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Data-driven antibiotic discovery: Why is it important?

Heike Brötz-Oesterhelt
InterfacultyInstitute of Microbiologyand InfectionMedicine, University of Tübingen

Dept. MicrobialBioactiveCompounds



5ŀǘŀ ǎƘŀǊƛƴƎ ŀƴŘ C!Lw Řŀǘŀ ǳǎŜ ŀǊŜ ŜǎǎŜƴǘƛŀƭ ōŜŎŀǳǎŜ Χ

Χ bacteria are tough opponents and challenging to overcome, 
especially nowadays with soaring resistance rates.

   Ą We need all the help we can get, and community efforts are powerful.

Χ most current antibiotic discovery and development is performed 
in SMEs and at universities.

 Ą We need to preserve knowledge and work along (regionally dispersed) pipelines.

Χ most of current antibiotic research is financed by public funds.
 Ą ²Ŝ ƴŜŜŘ ǘƻ ǎǇŜƴŘ ǘŀȄ ǇŀȅŜǊǎΨ ƳƻƴŜȅ ŜŦŦƛŎƛŜƴǘƭȅΦ

Χ we race against the clock to avoid a post-antibiotic era.
 Ą We need to minimize the time per learning cycle.



5ŀǘŀ ǎƘŀǊƛƴƎ Χ ŦǊƻƳ ƎŀǇ ŀƴŀƭȅǎƛǎ ǘƻ ǎƻƭǳǘƛƻƴǎ

Each analysis provides us with new insights into bottlenecks and how to overcome them.
Ą We will get continuously wiser.

Community efforts allow the sharing of expertise, workload, and responsibility
Ą ²Ŝ Ŏŀƴ ǇƛŎƪ ƻǳǊ αŎƻƳƳǳƴƛǘȅ ōǊŀƛƴά ŦƻǊ ƛƴƴƻǾŀǘƛƻƴΦ !ƴŘ ƛǘ ƛǎ Ŧǳƴ J.

Each successful joint effort inspires new collaborative efforts.
Ą We will keep getting faster.

Antibiotic resistance is a global problem.

Good antibacterial agents are a global, joint, and limited resource.

[ŜǘΨǎ ƳŀƪŜ ŀƴǘƛōƛƻǘƛŎ ŘƛǎŎƻǾŜǊȅ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ŀ Ǝƭƻōŀƭ ǘŀǎƪ ΗΗΗ



Mark Blaskovich

Mark Blaskovich is an óantibiotic hunterô and Director of Translation for the Institute 

for Molecular Bioscience at The University of Queensland. He also leads the ARC 

Industrial Transformation Training Centre CEAStAR (Centre for Environmental and 

Agricultural Solutions to Antimicrobial Resistance) and the antibiotic crowdsourcing 

initiative CO-ADD (Community for Open Antimicrobial Drug Discovery). A medicinal 

chemist with 15 years of industrial drug development experience at three biotech 

companies, since 2010 he has been developing new antibiotics, antibiotic 

alternatives, and diagnostics to detect and treat resistant bacterial and fungal 

infections. His research includes multiple industry collaborations focused on 

antimicrobial resistance. Blaskovich is a member of the WHO antibiotic pipeline 

advisory panel and chair of the GARDP REVIVE review panel.

https://imb.uq.edu.au/research-groups/blaskovich
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Prof Mark Blaskovich
Centre for Superbug Solutions

Institute for Molecular Bioscience

The University of Queensland

Scientific Bottlenecks in 
Antibiotic Discovery



The Problem: Antibiotic Resistance
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Kai Kupferschmidt  Science 2016;352:758 -761



Antibiotic Void
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ÁDiscovery of new antibiotics is not keeping pace with 
development of resistance

Figure provided courtesy of CARB-X. Source: Pew Charitable Trust.https://carb -x.org/about/global -threat/

https://carb-x.org/about/global-threat/
https://carb-x.org/about/global-threat/
https://carb-x.org/about/global-threat/
https://carb-x.org/about/global-threat/
https://carb-x.org/about/global-threat/


Decline in Antibiotic Approvals
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Bottleneck 1: Loss of Knowledge

Big Pharma Exit



Bottleneck 1: Loss of Knowledge - AMR Researchers

17



Bottleneck 1: Loss of Knowledge - AMR Researchers
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Bottleneck 2: New Chemical Diversity
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Antibiotics are not ódrug-likeô ñRule of Fiveò

Molecular Weight:  <500

H bond acceptor:  Ò10

H bond donor:  Ò 5

logP:  Ò 5

Donôt obey the órulesô



Bottleneck 2: New Chemical Diversity
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Antibiotics are not ódrug-like

Often reactive



Bottleneck 2: New Chemical Diversity
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Pharma vs Academic Compounds

Published  Academic Antibiotics

Typical  Corporate Library
G-ve Ƙƛǘ ǊŀǘŜ όaL/ Җ онǳƎκƳ[ύ

0.008%

Commercially-sourced diverse set

Biotech Company Library



Bottleneck 2: New Chemical Diversity
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× Lack of novelty in compound libraries

× Reliance on same compound screening libraries from 
commercial vendors

× Until recently natural product discovery has focused on same 
species cultured under similar conditions =  rediscovery of 
existing antibiotics

× Generative AI can produce un-synthesizable molecules



Bottleneck 3: Standardised Large Data Sets
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Bottleneck 3: Standardised Large Data Sets

24https://shelf.io/blog/garbage -in-garbage -out -ai-implementation/



Bottleneck 3: Standardised Large Data Sets
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ChEMBL Activities   14,675,320

Compounds    1,735,422

Compounds with 

antimicrobial MIC 

data (76,876)

Compounds with 

antimicrobial data 
(243,710)

Organisms with MIC

E. coli ATCC 25922 

no additives , 

broth  dilution (CLSI, 

EUCAST?)

Compounds  8,225  

E. coli  strains

Assay conditions E. coli  ATCC 

25922

üModel building 

requires clean data

ChEMBL www.ebi.ac.uk/chembl Dr Johannes
 Zuegg

üónegativeô data often 

absent ï never reported



Bottleneck 4: Data Integration
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ü Chemical Structures 
2D SMILES, HELM, BILN, é 

3D MOL, SDF é 

o Standardized structures

protonation, tautomers, 

salt forms

ü Biological Activity  - Antimicrobial 
IC50 EC50 CC50, %Inhibition, MIC, é

biophysical, in vitro, in vivo efficacy

o Standardized results/units

o Standardized assay conditions

ontologies

o Non actives

o Combination/Synergies
ü Isolate/Sequence Data 

short -reads Illumina 

(long -reads  ONT)

links to NCBI, PATRIC

o Phenotype  

o Fastq, Fasta

o Genotype: Res/Vir genes, MLST

ü AI models 
o Predicting Antimicrobial activity

o Genotype to phenotype

Antimicrobial Drug 

Discovery and Development
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ü Biological Activity - ADMET
in vitro and in vivo toxicity, PK, 

o Standardized results/units

o Standardized assay conditions

ontologies

o Non actives

o Combination/Synergies



Bottleneck 5: Collaboration

27

Å 1945 tetracycline isolated from a actinomycete by Benjamin 

Duggar, a retired botany professor working in Lederle Laboratories 

in New York.

Å 1947, chloramphenicol recovered from an actinomycete by Gerald 

Langham, an agricultural geneticist working in Venezuela. 

Å 1951, vancomycin isolated by E.C. Kornfield at Eli Lilly from soil 

samples collected in Borneo by his missionary friend William 

Conley, E.C. Kornfield

Å 1952, erythromycin isolated by Robert Bunch & James McQuire, 

biochemists at Eli Lilly from a streptomycete in a soil sample from 

the Philippines.

Antibiotic R&D Used to be CollaborativeéMTAs, CDAs, CRAsé



Bottleneck 5: Collaboration
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× How do we enable better transparency and collaboration 
across academia, SMEs, and industry?

× Multiple small datasets held by individual entities

× Multiple entities trying to connect AMR researchers

× Lack of single-point government coordination

ü Department of Health, Disability and Ageing (hospitals, TGA, reimbursement, 

Australian Centre for Disease Control, NHMRC, MRFF)

ü Department of Industry, Science and Resources

ü Department of Agriculture, Fisheries and Forestry 

ü Department of Defence (DMTC, DST, HSAA, SABRE Alliance)

ü Department of Education 
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Our attempt at a solution to some 
of these issues. é
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óCrowdsourcingô initiative to discover new antibiotics



CO-ADD engagement

ACS Infect Dis 2020, 6: 1302-1034

52 

345

346,916 11,576 3227

2024
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www.co-add.org

Hit Rate



33

Chemical Diversity?

PCA biplot of major physicochemical properties (logP, RotBonds, MW, HBA and HBD) 
of CO-ADD library compared with:

(a) ChEMBL (b) Commercial library c) Natural products
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×Novel compound classes

×Large set of standardised testing data

×Negative results included

Hidden Wealth of Informationé..
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ñAntimicrobial resistance is outpacing advances in modern 

medicine, threatening the health of families worldwideò 

Dr. Tedros Adhanom Ghebreyesus, WHO Director-General.

AMR is not tomorrowôs problem. It is a crisis that we 

must address today.



Matthew Todd

Matthew Todd is Professor and Chair of Drug Discovery at University College 

London. He has a significant interest in open science, and how it may be used to 

accelerate research, with particular emphasis on open source discovery of new 

medicines. He founded and currently leads several open science consortia such as 

Open Source Malaria (OSM) and is a founder of a broader Open Source Pharma 

movement. He leads the Structural Genomics Consortium (SGC) at UCL and leads 

the SGCôs Open Chemistry Networks initiative as part of Target 2035. With Tim 

Willson of UNC Chapel Hill he led the medicinal chemistry core of the open 

READDI-AViDD antiviral discovery project.

https://todd-lers.github.io/about/



Leveraging Shared Data to Strengthen 
Discovery

Revive Webinar, Nov 27th 2025

Prof Matthew H. Todd
Chair of Drug Discovery, University College London

CSO, Structural Genomics Consortium at UCL
@mattoddchem



Weôre Surrounded by Open Data We Can Leverage

A. Fleming, Brit. J. Exp. Pathol. 1929, 10, 226-236.



Open Access ς to read
Open Data ς to re-use

Open Innovation ς to Χ what?
Open Science ς something more, like samples, liberal licence
Open Source ς all that, and full details and can participate

Licences όȅŀǿƴΧύ ŀǊŜ ŎǊǳŎƛŀƭ

ǘƘƛǎ ƛǎ ²ƛƪƛǇŜŘƛŀΩǎΣ ƻƴ ŜǾŜǊȅ ǇŀƎŜΥ

¢ƘŜ ±ŀǊƛƻǳǎ άhǇŜƴέǎ



The Power of Open Data: Re-use


