre for Carbohydrate Recognition and Signalling, Department of Molecular Biology and Genetics,
Aarhus University Aarhus C, Denmark; 2Department of Chemistry and Biomolecular Sciences,
Macquarie University,Sydney, Australia; 3Department of Biochemistry and Molecular Biology,
University of Southern Denmam®densePenmark;Department of Plant and Environmental Sciences,
University of @penhagen Kabenhavn, Denmark;>Centre for Glycomics, Department of Cellular and
Molecular Medicine, University of Copenhag&nbenhavn, Denmark

N- and Oglycosylation of proteins can have an impact on protein/enzyme functionality, activity, and
stability. The two corresponding pathways differ between plants and mammalians, and plant specific
N- and Qglycans may trigger an immunogenic response in humans. We have identified 19 different N
glycan structures from seeds of the model legume Lotus japonicdsCdimked arabinosylation of
hydroxyprolinerich glycoproteins using different MS approaches (1 and unpublished data). From the
Lotus LORE1 mutant population2 we obtained knockouts for all genes encoding the 12 enzymes in the
N-glycan maturation pathwayral most of the genes in the-g@lycosylation pathway in Lotus. For the
majority of the glycosylation genes, we have several independent knockout plant lines.

In general, the genes coding for enzymes in thglydan maturation pathway are less redundant than
genes in the @lycosylation pathway. Clear plant developmental phenotypes were observed for three
of the Niglycan maturation enzyme mutants (data submitted). Currently, we have single and double
mutants for the genes in the -jlycan maturation pathway.ufthermore, single and some double
mutants are generated for the -@lycosylation pathway. One of our goals is to introduce the
mammalian Nand Oglycosylation in Lotus for production of mammaligce glycoproteins in Lotus
seeds. | will present the cumé status of our project.

This work was supported by the Danish Council for Independent Research | Technology and Productior
Sciences (FTP) and the Danish National Research Foundation grant DNRF79.

(1) Dam, S. et al., J. Proteome Re%.33833392 (2013
(2) Urbanski, D et al., Planta®, 731741 (2012
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