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PROTEIN SAFETY – NEWLY EXPRESSED PROTEINS (NEPS)

Codex 2003-2009 principles for risk assessment

1. Knowledge on the source/protein – History of safe use (HoSU)

2. Bioinformatics analyses

3. In vitro studies

4. In vivo studies
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Protein safety = protein toxicity and allergenicity 

2003 - 2009
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NEPs

Criteria

High number of proteins

Proteins difficult to extract/purify 

Proteins with partial 
similarities to toxins/allergens

Need for 
complementary/

alternative methods

PROTEIN SAFETY – CHALLENGES

Methodology
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PROTEIN SAFETY – EFSA PREPARATORY WORK

- Allergenicity assessment:

- Developing novel approaches to increase reliability of predictions (Published)

- Development of an adverse outcome pathway, celiac disease (Published) and EFSA/OECD

- Peptide binding prediction HLA-DQ2/HLA-DQ8 (Published)

- Toxicity assessment: exploring in silico (Published) and in vitro tools (Published)

- Effects of processing: relevance on protein safety (Published)

- Methodology for Open Reading Frames: GMO applications (Published)

- Consultation: Stakeholders, Member States, Scientific community

https://www.efsa.europa.eu/en/supporting/pub/en-8840
https://www.efsa.europa.eu/en/supporting/pub/en-8570
https://r4eu.efsa.europa.eu/app/predq
https://www.efsa.europa.eu/en/supporting/pub/en-9063
https://www.efsa.europa.eu/en/supporting/pub/en-9099
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fefsa.onlinelibrary.wiley.com%2Fdoi%2Fabs%2F10.2903%2Fsp.efsa.2024.EN-9113&data=05%7C02%7CAntonio.FERNANDEZDUMONT%40efsa.europa.eu%7C8b8eafda3b124c42f4e708dd0a47189f%7C406a174be31548bdaa0acdaddc44250b%7C0%7C0%7C638678022668680677%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=WPkyn%2FzXT19roiry9gBHYJqxg0%2BzJJdNEd55%2FGOZA2E%3D&reserved=0
https://www.efsa.europa.eu/en/supporting/pub/en-8561


PROTEIN SAFETY OPINION
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1. Lessons learnt

2. Complementary/ alternative testing strategies

3. Roadmap for future implementation

4. Recommendations for further development and research

Scientific Opinion reflecting on current practice, challenges and future opportunities of
protein safety in GMOs



GAPS AND DEVELOPMENT NEEDS
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EFSA welcomes feedback on the necessary developmental and research activities and 
seeks input on how these should be prioritised

- HoSU, familiarity and related terms

- In silico tools

- In vitro tools

- In vivo testing

- De novo sensitisation

- Post Market Monitoring



CURRENT STATUS AND NEXT STEPS
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Survey

Finalised on 18th Feb 
2024

Public 
consultation

Q1-2025 

Adoption of the 
Scientific 
Opinion 

Mid-2025

https://connect.efsa.europa.eu/RM/s/consultations/
publicconsultation2/a0lTk000003SPsz/pc1278

Open till March 12th

https://connect.efsa.europa.eu/RM/s/consultations/publicconsultation2/a0lTk000003SPsz/pc1278
https://connect.efsa.europa.eu/RM/s/consultations/publicconsultation2/a0lTk000003SPsz/pc1278


ALLERGENICITY – ROADMAP TO IMPROVED ‘WEIGHT OF EVIDENCE’ IN RA
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https://www.efsa.europa.eu/en/efsajournal/pub/7044 - 2022 

https://www.efsa.europa.eu/en/efsajournal/pub/7044


ALLERGENICITY  PREDICTION  
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• Bioinformatics tool for cross-reactivity assessment supported by a clinically-

relevant allergen database

• Novel, clinically relevant allergies (primary sensitisation) – In silico assessment 

of the antigenic potential of insect proteins by modelling their binding capacity to 

antigen-presenting cells (HLA)

• Scenarios -when and how- in vitro testing (and others when required) is needed 

to confirm the allergenic potential of the predictions
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Thank you very much!

Questions?

Feedback?
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STAY CONNECTED

SUBSCRIBE TO
efsa.europa.eu/en/news/newsletters
efsa.europa.eu/en/rss
Careers.efsa.europa.eu – job alerts

FOLLOW US ON TWITTER
@efsa_eu @methods_efsa
@plants_efsa @animals_efsa

FOLLOW US ON INSTAGRAM
@one_healthenv_eu

CONTACT US
efsa.europa.eu/en/contact/askefsa

FOLLOW US ON LINKEDIN
Linkedin.com/company/efsa

LISTEN TO OUR PODCAST
Science on the Menu –Spotify, Apple Podcast and YouTube 



Outcome of the protein safety assessment

Risk assessment can proceed further 

Is the safety of the NEP or donor organism described in the 

literature?

Is there a HoSU*?

Is there 100% sequence 

identity?

1. Protein characterisation

2. BI analysis similarity to safe proteins

3. BI analysis for similarity to toxins/allergens

4. BI phylogeny for source organism/protein family

1. Protein characterisation

2. BI analysis for similarity to safe proteins

3. BI analysis for similarity to toxins/allergens 

4. BI phylogeny for source organism/protein family

5. Protein stability stuies

Yes

No

No

No

No

Yes

Yes

Yes

Protein characterisation 1. Protein characterisation

2. BI analysis similarity to safe proteins

3. BI analysis for similarity to toxins/allergens

Potential hazards identified

In vitro / in vivo testing

Unavailable information on 

safety. Risk characterisation 

analysis

No further testing 

required

Have hazards been identified or is 

there required information 

unavailable? 

BUT there is well documented 

knowledge on the safety of an 

equivalent NEP (familiarity)

Animal studies 
Only if concerns about potential 
hazards remain or if information 
on the safety is unavailable or 

inconclusive.
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Fernandez et al. 2021. Trends in Biotechnology, Volume 39, Issue 1, 4 - 8



https://www.efsa.europa.eu/en/support

ing/pub/en-8840 - 2024

https://www.efsa.europa.eu/en/supporting/pub/en-8840
https://www.efsa.europa.eu/en/supporting/pub/en-8840
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