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Structure of the talk

1. What is synthetic biology?
2. Importance of microbes for life on our planet
3. Need of microbial control
4. Antimicrobial peptides (Bacteriocins)
5. PARAGEN Collection
6. Cocktails Formulation
7. Conclusions
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Life-Biology Industries

What is synthetic biology?
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ά.ƭŀƴƪέ ŎƘŀǎǎƛǎ
Constructed by modules (parts)

Behavior code based
Non self replicative

Possible contamination by external code 

ά9ǾƻƭǳǘƛƻƴŀǊȅέ ōŀǎŜŘ ŎƘŀǎǎƛǎ
Constructed by modules (parts)

Behavior code based
Self replicative

Possible contamination by external code 

Similarities with IT exists (both code based industries) but fundamental differences exist 

What is synthetic biology?



Engineering objects
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Synthetic biology aims to apply the engineering  approaches to living systems



The importance of microbes for life on 
our planet

ÅMicrobes are the chemical biocatalysers of our ecosystem

ÅMicrobes are collaborating and fighting with each other to 
reach certain equilibrium to form communities: 
« microbiota»

ÅThese microbiota have evolved to generate unique 
chemical reactions via species synergies



Applications of microorganisms in industries
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Microbial communities are the biocatalysts of our planet and industries
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ά9ǾƻƭǳǘƛƻƴŀǊȅέ ōŀǎŜŘ ŎƘŀǎǎƛǎ
Constructed by modules (parts)

Behavior code based
Self replicative

Possible contamination by external code 

Similarities with IT exists (both code based industries) but fundamental differences exist 

What is the problem to solve?
The solution would beΧΦ
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Design of technologies to improve 
microbial biocontrol

What  genes can we use to control microbiota?

 
(R)Explore the world of bacteriocins 

- Discovered in 1925 by Belgian scientist: άAndré Gratia (1893ς1950):               
Forgotten Pioneer of Research into Antimicrobial Agentsέ 

- Heterogenousgroupof antimicrobial peptidesproducedribosomally
bybacteria

- Used to kill related speciesto reduce competitionfor resources and space

- Presenta killing specificityot toxic

André Gratia

Apply synthetic biology 
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Natural functions of bacteriocins

Role:  protection of ecological niches



Sugureet al., 2024, Naturereviewsmicrobiology. Alvarez-Sieiroet al., 2016, Appl. Microbiol. Biotechnol.

Bacteriocins natural diversity
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Int. J. Mol. Sci.2012, 13(12), 16668-16707;
Review

Class IIa Bacteriocins: Diversity and New Developments
YanhuaCui 1, Chao Zhang 1, YunfengWang 2,*, John Shi 3, LanweiZhang 1,*, ZhongqingDing 1, Xiaojun

Qu4 and HongyuCui 2



Bacteriocins

Anumudu et al., (2021), Heilbronner et al., (2021), Hurtado-Rios et al., (2022)

Nisin
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Bacteriocins loci fulfill technological requirements

1 2

3

4 5

BL21(DE3)

BL21(DE3)+pACY

BL21(DE3)+pCID (pACY-MicB17)

BL21(DE3)

BL21(DE3)+pACY

BL21(DE3)+pCID (pACY-MicB17)

Dr. Mohamed El Bakkoury
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The PARAGEN collection of bacteriocins

ÅHave for the first time a collection of active 
bacteriocins via a collection of biobricks.

ÅCompare bacteriocins (killing spectrum, 
stability,..) 

ÅExplore the different technologies to produce 
bacteriocins (including cocktails)
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Expandingthe collection:

More bacteriocins
More indicators
Combinationof bacteriocins
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Cell-free synthesis
MUCH FASTER AND LESS LABOUR INTENSIVE

ALLOWING THE PRODUCTION OF DIFFERENT BACTERIOCINS IN ONE DAY

COLICIN B (511 aa)
MSDNEGSVPTEGIDYGDTMVVWPSTGRIPGGDVKPGGSSGLAPSMPPGWGDYSPQGIALVQSVLFPGIIRRIILDKELEEGDWSGWSVSV
HSPWGNEKVSAARTVLENGLRGGLPEPSRPAAVSFARLEPASGNEQKIIRLMVTQQLEQVTDIPASQLPAAGNNVPVKYRLTDLMQNGTQY
MAIIGGIPMTVPVVDAVPVPDRSRPGTNIKDVYSAPVSPNLPDLVLSVGQMNTPVRSNPEIQEDGVISETGNYVEAGYTMSSNNHDVIVRFP
EGSGVSPLYISAVEILDSNSLSQRQEAENNAKDDFRVKKEQENDEKTVLTKTSEVIISVGDKVGEYLGDKYKALSREIAENINNFQGKTIRSYDDA
MSSINKLMANPSLKINATDKEAIVNAWKAFNAEDMGNKFAALGKTFKAADYAIKANNIREKSIEGYQTGNWGPLMLEVESWVISGMASAV
ALSLFSLTLGSALIAFGLSATVVGFVGVVIAGAIGAFIDDKFVDELNHKIIK

NO LIMITATION IN TERMS OF LENGTH;
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NO ACCESORY, TRANSPORT OR 
IMMUNITY GENES NEEDED - ALLOWING 
THE PRODUCTION OF  TOXIC PEPTIDES

entA entI entF

entK entR entT entD

entA



PARAGEN: standardisation for fast and robust 
bacteriocin synthesis

Gabant & Borrero (2019), Jaumaux et al., (2023) 
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ExpandingPARAGEN by bioinformaticsearch

Prof. P. Hols Julien Damoczi (PhD student)



Sugureet al., 2024, Naturereviewsmicrobiology. Alvarez-Sieiroet al., 2016, Appl. Microbiol. Biotechnol.

Expanding PARAGEN beyond Class II 
bacteriocins.



Expanding PARAGEN beyond Class II bacteriocins: the synthetic biology puzzle

Challenge moving from a natural 9 gene circuit to a standard 1 gene  PARAGEN Standard: compacting the code



üInteins: natural tools

Collaboration with:
Universidad ComplutenseMadrid (UCM)
Dr. Juan Borrero
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Split Intein MediatedLigation(SIML) system

Collaboration with:
Universidad ComplutenseMadrid (UCM)
Dr. Juan Borrero



üCell-free in vitro Protein Synthesis



Peña et al. Front Microbiol. 2022

Characterized
Circular bacteriocins

Non 
Characterized

Circular bacteriocins

Expanding PARAGEN to circular bacteriocins: synthetic biology panacea based on inteins



SyngulonPARAGEN collection: standardised 
bacteriocin synthesis

Gabant & Borrero (2019), Peña et al., (2022). 



Human microbiota is veryvariable
PRECISION MEDICINE

Broad spectrumantibiotics
VS

Narrow spectrumbacteriocins

Bacteriocins for precision anti-microbial therapies



SyngulonPARAGEN collection: how to make a rational and 
controlled formulation able to shape a microbiota?

Dr Alex QuinterosYanes, R&D Project Manager

PARAGEN DNA

Single rxn

Bacteriocins blend

Code Signal
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Use of different genetic code to generate bacteriocins mixtures 

PARAGEN DNA

Single rxn

Bacteriocins blend



(De)multiplexing and scaling up bacteriocin activity (signals)

CFE

Continuous exchange-CFE



Rational bacteriocin cocktail designs prevent AMR



Test of CFE bacteriocin combinations in vivo 
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Bacteriocin cocktail improves survival of Galleria mellonellaafter infection 
with antibiotic resistant E. coli clinical isolates.

Continuous exchange-CFE



Prospective for bacteriocins vectorization and 
formulation

Phage-bacteriocinsAntibiotic-bacteriocin Bacteriocins
Tagliaferri, T.  et al., (2019), Kranjec, C. et al., (2021), Martin et al., (2021), Du et al., (2023), Xiao, G  et al., (2023), Rutter et al., (2024).

Dr. Juan Borrero

Joleen Masschelein | VIB Conferences

Dr.Joleen 
Masschelein

Hanne Vande Capelle - Leuven, Flemish Region, Belgium | Professional  Profile | LinkedIn

Hanne Vande
Capelle

https://www.google.com/imgres?imgurl=https%3A%2F%2Fwww.vibconferences.be%2Fsites%2Fdefault%2Ffiles%2Fstyles%2Fspeaker_detail%2Fpublic%2F2024-02%2FJoleen%2520Masschelein.jpg%3Fh%3Dc5ffbfda%26itok%3DMUjm_R7l&tbnid=dnxk_NNs9zE33M&vet=12ahUKEwiUjovztJSGAxUK8wIHHbPzCw8QMygBegQIARBO..i&imgrefurl=https%3A%2F%2Fwww.vibconferences.be%2Fspeaker%2Fjoleen-masschelein&docid=edTJfcnP3L2k2M&w=300&h=300&q=joleen%20masschelein&client=firefox-b-d&ved=2ahUKEwiUjovztJSGAxUK8wIHHbPzCw8QMygBegQIARBO
https://www.google.com/imgres?imgurl=https%3A%2F%2Fmedia.licdn.com%2Fdms%2Fimage%2FC4E03AQF8Gxl0tHsjHA%2Fprofile-displayphoto-shrink_200_200%2F0%2F1648383089856%3Fe%3D2147483647%26v%3Dbeta%26t%3DBqK4TVpVB9ADPIfuD8ealks0mSqq0itKPSk_juF2kE8&tbnid=iGm3I1PdRy8quM&vet=12ahUKEwiKqK-stpSGAxXKwgIHHX-sD1AQMygAegQIARAw..i&imgrefurl=https%3A%2F%2Fbe.linkedin.com%2Fin%2Fhanne-vande-capelle&docid=AcYYlypdWR1rEM&w=200&h=200&q=Hanne%20Vande%20Capelle%20KU%20Leuven&client=firefox-b-d&ved=2ahUKEwiKqK-stpSGAxXKwgIHHX-sD1AQMygAegQIARAw


Bacteriocins production and delivery
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1925

ÅProduction
ÅGenetic amenability
ÅVarious prey spectrum
ÅMolecular diversity

ÅCyto-friendly
ÅStability

ÅBiological half-life

Adapted from Pascal Hols, Laura Ledesma-García, Philippe Gabantand Johann Mignolet, Trends Microbiology 1685 No. of 
Pages 13



Take home message

1.Industries are looking for new ways to control microbial flora (microbiota) 
2.Synthetic biology allows to apply biological functions at a new level
3.Bacteriocins are natural antimicrobial peptides (AMP) used by bacteria to protect their
ecological niche
4. Syngulon has built PARAGEN a unique collection of synthetic bacteriocin genes
5.  Via academic collaborations Syngulon is studying the mode of action of bacteriocins
6.  Via different industrial partnerships Syngulon is testing applications of bacteriocins



Publications (1)
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Publications (2)

Other manuscripts in preparation

Patents (1)


