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Created with BiorRender and ChemDraw
https://www.pnas.org/doi/10.1073/pnas.1717160115
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Daptomycin

Penicillin

Vancomycin

A Source for New Antibiotics - NRPS

Produced by Non-Ribosomal Peptide Synthetases (NRPS)

3https://www.eberth-arzneimittel.com/sortiment/vancomycin-dr-eberth-pulver-1
https://www.ratiopharm.de/produkte/details/penicillin-v-ratiopharm-1-5-mega-filmtabletten-pzn-8703988.html
https://www.accord-healthcare.ch/de/product-type/daptomycin-accord%C2%AE
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We need new ways to discover antibiotics!

Sustainable, high-throughput antibiotic 
discovery via engineered NRPS
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His -  D-Ala - Val

NRPS

Peptide

Module 1 Module 2 Module 3

What are Non-Ribosomal Peptide Synthetases?

Adapted from P. Gonschorek
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What are Non-Ribosomal Peptide Synthetases?

Domains

Adenylation

Thiolation

Condensation

Epimerization/ 
Condensation

Thioesteration

His -  D-Ala - Val
Adapted from P. Gonschorek
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Module 1 Module 2 Module 3

NRPS

Peptide
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Activity TestingHeterologous Expression

Extract gDNA

Express in E.coli

Golden Gate Assembly
Derivatization

Derivate Library

Predicting 
Compatibility

Drug Delivery

Compound NRP + Handle

Conjugate

Reinventing Antibiotic Discovery with NRPS
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Heterologous Expression

Extract gDNA

Express in E.coli
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Reinventing Antibiotic Discovery with NRPS

Created with BioRender
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Split cluster into plasmids 
for expression

NRPS expression
in E. coli

Peptide 
production

Heterologous Expression
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Xenorhabdus sp. PB61.4

Peptide

Chaiyaphumine

NRPS

T F
PAA
C2

A WP NRPS is assembled by inteins.

/
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Chaiyaphumine is producible in E. coli 
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Chaiyaphumine

T F
PAA
C2

A WP
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Exact mass:
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Peptide
NRPS

Peptide Production is analyzed by LC-MS. 
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Golden Gate Assembly
Derivatization

Derivate Library

Predicting 
Compatibility
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Reinventing Antibiotic Discovery with NRPS

Created with BioRender
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VVP V

NRPieceS
NRP Derivatization – 2 strategies
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Intein Shuffling

X X

T F
PAA
C2

A WP

T FV
PAA
C2

P V

V WYT FL
FT

Module Exchange

Novel NRPS – novel peptide!
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NRP Derivatization by Intein Shuffling

11 new peptides
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NRP Derivatization – 2 strategies
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Intein Shuffling

X X

T F
PAA
C2

A WP

T FV
PAA
C2

P V

V WYT FL
FT

Module Exchange

T F
PAA
C2
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NRP Derivatization by Module Exchange
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NRPieces
Exchange modules

…

T F
PAA
C2

A WP

S

Z

K

Golden Gate Cloning

T s WSs
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P V

WY

VV

P V

AT F

A B 

WP

NRPieceS
NRP Derivatization – 2 strategies
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Intein Shuffling

X X

T F
PAA
C2

A WP

T FV
PAA
C2

VT FL
FT

Module Exchange

Novel NRPS – novel peptide!

T F
PAA
C2

A B 

AT F

A B 

WP

A B A B 

AT S WP
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NRP Derivatization – 2 strategies
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Intein Shuffling

X X

T F
PAA
C2

A WP

T FV
PAA
C2

P V

V WYT FL
FT

Module Exchange

T F
PAA
C2

AT F

A B 

WP

K

A B 

AT F

A B 

WP

A B A B 

K

Numerous new peptides!

T Z
PAA
C2

A WP

T FV
PAA
C2

WYZ

VVT FV
PAA
C2

SWKAT F
PAA
C2

…
WPKT FL

FT
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NRP Derivatization 

...

...

Too many combinations to test them all...

Not all combinations work together & produce a peptide.
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Drug Delivery

Compound NRP + Handle

Conjugate
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Reinventing Antibiotic Discovery with NRPS

Created with BioRender
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• Bottleneck of most NRP Antibiotics: 
Target only Gram-(+) bacteria

• OM of Gram-(-) bacteria                 
= robust permeability barrier

The Outer Membrane (OM) - A Robust Barrier

outer membrane

peptidoglycane layer

inner membrane

porine

small hydrophilic 
molecules

lipophilic 
molecules

Created with BioRender
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Reshaping Antibiotic Delivery

Conjugation to siderophores or nutrients for enhanced uptake 

Graphics created with BioRender and ChemDraw

Amino acid with a “handle”
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Siderophore Sugar

R =
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Activity Testing
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Reinventing Antibiotic Discovery with NRPS

Created with BioRender
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NRPieceS
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Summary

Let’s discover a peptide antibiotic!

1. NRPS Design

Native NRPS

NRPiece

2. AI Verification 3. Synthesis 4. Drug Delivery

Yes

Redesign

No

O E

R K

Click!

X
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Thank you for your attention!
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igem2025@uni-marburg.de

@igemmarburg
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• Bottleneck of most NRP Antibiotics: 
Target only Gram-(+) bacteria

• OM of Gram-(-) bacteria                 
= robust permeability barrier

The Outer Membrane (OM) - A Robust Barrier

outer membrane

peptidoglycane layer

inner membrane

porine

small hydrophilic 
molecules

lipophilic 
molecules

Created with BioRender



NRPieceS

20

Exploiting iron deficiency  By disguising them as nutrients

Facilitated Diffusion: Trojan Horse Strategy

Graphics created with BioRender, BioRender. (n.d.). https://app.biorender.com/

Siderophore

Iron-binding host 
protein

Host 
cell

Gram-negative 
bacterium

Antibiotic-Siderophore-Conjugate

Antibiotic

siderophore 
receptor
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What slows down development? - Low Profits

McKenna, M., 2020, Nature
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NRP Derivatization by Intein Shuffling

11 new peptides

WY

VVP VX X

T F
PAA
C2

A WP

T FV
PAA
C2

P V

V WYT FL
FT

T F
PAA
C2

Combinations of 3 native NRPS
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T F
PAA
C2

A WP

VVT FV
PAA
C2

P V

V WYT FL
FT …. ….

Chaiyaphumine Xentrivalpeptide Szentiamid A

NRP Derivatization by Intein Shuffling
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16Chaiyaphumine Xentrivalpeptide Szentiamid A

NRP Derivatization by Intein Shuffling

27 new NRPS

X X

T F
PAA
C2

A WP

VVT FV
PAA
C2

P V

V WYT FL
FT
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