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GOLD SPONSOR

The ARC Centre of Excellence for Innovations in Peptide and
Protein Science (CIPPS) is a national research centre funded
by the Australian Research Council. CIPPS vision is to discover
new peptides and proteins from Australia’s diverse flora and
fauna, decode their biological functions, and develop new
peptides and proteins to address challenges in health,

agriculture and industry.

https://cipps.org.au/

BRONZE SPONSOR

Almac has >20 years’ experience supplying peptides to
both the research community and for clinical trials. Our
scientists have developed a high level of technical
expertise enabling manufacture of peptides with a wide
range  of high-throughput

complexity, including

manufacture, long peptides, conjugation and peptide

cocktails. Think Almac for peptide excellence.

https://www.almacgroup.com/

CENTRE FOR
INNOVATIONS IN
PEPTIDE AND
PROTEIN
SCIENCE

AUSTRALIAN RESEARCH COUNCIL
CENTRE OF EXCELLENCE

CIPPS

SILVER SPONSOR

Bachem is a global partner for peptide and oligonucleotide
development and manufacturing, supporting pharmaceutical
and biotechnology companies from early research to
commercial supply. Bachem supports pharmaceutical and
biotechnology companies across the full lifecycle of peptide
and oligonucleotide products — from early development to
reliable commercial supply. Drawing on decades of
experience, we combine deep scientific know-how with
scalable manufacturing infrastructure. Our integrated
development and production capabilities enable partners to

translate complex molecules into viable therapies.

https://www.bachem.com/
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SUMMER SCHOOL IN PEPTIDE SCIENCE, INCLUDING THE INTERNATIONAL CONFERENCE ON CYCLIC PEPTIDES

MONDAY 13™

TUESDAY 14™

PROGRAM OVERVIEW

| WEDNESDAY 15™

| THURSDAY 16™

| FRIDAY 17™

SATURDAY 18™

SUNDAY 19™

POSTER SESSION

(sponsor: Bachem)

Free time High tide activities: Swim, snorkel, kayak/paddle board, explore; Low tide activities: Reef walk, bird walk, island walk
Breakfast Buffet breakfast served 7 — 9 am in the Shearwater Restaurant
Workshop 1 Expanding Peptide Al and Design Peptides from Plants Workshop 7
Prof Greg Challis Chemistry Dr Ewa Lis A/Prof Johan Dr Tongil (Tom) Ko
AM 1 Nonribosomal Prof Phil Dawson Prof Octavio Franco Rosengren (IECPkatt(:n:ees A Practical Guide to Check out of
Peptide Biosynthesis Dr Tongil (Tom) Ko Mr Nick Watts T < U3 G et Success in mRNA rooms
Prof Yu-Shan Lin A/Prof Blazej Slazek Display
Ferry Transfer Morning tea Morning tea
to Heron Island Workshop 2 Biosynthesis ECR Session Peptide Structure Workshop 8 Closing
(2.5hjourney) | prof Norelle Daly, Dr Carole Bewley Tommy Lu Prof Norelle Daly Free time Prof Ratmir Derda Remarks:
Prof David Craik Prof Greg Challis Ben Burress A/Prof Richard Clark Peptides Beyond Prof David Craik
AM 2 Peptide Structural T. Wanniarachchi A/Prof Sunithi Obvious
Biology and NMR Lauren Murray Gunasekera
Assignment Yuhang Sui
Dani Rojas-Azofeifa
Lunch Buffet lunch in the Shearwater Restaurant Lunch
Membrane and Workshop 3 Synthesis and Workshop 5 Interactive Panel
Check in to Intracellular Targets Prof Yu-Shan Lin Modification Prof Beatriz Garcia Discussion
rooms A/Prof Sénia Troeira Modelling and Prof Craig Hutton de la Torre Summer School
PM 1 Guided Reef Walk Henriques Simulation of Cyclic A/Prof Christoph Greening Peptide Faculty Ferry Transfer
Welcome: Prof Julio Camarero Peptides Nitsche Synthesis Opportunities for to Gla(_istone
Prof David Dr Toby Passioura Prof Beatriz Garcia de Peptide Science (2.5 hjourney)
Craik la Torre
Afternoon tea
Opening Cyclic Peptides Nanotechnology Workshop 4 Cyclic Peptides Workshop 6 Closing Plenary:
Plenary: Plenary 1: Prof Prof Matt Trau Prof Wilfred van der Plenary 2: Prof Lara Prof Lara Malins Prof Phil Dawson
Prof Fernando Wilfred van der Donk || A/Prof Conan Wang Donk Malins Synthetic Chemistry Synthetic Bus Transfer to
.. . . . . . . . . Gladstone
Albericio Biosynthesis and Prof Ratmir Derda Retrobiosynthesis of Learning from Approaches for Manipulation of Airport for
PM 2 The Golden Age | Engineering of Ribosomal Cyclic Nature: Strategies for | Optimising Peptide Biological .
of Peptides Ribosomally Peptides Chemical Synthesis Drug Leads Macromolecules d.epartlng
Produced Cyclic Inspired by Cyclic flights, or own
Peptides Peptide Natural arrangements
Products
Coawel] EEd BacherT1 by the Sea: Bachem presentation :
T p— Cocktails and . Free time
Mocktails Free time
Evening .
Buffet dinner CONFERENCE
Buffet dinner Buffet dinner Barbecue dinner DINNER Buffet dinner Buffet dinner




SUMMER SCHOOL IN PEPTIDE SCIENCE, INCLUDING THE INTERNATIONAL CONFERENCE ON CYCLIC PEPTIDES

DETAILED PROGRAM

Sunday 12t July
7:15 - Check in at Gladstone Ferry Terminal
8:30 am y
9:00 am Ferry transfer to Heron Island (2.5 h journey)
12:00 pm Arrival and briefing
12:30 pm Lunch (Wistari Room)
2:00 pm Check in to rooms
3:30 pm INTRODUCTION TO THE SUMMER SCHOOL: David Craik (Wistari Room)
3:50 pm SUMMER SCHOOL OPENING PLENARY LECTURE: [60+20 min] | Chair: David Craik
Fernando Albericio The Golden Age of Peptides
5:10 pm Introduction to activities
6:00 pm Casual meet and greet (Baillies Bar)
7:00 pm Buffet dinner (Shearwater Restaurant)

Monday 13 July

7-9am Buffet breakfast (Shearwater Restaurant) / Free time

9:30 am SUMMER SCHOOL WORKSHOP 1 [90 min] (Wistari Room)
Greg Challis Nonribosomal Peptide Biosynthesis

11:00 am Morning tea

11:30 am SUMMER SCHOOL WORKSHOP 2 [90 min] (Wistari Room)
Norelle Daly, David Craik Peptide Structural Biology and NMR Assignment

1-3pm Lunch (Shearwater Restaurant) / Guided Reef Walk

3:00 pm Afternoon tea

3:30 pm INTRODUCTION TO ICCP: David Craik (Wistari Room)

3:50 pm CYCLIC PEPTIDES PLENARY LECTURE 1: [60+10 min] | Chair: David Craik
Wilfred van der Donk Biosynthesis and Engineering of Ribosomally Produced Cyclic Peptides

5:30 pm BACHEM BY THE SEA: Cocktails and Mocktails (Baillies Bar)

7:00 pm Buffet dinner (Shearwater Restaurant)

Tuesday 14 July

7-9am Buffet breakfast (Shearwater Restaurant) / Free time

9:30 am LECTURE SESSION 1: EXPANDING PEPTIDE CHEMISTRY | Chair: Simon de Veer (Wistari Room)
Phil Dawson Synthetic Approaches for Peptide Circularization in all Shapes and Sizes [25+5 min]
Tongil (Tom) Ko Beyond Macrocyclic Peptide Scaffolds: Enginefchallisering Small Protein Binders with
mRNA Display [25+5 min]
Yu-Shan Lin Structure Prediction of Cyclic Peptides via Molecular Dynamics and Machine Learning
[2545 min]

11:00 am Morning tea




SUMMER SCHOOL IN PEPTIDE SCIENCE, INCLUDING THE INTERNATIONAL CONFERENCE ON CYCLIC PEPTIDES

Tuesday 14 July (continued)

11:30 am LECTURE SESSION 2: BIOSYNTHESIS | Chair: Lauren Murray (Wistari Room)
Carole Bewley Building Knotted, Tricyclic Peptides:  Biosynthesis and Structural Basis of
Macrocyclization [25+5 min]
Greg Challis Discovery and Biosynthesis of Macrobicyclic Depsipeptide Antibiotics from Streptomyces
Species [25+5 min]

12:30 pm Lunch (Shearwater Restaurant)

1:30 pm LECTURE SESSION 3: MEMBRANE AND INTRACELLULAR TARGETS | Chair: Frances Separovic (Wistari
Room)
Sénia Troeira Henriques How Peptides Cross Membranes and Reach Intracellular Targets [25+5 min]
Julio Camarero De novo Bioactive Cyclotides for Targeting Intracellular Protein—Protein Interactions in
Cancer [25+5 min]
Toby Passioura Engineering Membrane Permeation in Small Cyclic Peptides [25+5 min]

3:00 pm Afternoon tea

3:30 pm LECTURE SESSION 4: NANOTECHNOLOGY | Chair: Tim Hill (Wistari Room)
Matt Trau Nano-Scaled Interrogation of Single Molecule Behaviour on a Chip: Can we use this For
Quantitative High-Throughput Molecule Screening and Molecular Evolution? [25+5 min]
Conan Wang Disulfide-Rich Peptide Discovery in Droplets [25+5 min]
Ratmir Derda Encoding Chemistry by DNA in Peptides and Beyond [25+5 min]

5:00 pm BACHEM INDUSTRY TALK (Wistari Room) | Chair: Annie Kan
Chris McGee From Discovery to Metric Tons: How Peptide Manufacturing Enabled the Obesity
Therapeutics Revolution

6:00 pm Free time

7:00 pm Barbecue dinner (Wistari Terrace)

Wednesday 15 July

7-9am Buffet breakfast (Shearwater Restaurant) / Free time

9:30 am LECTURE SESSION 5: Al AND DESIGN | Chair: Tommy Lu (Wistari Room)
Ewa Lis Al-Driven Peptide Discovery: Unlocking the Potential of Peptide Arrays and Small Datasets for
Therapeutic Development [25+5 min]
Octavio Franco Cys-locked in silico Peptide Optimization Enables the Generation of Stabilized
Bioinspired Products [25+5 min]

10:30 am Morning tea

11:00 am LECTURE SESSION 6: ECR SHORT TALKS [15+3 min] | Chair: Yen-Hua Crystal Huang (Wistari Room)
Tommy Lu Intelligent Monitoring and Quantification of Selection in High Throughput Screening
Ben Burress Generative Design of Heterochiral Cyclic Peptide Inhibitors Targeting a Shallow
Glucosyltransferase Interface
Thisuri Wanniarachchi Structural and Biochemical Mapping of Catalytic Trajectory for a Hybrid
Megaenzyme
Lauren Murray Unlocking New Biocatalysts from Cyclic Peptide Biosynthesis
Yuhang Sui Facile Fmoc Synthesis of Daptomycin and Kyn-Based Analogues
Dani Rojas-Azofeifa TLO1: A Cyclic Peptide that Regulates Troponin Complex Dynamics in Cardiac
Muscle

1:00 pm Lunch (Shearwater Restaurant)
ICCP free afternoon (Summer School program continues)




SUMMER SCHOOL IN PEPTIDE SCIENCE, INCLUDING THE INTERNATIONAL CONFERENCE ON CYCLIC PEPTIDES

Wednesday 15" July (continued)

2:00 pm SUMMER SCHOOL WORKSHOP 3 [90 min] (Wistari Room)
Yu-Shan Lin Modelling and Simulation of Cyclic Peptides

3:30 pm Afternoon tea

4:00 pm SUMMER SCHOOL WORKSHOP 4 [90 min] (Wistari Room)
Wilfred van der Donk Retrobiosynthesis of Ribosomal Cyclic Peptides

5:30 pm Free time

6:00 pm Buffet dinner (Shearwater Restaurant)

7:30PM = b OSTER SESSION (Wistari Room)

9:30 pm

Thursday 16 July

7-9am Buffet breakfast (Shearwater Restaurant) / Free time

9:30 am LECTURE SESSION 7: PEPTIDES FROM PLANTS | Chair: Marilyn Anderson (Wistari Room)
Johan Rosengren Studies and Applications of Cyclic Peptides from Daisy Seeds [25+5 min]
Nick Watts How Long Have You Been Green? Developing a Sustainable, Bee-Friendly Botanical Pesticide
[2545 min]
Blazej Slazak Cyclotides in Viola spp: Genomic Architecture and Role in Heavy Metal Stress Response
[2545 min]

11:00 am Morning tea

11:30am  LECTURE SESSION 8: PEPTIDE STRUCTURE | Chair: John Carver (Wistari Room)
Norelle Daly When Prediction Isn’t Enough: Structural Characterisation of Cysteine-Rich Peptides [25+5
min]
Richard Clark High-Throughput Folding of Cyclic Disulfide-Rich Peptides [25+5 min]
Sunithi Gunasekera Engineering Cyclic Peptide Tools for Antibody Recognition [25+5 min]

1:00 pm Lunch (Shearwater Restaurant)

2:00 pm LECTURE SESSION 9: SYNTHESIS AND MODIFICATION | Chair: Esteban Suarez-Picado (Wistari Room)
Craig Hutton Exploiting Thioamides in the Synthesis and Functionalisation of Cyclic Peptides [25+5 min]
Christoph Nitsche Multicyclic Bismuth Peptides and Miniproteins [25+5 min]
Beatriz Garcia de la Torre Cysteine Protection: From SPPS to Disulfide Assembly [25+5 min]

3:30 pm Afternoon tea

4:00 pm CYCLIC PEPTIDES PLENARY LECTURE 2 [60+10 min] | Chair: David Craik (Wistari Room)
Lara Malins Learning from Nature: Strategies for Chemical Synthesis Inspired by Cyclic Peptide Natural
Products

5:10 pm Free time

7:00 pm CONFERENCE DINNER — SPONSORED BY BACHEM (Shearwater Restaurant)

Friday 17t July

7-9am Buffet breakfast (Shearwater Restaurant) / Free time

9:00 am Summer School free morning / ICCP only attendees: room check out 9 am, ferry check in 12:15 pm

11:30 am Lunch (Shearwater Restaurant)

2:00 pm SUMMER SCHOOL WORKSHOP 5 [90 min] (Wistari Room)
Beatriz Garcia de la Torre and Fernando Albericio Greening Peptide Synthesis

3:30 pm Afternoon tea




SUMMER SCHOOL IN PEPTIDE SCIENCE, INCLUDING THE INTERNATIONAL CONFERENCE ON CYCLIC PEPTIDES

Friday 17 July (continued)

4:00 pm SUMMER SCHOOL WORKSHOP 6 [90 min] (Wistari Room)
Lara Malins Synthetic Chemistry Approaches for Optimising Peptide Drug Leads
5:30 pm Free time
7:00 pm Buffet dinner (Shearwater Restaurant)
Saturday 18" July
7-9am Buffet breakfast (Shearwater Restaurant) / Free time
9:30 am SUMMER SCHOOL WORKSHOP 7 [90 min] (Wistari Room)
Tongil (Tom) Ko A Practical Guide to Success in mRNA Display
11:00 am Morning tea
11:30 am SUMMER SCHOOL WORKSHOP 8 [90 min] (Wistari Room)
Ratmir Derda Peptides Beyond Obvious
1:00 pm Lunch (Shearwater Restaurant)
2:00 pm INTERACTIVE PANEL DISCUSSION | Chair: Nicole Lawrence (Wistari Room)
Summer School faculty Opportunities for Peptide Science
3:30 pm Afternoon tea
4:00 pm SUMMER SCHOOL CLOSING PLENARY LECTURE [60+20 min] | Chair: David Craik (Wistari Room)
Phil Dawson Synthetic Manipulation of Biological Macromolecules
5:20 pm Free time
7:00 pm Buffet dinner (Shearwater Restaurant)
Sunday 19t July
7-9am Buffet breakfast (Shearwater Restaurant)
Check out of rooms by 9 am
10:00 am SUMMER SCHOOL CLOSING REMARKS (Wistari Room)
David Craik
11:15 am Lunch
Ferry check in before 12:15 pm
3:30 pm Bus Transfer from Ferry Terminal to Gladstone Airport for departing flights, own arrangements for
attendees staying in Gladstone
CIPPS AUSTRALIAN RESEARCH COUNCIL CENTRE OF EXCELLENCE FOR

INNOVATIONS IN PEPTIDE AND PROTEIN SCIENCE
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WORKSHOP 1: GREG CHALLIS"234

'Department of Chemistry, University of Warwick, Coventry, UK
2Department of Biochemistry and Molecular Biology, Biomedicine Discovery Institute,
Monash University, Clayton, Australia
SARC Centre of Excellence for Innovations in Peptide and Protein Science (CIPPS), Monash
University, Clayton, Australia
*ARC Training Centre in Sustainable and Green Economy Manufacturing (SAGE-M),
Monash University, Clayton, Australia

Nonribosomal Peptide Biosynthesis

The workshop will start with a brief (~20 min) presentation on principles and core mechanisms
of nonribosomal peptide synthetases (NRPSs). An informal problem session will follow, in
which participants are provided with sets of problems about variations to canonical NRPS core
chemistry and diverse tailoring reactions during NRPS-mediated chain assembly. Participants
will be tasked with working through the problems in small groups, suggesting catalytic
mechanisms for the reactions involved. By the end of the workshop, participants will be familiar
with the mechanistic principles underlying nonribosomal peptide biosynthesis and myriad
peptide modifications installed during chain assembly.

WORKSHOP 2: NORELLE DALY, DAVID CRAIK?

'Australian Institute of Tropical Health and Medicine, James Cook University, Cairns,
Australia
2|nstitute for Molecular Bioscience and the ARC Centre of Excellence for Innovations in
Peptide and Protein Science, The University of Queensland, Brisbane, Australia

Peptide Structural Biology and NMR Assignment

NMR spectroscopy remains one of the most powerful techniques for determining the
structures of peptides in solution. This interactive workshop will guide participants through the
assignment of NMR spectra from a peptide using real experimental data. Participants will learn
the step-by-step process used to identify spin systems, establish sequential assignments, and
generate the information required for peptide structure determination. No prior experience with
NMR software is required, making the workshop suitable for students and researchers
interested in peptide structural biology.

11
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WORKSHOP 3: YU-SHAN LIN’

'"Department of Chemistry, Tufts University, Medford, MA, USA

Modelling and Simulation of Cyclic Peptides

Molecular dynamics (MD) simulation, particularly explicit-solvent MD, has long been used to
provide high-quality predictions of the structures, dynamics, and functions of peptides and
proteins. However, the ring strain in small cyclic peptides often leads to high free energy
barriers between conformations that prevent sampling of all relevant structures by standard
MD. Larger cyclic peptides can also present significant issues, because they often have vast
conformational ensembles. Therefore, running standard, plain MD simulation in an explicit
solvent at 300K typically provides insufficient conformational sampling of cyclic peptides even
after weeks of simulation. | will describe enhanced sampling methods and how they can be
tailored to cyclic peptides to efficiently sample their conformations and accurately characterize
their solution structural ensembles using explicit-solvent MD.

WORKSHOP 4: WILFRED VAN DER DONK?"2

'Department of Chemistry, University of Illinois at Urbana-Champaign, Urbana, IL, USA
2Howard Hughes Medical Institute, Chevy Chase, MD, USA

Retrobiosynthesis of Ribosomal Cyclic Peptides

This workshop will teach you how to approach making designer hybrid ribosomally-
synthesized and posttranslationally-modified peptides (RiPPs) and how to find the biosynthetic
gene clusters (BGCs) of known RiPP natural products. No prior preparations are required.

12
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WORKSHOP 5: BEATRIZ GARCIA DE LA TORRE,’
FERNANDO ALBERICIO?3

'School of Medicine, College of Health Sciences, University of KwaZulu-Natal, Durban,
South Africa

2School of Chemistry, University of Kwazulu-Natal, Durban, South Africa
3Department of Inorganic and Organic Chemistry, University of Barcelona, Barcelona, Spain

Greening Peptide Synthesis

This workshop will include discussions on solid-phase peptide synthesis, liquid-phase peptide
synthesis, control of the consumption of solvents, green solvent, specific resins for Green
SPPS, use of water as solvent. Activities include (i) design a peptide synthesis and calculate
the PMI; (ii) analyzing (discrepancies) of the different tables for green solvents (GSK, Pfizer,
Chem21); (iii) general discussion regarding solvents with emphasis on the use of water; is the
water a real green solvent?; (iv) role of the academia in the peptide synthesis arena.

WORKSHOP 6: LARA MALINS'?

'Research School of Chemistry, The Australian National University, Canberra, Australia

2Australian Research Council Centre of Excellence for Innovations in Peptide and Protein
Science, The Australian National University, Canberra, Australia

Synthetic Chemistry Approaches for Optimising Peptide
Drug Leads

High-throughput display technologies, genome mining and computational design are
accelerating the pace of bioactive peptide discovery. However, chemical modifications remain
essential for improving the ‘drug-like’ properties of peptides and ultimately translating lead
compounds to market. This workshop will examine several recent case studies, including
natural product analogues and mRNA-display candidates, to track their journey from initial
discovery to clinical application. We will explore enabling advances in medicinal chemistry and
highlight outstanding gaps in the broader toolbox of peptide modification strategies.

13
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WORKSHOP 7: TONGIL (TOM) KO’

'Chemistry Department, University of Tokyo, Tokyo, Japan

A Practical Guide to Success in mRNA Display

This workshop will provide a guide to designing, executing, and troubleshooting successful
mRNA display selections. Participants will learn key considerations for library design, target
immobilization, selection stringency, recovery analysis, and purification challenges that
strongly influence selection outcomes. The workshop is intended to give participants both a
conceptual understanding and practical “tips and tricks” for improving the success of mMRNA
display selections.

WORKSHOP 8: RATMIR DERDA'

'University of Alberta / Department of Chemistry, Edmonton, Canada

Peptides Beyond Obvious

The Goal of the workshop is to find a non-traditional application of peptides in an existing,
problematic area that currently does not use peptides. Of course, use Internet and ChatGTP
or any LLM you like, but please fact-check, as a scientist would (i.e., find real peer-reviewed
evidence for your ideas). Once area identified, devise a plan for finding a starting set of “useful”
peptides in the proposed area using one of the peptide discovery techniques covered in this
Summer School (biological display, chemical libraries, machine learning, modeling). Fast
forward and imagine that optimization of the discovered set of peptides is complete. Now,
perform an analysis for “rolling it out to the real world”. How much of this peptide the humanity
needs to produce to do what you want it to do? Where will it go? What will it do? What will it
change?

Useful reading:

1. Stuart Schreiber “A Chemical Biology View of Bioactive Small Molecules and a Binder-Based
Approach to Connect Biology to Precision Medicines”
https://pmc.ncbi.nim.nih.gov/articles/PMC6528670/

2. George Whitesides “Reinventing Chemistry” DOI: 10.1002/anie.201410884

3. Alan Aspuru-Guzik et al., “How to do impactful research in artificial intelligence for chemistry and
materials science” DOI: 10.1039/d4fd00153b

14
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SUMMER SCHOOL PLENARY LECTURE
The Golden Age of Peptides

F. Albericio'?

1School of Chemistry, University of Kwazulu-Natal, Durban, South Africa
2Department of Inorganic and Organic Chemistry, University of Barcelona, Barcelona, Spain

Email: albericio@ukzn.ac.za; albericio@ub.edu

Peptide synthesis remains one of the most dynamic and innovative areas of modern
chemistry, driven by the growing importance of peptide-based therapeutics across a wide
range of disease areas. Despite continuous advances in synthetic methodologies and process
technologies, the synthesis of peptides has changed surprisingly little over the past three
decades. The overwhelming majority of peptides, whether synthesized for research purposes
or commercial applications, are still produced using solid-phase peptide synthesis (SPPS)
based on the Fmoc/tBu protection strategy. This well-established platform typically relies on
highly swellable gel-type resins, large volumes of polar aprotic solvents such as DMF and
DCM, carbodiimide-based coupling systems, and TFA-containing cocktails for final
deprotection and cleavage.

In this presentation, we will discuss recent developments from our laboratory aimed at
enabling a new generation of peptide manufacturing technologies. Particular emphasis will be
placed on the design of rigid polymeric supports that dramatically reduce solvent requirements
during synthesis, as well as swellable macroporous resins that enable the use of greener and
more readily recyclable solvents. We will present advances in coupling chemistry, including
novel activating reagents that combine high reaction efficiency with reduced epimerization and
the formation of easily removable byproducts. Alternative deprotection strategies based on
non-polyfluoroalkylated acids will also be described as potential replacements for conventional
TFA-based processes.

Finally, we will explore emerging liquid-phase peptide synthesis (LPPS) approaches that
exploit innovative molecular tags and separation technologies to combine the operational
simplicity of solution-phase chemistry with the efficiency traditionally associated with SPPS.
These developments illustrate how the field is evolving toward more sustainable, economically
viable, and scalable manufacturing solutions capable of meeting the growing demands of next-
generation peptide therapeutics.

16
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Discovery and Biosynthesis of Macrobicyclic Peptide

Antibiotics from Streptomyces Species
Gregory L. Challis™ 2?34

'Department of Chemistry, University of Warwick, Coventry, UK
2Department of Biochemistry and Molecular Biology, Biomedicine Discovery Institute,
Monash University, Clayton, Australia
SARC Centre of Excellence for Innovations in Peptide and Protein Science (CIPPS), Monash
University, Clayton, Australia
*ARC Training Centre in Sustainable and Green Economy Manufacturing (SAGE-M),
Monash University, Clayton, Australia

Email: g.l.challis@warwick.ac.uk; gregory.challis@monash.edu

Dityromycin is an unusual macrobicylic depsipeptide antibiotic first isolated in 1977 from
Streptomyces sp. AM-2504 and shown in 2016 to inhibit bacterial translation by binding to
ribosomal protein S12."2 The rpsL gene encoding ribosomal protein S12 within the Ribosome-
Associated Locus (RAL) of Streptomyces sp. AM-2504 contains mutations that confer
immunity to the antibiotic effects of dityromycin.?

Here, we report identification, cloning and heterologous expression of the dityromycin
biosynthetic gene cluster (BGC) from Streptomyces celluloflavus DSM 40839. Remarkably,
this gene cluster is inserted into the RAL of both S. celluloflavus and the original producer,
between the rpsL and rpoC genes. Large scale bioinformatics analyses of publicly available
Streptomyces genomes revealed that BGCs for numerous known translation and transcription
inhibitors are also inserted into the RAL of their producers. Leveraging this knowledge, we
identified a BGC in the RAL of Streptomyces caelestis NRRL 2821 that was hypothesised to
direct the biosynthesis of a metabolite structurally related to the RNA polymerase inhibitor
salinamide A. However, this BGC was found to be silent under laboratory growth conditions.
Rational activation enabled us to isolate the metabolic products of the BGC and determine
their structures, leading to the discovery of the novel macrobicyclic depsipeptide antibiotic
caelestamide A and a cryo-EM structure of it in complex with RNA polymerase.
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When Prediction Isn’t Enough: Structural Characterisation
of Cysteine-Rich Peptides

N.L. Daly’

'Australian Institute of Tropical Health and Medicine, James Cook University, Cairns,
Australia

Email: norelle.daly@jcu.edu.au

Recent advances in artificial intelligence (Al)-based protein structure prediction have
transformed our ability to rapidly generate structural models. However, cysteine-rich peptides
remain particularly challenging targets due to their complex disulfide-bonded frameworks, and
potential for structural heterogeneity. Through the structural characterisation of bioactive
peptides from cone snail venom and the granulin family, we demonstrate that experimentally
determined structured continue to provide insights that are not readily captured by current
prediction methods.

NMR structure studies of 6S-GVIIIA, a serotonin type 3 (5-HT3) receptor antagonist from the
venom of Conus geographus, revealed a growth factor cystine knot (GFCK) fold, representing
the first experimentally characterised cone snail venom peptide containing this structural motif.
While AlphaFold3 generated models consistent with the experimental structure when
precursor sequence information was included, predictions based solely on the mature
peptides sequence were inconsistent with the experimentally determined fold. In a second
example, structural characterisation of the truncated granulin peptide GRN-P4A revealed two
stable topological isomers with identical connectivity but distinct conformations and biological
activities. Although AlphaFold3 correctly predicted the disulfide bond connectivity, it did not
identify the existence of topological isomerisation.

Together, these findings highlight important limitations in the prediction of cysteine-rich
peptide structures, particularly where multiple stable conformational states exist. As Al-based
approaches become increasingly integrated into peptide discovery pipelines, experimental
structural characterisation remains essential for identifying novel folds, resolving structural
complexity, and establishing accurate structure-function relationships.
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SUMMER SCHOOL PLENARY LECTURE
Synthetic Manipulation of Biological Macromolecules

P.E. Dawson'

'Department of Chemistry, Scripps Research, La Jolla, CA USA

Email: dawson@scripps.edu

The macromolecules of life, particularly proteins and oligonucleotides, drive biological function
and are increasingly the agents of therapeutic intervention in medicine. Despite their central
importance, organic chemists often consider them to be the targets of synthetic small
molecules rather than the synthetic targets themselves. We have developed a set of highly
chemoselective ligation methods that facilitate the chemical manufacture of proteins and
nucleic acids. These methods allow us to better understand their biological functions with the
hope of harnessing their potent activities to improve human health. The development of the
Native Chemical Ligation / Desulfurization approach for protein synthesis will be discussed
and how it can be applied to the synthesis of complex macromolecular targets including
peptide therapeutics and proteins that are the mirror image of the molecules produced in
biological systems. Reversible Absorption to a Solid Support (RASS) approach will be
presented with applications to protein and nucleic acid targets including DNA encoded libraries
for drug discovery and a platform for the discovery of potent new RNA therapeutics. Together,
these methods provide a robust toolkit for macromolecule synthesis that has been broadly
utilized to advance peptide and oligonucleotide science.
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Synthetic Approaches for Peptide Circularization in all
Shapes and Sizes

P.E. Dawson'

'Department of Chemistry, Scripps Research, La Jolla, CA USA

Email: dawson@scripps.edu

While peptides are assembled as linear polymers through ribosomal or SPPS, their
conformation is frequently constrained through covalent and non covalent linkages between
remote sites in the polypeptide. The introduction and removal of these linkages underlies our
efforts to engineer peptides obtained from natural products and proteins and their deliberate
introduction has formed the basis of several peptide discovery platforms. While introduction
of a covalent crosslink into a peptide is straightforward on paper, careful attention must be
paid to the chemical manipulations and reaction conditions required to successful implement
their synthesis in the lab. Several case studies of peptide circularization will be presented
that present a diverse set of strategies, from fully protected peptides on a solid support to
fully unprotected peptides in denaturing or non denaturing conditions. In addition, these
cyclic peptide structures vary in size from 5 to 200+ atoms, and their final structure can vary
from rigid rings to fully disordered and everything in between. Current challenges and future
opportunities will be discussed.
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Encoding Chemistry by DNA in Peptides and Beyond

Ratmir Derda’
'University of Alberta / Department of Chemistry, Edmonton, Canada

Email: ratmir@ualberta.ca

Central Dogma of biology and evolution-driven approaches discover lifesaving therapeutics.
Traditional chemistry and majority of the biology fall outside the Central Dogma. For example,
studying the role of glycans and other post-translational modifications (PTM) in living
organisms is difficult due the fundamental lack of one-to-one correspondence between
sequence of DNA and structures of PTM. Discoveries in these areas can be accelerated by
shifting to DNA-encoded evolutionary approaches. Our contribution to the field is prospective
and retroactive DNA barcoding of chemical or biological matter and chemical post-
translational modifications (cPTM)." We took advantage of redundancy in trinucleotide codons
to encode chemical modifications and topological reshaping in peptide libraries with “silent
DNA barcoding”."* In these libraries, the DNA sequence is translated to produce the amino
acid sequence and the structure of PTM associated with the peptide. Broader application of
prospective DNA barcoding makes it possible to produce “liquid molecular arrays”: these are
collections of DNA-barcoded nanostructures that are coated by peptides, carbohydrates, small
molecules and in theory any molecules stable in water, at any desired density.>®
Nanostructures can be of biological origin, such as mammalian cells or bacteriophages. They
can also be abiotic nanostructures that encapsulate DNA (e.g., lipid nanoparticles). A practical
application of such “liquid array” is discovery of novel targeting vectors for targeted
radiopharmaceutical delivery or for in vivo engineering of immune cells. We also use liquid
arrays to learn the fundamental role of chirality in the interactions between proteins and
chirality-rich structures (e.g., glycans). We apply such knowledge to extrapolate the properties
of hypothetical mirror image organisms and their interactions with extant life forms.”
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Cysteine Protection: From SPPS to Disulfide Assembly

B.G. de la Torre

School of Medicine, College of Health Sciences, University of KwaZulu-Natal, Durban, South
Africa

Email: garciadelatorreb@ukzn.ac.za

Cysteine remains one of the most challenging amino acids to manipulate in peptide synthesis
due to the high reactivity of its thiol side chain and the critical role of disulfide bonds in
determining peptide structure and biological activity. The development of efficient protecting
group strategies is therefore essential for the successful synthesis of cysteine-containing
peptides and proteins.

Initially, the mitigation of side reactions on Cys during trifluoroacetic acid (TFA) cleavage,
including the suppression of S-tert-butylated peptide by-products, will be discussed. Also, the
presentation will provide an overview of recent advances in cysteine thiol protection, with a
particular focus on disulfide-based protecting groups and their application in solid-phase
peptide synthesis (SPPS). The talk will discuss practical considerations for selecting and using
cysteine protecting groups, including strategies for orthogonal deprotection and controlled
disulfide bond formation. Special attention will be given to the development of sec-isoamyl
mercaptan (SIT) as a versatile disulfide-based protecting group, enabling chemoselective
thiol-disulfide interchange reactions and facilitating efficient disulfide bond assembly. In
addition, methodologies for on-resin acetamidomethyl (Acm) removal using N-
chlorosuccinimide (NCS) in the presence of other cysteine protecting groups will be presented,
highlighting opportunities for streamlined peptide synthesis workflows.

Together, these advances provide practical tools for enhancing the synthesis, folding, and
disulfide engineering of complex cysteinyl peptides.
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Beyond Macrocyclic Peptide Scaffolds: Engineering Small
Protein Binders with mRNA Display

T. Ko', K. Colas’, H. Suga’
'Chemistry Department, University of Tokyo, Tokyo, Japan
Email: tongilko@g.ecc.u-tokyo.ac.jp

Macrocyclization is a foundational method for improving the pharmacological properties of
peptides.1 By conformationally constraining peptides and preorganizing key functional groups,
it enhances affinity, selectivity, and stability.2,3 Nevertheless, therapeutic applications of
macrocyclic peptides are still be limited by low metabolic stability, solubility, and cellular
permeability. Protein-grafting strategies offer a complementary approach to pharmacophore
preorganization, in which peptide binding motifs are constrained within a folded protein
scaffold. Conventional protein-grafting approaches, however, typically require the prior
discovery of a suitable peptide ligand and extensive optimization of grafting sites and linkers.4

To address these limitations, we developed a platform that integrates protein grafting and
MRNA display to enable the direct discovery of engineered ubiquitins, termed Ubodies. Using
this approach, we screened against a variety of challenging protein targets and identified
diverse Ubodies with high binding affinity, excellent solubility and metabolic stability.
Furthermore, Ubodies can be genetically encoded and expressed intracellularly via plasmid
transfection, enabling inhibition of intracellular protein targets.

U-body library
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Structure Prediction of Cyclic Peptides via Molecular
Dynamics and Machine Learning

Yu-Shan Lin’
'Department of Chemistry, Tufts University, Medford, MA, USA
Email: yu-shan.lin@tufts.edu

A major challenge in cyclic peptide development is the limited availability of structural
information, which hinders structure-based design and makes it difficult to understand why
different cyclic peptide sequences exhibit varying binding affinities, membrane permeabilities,
and other properties. This lack of structural insight arises because most cyclic peptides exist
as ensembles of multiple conformations in solution, making them extremely challenging to
characterize experimentally using techniques such as solution NMR spectroscopy. In this talk,
| will describe how molecular dynamics simulations with enhanced sampling methods can be
used to obtain this critical structural information.” | will also introduce StrEAMM (Structural
Ensembles Achieved by Molecular dynamics and Machine learning), a framework that
integrates simulation data with machine learning to rapidly generate high-quality structural
predictions for cyclic peptides.?® This capability to efficiently predict structural ensembles will
help researchers uncover the structural origins of cyclic peptide behavior and significantly
accelerate the development of this promising class of molecules.
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CYCLIC PEPTIDES PLENARY LECTURE
Learning from Nature: Strategies for Chemical Synthesis
Inspired by Cyclic Peptide Natural Products

Lara R. Malins'?2

'Research School of Chemistry, The Australian National University, Canberra, Australia
2Australian Research Council Centre of Excellence for Innovations in Peptide and Protein
Science, The Australian National University, Canberra, Australia

Email: lara.malins@anu.edu.au

Over the past decade, our growing understanding of the enormous array of structural and
functional diversity incorporated into peptide natural products'? has provided new inspiration
for the development of versatile chemical tools to both mimic and expand upon Nature’'s
repertoire of peptide modifications. This talk will highlight our recent efforts in the total
synthesis of cyclic peptide natural products® and the development of late-stage peptide
modification strategies to construct both native and ‘designer macrocyclic topologies.
Methods which harness sustainable electrochemical* and photochemical® approaches for the
precise modification of peptide substrates will be highlighted.

electrochemistry
MeO,C

&3 @, @ or:° <

late-stage AoHN fEf OH . N ?‘
N Ay © K)L /(I'r
= v

modifications [
[macrocyclic topologies]

N 82%3000
)

photachemistry

Figure 1. Accessing diverse macrocyclic topologies through innovations in chemical synthesis.
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CYCLIC PEPTIDES PLENARY LECTURE
Biosynthesis and Engineering of Ribosomally Produced
Cyclic Peptides

Wilfred A. van der Donk2

'Department of Chemistry, University of lllinois at Urbana-Champaign, Urbana, IL, USA
2Howard Hughes Medical Institute, Chevy Chase, MD, USA

Email: vddonk@illinois.edu

Ribosomally synthesized and post-translationally modified peptides (RiPPs) constitute a very
large class of peptide natural products with a wide diversity of biological activities.! These
molecules are produced in all three domains of life, their biosynthetic genes are ubiquitous in
the currently sequenced genomes, and their structural diversity is vast. Furthermore, they are
increasingly recognized for their involvement in fighting or causing human disease. This
presentation will discuss utilization of the biosynthetic enzymes as biocatalysts for
bioengineering purposes and for generation and use of macrocyclic peptide libraries. Several
strategies for peptide modification will be discussed.? This presentation will also briefly discuss
the use of genome mining and synthetic biology for the discovery of new RiPPs that has
proven to be an excellent platform to discover unusual chemistry involved in their
biosynthesis.?
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Building Knotted, Tricyclic Peptides: Biosynthesis and
Structural Basis of Macrocyclization

C.A. Bewley', G. Zhao', F. Dyda?

Laboratory of Bioorganic Chemistry, NIDDK, National Institutes of Health,
Bethesda, USA
2[ aboratory of Molecular Biology, NIDDK, National Institutes of Health,
Bethesda, USA

Email: caroleb@nih.gov

Cyclic peptide natural products represent a privileged molecular class that has yielded
therapeutics and inspired peptide-based drug discovery. Among these, ribosomally
synthesized and post-translationally modified peptides (RiPPs) exhibit remarkable structural
diversity through enzymatic tailoring reactions that transform simple precursor peptides into
highly constrained macrocycles. This presentation will focus on chryseoviridin, a recently
discovered member of the graspetide family that undergoes extensive post-translational
modification to generate sequential macrocycles culminating in a compact tricyclic peptide
scaffold. We have combined biochemical, structural, and functional approaches to define the
biosynthetic pathway responsible for chryseoviridin maturation. The pathway includes
sequential ATP-grasp-catalyzed formation of multiple w-lactone and w-lactam macrocycles,
proteolytic processing, transport, and putative regulation. Studies of the maturation machinery
reveal how ATP-grasp ligases recognize and catalyze macrocyclization on progressively
constrained peptide substrates, yielding the mature tricyclic product. Together, these findings
provide a near-complete structural and mechanistic picture of chryseoviridin biosynthesis and
illuminate general principles governing the enzymatic construction of complex cyclic peptides.
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De novo Bioactive Cyclotides for Targeting Intracellular
Protein—Protein Interactions in Cancer

Julio A. Camarero?, Binu Jacob', Alvaro Mourenza', Shivani Soni?, Heinz-Josef Lenz?

'Department of Pharmacology and Pharmaceutical Sciences, School of Pharmacy,
University of Southern California, Los Angeles, USA
2Norris Comprehensive Cancer Center, Keck School of Medicine
University of Southern California, Los Angeles, USA

E-mail: jcamarer@usc.edu

Cyclotides are ultra-stable, cell-permeable microproteins with exceptional resistance to
thermal, chemical, and enzymatic degradation, making them attractive scaffolds for targeting
intracellular protein—protein interactions (PPIs)—a class of targets traditionally considered
undruggable.

We have developed a high-throughput, cell-based platform to screen genetically encoded
libraries for the discovery of de novo bioactive cyclotides that inhibit oncogenic PPIs. Using
this approach, we identified lead cyclotides targeting key cancer pathways, including inhibitors
of the Hdm2/HdmX E3 ligase (MCo-52-2-cTAT) and the RAF signaling pathway (MCo-RR7-
cTAT). These compounds exhibit broad activity across multiple cancer cell lines and
demonstrate robust antitumor efficacy in vivo in murine models of colorectal, pancreatic, and
lung cancers.

Together, these results establish de novo cyclotide discovery as a scalable strategy to access
intracellular cancer targets and support the advancement of lead candidates toward
translational development, including optimization, pharmacological characterization, and IND-
enabling studies.
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High-Throughput Folding of Cyclic Disulfide-Rich Peptides

R.J. Clark', N. Sahin’, K.J. Rosengren’
'School of Biomedical Sciences, The University of Queensland, Brisbane, Australia

Email: richard.clark@ug.edu.au

A significant challenge in the synthesis of disulfide-rich peptides is folding them into the correct
disulfide isomer. One approach is to use a peptide containing unprotected cysteines and
identify folding conditions that result in the desired isomer being obtained as the major product.
This can be a time consuming reaction to optimise, and it is not uncommon that the correct
isomer cannot be formed despite extensive screening of different conditions’. Furthermore,
these folding reactions typically take 12 — 72 hours to be completed. An alternative strategy is
to use regioselective disulfide formation to form each disulfide in a stepwise manner to
produce the desired isomer?. However, these strategies also take time, can require multiple
purification steps and the required protected cysteine building blocks may be costly or not
commercially available. Therefore, the goal of this project is to develop a regioselective
disulfide formation strategy that uses readily available building blocks and reagents, is rapid,
performed in one pot, and may be amenable to a medium-to-high-throughput format. In this
presentation | will present our first steps towards this goal by applying our approach to the
folding of several disulfide-rich peptides containing two and three disulfide bonds including
backbone cyclic peptides.
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Cys-Locked in silico Peptide Optimization Enables the
Generation of Stabilized Bioinspired Products

Octavio Luiz Franco'+2

'S-Inova Biotech, Programa de P6s-Graduagdo em Biotecnologia, Universidade Catdlica
Dom Bosco, Campo Grande, Mato Grosso do Sul, Brazil.
2Centro de Andlises Proteémicas e Bioquimicas, Programa de Pés-graduagdo em Ciéncias
Genbmicas e Biotecnologia, Universidade Catdlica de Brasilia, Distrito Federal, Brazil.

Email: ocfranco@gmail.com

Antimicrobial peptides (AMPs) are compelling candidates to address antimicrobial resistance
due to their multifaceted mechanisms of action. Yet mounting evidence shows that bacteria
can adapt to AMP pressure, underscoring the need for next-generation designs that combine
potency with enhanced stability. Here, we describe a digital optimization pipeline that
integrates genetic algorithms with artificial intelligence to generate bioinspired peptides from
genome-derived sequence spaces. This strategy yielded distinct peptide classes, including
cationic-residue-enriched prototypes and hydrophobic counterparts, and enabled rapid
prioritization via an engineered luminescent Pseudomonas screening platform. Lead peptides
exhibited low-micromolar bactericidal activity against multiple resistant bacteria and were
further characterized with respect to structure, mechanism, and biotechnological potential.
Building on these findings, we developed Cys-Locked, an in silico optimization platform that
introduces disulfide bridges at strategically selected positions to constrain peptide
conformation and confer plasma- and dermal-stability. By locking the effective helical length
into a defined conformational scaffold, this approach preserves bioactivity while substantially
improving structural rigidity and resistance to degradation. Mechanistic studies of the cyclized
antimicrobial leads indicated membrane disruption associated with hyperpolarization rather
than depolarization. To further improve translational performance, we coupled Cys-Locking
with complementary stabilization chemistries, namely lipidation to increase plasma stability
and exposure and incorporation of aminobutyrate residues to reduce proteolytic susceptibility
without compromising function, thereby maintaining activity for more than 24 h. Critically, the
Cys-Locked platform is target-agnostic. Beyond antimicrobials, we applied the same disulfide-
constrained design strategy to engineer Y5 receptor antagonists aimed at appetite control and
weight management in both humans and companion animals, demonstrating that the
stabilization framework generalizes across therapeutic classes and indications. Finally,
scalable production strategies compatible with market translation are discussed. Overall, this
work demonstrates how computational exploration of natural-product-inspired sequence
space, coupled to Cys-Locking and complementary stabilization chemistries, can deliver short,
potent, and durable bioinspired peptide products relevant to human and animal health.
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Engineering Cyclic Peptide Tools for Antibody Recognition

Sunithi Gunasekera’', Mingshu Zhang', Camilla Eriksson, Erik Jacobsson', UIf Géransson'

' Pharmacognosy, Dept. of Pharmaceutical Biosciences, Uppsala University, Sweden

Email: sunithi.gunasekera@uu.se

Macrocyclic and conformationally constrained peptides offer a distinct advantage by reducing
conformational entropy upon binding, thereby yielding highly favourable binding conformations
for target interaction interfaces. A prominent cyclic peptide framework suitable for bioactive
epitope display is the Sunflower Trypsin Inhibitor-1 (SFTI-1) scaffold. In this study, we
demonstrate that these engineered macrocyclic scaffolds can present antigenic epitopes with
good affinity and specificity for antibody targets.

In RA, specific pathogenic autoantibodies serve as critical disease markers. By stabilizing
citrullinated epitopes onto SFTI-1, we could successfully isolate, neutralize, and characterize
these target antibodies’. Functionalized scaffolds were utilized in affinity chromatography and
ELISA development, demonstrating robust diagnostic performance.

In the context of COVID-19, we stabilized short peptide epitopes from the spike protein onto
the SFTI-1 scaffold to uncover specific and cryptic antibody populations against SARS-CoV-
2. These engineered cyclic peptide scaffolds were utilized to develop sensitive ELISA
platforms?. The ability to promptly develop stable peptide probes as diagnostic tools against
rapidly evolving viral diseases has immense value in both diagnostics and epidemiological
studies. Similarly, because many pathogenic antibodies appear in circulation long before
clinical symptoms manifest, identifying these biomarkers early offers significant potential for
pre-symptomatic disease intervention. Using SFTI-1 as a representative scaffold, we have
established a robust system for antibody isolation, purification, and early detection.
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How Peptides Cross Membranes and Reach Intracellular
Targets

Sonia Troeira Henriques

School of Biomedical Sciences, Faculty of Health, Centre for Microbiome Research, Centre
for Immunity and Infectious Control, Queensland University of Technology, Translational
Research Institute, Brisbane, Australia.

Email: sonia.henriques@qut.edu.au

Peptides offer a promising therapeutic approach for targeting intracellular protein:protein
interactions (PPIs) involved in cancer. However, a major challenge in developing peptide-
based drugs is their ability to enter cells and reach the cytosol, where many cancer-relevant
targets are located.

My group has developed cyclic membrane-active peptides that can selectively target and enter
cancers. These scaffolds have been further engineered to modulate intracellular proteins
critical for tumour progression. One such example is [R/rjlcGmCS9, a cyclic beta-hairpin peptide
with high affinity for a 3-sheet region that is involved in PPIs required for the enzymatic activity
of Lactate dehydrogenase 5 (LDHS5), a cytosolic enzyme overexpressed in aggressive, and
metastatic tumours.

Our studies highlight the potential of membrane-active peptides as selective inhibitors of
intracellular PPls involved in cancer pathways. | will discuss key insights into the mechanisms
by which these peptides cross cell membranes and escape endosomes, the role of peptide-
lipid interactions in these processes, the distinct properties of cancer cell membranes, and
opportunities to reengineer membrane-active peptides for modulating intracellular targets.
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Exploiting Thioamides in the Synthesis and
Functionalisation of Cyclic Peptides

Craig A. Hutton'

1School of Chemistry, University of Melbourne, Melbourne, Australia

Email: chutton@unimelb.edu.au

We have recently reported novel methods for peptide cyclisation and functionalisation based
on the chemoselective reactions of thioamides in the presence of silver(l). These methods
involve the initial generation of isoimide intermediates, which can undergo a range of acyl
transfer processes to generate modified cyclic peptides, without epimerisation. Recent
progress in this area will be highlighted, including novel strategies for rapid head-to-tail
macrocyclisation, ring expansion and depsipeptide synthesis through exploiting thioamide

reactivity.'®
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Al-Driven Peptide Discovery: Unlocking the Potential of
Peptide Arrays and Small Datasets for Therapeutic
Development

E. Lis’, C. Diehnelt?

'Koliber Biosciences Inc., San Diego, CA, USA
2Robust Diagnostics LLC, Chandler, AZ, USA

Email: elis@koliberbio.com

Peptide hit discovery methods such as phage and mRNA display are widely used tools for
identifying bioactive peptides. However, these approaches face significant limitations. Phage
display often suffers from poor reproducibility and high false-positive rates, necessitating
extensive validation. While mRNA display enables the incorporation of unnatural amino acids
and can yield high-potency hits, it comes with substantial licensing costs and is prone to
translational efficiency biases. Additionally, hits identified through these methods can be
hyperoptimized, making it challenging to introduce modifications that enhance developability
properties such as stability and permeability without compromising potency. These constraints
hinder the discovery of novel peptide therapeutics.

Peptide arrays, traditionally underutilized due to constraints in printing technology and
accessibility, are emerging as a viable alternative™ % 3. In this presentation, we demonstrate
how the synergy between Koliber's machine learning and Robust’s peptide array platform
effectively addresses limitations of current hit discovery methods. We will show that large
libraries are not essential for hit discovery and that initial hits can be rapidly optimized to
nanomolar binding affinities using machine learning driven approaches. Additionally, we will
discuss visualization techniques to analyse binding modes, providing insights into peptide-
target interactions. This approach paves the way for machine learning driven peptide array
technologies to play a more prominent role in the discovery and development of novel peptide
therapeutics.
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From Discovery to Metric Tons: How Peptide
Manufacturing Enabled the Obesity Therapeutics
Revolution

Chris McGee'
"Vice President & Head, Global Business Development, Bachem

Email: chris.mcgee@bachem.com

The remarkable success of GLP-1 medicines has transformed the treatment of obesity and
type 2 diabetes, creating one of the largest peptide markets in pharmaceutical history. While
much attention is given to the biology and clinical performance of these drugs, their
widespread availability has only been possible through decades of innovation in peptide
chemistry, synthesis, purification, and industrial scale-up. This presentation will trace the
journey from the discovery of incretin hormones to the manufacture of peptide active
pharmaceutical ingredients at multi-ton scale, highlighting the technical challenges,
manufacturing strategies, and emerging technologies that are reshaping the field. The session
will also provide students with a practical introduction to careers in peptide development and
manufacturing, offering a glimpse into opportunities within the global peptide CDMO industry.

BACHEM
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Multicyclic Bismuth Peptides and Miniproteins

C. Nitsche'
'Research School of Chemistry, Australian National University, Canberra, Australia

Email: christoph.nitsche@anu.edu.au

The integration of peptides and proteins with bismuth presents novel opportunities for drug
discovery. Unlike most heavy metals, bismuth is non-toxic and has a long history of safe use
in over-the-counter medications such as Pepto-Bismol. Additionally, the radioactive isotope
213Bj is a promising alpha-particle emitter for targeted cancer therapy.

Bismuth peptides are a new class of metallopeptides in which a Bi(lll) atom is coordinated by
three cysteine or selenocysteine residues.’ Depending on whether the initial peptide is linear
or macrocyclic, this coordination can yield bicyclic or tricyclic peptides of improved bioactivity
and stability. When combined with phage display, this chemistry enables the high-throughput
discovery of bismuth peptides targeting proteins of interest.*

Cell-penetrating bismuth peptides demonstrate enhanced permeability compared to
conventional linear cell-penetrating peptides and enable the quantification of cellular uptake
by ICP-MS,® as well as the visualisation of cellular localisation by X-ray fluorescence
microscopy of bismuth.®

Engineering a related binding motif into single-domain antibodies (nanobodies) and
miniproteins (affibodies) provides an alternative to conventional chelators used in
radiopharmaceuticals.”® Our bismuth-protein conjugates are inert even to strong chelator
challenge, and labelling with radioactive 2'*Bi for potential use in targeted alpha therapy.®
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Engineering Membrane Permeation in Small Cyclic
Peptides

T. Passioura'?

'Insamo South Pty Ltd, Sydney, Australia
2School of Chemistry, University of Sydney, Sydney, Australia

Email: toby@insamo.com

Small cyclic peptides have become the modality of choice for many drug development
programs, particularly in cases where the molecular target(s) are not amenable to approaches
using small molecules or monoclonal antibodies. This is due to their potential for very high
target affinity and selectivity, and the relative ease with which they can be discovered using
modern display screening techniques.

Despite recent advances, a major challenge for therapeutic development of small cyclic
peptides remains their generally poor passive membrane permeation. While many membrane-
permeant cyclic peptides are known, engineering this property into new scaffolds is difficult,
particularly because hits from display screening are often highly polar (greatly complicating
conversion to permeant analogues). This presentation describes library design strategies that
bias mRNA display toward more membrane-permeant chemical space from the outset,
enabling the discovery of cyclic peptide ligands with potency against intracellular targets and
high oral bioavailability.
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Studies and Applications of Cyclic Peptides from Daisy
Seeds

K.J. Rosengren,' C.D. Payne, F. Hajiaghaalipour,’ B. Franke," J.S. Mylne?

'School of Biomedical Sciences, The University of Queensland, Brisbane, Australia
2School of Molecular and Life Sciences, Curtin University, Bentley, Australia

Email: j.rosengren@ugq.edu.au

PawS-derived peptides (PDPs) are plant macrocyclic peptides formed from seed storage
albumins via asparaginyl endopeptidase-mediated processing in Daisy seeds. Their cyclic
backbone and one or two disulfide bonds provide exceptional stability. PDP-23 is a recently
identified member displaying a unique, environment-responsive structure consisting of two (-
hairpins that transition between a compact dimer in aqueous solution and an ‘open’ monomer
in membrane-like environments. This adaptability may be ideal for peptide drug applications.

Here we have investigated cellular uptake using fluorescently labelled PDP-23 and
demonstrated efficient internalisation into CHO cells via endocytosis, followed by endosomal
escape, as indicated by diffuse cytoplasmic fluorescence. Sequence modifications modulated
uptake efficiency, highlighting tuneable cell-penetrating properties. Furthermore, PDP-23s
versatility was evaluated through epitope grafting and small-molecule conjugation (Figure 1).
Insertion of bioactive sequences, including a trypsin inhibitor loop and an integrin-binding
motif, preserved structural integrity while enabling functional activity. Conjugation to
rhodamine inhibited P-glycoprotein-mediated drug efflux, restoring chemosensitivity in
resistant cancer cells, with RGD incorporation enhancing potency and cell targeting.

Additionally, we have characterized PDP-25 PDP23-RGD PDP23-SFTI
and PDP-26 by NMR, revealing distinct /?\
: ) . GD . 8P Pl

architectures including a V-shaped a/ fold. & ‘{\ —
These findings broaden the structural ’ ‘
diversity of PDPs and further support their T k\ /’ A
adaptability for diverse grafts. Collectively, [ 1 \\- <y
this work establishes the PDP family as a AV ~A

. . . . PDP-23 ~ = SFTI-1
versatile platform for peptide engineering
and therapeutic development. Figure 1: NMR structure of PDP-23 illustrating

cut-and-paste grafting into different loops
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Cyclotides in Viola spp: Genomic Architecture and Role in
Heavy Metal Stress Response

B. Slazak'?, R. Miszczak®#, A. Stomka3, K. Sychta?, E. Jacobsson’, J. Ruiz', U. Géransson'
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Cyclotides are macrocylic cysteine-knot peptides produced by plants from several different
families™. In the course of a project investigating the transcriptomic and metabolomic basis of
heavy metal tolerance in Viola, we examined the role of cyclotides in mitigating heavy metal
stress. We identified specific cyclotides involved in the response to heavy metal stress, as
evidenced by changes in their abundance following Zn or Pb treatment (Fig. 1)

The second study addresses a major knowledge gap in cyclotide research by revealing the
genetic architecture underlying cyclotide biosynthesis and expression. We mined the
genomes of V. odorata and V. tricolor for cyclotide genes, mapped them to chromosomes,
and analyzed their gene structures and regulatory regions. We identified hundreds of
cyclotides, most of them previously undescribed. These sequences were mapped to multiple
positions across all chromosomes (Fig. 2). We characterized promoter regions and putative
cis-regulatory motifs associated with cyclotide genes.
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Nano-Scaled Interrogation of Single Molecule Behaviour
on a Chip: Can We Use This for Quantitative High-
Throughput Molecule Screening and Molecular Evolution?

Matt Trau'?

'Australian Institute for Bioengineering and Nanotechnology, University of Queensland,
Brisbane, Australia
2School of Chemistry and Molecular Bioscience, University of Queensland, Brisbane,
Australia

Email: m.trau@ugq.edu.au

Our lab has recently developed a range of single molecule readout technologies’-® which allow
novel ways to interrogate single molecules and molecular aggregates (such as extracellular
vesicles) from either clinical samples, or those obtained during molecular evolution. We are
now in the process of connecting these systems to a Long-read DNA sequencing methodology
that has similar single molecule sensitivity, along with exceptional accuracy allowing new types
of quantitative analysis. This talk shall describe that journey along with some ideas of
extracting quantitative information on single molecule interactions in a high-throughput
manner. Long-read Oxford Nanopore Technologies (ONT) nanopore sequencing is
increasingly being used to analyse diverse samples such as metagenomes and molecular
display libraries. However, high error rates for single reads prevents direct quantitation and
distinction of similar sequences from diverse samples. Herein, Long Quantitative Sequencing
(LQSeq), a combined wet lab and bioinformatic methodology leveraging ONT long-read
sequencing, is presented. LQSeq delivers direct, sequence-resolved, digital PCR-comparable
quantitation, reference-free consensus sequence generation, Q40+ accuracy, target
enrichment and trace-level detection of rare target sequences. The workflow adds <2 hours
to ONT library preparation and allows easy target modulation.
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Disulfide-Rich Peptide Discovery in Droplets

Jing Xie', Kuok Yap'?, Simon J. de Veer'?, Selvakumar Edwardraja®, Thomas Durek'?, Matt
Trau®4, David J. Craik'2, Conan K. Wang"

"Institute for Molecular Bioscience, The University of Queensland
2Australian Research Council Centre of Excellence for Innovations in Peptide and Protein
Science
SAustralian Institute for Bioengineering and Nanotechnology, The University of Queensland
“School of Chemistry and Molecular Biosciences, The University of Queensland

Email: c.wang@imb.ug.edu.au

Traditional screening methods are powerful tools for exploring large sequence spaces, but
they often prioritise target binding, an endpoint that does not always correlate with true
functional activity. In this study, we present the first yeast-in-droplet microfluidic platform for
function-based screening of disulfide-rich peptide (DRP) libraries, shifting the paradigm from
binding affinity to functional performance. DRPs are nature’s molecular specialists, evolved
with intricate topologies to perform diverse bioactivities across fungi, insects, plants, and
animals, making them ideal scaffolds for molecular design and engineering.

Using picolitre-scale water-in-oil droplets as miniaturized “test tubes,” individual peptides and
their functional reporters were encapsulated. We employed yeast secretory expression to
ensure correct disulfide folding and structural integrity, while engineering strains to report on
functional activity (e.g., protease inhibition).

This platform enabled the rapid enrichment of a potent trypsin inhibitor (MCoT]I-Il) from a library
of over 100,000 variants in just four selection rounds — surpassing previous droplet-based
peptide screens in both scale and efficiency.

With established applications in medicine and agriculture, DRPs represent a rich source of

bioactive molecules. By integrating custom yeast expression with high-throughput droplet
microfluidics, we establish a next-generation platform for the functional engineering of DRPs.
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How Long Have You Been Green? Developing a
Sustainable, Bee-Friendly Botanical Pesticide

K. Yap??, A. Chan?3, B. Sorbello?3, N. Watts'

"Innovate Ag Pty Ltd, Goondiwindi, Australia
2Institute for Molecular Bioscience, The University of Queensland, Brisbane, Australia
SARC Centre of Excellence for Innovations in Peptide and Protein Science, The University of
Queensland, Brisbane, Australia

Email: nick@innovate-ag.com.au

"How long have you been green?" was the question put to me by a representative of a major
agrochemical company — the implication being that a green logo is a marketing position,
purchased, not earned. Innovate Ag has been developing cyclotide-based botanical pesticides
from Clitoria ternatea (butterfly pea) for more than 20 years, and we know that "natural" does
not automatically mean safe, scalable or environmentally preferable. Sero-X is registered in
Australia with no maximum residue limits, no withholding period and no poison schedule. A
closed-loop manufacturing process yields roughly 0.5 kg CO.e per litre produced against an
estimated 12.5 kg CO.e abated per litre applied. The presentation argues that "green" is not
a logo, an acquisition or a press release — it is measurable carbon, residue, ecotoxicology
and efficacy data, delivered in a tool growers will actually use
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Generative Design of Heterochiral Cyclic Peptide Inhibitors
Targeting a Shallow Glucosyltransferase Interface
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Peptide macrocycles are well-suited for targeting protein surfaces that are intractable to small
molecules. The Streptococcus mutans enzyme glucosyltransferase B (GtfB), which drives
biofilm formation through synthesis of insoluble glucans, has a shallow catalytic interface that
is difficult to target with small molecules. We develop a generative computational pipeline for
the design of heterochiral cyclic peptide inhibitors targeting the GtfB catalytic domain. This
framework began with the rapid generation of over 100,000 macrocyclic backbones.
Subsequent multi-stage filtering using Rosetta scoring and molecular dynamics simulations
reduced this library to a small group of lead 1anchorplacement
candidates exhibiting favorable energies, high shape

3. Sequence design

complementarity, and stable binding poses in explicit y
solvent. Several designs exhibit well-defined energy 4

funnels consistent with stable bound conformations _ O T R
and high-affinity binding. These results show that “@’ oreche '

S0

integrating generative deep learning with molecular 2 Backbone generation 3
dynamics enables efficient design of cyclic peptide 4 "'... ~AX ':‘,‘,f -

inhibitors for shallow enzymatic interfaces and of - = Q,"* ! o

provides a general strategy for targeting structurally : e ol R
challenging proteins. Figure 1. Pipeline for macrocycle design
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Intelligent Monitoring and Quantification of Selection in
High Throughput Screening
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1School of Chemistry, University of Sydney, Sydney, Australia; 2Australian Research Council Centre
of Excellence for Innovations in Peptide and Protein Science; 3 Research School of Chemistry, The
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mMRNA display is a powerful in vitro screening technology that enables the selection of cyclic
peptides with affinity for a target protein through iterative binding and amplification cycles. In
drug discovery, enriched sequences from such selections are typically taken forward as lead
candidates.” Yet this method is fallible, as false or non-specific hits can arise due to insufficient
screening, random distribution and inherent biases in the initial library. Moreover, enrichment
metrics alone can be misleading, skewed by biases in the initial library composition,
competition between peptides, non-specific binding, or interference from the mRNA tag itself.
These factors can obscure potentially valuable binders with alternative modes of target
engagement.?

We have established benchmarks for deep sequencing data quality and mRNA display
selections across rounds. A pipeline was developed to extract, clean, and unify deep
sequencing data, assessing these benchmarks across multiple studies to ascertain the quality
of hits identified under the current standard of display selection. A sequence space model was
designed by evaluating the complementarity of embedding and dimensionality reduction
methods. Models of theoretical distribution and random selection were employed as a baseline
to quantify and characterise round selection.

Sequence space benchmarks effectively delineated between datasets by metrics of quality.
This highlighted key areas of improvement for studies that obtained low quality or unexpected
results. Correlation between quality of round selection and biological properties of tested hits
affirm the significance of the established benchmarks. The inadequacy of selection in several
studies demonstrates the necessity of improved rigour in mRNA display deep sequencing
screens. Sequencing across more rounds with deeper reads would ensure higher quality and
preserve the consistency of enrichment. Observed biological correlations posit the potential
for improved peptide hits with greater affinity for their drug targets.
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Unlocking New Biocatalysts from Cyclic Peptide
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Terrestrial and marine bacteria have long been a compelling source of unique natural products
with diverse biological properties and immense potential as therapeutic agents. Bioactive
peptides are one such class of natural product that has gained major interest in recent years,
with nearly 100 peptide therapeutics approved globally." Despite major advances in peptide
synthesis, the selective modification of individual amino acid residues remains a considerable
challenge, particularly when seeking to access the highly functionalised architectures found in
many natural products. In contrast, nature employs sophisticated enzyme catalysts capable
of performing complex chemical transformations with exceptional efficiency and selectivity. As
a result, biosynthesis has become an important source of inspiration for the development of
chemoenzymatic and biocatalytic strategies for complex molecule synthesis.

This work investigates the biosynthesis of the cyclic peptide antibiotic dityromycin, a
structurally unique natural product containing a significantly modified amino acid scaffold.?
Central to its activity is a rare dehydro-epoxide pharmacophore®* that presents a significant
synthetic challenge due to its highly oxidised structure. Biosynthetic studies suggest that the
installation of this functionality, along with several other key modifications, is mediated by
cytochrome P450 enzymes. This versatile family of enzymes catalyses a broad spectrum of
oxidative transformations in natural product biosynthesis.* Characterisation of these enzymes
provides insight into the biosynthetic assembly of this complex peptide scaffold and
establishes a foundation for their application as biocatalysts for the synthesis and
diversification of complex bioactive peptides.
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TLO1: A Cyclic Peptide that Regulates Troponin Complex

Dynamics in Cardiac Muscle
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Protein—protein interactions (PPI) that control muscle contraction are essential for normal
cardiac function but remain challenging targets for therapeutic modulation. Here, we report
the discovery and functional characterisation of a de novo macrocyclic peptide that regulates
the cardiac troponin complex, a central controller of sarcomeric activation and relaxation.

Using the RaPID approach we identified TLO1, a cyclic peptide that selectively stabilises the
interaction between cardiac troponin C and troponin |. Biophysical analyses showed that TLO1
does not bind either protein in isolation but instead promotes formation of a ternary complex.
Computational modelling and molecular dynamics simulations showed that TLO1 bridges a
hydrophobic cleft formed transiently at the TnC—Tnl interface, explaining both its binding
selectivity and isoform bias toward cardiac Tnl.

Across multiple experimental systems, TLO1 modulated contractile function through direct
effects on the sarcomere. Physiological assessments in pig ventricular tissue revealed the
ability to modulate calcium sensitivity and myofilament cooperativity, while in vitro assays
demonstrated dose-dependent enhancement of hiPSC-CM contractility without affecting
calcium handling. In vivo pressure—volume loop analysis demonstrated that TLO1 enhances
cardiac pump performance through improved contractile efficiency and systolic—diastolic
coordination, without inducing tachycardia or diastolic stiffening.

These findings highlight the potential of macrocyclic peptides to modulate PPI that govern
muscle performance in health and disease, particularly in settings where contractile efficiency
and relaxation are compromised, and establish TLO1 as a first-in-class molecular tool for
tuning troponin complex function.

48


https://cipps.org.au/summer-school

Summer School in ICCP ..

INTERNATIONAL CONFERENCE

Peptide Science  gygjic peptides 2026 *

Facile Fmoc Synthesis of Daptomycin and Kyn-Based
Analogues
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Daptomycin (Figure 1) is a last-resort antibiotic used to treat life-threatening infections caused
by Gram-positive bacteria. However, increasing resistance to daptomycin has been
observed." Herein, we report structural modifications centred on the kynurenine (Kyn) residue,
as prior studies have demonstrated that modifications at this position enhance antibiotic
activity by 2-4 fold.? Firstly, a convenient chemical synthesis of Fmoc-(2S,3R)-3-
MeGlu(tBu)OH, a key amino acid in daptomycin, was developed with mild reaction conditions.
Following that, a facile, total on-resin Fmoc SPPS of daptomycin was developed, using on-
resin cyclisation and late-stage on-resin ozonolysis of tryptophan to afford the Kyn motif.
Lastly, Kyn with modifications on the aromatic region was realised, using halogenated
tryptophan generated from a chemoenzymatic approach, followed by organometallic cross-

coupling reactions and on-resin ozonolysis.
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Figure 2. Chemical structure of daptomycin.
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for a Hybrid Megaenzyme
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Microbial natural products are a proven source of antibiotics, and compounds made by hybrid
nonribosomal peptide synthetase—polyketide synthases (NRPS-PKSs) represent an
especially rich reservoir of bioactive compounds. Hybrid megaenzymes increase the chemical
diversity of NRPS and PKS pathway products by combining the peptide bond formation
capability of NRPSs with the ketide bond formation capability of PKSs, yet their structural and
mechanistic features remain under-explored.

We present structural and functional characterization of ikarugamycin synthetase (lkaA), a
very common bimodular hybrid megaenzyme. lkaA makes the backbone of ikarugamycin', a
cyclic peptide-ketide natural product with anti-tumour activity, which is also often used in cell
biology experiments as an inhibitor of clathrin-mediated endocytosis?3. Using mechanism-
based crosslinking and biochemical assays, we mapped the complete biosynthetic trajectory
of the carrier protein domains in ikarugamycin biosynthesis. We then solved cryo-EM
structures of intact lkaA, making lkaA the first bimodular hybrid megaenzyme to have its
structure determined, and providing understanding of how NRPS and PKS modules work
together. We also visualized the acyl carrier protein domain interacting with all its partner
catalytic domains. Overall, this work furthers our understanding of the structural and
biochemical basis of how hybrids generate complex natural products.
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Antibiotic resistance accounts for ~5 million deaths annually, most of which are caused by
Gram negative pathogens." Darobactins are a recently characterized ribosomally synthesized
and post-translationally modified peptides (RiPPs) that have potential to become a new class
of antibiotics shown to inhibit multidrug resistant (MDR) bacteria.? Darobactin kill Gram-
negative bacteria by targeting and disrupting the vital function of an essential outer membrane
protein found in all Gram-negative bacteria called BamA, part of the B-barrel-assembly
machinery (BAM) complex, responsible for folding and inserting other outer membrane
proteins into the outer membrane. Although darobactins have clinical potential, their
development is limited by their difficulty to be produced synthetically or in common Gram-
negative hosts like E. coli which are susceptible to darobactin.>® This project aims to produce
darobactins by integrating and optimizing a synthetic darobactin A operon into a Gram-positive
Streptomyces albus, which lacks the BamA target. We were able to increase Darobactin A
production from ~12 mg/L, using a traditional Streptomyces approach, to ~55 mg/L by
optimising the operon. Furthermore, we were able to produce high amounts of
bromodarobactin A and other halogenated analogues.” We are showcasing this Streptomyces
platform’s potential applicability to the study and discovery of difficult to produce RiPPs.
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Bacterial meningitis remains a life-threatening infection with high mortality and substantial long
term neurological sequelae despite antibiotic therapy. Rising antimicrobial resistance and
limited penetration across the blood-brain barrier further reduces treatment effectiveness.
Cyclic antimicrobial peptides offer a promising platform for next generation therapeutics
because cyclisation can enhance structural stability, proteolytic resistance, and membrane
targeting activity.'? This study aims to develop cyclic peptides with broad-spectrum
antibacterial activity, reduced resistance potential, and improved central nervous system
delivery against major bacterial meningitis pathogens.

A panel of cyclic peptides, including linear and cyclic peptides, is being screened against
Streptococcus pneumoniae, Escherichia coli, and Listeria monocytogenes using minimum
inhibitory concentration assays. Cytotoxicity and blood-brain barrier permeability are being
assessed using an in vitro human brain endothelial cell (HBEC-5i) model to evaluate peptide
safety and delivery potential. Structure-activity relationship studies will guide the optimisation
of lead candidates.

We are currently developing a BBB model for infectious diseases to screen BBB permeability
and antimicrobial activity in vitro. Preliminary findings are expected to identify cyclic peptide
candidates with broad-spectrum antibacterial activity, low cytotoxicity toward human brain
endothelial cells, and favourable blood-brain barrier permeability compared with conventional
antibiotics. Such approaches may help address current treatment limitations by expanding
antimicrobial options and reducing inflammation-associated neurological injury. 2
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Peptide backbone modifications can confer increased therapeutic or industrial value to
peptides by enhancing their permeability, stability or kinetic properties.’ 2 However, despite
the importance of backbone modifications, there are limited synthetic approaches for their late-
stage incorporation into peptide scaffolds. In this work, we examine a new electrochemical
strategy for site-specific backbone modifications (Scheme 1). Through anodic oxidation of
electron-rich benzyl-type electroauxiliaries, we showcase the synthesis of backbone-
appended N, O-acetals, which can further be transformed into various backbone N-substituted
peptides. This electroauxiliary-mediated peptide modification strategy has been exemplified
through the preparation of structurally diverse backbone-modified peptides, including a cyclic
peptide derived from an anodically installed alkyne handle.
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Scheme 1: Late-stage peptide backbone modifications using electrochemistry.
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Proteomic evidence indicates ultrasound-assisted
extraction enhances recovery of membrane-associated
proteins in Hericium erinaceus
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Membrane-associated fungal proteins mediate essential functions and contain bioactive
proteins with therapeutic potential but are under-represented in aqueous extracts due to
hydrophobicity and lipid associations. Ultrasound-assisted aqueous extraction was applied to
Lion’s mane (Hericium erinaceus) and fractionated the proteins by molecular weight (>30 kDa,
10-30 kDa, 3-10 kDa). Proteomic profiing using data-dependent (DDA) and
data-independent (DIA) mass spectrometry identified 1500 and 1702 proteins, respectively
(1% global FDR). Ultrasonication induced surface irregularity and a less compact,
heterogeneous microstructure. Topology predictions showed higher proportions of
transmembrane and secretory proteins in ultrasonicated fractions. Extraction preserved
protein integrity (82% molecular-weight retention, 97% tryptic specificity, 26:1 stable:degraded
ratio). The >30 kDa fraction was enriched for endomembrane-system and cytoskeletal
components; the 10-30 kDa fraction captured mitochondrial respirasome and vacuolar
V-ATPase complexes; the 3-10 kDa fraction contained mainly cytosolic proteins.
Ultrasonication-unique proteins showed higher aromaticity, and abundant >30 kDa proteins
displayed membrane-proximal characteristics.

Keywords: Ultrasonication, Membrane proteins, Fungal proteomics
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Three-Helix Bundle

A. Barancewicz', M. Lorenzon?, J. Kaczmarski', J. Chen?, C. Jackson'

'Research School of Biology, Australian National University, Canberra, Australia
2 Research School of Chemistry, Australian National University, Canberra, Australia

Email: anthony.barancewicz@anu.edu.au

Immunoglobulin A (IgA) holds significant therapeutic potential, but its widespread application
is hindered by challenges in purification." This project aims to use machine learning (ML)
driven protein design to generate thermostable IgA-binding proteins suitable for IgA
purification via affinity chromatography. We develop a pipeline to modify surface residues of
a highly stable protein scaffold (Con4) to create IgA-binding variants. This pipeline starts with
AlphaFold2-based pose generation to identify candidate binder-IgA poses. Next, we design
the binder interface residues using a diverse set of ML models, and a multistage in silico
screening process adapted from the BindCraft pipeline.>® Applied to the Con4-IgA system,
this pipeline achieved a 15% success rate of nanomolar binders which retain the high stability
of the scaffold (T» > 90°C). We show that tools designed for protein hallucination can be
adapted to the task of scaffold-constrained design while retaining a high success rate. This
enables the engineering of new functions while inheriting desired scaffold properties, thereby
opening multiple avenues for bespoke protein design and diverse therapeutic applications.
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Asparaginyl ligases are highly efficient, ultrafast transpeptidases with precise substrate
specificity that have emerged as powerful tools for site-specific peptide and protein
engineering."? Engineered asparaginyl ligases with orthogonal substrate specificities would
provide access to new types of sequential transpeptidation strategies. In this work, we
engineer the widely used asparaginyl ligase OaAEP1 for altered substrate specificity. A single
amino acid substitution in the AEP S2’ binding pocket, Y188A, enables the recognition of a
substrate sequence that is essentially incompatible with the parent enzyme or an alternative
Y188W variant. This orthogonality enables controlled sequential preparation of a dual N- and
C-terminally labeled protein and the one-pot synthesis of two distinct cyclic peptides from a
single linear peptide precursor. Introducing the equivalent mutation in a consensus-designed
asparaginyl ligase confers similarly altered substrate specificity, suggesting that Tyr188 in the

S2’ binding pocket is a general determinant of asparaginyl ligase substrate specificity.
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Figure 1 Engineering AEP S2’ binding pocket enables controlled sequential transpeptidation
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Hypoxia, a condition of low oxygen concentration, is a hallmark of cancer and cardiovascular
disease, and its detection is critical in understanding disease progression and therapeutic
response. Nitroreductase is an enzyme upregulated under hypoxic conditions that has
emerged as an attractive target for the design of fluorescent probes to detect hypoxia (1).
Nitro-containing fluorophores are reduced by nitroreductase to the corresponding amines,
alleviating nitro-induced fluorescence quenching and producing a fluorescence turn-on
response (2). A major challenge in hypoxia probe design is achieving high selectivity for
hypoxic cells over normoxic cells. Here we report the design, synthesis and evaluation of a
series of nitroreductase-responsive coumarin-based fluorescent probes for the detection of
tumour hypoxia. Density functional theory (DFT) calculations were performed to explain the
change in optical signal upon the reduction of coumarin probes bearing a nitrophenyl group at
the 3-position. It was found that the nitrophenyl group quenches fluorescence through a
twisted intramolecular charge transfer mechanism, where the nitrophenyl ring is perpendicular
to the coumarin. Upon reduction to the aniline by nitroreductase, planarity and fluorescence is
restored. DFT calculations were used to predict the reduction potential of probes bearing
various substituents on the nitrophenyl ring to fine-tune the selectivity for hypoxic cells over
normoxic cells. The most promising probes were synthesised and evaluated in tumour cell
lines cultured under normoxic and hypoxic conditions, where fluorescence microscopy
confirmed activation under hypoxia. Overall, this work provides mechanistic insights and a
framework for the computationally guided design of fluorescent probes for hypoxia detection.
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Mirror-image Random Nonstandard Peptides Integrated
Discovery (MI-RaPID) Technology Yields Highly Stable and
Selective Macrocyclic Peptide Inhibitors for Matrix
Metallopeptidase 7

H. Ghareeb', C.Y. Li?, A. Shenoy?, N. Rotenberg’, J.M. Shifman', T. Katoh?, I. Sagi®, H.
Suga?, N. Metanis’

'Institute of Chemistry & Center for Nanoscience and Nanotechnology, The Hebrew
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Matrix metalloproteinase 7 (MMP7) is overexpressed in multiple cancers and plays a central
role in ECM remodeling, tumor invasion and metastasis, yet developing selective inhibitors
remain challenging due to high active-site conservation across MMP family.

To address this, we applied mirror-image RaPID (MI-RaPID) technology in which the RaPID
system selects macrocyclic L-peptide binders against a chemically synthesized D-form of the
target protein; the identified hits are then resynthesized as their D-mirror images to target the
natural L-protein, yielding inhibitors with innate protease resistance.

Screening against D-MMP7 identified peptide D20, which synthesized as its mirror image
D’20, 15 residues macrocycle comprising 12-D-amino acids, one b amino acid [(1R,2R)-2-
ACHC], and a thioether bond. D’20 potently and competitively inhibited MMP7 (ICso =90nM),
with at least 60-fold selectivity over MMP1, MMP8, MMP9, MMP10, and MMP14. It was fully
stable in human serum (=24 h) and simulated gastrointestinal fluids (=12 h) and inhibited the
migration of pancreatic cancer cell line CFAPC-1 without affecting proliferation and viability.
These results establish MI-RaPID as a robust platform for developing stable, selective
macrocyclic D-peptide therapeutics.

Acknowledgements

This work was supported by the Israel Science Foundation (1388/22 to N.M.), the US-Israel
Binational Science Foundation (BSF 2017207 to J.M.S.), and the Japan Society for the
Promotion of Science (JP20H05618 to H.S.).

References
1. H. Ghareeb, C.Y. Li, A. Shenoy, N. Rotenberg, J.M. Shifman, T. Katoh, |. Sagi, H. Suga, N.
Metanis, Angew. Chem. Int. Ed. 2025, e202414256.

59


https://cipps.org.au/summer-school

0 . .‘

Summer School in ICCP .:::»

INTERNATIONAL CONFERENCE

Peptide Science  pylic peptides 2026
#9

Resurrecting Ancestral Adenylation Domains Reveals How
Substrate Selectivity Evolved in Glycopeptide Antibiotic
Biosynthesis

M.H. Hansen', M. Adamek?, D. Iftime?, D. Petras?, F. Schuseil?, S. Grond?, E. Stegmann?,
M.J. Cryle', N. Ziemert?

'"Monash Biomedicine Discovery Institute, Monash University, Clayton, Australia
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Glycopeptide antibiotics (GPAs) such as vancomycin are last-resort drugs against resistant
bacterial infections. Their peptide backbone is assembled by a non-ribosomal peptide
synthetase (NRPS) in which adenylation (A) domains select each amino acid, yet how these
domains evolved to recognise new substrates had remained unclear. To reconstruct this
history directly, we combined molecular phylogenetics, ancestral sequence reconstruction
(ASR) and X-ray crystallography to resurrect and characterise the A-domains that gave rise
to modern GPA scaffolds. Activity assays on the resurrected ancestors show that the
vancomycin-type, leucine-selecting domain predates the pekiskomycin-type scaffold, and that
the switch from the ancestral hydroxyphenylglycine specificity to leucine was a direct
selectivity change driven by three substitutions in the substrate-binding pocket, rather than
passing through an intermediate that accepts both." Crystal structures of the ancestral and
extant pockets reveal the residue changes that remodelled the pocket at each step, with the
later D-alanine-selecting domain requiring further substitutions. These results trace substrate
selectivity in GPA biosynthesis back to defined ancestral states, showing how ASR can
expose the structural basis of evolution in secondary metabolism and provide a rational
starting point for engineering NRPS A-domains towards new antibiotics.
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Downsizing Electrophilic MAX-derived Helical Zipper
Peptides to Covalently Bind and Degrade Oncogenic MYC

Timothy A. Hill'?, Aline Dantas de Araujo’? Lei Luo'?, Miao Yu?, Jody M. Mason?3, Junxian
Lim"2, David P. Fairlie'?
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Targeting oncogenic transcription factors remains a major challenge in chemical biology and
drug discovery, motivating the development of new therapeutic modalities beyond traditional
small molecules. MYC is a master transcription factor that is dysregulated in many cancers
but has remained difficult to target because of its intrinsically disordered structure and lack of
conventional ligand-binding pockets. We developed a covalent inhibition strategy that targets
Cys438 within the MYC leucine zipper domain. Installation of an acrylamide electrophile into
MAX-derived peptides enabled site-specific covalent engagement of MYC, allowing
progressive peptide truncation while maintaining high-affinity binding.

Intracellular protein-fragment complementation was used to optimize MYC-binding
sequences, leading to the identification of a 24-residue helix-constrained peptide inhibitor. The
optimized inhibitor exhibited stability in plasma and cell lysates and selectively captured
endogenous MYC from cancer cell lysates. To enhance cellular uptake, six acidic residues
were transiently masked through esterification, generating a cell-permeable analogue that
displayed antiproliferative activity across multiple cancer cell lines. Treatment also inhibited
cancer cell migration and induced proteasome-dependent MYC degradation.

These findings identify a previously unrecognized vulnerability within the MYC leucine zipper
and demonstrate that covalent targeting can enable substantial peptide downsizing while
preserving biological activity. The resulting 24-residue inhibitor combines stability, cellular
activity, and MYC degradation, highlighting the potential of covalent design strategies to
address historically intractable protein—protein interaction targets.
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Towards Development of a FRET-based Citrate Biosensor

L.G. Holburn™?, B. Ercan'?, S.M. Butler'?, K.A. Jolliffe’?

'School of Chemistry, Faculty of Science, University of Sydney, Sydney, Australia
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Email: lara.holburn@sydney.edu.au

Selective sensing of carboxylate Krebs cycle intermediates, such as citrate, is essential for
understanding dysregulation of these systems in diseases.! Sensing citrate is also proposed
as a diagnostic method for prostate cancer.? However, sensitive and selective citrate sensors
for use in live cell imaging and diagnostic applications are yet to be developed. The citrate-
binding domain of the CitA protein (CitAP), from K. pneumoniae, binds to citrate selectively
with the binding site formed by the major and minor loops.® We hypothesize that this structural
change could be exploited to develop a FRET-based citrate biosensor. Using genetic code
expansion, acridonylalanine (Acd)* was incorporated into the major loop of CitAP in 9 different
positions. Next, 7 Acd mutants were overexpressed and purified from E. coli and 5/7 retained
citrate binding shown by isothermal titration calorimetry. Subsequently, cysteine residues were
introduced and used to install possible FRET partners, such as nitrobenzoxadiazole (NBD)
and BODIPY. We envisage that a FRET pair on the CitAP domain could work as a biosensor
to detect citrate in different diseases.
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Figure 1. CitAP proteins expressed with Cys and Acd mutants are purified and reacted with NBD to
obtain a citrate biosensor.
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Discovery of Venom-Derived Peptide Modulators for
KCNT1-Related Epilepsy
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Gain-of-function variants in KCNT1, which encodes the sodium-activated potassium channel
Kna1.1 (Slack), are associated with severe developmental and epileptic encephalopathies
(DEEs)." Current treatment options are limited, with targeted therapies such as quinidine
demonstrating variable efficacy and significant off-target liabilities.” New therapeutic
approaches capable of selectively modulating KCNT1 activity are therefore needed. Venom-
derived peptides are a rich source of highly selective ion channel modulators and represent
promising leads for the development of novel therapeutics.?

This project aims to identify venom-derived peptide modulators capable of normalising
aberrant KCNT1 activity. Stable HEK293 cell lines expressing wild-type and disease-
associated KCNT1 variants are being used to establish automated patch-clamp assays on the
SyncroPatch 384 platform for venom screening. Promising hits will be subjected to
electrophysiology-guided fractionation to identify active peptide components, which will then
be evaluated in patient-derived brain organoids carrying KCNT1 gain-of-function variants.

By combining venom-based drug discovery with human disease models, this work aims to
advance the development of first-in-class peptide therapeutics for KCNT1-related epilepsies.
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Ribosomal Translation and Display Selection of Cyclic

Glycopeptides through Genetic Reprogramming
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Macrocyclic peptides are promising ligands for challenging protein targets, but the de novo
discovery of glycopeptides bearing native glycosidic linkages has been limited by the poor
ribosomal incorporation of glycosyl-amino acids.! Here, we developed a dipeptide-based
genetic code reprogramming strategy that enables efficient ribosomal incorporation of
glycosylated amino acids into macrocyclic peptide libraries compatible with mRNA display.
Using this platform, we generated glycopeptide libraries containing either fucosyl-serine or
GalNAc-serine and applied them to the discovery of ligands for two carbohydrate-binding
lectins: P-selectin and the asialoglycoprotein receptor (ASGPR). Selection against P-selectin
yielded fucosylated glycosulfopeptides with micromolar binding affinity that inhibited platelet—
monocyte aggregate formation. Selection against ASGPR identified a GalNAc-bearing cyclic
peptide with nanomolar affinity that promoted lysosomal uptake of a model protein cargo in
HepG2 cells. This work establishes a general strategy for translating glycosylated amino acids
and enables the discovery of functional macrocyclic glycopeptides for lectin targeting and
extracellular protein degradation applications.
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Protein glycosylation is one of the most ubiquitous, complex, and diverse post-translational
modifications found in nature, and it is a key requirement for many biological functions.’
Investigating these processes is complicated by the fact that natural glycoproteins are
produced as heterogeneous mixtures. Unlike protein biosynthesis, which is under tight genetic
control, glycan biosynthesis is not a template-mediated process. This means that glycan
structures are subject to the availability and competition of various glycosyltransferases,
glycosidases, and their saccharide moieties?. Therefore, there is a need to access
homogeneous materials, and one way to achieve this is via total chemical synthesis.

The present work describes our efforts towards the total chemical synthesis of mucin (D-
GalNAc-a-Ser/Thr-linked) type O-linked glycosylamino acids, which are common post-
translational modifications in membrane-bound and secreted proteins in humans. We aim to
incorporate these glycosylamino acids into functional glycopeptides such as CD52 and CD43
that are critical for maintaining immune homeostasis.3#°¢
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Characterisation and Modification of Endogenous Ligands
for the Anaphylatoxin Receptor C3aR
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The C3a Receptor (C3aR) is a GPCR which binds the native small cationic peptide ligand C3a
to induce a range of immunomodulatory effects of both pro- and anti-inflammatory properties
12 C3a binds to the C3aR binding site through the C-terminal amino acids LGLAR with the
arginine in particular playing a crucial role in binding to the receptor 2. Hence, other small
endogenous peptides sharing this C-terminal sequence have been hypothesised to also bind
C3aR and exert immunomodulation. In particular we look at two small peptides being C3f, a
degradation product of the complement fragment C3b, and TLQP-21, a neuropeptide derived
from the VGF precursor protein 4. C3f has been previously reported to enhance vascular
permeability but characterisation of C3f activity at C3aR was yet to be reported °. TLQP-21
has been reported to be a C3aR agonist, however, the mouse variant was reported to have a
higher potency at the human C3aR and we aimed to restore the activity to the human variant
4. To study these peptides, the native human and mouse variants were synthesised through
standard Fmoc-based SPPS before being assessed for activity through the detection of p-
ERK1/2 at human C3aR in CHO cells. Modifications were also introduced to the C3f in the
form of a C-terminal truncation, des-Argination and C-terminal amidation, while human TLQP-
21 had multiple single and double residue substitutions introduced from the mouse variant.
Human C3f was found to be a selective agonist of C3aR with decreased potency compared
to C3a, with human C3f amidated C-terminal showing the greatest potency of the modified
C3f ligands. We were able to enhance human TLQP-21’s potency to equipotent levels with
mouse TLQP-21, through a single mutation of P19L.
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Investigating the Role of Linker Conformational Dynamics
in Regulating MK678 Activity
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MK678 is a potent head-to-tail cyclic hexapeptide (cyclo(-D-Trp1-Lys2-Val3-Phe4-NMe-Ala5-
Tyr6-)) of somatostatin receptor 2 (SSTR2)." The D-Trp1-Lys2 motif forms the key
pharmacophore and occupies the central j+1/i+2 positions of the B-turn (Figure 1).? The linker
region (Phe4-NMe-Ala5) connects this turn and strongly influences the conformational
dynamics of the p-turn, potentially pre-organising MK678 to sample bound-state
conformations and thereby controlling binding and activity. In this study, we aimed to combine
computational and experimental studies to better understand the role of the linker in
modulating the conformational dynamics and SSTR2 activity of MK678-derived head-to-tail
cyclic hexapeptides. A series of MK678 analogues were designed by modifying the linker
region while retaining the D-Trp1-Lys2 pharmacophore. The compounds were synthesised
and SSTR2 activity was evaluated using the bioluminescence resonance energy transfer
(BRET) assay. Conformational dynamics were analysed using replica-exchange with solute
tempering  molecular  dynamics
(REST-MD) simulations. We found
that active analogues better preserve
the B-turn geometry observed in
MK678 whereas less active
analogues show disrupted turn
conformations.  These  findings
highlight that SSTR2- active cyclic —

peptides require both the right Figure 3 — Structure of MKG678 (left). Schematic
pharmacophore and the ability to | representation of B-turn and linker region of MK678
sample bioactive backbone | (right).

conformation in water.

Linker R
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Modulating Mid51/Mff Protein Interactions to Suppress
Pathological Mitochondrial Fission: Peptide as Novel
Therapeutics for Cardiovascular Disease

Masresha Minuye ', Liron Davis !, Nir Qvit
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Dysregulated mitochondrial dynamics, marked by excessive fission, drive mitochondrial
dysfunction and play a key role in the development of cardiovascular diseases, especially
myocardial infarction'. The Mid51/Mff interaction critically contributes to this excessive fission,
with experimental results demonstrating high binding affinity>. The designed peptides
effectively bind to the target Mff protein and modulate the Mid51/Mff protein-protein interaction.
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Figure 1: Peptide-mediated inhibition of Mid51 and Mff restores mitochondrial homeostasis.

Moreover, the peptides were evaluated in H9c2 cardiomyocytes under hypoxic (CoCl;) and
oxidative (H,O;) stress conditions. Treatment significantly improved cell viability and ATP
levels, while reducing ROS generation and LDH release, without inducing cytotoxicity.

In summary, the designed peptides exert protective effects in cardiomyocytes by improving
cellular metabolic function and suppressing pathological mitochondrial fission. These findings
highlight a promising peptide-based therapeutic strategy for targeting aberrant mitochondrial
dynamics in cardiovascular diseases (CVDs).
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Hooked on Sugar: Structural Insights into a Carbohydrate-
Binding Module from Vibrio vulnificus
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Carbohydrate-binding modules (CBMs) are non-catalytic domains that mediate specific
recognition of glycans and are increasingly recognized as key determinants of bacterial
adhesion and host—pathogen interactions’. In Gram-negative pathogens, CBMs facilitate
attachment to host cell surface carbohydrates, representing attractive targets for anti-adhesive
therapeutic strategies?. Vibrio vulnificus is a marine pathogen responsible for severe wound
infections and septicemia in humans®. Bioinformatic analysis of the large RTX adhesin Vv1
(~304 kDa) identified a putative carbohydrate-binding module within its ligand-binding region,
suggesting a role in glycan-mediated host recognition.include

Here, we define the structural and functional properties of the Vv1 CBM as a basis for inhibitor
development. During purification, the CBM exhibited interaction with the agarose-containing
matrix of a Superdex size-exclusion column, providing initial evidence of carbohydrate
recognition. We subsequently solved the structure of the CBM to 1.3 A resolution and
determined a 1.29 A structure of the CBM in complex with HEPES, revealing a well-defined
ligand-binding pocket. Isothermal titration calorimetry (ITC) demonstrated binding to galactose
(Kd = 76 pyM) and glucose (Kd = 150 uM), indicating moderate affinity and a preference for
galactose-containing ligands. Furthermore, the CBM binds epithelial cells, supporting a role in
host tissue recognition and adhesion.

Our results reveal a previously uncharacterized carbohydrate-binding module in Vv1 and
provide evidence that glycan recognition is a key component of its adhesive function. The
identification of a defined carbohydrate-binding pocket and glycan specificity provides a
foundation for the rational design of peptide-based inhibitors aimed at disrupting CBM-
mediated adhesion and preventing early stages of V. vulnificus colonization.
Acknowledgements: This work was supported by the CRBS Studentship and the CRBS—
CIPPS Travel Award, which enabled attendance SSIPS and ICCP. The Pl and this research
are also supported by GlycoNet.
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Discovery of a Novel Thiopeptide from
Streptomyces azureus Based on Genome Mining
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Monash University, Clayton, Australia;?’ARC Centre of Excellence for Innovations in Peptide
and Protein Science, Monash University, Clayton, Australia; *Department of Chemistry,
University of Warwick, Coventry, UK

Email: thi.nguyen17@monash.edu

Thiopeptides are a class of ribosomally synthesized and post-translationally modified peptides
(RiPPs) characterized by a macrocyclic core comprising a central six-membered nitrogen-
containing heterocycle and a series of thiazoles." Thiostrepton, the prototype of this family, is
an antibiotic produced by Streptomyces azureus and Streptomyces laurentii that inhibits
bacterial protein synthesis by binding the ribosome, and also exhibits notable antimalarial and
anticancer activities.>*

Genome analysis reveals that thiostrepton biosynthetic gene cluster (tsr BGC) from S. azureus
is located within the ribosome associated locus of its genome, whereas the tsr BGC from S.
laurentii is not. Further comparison identifies an additional precursor encoding gene in the S.
azureus that may direct the biosynthesis of a novel thiopeptide, which may target the
transcription or translation process distinct from the known target of thiostrepton. HRMS and
MS/MS analyses of S. azureus extract confirmed the production of this novel compound.
However, low natural production and co-elution with other thiostrepton analogs severely
hinder the isolation. To overcome these bottlenecks, genetic engineering strategies are being
employed to eliminate the production of the interfering thiostrepton analogs and overproduce
the novel thiopeptide. These modifications will facilitate its isolation, structural
characterization, and subsequent biological activity evaluation.

Located within Ribosome Associated Locus

tsr BGC_S. azureus JCM 4564
00001 WGS ST.:1-28597

tsr BGC_S. laurentii ATCC 31255 RN o
BGcobuneian 2537 I Ao
w1
I
Thiostrepton New thiopeptide
LP-IASASCTTCICTCSCSS LP-VSSVSCTTCICSCSCSS
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Integrated Modelling Provides Insights into the Inhibition
of the FXII-uPAR Interaction by a Macrocyclic Peptide
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Coagulation factor XlI (FXII) is a circulating zymogen known for initiating the contact activation
pathway of blood coagulation®. The interaction between the FXII zymogen and the urokinase
plasminogen activator receptor (UPAR) on neutrophils drives critical inflammatory responses,
including chemotaxis and the release of neutrophil extracellular traps (NETs)2. Consequently,
targeting this pathway offers a potential strategy for safe intervention in thromboinflammatory
diseases. Previously, we used mRNA display to identify D04, a macrocyclic peptide that binds
the light chain of activated FXII (FXIla)3. In vitro and in vivo analyses demonstrate that D04
abolishes FXII-uPAR binding and its downstream functional consequences while leaving
catalytic activity intact*. To elucidate the structural basis of this inhibition, we sought to solve
the crystal structure of the FXlla-D04 complex; however, sparse electron density for D04
hindered direct structural interpretation. To overcome this, we integrated hydroxyl radical
footprinting (HRF), structure prediction model, and molecular dynamics (MD) simulations.
HRF data suggest D04 binds a cryptic surface site remote from the active site. Using these
footprinting results as constraints, we modelled the complex with Boltz-2 and validated it via
MD simulations, which correlated strongly with the experimental HRF data. By analyzing the
crystal structure and MD trajectories, we identified that D04 binding triggers a discrete
conformational relay in adjacent loops, repositioning the heavy chain remnant. This suggests
that D04 binding to the FXII light chain induces local conformational changes in the heavy
chain, ultimately disrupting FXII-uPAR engagement.
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Bismuth-Cyclised Peptides by Incorporation of Dithiol
Containing Residues
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Peptide macrocyclisation is a useful strategy in drug design for improving bioavailability, target
affinity and selectivity.” Recently, bioactive bismuth-bicyclic peptides were reported using
three (seleno)cysteine residues as Bi(lll) coordination site;>* however; monocyclic bismuth
peptides have not been reported to date. In this work, dithiol containing residues are employed
to design macrocyclic peptides comprising up to 13 amino acids, which can be prepared with
ease by standard solid-phase peptide synthesis (SPPS). The stable peptide-bismuth
complexes can be generated under fully biocompatible conditions directly from the linear
precursors (Figure 1) and subsequently purified by HPLC. The peptides are thoroughly
characterised using a combination of LC-MS, CD and NMR spectroscopy. Furthermore, direct
applications of this technology are explored, including enzyme inhibition, secondary structure
stabilisation and the design of lanthanide-binding peptides.

“ e
1) SPPS \ Bi
Rink-amide 2) TFA/Scavengers - Gastrodenol Blg/

PS resin TCEP

N
% O Tris-HCI pH 7.5 % O

Figure 1: Synthesis of Bi(lll)-cyclised peptides.
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Mirror-lmage Drug Discovery: A Platform for Next-
Generation Acid-Sensing lon Channel (ASIC) Therapeutics

M. Pinter'?, Y. Zhang'?, M. Golder?, B Cristofori-Armstrong?, L. D. Rash*, I. Vetter'!, G.F.
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Acid sensing ion channels (ASICs) are involved in several pathologies including pain disorders
and stroke and consequently are important pharmacological drug targets'. Until now, drug
development relied on subtype non-selective small molecules or venom-derived peptides,
which are susceptible to proteolytic degradation. We reduce the full ion channel to a small
extracellular domain (called thumb domain) that is a ligand binding site in ASIC channels. This
domain can be accessed via chemical synthesis and used in drug discovery campaigns.
Chemical synthesis also permits mirror-image drug discovery that can overcome some
challenges in peptide drug discovery. We used solid phase peptide synthesis and native
chemical ligation to chemically assemble the thumb domain of ASIC1. Our studies
demonstrate that the isolated domain retains its structure and potent toxin binding properties
in isolation?. The all-D thumb domain was synthesized and used in a mRNA display campaign
that yielded the first generation of macrocyclic peptide D-inhibitors, some of which exhibit low
micromolar IC50 values against the full-length ion channel. The initial hits will undergo
optimization. This technology also allowed us to synthesize ASIC2 and ASIC3 thumb domains,
expanding to subtypes currently lacking potent inhibitors for mirror-image drug discovery. Our
approach builds a platform to overcome bottlenecks in ion channel drug discovery and
expands the applicability of mirror-image mRNA display towards large membrane proteins.
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Novel Antibiotic Prodrugs to Target Drug Resistant

Staphylococcus aureus
Komal M. Prasad'?, Julien Tailhades'?, Max J. Cryle'-2

"Department of Biochemistry and Molecular Biology, Biomedicine Discovery Institute,
Monash University, VIC, Australia,
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Gram-positive pathogens like Staphylococcus aureus are increasingly contributing to
morbidity and mortality rates with methicillin-resistant S. aureus (MRSA) responsible for 10%
of all deaths related to antimicrobial resistance in 2019." The last resort antibiotics for
S. aureus are vancomycin and daptomycin, however, resistant strains are slowly emerging for
both. The development of novel drug classes has proved unsuccessful and many approaches
to combat resistance are underdeveloped, which has led to a dire need for new antibacterials.?
3 The use of existing antibiotics like vancomycin as a scaffold for new drug design has come
into the limelight in recent years — including conjugation of small peptides or molecules to the
drug to produce dual action conjugates.* ® Our novel vancomycin-chemoattractant conjugates
serve as one example, wherein the two components come together to induce host-directed
therapy. These conjugates have proven more effective in eliminating infection in mice models
than vancomycin alone, however compared to free antibiotic or chemoattractant, the
conjugates demonstrate significantly reduced antibacterial activity and chemoattraction.®
This work opens the door for the development of prodrug treatments that utilise enzyme-
dependent linkers to enable targeted and controlled release of the antibiotic from the
chemoattractant yielding greater infection clearance. This work describes the design of nine
peptides to investigate this prodrug approach; to explore specific cleavage of the peptides by
S. aureus proteases. We show that, upon successful cleavage, our compounds exhibit potent
bactericidal activity and chemotaxis, and restore the suppressed innate immune response
against MRSA. This work lays the foundation for enzyme-dependent prodrugs for other
multidrug resistant pathogens in the perpetual antimicrobial resistance crisis, including those
which lack selective treatment options. Another prospect of highly selective antibacterials is
use as prophylactics (i.e. after surgery to prevent further complications).
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Engineering Pyoverdine for Dual Use in ImmunoPET and
Fluorescence-Guided Surgery
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Non-ribosomal peptides are natural products assembled by modular non-ribosomal peptide
synthetase (NRPS) enzymes. Each NRPS module is comprised of distinct domains, which
collectively govern substrate recognition and activation; peptide bond formation; and transfer
of intermediates between other domains and modules. The modular nature of these assembly
lines has inspired enzyme engineering efforts to generate new peptide analogues by
substituting parts of the enzymatic machinery that specify target substrates. Here, | applied
NRPS engineering techniques to the biosynthetic pathway of the bacterial iron-transporting
molecule, pyoverdine. Pyoverdine possesses several attributes that make it an attractive
scaffold for immmunoPET imaging applications. Its succinyl side chain can readily conjugate to
antibodies, while its chromophore offers potential dual-utility in fluorescence-guided surgery.
Furthermore, pyoverdine has some capacity to chelate zirconium-89, a clinically relevant
radionuclide commonly used in immunoPET, which here could be used to report on antibody-
mediated detection of tumours. Modelling of pyoverdine has highlighted potential changes that
could be made to the peptide to improve chelation of 8Zr, and we are investigating a variety
of NRPS domain substitution strategies to achieve this.
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Detecting CLE Peptides in Pisum sativum
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Legume plants form symbiotic associations with soil-borne bacteria called rhizobia. These
rhizobia are housed by the legume in specialised root organs called nodules, that facilitate the
exchange of legume derived carbohydrates for rhizobial fixed nitrogen. As nodule production
and maintenance is energetically expensive and beneficial only when nitrogen accessibility is
poor, legumes must tightly regulate nodule number to maintain shoot growth and yield.
Legumes use the Autoregulation of Nodulation (AON) pathway to systemically supresses
nodule number through CLAVATA3/EMBRYO SURROUNDING REGION (CLE) peptide
signalling. These small signalling CLE peptides are upregulated in nodules in the presence of
rhizobia, and in some cases nitrogen, and are likely post-translationally tri-arabinosylated by
enzymes like RDN1'. These root-derived CLEs are perceived by shoot-derived CLAVATA
(CLV) receptors, including CLV1 and CLV2, their homologues, and interacting partners?.

Our understanding of the processes that govern AON has been established through CLE
peptide application and overexpression studies, and in vitro protein interaction assays?.
Together, these works provide a large body of evidence that supports the current AON model,
however direct evidence for this model based on measurements of CLE peptides is still
lacking. Through our work, we aim to develop a robust CLE peptide extraction and quantitation
method for Quadrupole Time-of-Flight mass spectroscopy. Direct measurement of CLE
peptides in root and shoot tissue would enable us to determine not only the spatio-temporal
abundance of CLE peptides following rhizobial inoculation, but also whether CLEs are indeed
tri-arabinosylated in the roots and whether this post-translational addition of arabinose sugars
facilitates the mobilization of CLEs toward the shoot.
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A Transcriptomics and Bioinformatics Framework for the
Discovery of Novel Antimicrobial Peptides in Non-Model
Vertebrates

Luke W. Silver'?, Emma Peel'?, Adele Gonsalvez'?, Katherine A. Farquharson'?, Katherine
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The discovery of novel bioactive peptides remains constrained by reliance on homology-based
approaches and incomplete genomic resources, limiting the identification of lineage-specific
or rapidly evolving sequences. Antimicrobial peptides (AMPs) present a challenge due to their
short length and high sequence variability. We present a transcriptomics-driven framework
designed to systematically identify both known and previously undescribed AMPs, with a focus
on novel peptide discovery. Using RNA-seq data, we generated transcriptomes from skin from
four species of frog from Australia and Papua New Guinea and employ a bioinformatic pipeline
to detect candidate peptides from transcript sequences. The pipeline integrates signal peptide
prediction, homology and structure analysis to identify AMP-like features (Figure 1). Across
four species of frog, one relatively undescribed to science, we identified 1,669 putative
antimicrobial peptides of Corroboree frog - has ref genome PNG frogs -no ref genome

which 1,290 are potentially
novel. These data highlight
the value of genomes and
transcriptomes as
resources for uncovering

SignalP AMPIR SignalP
Mow] Sl )
hidden peptide diversity,
with implications for [ cSM Hlnterproscan : BLASTp J { csM Hnterpmscan - BLASTp ]
peptides v5.75-106.0 yv2:11:1 peptides v5.75-106.0 v2.11.41

conservation, agriculture,
and human health. Figure 1: Summary of methods used to generate global
transcriptomes (blue) for all species and identify and classify

antimicrobial peptides (green)
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Photochemical Approaches to Peptide Modification and
Macrocyclization
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Cyclic peptides are valuable scaffolds in drug discovery, but their synthesis often relies on pre-
installation of mutually reactive handles during elongation of linear peptide precursors. Here,
we present two complementary photochemical approaches that install or reveal handles at a
late-stage for subsequent macrocyclization. The first strategy is a blue LED-mediated
sulfinate—disulfide coupling to introduce amino acid-derived handles at cystine residues,
enabling access to thioether-containing cyclic peptides, (Figure 1a).' The second approach
uses singlet-oxygen-promoted photooxidation of side-chain oxazoles to generate reactive
triamide intermediates from Asp/Glu residues, allowing selective acyl substitution and side-
chain-to-side-chain cyclisation, (Figure 1b).?
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Peptides for Protection Against Fungal Disease in Crops
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The development of new safe, effective and sustainable methods of crop protection is
essential to continue to meet market demands of a growing world population. However, current
challenges include environmental changes, increased pesticide resistance and health
concerns. Biopesticides including peptides, provide an alternative solution to synthetic
agrichemicals, however delivery into cells, their efficacy and stability remain challenging®2?.

Here, we investigate and demonstrate in-vitro the potential for peptides to improve
agrichemical delivery and efficacy. Using high throughput image based antifungal screening,
we demonstrate the synergistic effects of non-covalent peptide-fungicide mixtures on the
spores and mycelia of the plant fungal pathogen Verticillium dahalie. Overall, this shows that
the use of peptides opens possibilities to engineer improved or novel peptides for enhanced
performance, delivery and improved mortality of pests and diseases in cropping systems.
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Peptide-based Fluorescent Sensors for Anionic
Phospholipid Recognition
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Phospholipids are the most abundant type of lipid in eukaryotic cell membranes and play major
roles in various biochemical processes.! Anionic phospholipids are of particular interest for
their implications in several diseases.? However, due to their structural similarities, selective
discrimination between different phospholipid species remains challenging. The suitability of
Zn(Il) and Ni(ll) complexes of TACN and cyclen for phospholipid binding was investigated
through incorporation into peptide-based fluorescent sensors (Figure 1a). The selectivity and
fluorescence response of these peptides was tested in liposomes containing different anionic
phospholipids. The Zn-cyclen motif was the most promising lead, showing moderate selectivity
for phosphatidic acid (PA), particularly with PRODAN as the fluorophore. The addition of a
second Zn-cyclen motif greatly improved the sensor’s selectivity towards PA (Figure 1b).
Further study was conducted with this sensor against a range of phosphoinositides (PIPs),
towards which it showed an even greater selective response. PA and PIPs are low-abundance
anionic phospholipids, for which a selective sensor would be a powerful tool. Further work will
be needed to investigate the binding and strength between the Zn(ll)-cyclen units (Figure 1c).
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Figure 1. a) General solvatochromic sensor mechanism in phospholipid bilayer. b) Sensor structure.
¢) Proposed binding interaction between Zn(ll)-cyclen motifs and PA headgroups.
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Data-Driven Engineering of Cyclotide Scaffolds for Orally
Stable Therapeutic Peptides
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Cyclic peptides bridge the therapeutic gap between small molecules and biologics, yet their
translation is hindered by unpredictable manufacturability, folding, and in vivo bioactivity'.
Cyclotides are plant-derived head-to-tail cyclised, disulfide-rich peptides with exceptional
resistance to heat, acid and proteolysis, and several scaffolds tolerate loop grafting 2. However,
scalable, biologically compatible platforms for cyclotide production and functional screening
remain underdeveloped .

Here, | propose a plant-cell-driven design-build-test-learn framework for programmable
cyclotide discovery. This pipeline integrates Al-guided cyclic peptide design, high-throughput
plant-cell expression, LC-MS-based product validation, simulated gastrointestinal stability
profiling and functional screening in Caenorhabditis elegans. It explicitly aims to decode the
fundamental sequence—structure rules governing cyclotide expression, correct/native disulfide
connectivity, gastrointestinal stability, and in vivo bioactivity.

Initial implementation will establish standardized bioproduction to construct a high-
dimensional "Cyclotide Scaffold Atlas." Subsequent stages evaluate the grafting of exogenous
bioactive motifs, utilizing these empirically derived biophysical constraints to direct the Al-
guided de novo design of orally stable peptide binders against health-relevant therapeutic
targets.

Acknowledgements

This work was supported by the Biotechnology and Biological Sciences Research Council
(BBSRC) under grant number UKRI249.

References

1. Muttenthaler, M., King, G. F., Adams, D. J., & Alewood, P. F. Nat. Rev. Drug Discov. 2021, 20, 309-
325.

2. Craik, D. J., Daly, N. L., Bond, T., & Waine, C. J. Mol. Biol. 1999, 294, 1327-1336.

3. Wang, C. K., & Craik, D. J. Nat. Chem. Biol. 2018, 14, 417-427.

81


https://cipps.org.au/summer-school

o
0.0
...‘ 0.0

e Summer School in ICCP ..

INTERNATIONAL CONFERENCE

* | Peptide Science  ygjic peptides 2026 ©
# 31

Developing ROR1-targeting Peptide-Based Theranostics

Wenxiao K. Yue'?, Joseph Van de Garde'?, Marwa N. Rahimi'?, Joseph Hilton-Proctor’-?,
Jessica Van Zuylekom?, Benjamin Blyth®, Peter D. Roselt’?, Katie L. Owen'?, Baydaa
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The receptor tyrosine kinase-like orphan receptor 1 (ROR1) is a promising therapeutic target
due to its absence in healthy adult tissues and overexpression in many malignancies.’
Theranostics integrates diagnostic imaging with targeted therapy using paired
radiopharmaceuticals. Peptide theranostic agents offer high binding affinity and specificity,
favourable safety profiles, with rapid tumour uptake and renal clearance.? This study aimed to
develop ROR1-targeting peptide ligands for theranostic applications and clinical translation.

Utilising the RaPID mRNA display platform, we identified high-affinity cyclic peptide binders
and optimised lead candidates. /n vitro evaluations included surface plasmon resonance, cell
binding and uptake assays, and lipophilicity and metabolic stability. /In vivo imaging and
biodistribution studies were conducted in a bilateral 22Rv1 xenograft model bearing ROR1-
positive and ROR1-negative tumours using ®Ga- and '’Lu-labelled ligands. Optimised
ligands exhibited excellent tumour targeting, improved uptake and retention, fast renal
clearance, reduced hepatobiliary uptake, and preliminary evidence of therapeutic efficacy,
demonstrating strong imaging and therapeutic potential in preclinical models and supporting

further development toward clinical translation in ROR1-targeted cancers.
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Figure 4. Development of ROR1-targeting peptide theranostics — from hits to current leads.
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