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Caso fittizio

L'azienda di biotecnologie vegetali DSPrates ha sviluppato una linea di mais OGM esprimente a 
livello di seme un fattore di crescita ematopoietico, il GM-CSF. 

Risultati preliminari in vitro mostrano come la molecola sembri sovrapponibile in attività e 
funzionalità all'analogo umano. 

L'hanno sviluppato come progetto interno, senza committente, sfruttando un brevetto di metodo 
da loro sviluppato anni prima, e ora vorrebbero cercare di farlo fruttare commercialmente. 

Come nuovo business development manager della DSPrates, devi decidere se e come procedere. 

Rifletti sulle potenzialità commerciali (farmaceutiche o meno) della molecola e proponi una o più 
strategie, evidenziando i possibili fattori limitanti.



1. Company history and technology overview

Biotecnologie applicate



Transactiva srl
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Biotech R&D company - Innovative SME



Transactiva srl
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Biotech R&D company - Innovative SME

Udine
FVG - Italy



Company history

First idea

Equity crowdfunding

2021 + 2023

Foundation year

2001

Udine Headquarters

2008

Administration and 

shareholders change

2019
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Vision: sustainable biopharmaceuticals
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Standard bioreactors Molecular Farming



A multidisciplinary, sustainable technology 
leveraging whole plants and vegetal tissues 
as bioreactors 
to obtain recombinant proteins 

How? With Plant Molecular Farming
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Synergy of complementary expertise

Institutional 
relations

Molecular 
biology

Plant 
biotechnology

Medicine

Pharmaceutical 
chemistry

Medical 
biotechnology

Serena Valent, PhD
Institutional relations

Secretariat
Administration

Caterina Deganutti, PhD
Molecular biology

Pharmaceutical biochemistry
Cell cultures and fermenters

Bruno Loureiro, MSc, MBA
Plant molecular biology
In vitro cultures
Agronomic techniques

Bruno Bembi, MD
Founder, President
Expert in rare diseases
Scientific direction

Piero Cristin, PhD
Pharmaceutical Chemistry
Protein purification
Downstream Processing

Sara Raccovelli, PhD, MBA
Medical Biotechnology

Corporate communication
Business development 



Molecular Farming

Molecular Farming

Plant Molecular Farming
Pharming

Molecular Pharming

«The use of heterologous expression systems for the production of 
non-food, non-feed, non-fibre commodities like therapeutic molecules, 
fuels, biodegradable plastics, industrial and commercial proteins»

Plant-based bioreactors 
for biopharmaceuticals



Biopharmaceuticals / Biologics

Therapeutic molecules whose production:

– cannot be achieved by simple chemical synthesis

– require living organisms and innovative technologies

Proteins
Complex / multimeric
Biotechnology needed
Orphan drugs

Enzymes
Antibodies
Vaccines
Hormones
…
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Extreme flexibility

Host species and 
target tissue

Transformation 
methods

Recombinant 
proteins



Molecular Farming: general advantages
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↑ Safety
No batch loss 

due to contamination

↑ Sustainability
Natural carbon-fixating source, 

waste valorization,
circular economy approach

↑ Scalability
Intrinsically modular  

and scalable 
technology

↓ Spending
Reduce the upstream costs 

for biopharmaceuticals



Technologies leveraged by Transactiva
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STABLE expression in RICE 

TRANSIENT expression in TOBACCO 

STABLE expression in cultured CELLS

1.

2.

3.



Molecular Farming: specific advantages

16

Stable transformation 
(e.g. rice seeds)

✓Stability
Natural reserve organ

✓Seed banking
Stable, fully characterized line 

(analogous to a cell banking system)

✓Easy purification
Low content of lipids and phenolic 

compounds

Transient transformation 
(e.g. tobacco leaves)

✓ Quickness
Production set-up in weeks, very suitable 

in case of emergency / crisis 
scenarios

✓ Flexibility
Easy to switch to other proteins

✓ No GMO
Transient transformation technology

Plant cell cultures 
(green fermenters)

✓ “Standard” 
bioreactor

More similar to current CHO-
based production 
technologies 

✓ cGMP-aligned
Cells grow in a sterile and 

controlled environment



Definition of target protein

DNA optimization and handling

Plant biomass transformation

Bioreactor cultivation and expansion

Preliminary purification and characterization Proof of concept
Scalable prototype

From idea to prototype: the pipeline

Prototype is ready to be out-licensed to client pharma
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Recombinant protein

Strong industrial and therapeutic interest

Goal: selected by / together with pharmaceutical partners

The pipeline
Definition of target protein
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• Plant expression vector
• Gene optimization strategy for high recombinant protein expression

The pipeline
DNA optimization and handling
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The pipeline
Plant biomass transformation
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The pipeline
Bioreactor cultivation and expansion

• Growth in confined environment

• Harvesting and primary processing of the raw material

[RICE: Creation of a stable, homozygous 
line and a seed banking system]
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The pipeline
Preliminary purification and characterization

Setup of a scalable purification process

Biochemical characterization of the
target molecule

Development of characterization
strategies



Caso fittizio

L'azienda di biotecnologie vegetali DSPrates ha sviluppato una linea di mais OGM esprimente a 
livello di seme un fattore di crescita ematopoietico, il GM-CSF. 

Risultati preliminari in vitro mostrano come la molecola sembri sovrapponibile in attività e 
funzionalità all'analogo umano. 

L'hanno sviluppato come progetto interno, senza committente, sfruttando un brevetto di metodo 
da loro sviluppato anni prima, e ora vorrebbero cercare di farlo fruttare commercialmente. 

Come nuovo business development manager della DSPrates, devi decidere se e come procedere. 

Rifletti sulle potenzialità commerciali (farmaceutiche o meno) della molecola e proponi una o più 
strategie, evidenziando i possibili fattori limitanti.



2. Applications, opportunities and barriers

Biotecnologie applicate



A multidisciplinary, sustainable technology 
leveraging whole plants and vegetal tissues 
as bioreactors 
to obtain recombinant proteins 

How? With Plant Molecular Farming



Research reagents

Technical enzymes

Cosmetics

Diagnostics

Medical devices

Dietary supplements

Use

Human pharma

Veterinary pharma

Non-pharma
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PMF: 
non-food, non-feed, non-fibre



27

Microorganism-derived

Mammalian cell culture-derived

Plant-derived

The future of biopharmaceuticals

Buyel, 2019



35+ year-old technology
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Why isn’t it a golden standard yet?



OGM?
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Examples of PMF-derived biologics

Donini, Marusic, 2019
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Examples of industrial applications (pharma)

Company Product / disease Technology Approval stage

Elelyso®
Gaucher disease

Zmapp
Ebola virus disease

Covifenz®
COVID19 vaccine

Seasonal flu 
vaccine

Clinical phase 3
Waiting for approval

Elfabrio®
Fabry disease

Clinical / 
preclinical 

development

2012

2022

2014

TEMPORARY

STOP

2023



Transactiva’s expertise

Plant Molecular Farming

Production of high-quality proteins of industrial interest by leveraging green technologies

Diagnostics

Reagents

Pharmaceutics

Biopharmaceuticals

Dermocosmetics

Bioactive ingredients
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Barrier #1:

The preclinical and clinical studies

Biopharmaceuticals development



Proof of concept: preclinical pre-regulatory

PoC



Drug Development: how much does it cost?



Drug Development: how much does it cost?

Clinical Trial Costs (in $ Millions) by Phase and Therapeutic Area

Source: “Examination of Clinical Trial Costs and Barriers for Drug Development”, U.S. Department of Health and Human Services 
https://aspe.hhs.gov/reports/examination-clinical-trial-costs-barriers-drug-development-0



Barrier #2:

Choosing the right development path

Biopharmaceuticals development



Development pathway: new drug vs biosimilar?

An example / exercise

A biosimilar is a biological medicine 
highly similar 
to another already approved biological medicine 
(the 'reference medicine').



Strategies for approval
Example: mAb

1. Biosimilar 2. New drug

≈ ≠



Different requirements for different regulatory agencies



EMA biosimilarity requirements



EMA biosimilarity requirements



Risks of the biosimilariy path for Plant-Derived Biopharmaceuticls



Barrier #3:

The regulatory framework

Biopharmaceuticals development



Process

Plant cells / clonal 
plants

Transient expression

Transgenic plants

Use

Human pharma

Veterinary pharma

Non-pharma

Research reagents

Technical enzymes

Cosmetics

Diagnostics

Medical devices

Dietary supplements

Product

Monoclonal antibody

Vaccine

Enzyme for ERT

Other

Plant-molecular farming 

Regulatory 
framework
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Regulatory requirements for plant-derived pharmaceuticals

Focus: pharmaceuticals for human use

ICH: International Council for Harmonization of Technical Requirements for Pharmaceuticals for 
Human Use 

4 steps approval process
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1 
Preclinical 

development 
(ICH S6)

2 
Clinical 

development 

3 
Licensing 

application

4 
Postmarketing

Accelerated approval routes:
orphan drugs // temporary emergency approval // COVID19



Drug Manufacturing



Regulatory requirements for plant-derived pharmaceuticals

Focus: pharmaceuticals for human use derived from transgenic plants
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EU biopharmaceuticals from molecular farming fall under the same 
regulation as all other biologics:

- Directive 2001/83/EC 
Community code relating to medicinal products for human use

- Regulation (EC) No 726/2004 
Community procedures for the authorization and supervision of 
medicinal products for human and veterinary use

EMA Specific guidelines

• EMEA/CHMP/BWP/48316/2006 Guideline on the quality of biological active substances 
produced by stable transgene expression in higher plants 

• EMA/CHMP/BWP/532517/2008 Guideline on development, production, characterisation
and specification for monoclonal antibodies and related products

+ All the other relevant guidelines for biopharmaceuticals / downstream





Additional EU compliance for leveraging plants for molecular farming - upstream

If grown outdoors:
- Directive 2001/18/EC 

On the deliberate release into the environment of genetically modified organisms

- Directive 1829/2003/EC (if crop can be used as food/feed)
On genetically modified food and feed

If grown in containment:
- Directive 2009/41EC

On the contained use of genetically modified micro-organisms

Regulatory requirements for plant-derived pharmaceuticals

Focus: pharmaceuticals for human use derived from transgenic plants

50



Regulatory requirements for plant-derived pharmaceuticals

Guidelines on pharmaceuticals for human use derived from transgenic plants
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EMA upstream for plants: focus on quality, consistency and treaceability of raw materials

- GMP-like standards for characterization of stock plants

- Seeds from an accredited source → Seed banking system (MSB / WSB)

- Segregation of GMP and non-GMP parts of the process

UPSTREAM

• Plant cultivation

• Harvest

• Primary processing

• (Initial extraction)

DOWNSTREAM

• GMP begins with 
sterile extract

• No additional
regulatory burden

• (Some unique steps)



Regulatory requirements for plant-derived pharmaceuticals

Guidelines on pharmaceuticals for human use derived from transgenic plants
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EMA upstream guidelines for plants:

• Ensure the maximum reproducibility in plant growth conditions

✓ Clear definition of the manufacturing process

✓ Applications of GMP-like principles

• Generate a defined biological starting material suitable for downstream under GMP conditions

Quality and consistency assurance:

Good Agricultural and Cultivation Practices

Quality System in the upstream process
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GACP
Developed by the WHO in 2003 as a reaction to substandard herbal medicines entering the market

AUTHORITY DOC REF TITLE

AHPA GACP-GMP Guidance 
Document - May 2021 
(Revised)

Good Agricultural and Collection Practices and Good Manufacturing Practices 
for Botanical Materials

EMEA/HMPC/246816/2005 Good agricultural and collection practice for starting materials of herbal origin 

EMA/HMPC/398706/2021
Concept paper on the revision of the Guideline on Good agricultural and 
collection practice for starting materials of herbal origin 

01 September 2009
EU Guidelines to Good Manufacturing Practice - Medicinal Products for Human 
and Veterinary Use - Annex 7: Manufacture of Herbal Medicinal Products

25 NOVEMBER 2019 
Version 7.3

EUROPAM Good Agricultural and Wild Collection Practice (GACP)

17 SEPTEMBER 2020 EUROPAM Practical GACP Implementation Guide

03 MAY 2019 EUROPAM position paper on necessary batch document information

WHO
WHO guidelines on  good agricultural and collection practices (GACP) for 
medicinal plants

Regulatory requirements for plant-derived pharmaceuticals



What exactly is a guideline?
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Other relevant regulations

National specifications for the cultivation, containment, import and export of GMOs

• Servicio Nacional de Sanidad y Calidad Agroalimentaria

• Comisión Nacional Asesora de Biotecnología Agropecuaria (CONABIA)

+ Other requirements for specific areas/markets

CASE-TO-CASE NEGOTIATIONS WITH REGULATORY AUTHORITIES ARE RECOMMENDED

Regulatory requirements for plant-derived pharmaceuticals

Example:



Barrier #4:

Intellectual Property (IP) protection

Biopharmaceuticals development
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Intellectual Property: Patent or Secret?



Proprietary Patents:

✓ National + PCT, whole recombinant antibody in a cereal endosperm

✓ National + PCT, recombinant human lysosomal enzyme in a cereal endosperm

✓ National + PCT, synthetic promoter for heterologous protein expression

An example: Transactiva’s rice IP framework

Patent title Patent number Priority date

A method for the production of a human protein in a plant, in particular a 
human recombinant lysosomal enzyme in a cereal endosperm

WO/2009/112508 13/03/2008

Expression vector and method for the stable production of a protein in a 
plant, in particular a whole recombinant antibody in a cereal endosperm

National deposit (IT) 
IT102017000042052

14/04/2017

Synthetic promoter for the expression of heterologous proteins in plants
National deposit (IT) 
IT102021000022157

20/08/2021



There are of course TONS of other barriers.

Can you name some?



Transactiva

Pharma

PoC

Possible business model 
(pharma R&D)

What are the possible 
revenue sources?



Transactiva’s expertise

Plant Molecular Farming

Production of high-quality proteins of industrial interest by leveraging green technologies

Diagnostics

Reagents

Pharmaceutics

Biopharmaceuticals

Dermocosmetics

Bioactive ingredients

61



Active Cosmetic Ingredients

They fall under the regulations for chemicals

They have to be compliant with the cosmetics regulation

The market requires that they are

Commission regulation (EU) 2020/878 concerning the Registration, Evaluation, 
Authorisation and Restriction of Chemicals (REACH) 

Regulation (EC) No 1272/2008 of the European Parliament and of the Council 
on classification, labelling and packaging of substances and mixtures (CLP)

Regulation (EC) No 1223/2009 of the European Parliament and of the 
Council on cosmetic products

SAFE

EFFECTIVE

STABLE

• Forbidden ingredients (Annex II)
• Ingredients with limited use (Annex III)
• Allowed preservatives (Annex V)

Art 18

PROVEN CLAIMSNO ANIMAL TESTING

Art 20

In vitro activity test

Activity test on volunteers (min 20 people)

Accelerated stability (3-6 months 40°C)

In vitro safety: cytotoxicity, mutagenicity, phototoxicity, skin sensitivity, skin 
irritation, ocular irritation. In vivo safety on human: patch test or repeated insult 
patch test



Dermocosmetics development

Regulatory barriers: not as tight

IP barriers: usually not important

Market entry barriers: competition, trends, 
certifications, price, exclusivity…



Wrap-up and exam simulations



Caso fittizio

L'azienda di biotecnologie vegetali DSPrates ha sviluppato una linea di mais OGM esprimente a 
livello di seme un fattore di crescita ematopoietico, il GM-CSF. 

Risultati preliminari in vitro mostrano come la molecola sembri sovrapponibile in attività e 
funzionalità all'analogo umano. 

L'hanno sviluppato come progetto interno, senza committente, sfruttando un brevetto di metodo 
da loro sviluppato anni prima, e ora vorrebbero cercare di farlo fruttare commercialmente. 

Come nuovo business development manager della DSPrates, devi decidere se e come procedere. 

Rifletti sulle potenzialità commerciali (farmaceutiche o meno) della molecola e proponi una o più 
strategie, evidenziando i possibili fattori limitanti.



Caso fittizio 2

Nell'ambito di un progetto europeo sullo sviluppo di piattaforme innovative per la produzione di 
biofarmaci, il gruppo di ricerca di biotecnologie agro-industriali della Miskatonic University ha 
ottenuto un contratto di servizio dall'azienda farmaceutica MoreVil. 

L'obiettivo è quello di risolvere un problema: la MoreVil ha provato ad esprimere la 
Trombopoietina umana in semi di orzo, ma non ha ottenuto alcun segno di espressione (la 
proteina non dà segnale in ELISA o WB, e gli estratti proteici non mostrano attività specifica 
legata alla presenza della proteina). 

Il gruppo di ricerca ha il compito di ottenere una piattaforma vegetale che esprima la 
trombopoietina umana. 

Che approcci seguiresti? 

Immagina di avere un anno di tempo ma budget illimitato.



The sustainable future of biopharmaceuticals

Sara Raccovelli, PhD, MBA

sraccovelli@transactiva.it

Thanks

Biotecnologie applicate
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