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Structure of the talk

. What is synthetic biology?

. Importance of microbes for life on our planet
. Need of microbial control

. Antimicrobial peptides (Bacteriocins)

. PARAGEN Collection
. Cocktails Formulation
. Conclusions
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What is synthetic biology?
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What is synthetic biology?

Life-Biology Industries
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What is synthetic biology?

Build your own cell with
Synthetic Biology 2.0

=
The next generation ‘ .

of bioengineering
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2 What is synthetic biology?

/./‘ Flagella

“Blank” chassis “Evolutionary” based chassis

Constructed by modules (parts) Constructed by modules (parts)
Behavior code based Behavior code based

Non self replicative Self replicative

Possible contamination by external code Possible contamination by external code

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

T



Engineering objects

o)

Synthetic biology aims to apply the engineering approaches to living systems

Attend the
world expo
of synthetic
biology

Tickets now available!

ombores.igem.org
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IGEIM JAMBOREE 7 vccain 2020




Sweuor - The importance of microbes for life on

our planet

°? 3
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Microbes are the chemical biocatalysers of our ecosystem

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

These microbiota have evolved to generate unique
chemical reactions via species synergies
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Applications of microorganisms in industries

Microbial communities are the biocatalysts of our planet and industries



2 What is the problem to solve?

The solution would be....

Plasma membrane <

Cytoplasm _

Cell wall —_

“Evolutionary” based chassis
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 gyist



R s 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: “André Gratia (1893-1950):
Forgotten Pioneer of Research into Antimicrobial Agents”

André Gratia

Heterogenous group of antimicrobial peptides produced ribosomally
by bacteria

Used to kill related species to reduce competition for resources and space

Present a killing specificity ot toxic

Apply synthetic biology
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" Natural functions of bacteriocins

A) The bacterial insertion within a microbial community is facilitated

Role: protection of ecological niches

12



Bacteriocins of LAB

P

|_|Thermo-labil

Heat-stable | |
(<10 kDa)

(>10 kDa)

Alvarez-Sieiro et al., 2016, Appl. Microbiol. Biotechnol.

Bacteriocins natural diversity

Table 1| Suggested updated bacteriocin classification scheme with examples

Nisin A
—~ Lanthipeptides QXWHM
Bacteriocin class® Subgroup Defining features and conserved enzyme (if known or present) Examples
Enterocin AS-48 I Bottromycin Macrolactamidine, Ycal Bottromycin A2 (ref. 173)
— Cyclized pep g } | Cyanobactin N-terminal protealysis enzyme, PatA Kawaguchipeptin B™
| Darobactin Unusual double ring structure from tryptophan-to-tryptophan, Darobactin™
Streptolysin S /\%IfC) lysine or arginine linkeges, rSAM
c'ass ' | Epipeptide b-grming acids, rSAM Epex'™
Modified B Subtilosin A* | Glycocin S-glycosyletion and O-glycosylation of eering/threcning Pallidocin™'
—  Sactibiotics —— | Lanthipeptide, type | Methyllanthianine andjar lanthionine residues, LanBC Kurkecin A™
1 Lanthipeptide, type Il Methyllanthionine andjor lanthionine residues, LanM Reseccin'™
Glycocin F
- Glycocins — & @T‘m | Lanthipeptide, type \/ (lanthidin) Methyllanthionine and/or lanthionine residues, Lanky Cacaoidin™
1 Lasso peptide Macrolactam with threaded C-terminal tail Ubonodin™
Microcin J25* | Linaridin Dehydrobutyrine, no lanthionine Corynaridin®
o 2 @ | Lingar szola-containing or azoline- Azoliine)s, Yoal Spongiicolazolicin A/B™
containing peptidea (LAP)
Pediocin PA-1 - - —
—~  Pediocin-like | Pantacin Glu-Glu crosslink, Paah Pantocin A
| Pyritide (including thiopeptides) Six-membered nitrogenous heterocycle Thiomurecin'™
Lactococcin Q | Sacti ide Intramaolecular sulfur-to-o-carbon thioether (sectioning) crosslink Ruminococcin £
pept
T 2
-peptides § wxx.u:u} | Circular Covalantly linked N-terminal and C-terminal residues resulting in Purnilarin™
5 i) g
ClaSS “ - anansnnsnnsans: circular peptide backbone
Unmodified | | Leaderl ucmmmm“b Microcins with non-ribosomal Sering-rich C tarminus with a non-ribosomal siderophore-type MeocHAT™
Rderiess E siderophore modification
...
1] Pediocin-like Contains YGNGYXC maotif Maltaricin CPH™
ey
mH Laterosporulin'
- Non pediocin-like, 1} Linear, two-component Two peptides, both required for activity Plantaricin EF~
single-peptide
1] Linear, non-pediocin, non-two compenent  Lacks defining features of other groups Bactofencin™
Bacteriolysins 1] Defersin-like Conserved disulfide pattern of eukaryotic defensing Actifensin®™
1] Leaderless Lesderless tides with or without four-helix motif BacSp222, Enterocin
pep P.
Class lll DD14 {refs. 30,186)
] Non-lytic FSAM, radical S-adenasylmathisnine, “Lacteriozins can be generally classified inta bas majsr greups: peat-translationslly madibed {class ) and nea-significantly post-translatanally medified

peptides (class ||). Bath graugs are further subdivided on the basis of conserved features unique 15 the subgraup, Within class | bacterscing, groups san be defined accoeding ta a specific

madificatian that i installed by one ar more moddicaton enzymes.

Sugure et al., 2024, Nature reviews microbiology.



71 113 172 58 28 98 174
Bacteriocin MC4-1 (bac) —2..—:):—1:;—13—(3—
A B

orf3 orf4 orfS orf6 orfT

Sakacin G (skg) «:1.‘—@3—‘ —_
c I A2 A1 D
56 109 174 724
Plantaricin 423 (pla) —Q-—l:}‘-l -
14 B c D
114 61 149 7 457
Leucocin A (Ica) —.d‘b -
B A E c D
113 61 137 77 457 s7 160 3
S Mesentericin 52A (mes) e ;——C?f—-—d—
I ¥ 'C D E F H B
71 S8
Enterocin P (enr) M‘
P orf2
246 446 n7 70 99
\ ¥4 Ubericin A (uba) ——d = e _M_
R K 2 < o B
5.2kb
87 90 59 45 425 247 719

Sakacin A (sap) w:E>——i >

orf1 said A IS1163 orf+4 K R T E
1kb

= Inducing peptide preprotein i Pxestsoter padition
— Regulation protein, H, Histidine protein Kinase ﬂ Promoter position
- Regulation protein, R, Response regulator
[ 2 ATP-dependent translocator protein
= Accessory factor for ABC exporter
 — Immunity protein
ji=—=c1 Bacteriocin
[ ] Insertion sequence
— Unknown function

Int. J. Mol. Sci. 2012, 13(12), 16668-16707;

Review
Class lla Bacteriocins: Diversity and New Developments 14

Yanhua Cui 1, Chao Zhang 1, Yunfeng Wang 2,*, John Shi 3, Lanwei Zhang 1,*, Zhongqing Ding 1, Xiaojun
Qu 4 and Hongyu Cui 2




Bacteriocins

Microcin L, unmodified class Il bacteriocin,
Escherichia coli, membrane depolarization

C b}
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o rascrrTon
RNA
mRNA polymerase
Epidermin, lan mpepmem Pns: aphylococcus epi
cell wall biosynthesis
rtemtna '\
Polypeptide ibosome
(

. mRNA

..... 125, lasso peptide (RiPP),
Eschenrh\a «coli, RNA polymerase inhibition

Ruminococein C. sactipepride (RIPP)
gnavus, RNA poly

inhibition

D &
fHOH-C17-Fengycin B, cyclic lipopeprice (NRP).
Bacillus sp., quomum-sensing inhibit c
I
Q@Q ’
2030500

Lugdunin, fbupeptide (NRP) oo
Staphylocac: h

i B, linear lipopeptide (NRF),
Rhodococeus erythropotis.cell wall biosynthesis inhibition

Anumudu et al., (2021), Heilbronner et al., (2021), Hurtado-Rios et al., (2022)
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Dr. Mohamed El Bakkoury

Bacteriocins loci fulfill technological requirements

=y N
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B

BL21(DE3)

BL21(DE3)+pACY

BL21(DE3)+pCID (pACY-MicB17)

BL21(DE3)

BL21(DE3)+pACY

BL21(DE3)+pCID (pACY-MicB17)

@i bioRyiv T ————————

MNew Results A Follow this preprint

Bacteriocin peer selection for the production of antibiotic selection free
biotherapeutic pDNA

Mohamed El Bakkoury, Luz P Gémez de Cadifianos, Philippe Gabant
doi: hups:/idoi.org/ 10.1101/2023.10.23.563565

16

review [what does this mean?]



2 The PARAGEN collection of bacteriocins

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

 Compare bacteriocins (killing spectrum,
stability,..)

* Explore the different technologies to produce
bacteriocins (including cocktails)

17
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Cell-free synthesis

MUCH FASTER AND LESS LABOUR INTENSIVE
ALLOWING THE PRODUCTION OF DIFFERENT BACTERIOCINS IN ONE DAY

entA entl entF

NO ACCESORY, TRANSPORT OR
IMMUNITY GENES NEEDED - ALLOWING
THE PRODUCTION OF TOXIC PEPTIDES

entA % 9*\ v
/A

NO LIMITATION IN TERMS OF LENGTH;

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

19



PARAGEN: standardisation for fast and robust
bacteriocin synthesis

? frontiers
in Bicengineering and Bioctechnology

al WTT
o WTT

[T ——————
Py RES "tac Tl |/

| PARAGEN 1.0: A Standardized
Synthetic Gene Library for Fast
Cell-Free Bacteriocin Synthesis

Cell-free exp
Philippe Gabant* and Juan Borrero®
Linear bacteriocin device Circular bacteriacin device Synguion, Seraing, Beigium
OPEN ACCESS
Linear _:\
Bacteriocins OO
S }
L IR ,e
S Intéin antibiotics (MDPI
Circular .

Bacteriocins
Article

Selective Bacteriocins: A Promising Treatment for
Staphylococcus aureus Skin Infections Reveals Insights into
Resistant Mutants, Vancomycin Resistance, and Cell Wall
Alterations

Bacteriocin activity
test Felix Jaumaux >*0, Kenny Petit 2, Anandi Martin 2, Hector Redriguez-Villalobos 30, Marjorie Vermeersch 4,
David Perez-Morga > and Philippe Gabant 2

Gabant & Borrero (2019), Jaumaux et al., (2023)
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Expanding

PARAGEN by bioinformatic search
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Prof. P. Hols Julien Damoczi (PhD student)
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THE PREPRINT SERVER FOR BIOLOGY

New Results

A Follow this preprint |
Uncovering the class ll-bacteriocin predatiome in salivarius streptococci

Julien Damoczi, Adrien Knoops, Marie-Sophie Martou, Félix Jamaux, Philippe Gabant, Jacques Mahillon,
Johann Mignolet, & Pascal Hols

doi: https://doi.org/10.1101/2024.03.04.583286

This article is a preprint and has not been certified by peer review [what does this mean?].
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(<10 kDa)

Heat-stable | |

Bacteriocins of LAB
|

|_|Thermo-labil
(>10 kDa)

FEERTE

Expanding PARAGEN beyond Class Il
bacteriocins.

Lanthipeptides

NW

Table 1| Suggested updated bacteriocin classification scheme with examples

Bacteriocin class® Subgroup

Defining features and conserved enzyme (if known or present)

Examples

Alvarez-Sieiro et al., 2016, Appl. Microbiol. Biotechnol.

Enterocin AS-48 I Bottromycin Macrolactamidine, Ycal Bottromycin A2 (ref. 173)
— Cyclized pep gx u} | Cyanobactin N-terminal protealysis enzyme, PatA Kawaguchipeptin B™
000000000 x
| Darchactin Unusual double ring structure from tryptophan-to-tryptophan, Darobactin®
LAPs Streptolysin S w lysine or arginine linkeges, rSAM
- —
| Epipeptide U-aming acids, rSAM EpeX™
Class| || s =
Modified Subtilosin A* | Glycocin S-glycosyletion and O-glycosylation of eering/threcning Pallidocin™'
-  Sactibiotics —— | Lanthipeptide, type | Methyllanthianine andjar lanthionine residues, LanBC Kurkecin A™
1 Lanthipeptide, type Il Methyllanthionine andjor lanthionine residues, LanM Reseccin'™
Glycocin F Bt
- Glycocins ¥ @‘quﬂﬁﬁg | Lanthipeptide, type \/ (lanthidin) Methyllanthionine and/or lanthionine residues, Lanky Cacaoidin™
| Lasso peptide Macrolactam with threaded C-terminal tail Ubonodin™
Microcin J25* | Linaridin Dehydrobutyrine, no lanthionine Corynaridin®’
T o % @ | Lingar szola-containing or azoline- Azoliine)s, Yoal Spongiicolazolicin A/B™
containing peptidea (LAP)
Pediocin PA-1 - " =
—~  Pediocin-like | Pantacin Glu-Glu crosslink, Paah Pantocin A
8 W | Pyritide (including thiopeptides) Six-membered nitrogenous heterocycle Thiomuracin'™
Lactococcin Q | Sactipeptide Intramaolecular sulfur-to-o-carbon thioether (sectioning) crosslink Ruminococcin £
ONO0NONNONNOCONAN00000Y,
Two-peptides '\g) X wﬁ | Circular Covalently linked M-terminal and C-terminal residues resulting in Purnilarin’
ClaSS ] - . e circular peptide backbone
Unmodified | | — GcticinQ Micrecina with non-ribosomal Sering-rich C tarminus with a non-ribosamal siderophare-type MocHAT™
Rderiess ,_3 siderophore medification
. 1] Pediocin-like Contains YGNGYXC maotif Maltaricin CPH™
mH Laterosporulin®
- Non pediocin-like, 1} Linear, two-component Two peptides, both required for activity Plantaricin EF
single-peptide -
1] Linear, non-pediocin, non-two compenent  Lacks defining features of other groups Bactofencin™
1] Defangin-like Conserved disulfide pattern of eukaryotic defensing Actifensin®™
— Bacteriolysins E B
U} Leaderless Lesderless peptides with or without four-helic motif BacSp222, Enterocin
Class lll DO frefs. 30,186)
] Non-lytic FSAM, radical S-adenasylmathisnine, “Lacteriozins can be generally classified inta bas majsr greups: peat-translationslly madibed {class ) and nea-significantly post-translatanally medified

peptides (class ||). Bath graugs are further subdivided on the basis of conserved features unique 15 the subgraup, Within class | bacterscing, groups san be defined accoeding ta a specific

meadificatian that & installed by ene ar more meddicabon enzymes.

Sugure et al., 2024, Nature reviews microbiology.
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SENGULON Expanding PARAGEN beyond Class Il bacteriocins: the synthetic biology puzzle

SR VYot i —p

garX  garA garB garC garD garE  garF garG garH

1. Leader sequence cleavage:
Peptidase clevage betwwen A3 and A4

| 3. Export:

Peptide s exportec
out of the cell

2, Circularization:
Formation of peptide bond between A4 and A33

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

COMPLUTENSE

MADRID

Collaboration with:
Universidad Complutense Madrid (UCM)
Dr. Juan Borrero

el @ @l

RESEARCH ARTICLE m
Production of cyclic peptides and proteins
in vivo

Charles P. Scoft, Ernesto Abel-Santos, Mark Wall, Daphne C. Wahnon, and Stephen J. Benkovic
PNAS November 23, 1999 96 (24) 13638-13643; https:iidoi.org/10.1073/pnas. 96.24. 13638

Contributed by Stephen J. Benkovic

Dnak IV

Cyclic
peptide

Sasaas®

Dnaf Ie

Circg]gr{
protein’
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Split Intein Mediated Ligation (SIML) system

UNIVERSIDAD

COMPLUTENSE

MADRID

Collaboration with:
Universidad Complutense Madrid (UCM)
Dr. Juan Borrero
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» Cell-free in vitro Protein Synthesis

pCirc-Npu-GarML T7 ter

pT7

pCirc-GarML T7 ter

pT7

GarML

pT7
N36D

& frontiers

pCirc-Npumut-GarML T7 ter

ClA

Original Research

Frontiers in Microbiology 14 November 2022

(®) Check for updates

OPEN ACCESS

Harsh Mathur,
Teagasc Food Researc}

Sylvie Frangoise Rebuft

h Centre, Ireland

fat.

Muséum National d Histoire Naturelle,

France
Piyush Baindara,
University of Missousi,
United States

Takeshi Zendo,
Kyushu University,
Japan

10.3389/tmicb 20221052686

In vitro and in vivo production
and split-intein mediated ligation
(SIML) of circular bacteriocins

Nuria Pefia’, Michael J. Bland?, Ester Sevillano®,
Estefania Mufioz-Atienza’, Irene Lafuente’, Mohamed

El Bakkoury?, Luis M. Cintas®, Pablo E. Hernandez!, Philippe
Gabant?® and Juan Borrero™

e N

Cell-free Protein
Synthesis*
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Expanding PARAGEN to circular bacteriocins: synthetic biology panacea based on

Characterized

Circular bacteriocins

Non
Characterized

Circular bacteriocins

Bacteriocin Producer Plasmid Activity against L.
lactis IL1403*

Amylocyclicin Bacillus amyloliquefaciens FZB42 pCirc-Npu-Alc

Enterocin AS-48 Enterococcus faecalis S-48 pCirc-Npu-EntA548

Carnocyclin A Carnobacterium maltaromaticum UAL307 pCirc-Npu-CarA

Circularin A Clostridium beijerinckii ATCC 25752 pCirc-Npu-CirA

Enterocin NKR-5-3B
Garvicin ML
Leucocyclicin Q
Uberolysin A
Butyrivibriocin AR10
Paracyclicin P
Gassericin A

Plantaricyclin A

Bacteriocin 36885TDY6124959

Bacteriocin BCW 2997
Bacteriocin CF11
Bacteriocin NBRC 15376
Bacteriocin Y5111
Bacteriocin DSM 15102
Bacteriocin AFS089278
Bacteriocin TD3
Bacteriocin NRRL B-24287
Bacteriocin AK22
Bacteriocin 15,828
Bacteriocin NCTC 12958
Bacteriocin Uo52029

Enterococcus faecium NKR-5-3
Lactococcus garvieae DCC43
Leuconostoc mesenteroides TK41401
Streptococcus uberis 42

Butyrivibrio fibrisolvens AR10

Lactobacillus paracesei JCM 8130/ DSM 5622

Lactobacillus gasseri LA39
Lactobacillus plantarum NI326

Staphylococcus aureus 3688STDY6124959
Listeria monocytogenes BCW 2997
Clavibacter michiganensis CF11
Paenibacillus chondroitinus NBRC 15376
Streptococcus suis YS111

Garciella nitratireducens DSM 15102
Bacillus toyonensis AFS089278

Bacillus vallismortis TD3

Streptomyces pathocidini NRRL B-24287
Alkalibacterium AK22

Gemella cuniculi DSM 15828
Streptococcus thermophilus NCTC 12958
Streptococcus preumoniae Uo52029

pCirc-Npu-NKR_5_3B
pCirc-Npu-GarML
pCirc-Npu-LeuQ
pCirc-Npu-UberA
pCirc-Npu-ButAR10
pCirc-Npu-ParP
pCirc-Npu-GasA
pCirc-Npu-PlcA

pCirc-Npu-36885TDY
pCirc-Npu-BCW_2,997
pCirc-Npu-CF11
pCirc-Npu-NBRC_15,376
pCirc-Npu-Y5111
pCirc-Npu-DSM_15,102
pCirc-Npu-AFS089278
pCirc-Npu-TD3
pCirc-Npu-NRLL_B_24,287
pCirc-Npu-AK22
pCirc-Npu-15,828
pCirc-Npu-NCTC_12,958
pCirc-Npu-Uo52029

o+ o+ o+ o+ o+

*Samples showing a clear halo of inhibition (+) or no halo of inhibition (—).

Pefa et al. Front Microbiol. 2022



Syngulon PARAGEN collection: standardised
bacteriocin synthesis

‘fﬁ\'llu

Bacteriocin published
research
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Syngulon PARAGEN collection: how to make a rational and
controlled formulation able to shape a microbiota?

Dr Alex Quinteros Yanes , R&D Project Manager
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(De)multiplexing and scaling up bacteriocin activity (signals)
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with antibiotic resistant E. coli clinical isolates.
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Multiplexing bacteriocin synthesis to kill and prevent antimicrobial
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Sywcuton Take home message
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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
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