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EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Data-driven antibiotic discovery: Why Is it important?

Heike Brotz0esterhelt

InterfacultyInstitute of Microbiologyand Infection Medicine, Universityf Tibingen
Dept Microbial BioactiveCompounds
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X bacteria are tough opponents and challenging to overcome,
especially nowadays with soaring resistance rates.
A We need all the help we can get, and community efforts are powerful.

X we race against the clock to avoid a pastibiotic era.
A We need to minimize the time per learning cycle.

X most current antibiotic discovery and development is performed
In SMEs and at universities.
A We need to preserve knowledge and work along (regionally dispersed) pipeline

X most of current antibiotic research IS flnanced\by public funds.
A2S YySSR (2 &aLISYR GFE LI &SNBRY Y2ySe
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Each analysis provides us with new insights into bottlenecks and how to overcome tt
A We will get continuously wiser

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

Community efforts allow the sharing of expertise, workload, and responsibility
A2S OFyYy LIAO]l 2dzNJ aO2YYdzyAUué& B.NFY¥AYyaG T2

Antibiotic resistance is a global problem.
Good antibacterial agents are a global, joint, and limited resource.
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Mark Blaskovich

Mark Blaskovich is an 6 a n t i hbui notaedr 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.ug.edu.au/research-groups/blaskovich
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The Problem: Antibiotic Resistance

THE UNIVERSITY
OF QUEENSLAND
AUSTRALIA

The rise of resistance
Bacteria have developed resistance to every antibiotic discovered so far, sometimes even before the drug reached the market.
The appearance of resistance does not mean that a drug has become completely useless.

Discovery
© Introduction
O Resistance observed

It
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Kai Kupferschmidt Science 2016;352:758 -761

Ceftaroline
Daptomycin
Linezolid
Levofloxacin
Ceftazidime
Imipenem
Vancomycin
Gentamicin
Methicillin
Erythromycin
Tetracycline
Penicillin

13



Antibiotic Void ) S

A Discovery of new antibiotics is not keeping pace with
development of resistance

9

> INNOVATION GAP

Every FDA-approved
antibiotic in use today
for the treatment of
Gram-negative bacterial
infections is based on

1 1
= a scientific discovery
0 - 0 0 0 . 0 made prior to 1962.

1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Number of antibiotic classes
discovered or patented in the decade

* Cefiderocol was approved by FDA in 2019 and EMA in 2020, The FDA-approved label for cefiderocol classifies the drug as a cephalosporin,
and therefore not a new class but certainly a new mechanism of action. Some experts consider cefiderocol to be a first-in-class sideromycin.
The predecessors to cefiderocol were discovered at Shionogi in the early 1990s. CID 2019,69(7):S538-S543

* This chart excludes bedaquiline, which is the first drug in a new class to treat tuberculosis.

Source: Pew Charitable Trusts; Deak D, Powers JH, Outterson K, Kesselheim AS. Progress in the Fight Against Multidrug Resistant Bacteria?:
A Review of FDA Approved Antibiotics 2010-2015. ANNALS OF INTERNAL MED. 2016 MAY 31. DOL: 10.7326/M16-0291.

Figure provided courtesy of CARB-X. Source: Pew Charitable Trusthttps://carb -x.org/about/global -threat/ 14
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Decline in Antibiotic Approvals

FIGURE 1. ANNUAL FDA APPROVALS OF ANTIBIOTICS HAVE FALLEN FOR DECADES

New Approvals Per Year
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Class

Aminoglycoside
Ansamycin

® Beta lactam

@ Carbapenem

@ Carboxylic acid

@ cCephalosporin
Cephamycin
Diarylquinoline

@ Dihydrofolate
reductase inhibitor

@ Fluoroquinolone
Glycopeptide
Glycyleycline
Ketolide
Lipoglycopeptide
Lipopeptide
Macrolide

@® Monobactam
Oxazolidinone

@ Penicillin
Quinalone
Rifamycin

Streptogramin

THE UNIVERSITY
E!‘ OF QUEENSLAND

AUSTRALIA
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UNITED AGAINST ANTIMICROBIAL RESISTANCE

LEAVING THE LAB

Tracking the Decline in
AMR R&D Professionals

15



Bottleneck 1: Loss of Knowledg 0 o unaans

Bloom berg US Edition

eLiveNow  Markets Economics  Industries Tech Al Politics  Wealth  Pursuits  Opinion  Businessweek  Equality — Green B I g P h arm a EXIt
usiness. Superbugs Win Another Round as Big

Pharma Leaves Antibiotics

® Novartis shuts down efforts; Glaxo reviewing some assets

® Public measures to spur research not working for drug giants

As Novartis Exits, Who Will Make New

Antibiotics?

July 25,2018

Pfizer Draws Curtain On Anti-infective Research;
Refocuses On Next-gen Vaccines

This article was originally published in PharmAsia News

13 May 2013 NEWS AND OPINIONS — 2018

Despite Indusiry AMR Declaration commitments

Sanofi quits R&D on anti-infectives

AstraZeneca pulls out of antibiotic drug development

#" BOWHOUSE / @8 2ND SEPTEMBER 2016 / RUNCATEGORISED
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Bottleneck 1: Loss of Knowledge - AMR Researchers oo

FIGURE 4. PUBLICATIONS ON CANCER AND HIV/AIDS FAR OUTSTRIP AMR TOPICS

Number of Annual Publications Category
LEAVING THE LAB
2400 @ HIV/AIDS
220 ® ihegens
FIGURE 2. AMR PUBLICATIONS HAVE DECLINED FOR 20+ YEARS 2000 ® fungal
pathogens
= E ~ 1800
TTF] (?klﬂg thP DE“CIIHG lﬂ Number of Publications Category 1600
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Bottleneck 1: Loss of Knowledge - AMR Researchers ®ooasis

FIGURE 6. CAREER PATHS AT SIX FIRMS WHO ABANDONED AMR-RELATED R&D

LEAVING THE LAB

Tracklng the Decline In Source Overview of AMR R&D Applying Estimate Methods to
AMR R&D PI'OfESSiOﬂBIS Researcher Estimates Comparator Data
[Antineoplastics] [Antiretrovirals]
2017 BCG Paper Approx. 500
AMR R&D Hub Data 818-8,278
PUBMED Data + Patent 2,014-3,546 15,822-49,311 3,029-5,994
Data — All researchers
PUBMED Data + Patent 82=2,353 9,697-43,186 1,783-4,748

Data — All researchers
with at least 3
publications in career

unknown 5
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Bottleneck 2. New Chemical Diversity Y or iz

Anti biotics -arkedot | Oo®WRubg of Fiveo
Molecular Weight: <500

A 2 ond acceptor: O1
e x
Donot obey the Orul Sbond donlor - o &
logP: O 5

OH

colistin %o o OH oy
Molecular Weight: 1169.48 TW/H\ NG cl
H bond acceptor: 18 “OH on

H bond donor: 18 . ~ fidaxomicin !

ALogP: -7.1 rifampicin Molecular Weight: 1058.05
Molecular Weight: 822.95 H bond acceptor: 18
H bond acceptor: 15 H bond donor: 7
H bond donor: 6 AlogP: 7.8

ALogP: 3.3
erythromycin

Molecular Weight: 733.94 tobramycin S
H bond acceptor: 18 Molecular Weight: 467.52 A
H bond donor: 7 H bond acceptor: 14 ’ o— "
. H bond donor: 10 2
ALogP: 7.7 ALogP: 6.9 o N
HO ° OH



Bottleneck 2: New Chemical Diversity I or umsiavo

Anti biotics -likee not oO0drug

Often reactive

OH
O OH
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metronidazole mupirocin
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Bottleneck 2: New Chemical Diversity Y or e

Pharma vs Academic Compounds
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Published Academic Antibiotics
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Bottleneck 2: New Chemical Diversity

X Lack of novelty in compound libraries

X Reliance on same compound screening libraries from
commercial vendors

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

X Generative Al can produce wsynthesizable molecules

pNAS RESEARCH ARTICLE | CHEMISTRY g’ OPEN ACCESS q!l
Generative Al for navigating synthesizable chemical space
Wenhao Gac*", Shitong Luc™' L) and Connor W, Coley™™

Edited by Juan de Pablo, The Unnersity of Chicagn, Thicago, |1 receved September 37, 2024, accepted April 29, 20025

22
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Bottleneck 3: Standardised Large Data Sets

ﬁ DeepMind
CHAIN OF Al HALLUCINATION AlphaFold Al ‘\1&/\\‘

MODEL L HALLUCINATED ‘

PROCESSES OUTPUT
* Inaccurate e Bias
* Incomplete » Underfitting
* Biased

TRUST, COMPLIANCE, ACCURACY AT RISK

A Structures in the
@< 17, Protein Data Bank

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



Bottleneck 3: Standardised Large Data Sets ool

)

ChEMBL www.ebi.ac.uk/ichembl u Model bU|Id|ng rJS4

ChEMBL Activities 14,675,320

Compounds 1,735,422 requires clean data [ & coi atcc 25022

no additives |,

e ~Udnegativeo dablopfst

antimicrobial MIC UCAST*

Cee e absent T never reported
Compounds with | Compounds 8,225

e |

antimicrg . :
(243.710) Organisms with MIC
Klebsiella Cryptococcus  Hagemophilus ~ Acinetobacter E COI' StralnS
pneumoniae neoformans influenzae baumannii, 1% VITCC 739
Streptococcus pyogenes 153 ATCC 8739 Vogel DHIC Assay conditions E. coli ATCC
. 3% 3% (ATCC10536) 2% -
Salmonella enterica £ . K-12 .
Enterococcus fadcald Escherichia coli, 23% “gaielaly 3% 2% T— biofilm
Saccharomyces 4% . 0%

cerevisiae ATCC 35218

5% broth

dilution
A1%

Streptococcus
pneumoniae

Candida
albicans

agar disk
diffusion

\13%

ATCC 25922
Mycobacterium 30%
tuberculosis,

7% MTCC 443
(ATCC25922)
5%
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Bottleneck 4: Data Integration
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U Biological Activity
ICsoEC5,CCqp, %I Nnhi bi ti
biophysical, in vitro, in vivo efficacy
o Standardized results/units
o Standardized assay conditions

ontologies
o Non actives
o Combination/Synergies

U 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

- Antimicrobial

AntimicrobialaDrugig
DiscoveryyjandcDevelopmentnt

Biological
Activities
<
Biophysical, in-

vitro, cell-based,
in-vivo Activities E

Targets

C

T

Assay
Conditions

HTS Data,
Databases, Public

Chemical Microbial
Structures Strains
_

Drugs Therapeutics
Small molecules
Peptides

Medical relevant
MDR/XDR strains

Clinical Isolates
from AU and LMIC

WGS » Activity
Structure » Activity

OH )
0 \_~/

AN Al Models

Regression: E. coli pMIC

26

U Chemical Structures
2DSMI LES, HEL M, Bl
3DMOL, SDF é
o Standardized structures
protonation, tautomers,
salt forms

U Isolate/Sequence Data
short -reads lllumina
(long -reads ONT)
links to NCBI, PATRIC
o Phenotype
o Fastq, Fasta
o Genotype: Res/Vir genes, MLST

U Al models
o Predicting Antimicrobial activity
0 Genotype to phenotype

26



Bottleneck 5: Collaboration I et

Antrbiot MTASs, CDASs, CRMg d abor a
A 1945 tetracycline isolat =

Duggar, a retired botan . -

iIn New York. =V

A 1947, chloramphenicol
Langham, an agricultur e

A 1951, vancomycin isole
samples collected in B

Conley, E.C. Kornfield . ;IJ} —

A 1952, erythromycin iso
biochemists at Eli Lilly
the Philippines.
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Bottleneck 5: Collaboration

X How do we enable better transparency and collaboration
across academia, SMEs, and industry?

x Multiple small datasets held by individual entities

X Multiple entities trying to connect AMR researche AMR

X LaCk Of SI ng |-©O|nt government Coord I natlon Australian Antimicrobial Resistance Network

0

powered by MTIP
Department of Health, Disability and Ageing (hospitals, TGA, reimb s—————
Australian Centre for Disease Control, NHMRC, MRFF)
Department of Industry, Science and Resources
Department of Agriculture, Fisheries and Forestry

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

Department of Education

28
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PARTICIPATE v ANTIMICROBIAL SCREENING v DRUG-RESISTANT INFECTIONS v NEWS & EVENTS ABOUT CO-ADD CONTACT

CCO.ADD Community for Open
Antimicrobial Drug Discovery
- oo [ oo

s UV AR 2 N L4

Open-access antimicrobial screening program

Helping Chemists-Riscover New Antibiotics to Fight Drug-Resi;tam Infections

Do you have the next antibiotic?

CO-ADD is a not-for-profit initiative led by academics at The University of Queensland.
Our goal is to screen compounds for antimicrobial activity for academic research groups for free.

We aim to help researchers worldwide to find new, diverse compounds to combat drug-resistant infections.

wellcometrust

t
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@b-ADD Communty forcpen iy S L

as of October 2024

52

countries

h compounds hits in primary
research groups received screenings

confirmed hits
that are .
non-cytotoxic

WWW.Cco-add.org




I @b’ADD www.co-add.org

(' ©\ co-add.org

—3
o Community for Open
Antimicrobial Drug Discovery
.
m PARTICIPATE v COMPOUND

s\\

FREECOMPOUND SCREE
for antimicrobial activi

SEND COMPOUNDS

4’

Do you have t

Poal is to screen compounds from acaden
to help researchers around the world to fi

= Screening for antimicrobial activity

ik Freeofcharge

-~
o Community for Open
Antimicrobial Drug Discovery
»

User Portal Open-Access Antimicrobial Screening Program

Compound Details

Estimated number of compounds *

L 1L

Compound type *
[ Synthetic
[ Natural product

Select all applicable options

Terms and Conditions *
7| have read and accept CO-ADD's terms and conditions

You must agree to CO-ADD's terms and conditions in order to use this service,

'COUNT SIGN OUT

ALS

ompounds (>50)
Ribeeies
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I@b'ADD Chemical Diversity?

PCAbiplot of major physicochemical propertiedegR RotBonds MW, HBA and HBD)
of COADD librarycompared with:

(a) ChEMBL (b) Commercial library c) Natural products
d. 25 « ChEMBL b.25~ . co.,qnu_l 1C.25 . : zgt;;r:d_Lib

15

PCA 2
~
PCA 2
PCA 2
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* x Novel compound classes
x Large set of standardised testing data
- x Negative results included
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AAnti microbial resistance i out pac
medi cine, threatening the healthT!
Dr. Tedros Adhanom Ghebreyesus, WHO Director-General.

-

AMR I s not tomorrowo0s probl
must address today.

/“hﬁ.\g 37/

Leading the global fight to

THE UNIVERSITY stop deadly superbugs
OF QUEENSLAND
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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 S G C @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/
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Leveraging Shared Data to Strengthen
Discovery

Prof Matthew H. Todd
Chair of Drug Discovery, University College London
CSO, Structural Genomics Consortium at UCL
@mattoddchem
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Surrounded by Open Data We

ON THE ANTIBACTERIAL ACTION OF CULTURES OF A
PENICILLIUM, WITH SPECIAL REFERENCE TO THEIR
USE IN THE ISOLATION OF B. INFLUENZA.

ALEXANDER FLEMING, F.R.CS.

From the Laboratories of the Inoculation Department, St Mary’s Hospital, London.
Received for publication May 10th, 1929.

TaBLE III.—Inhsbitory Pc

1/5.  1/10
Staphylococcus Staphylococcus aureus 0 0
colony (large). . y e
y epidermadis 0 0
RN Pneumococcus . 0 0
1(1;,],“,151)1”' o Streptococcus (haemolytlc) 0 0
3 viridans (mouth) 0 0
. Sfeecalis ++ ++
B. anthracis 0 0
B. pseudo-tuberculosis rodentwm + +
B. pullorum + +
B. dysenterie. . + ++
B. coli ++ ++
| B. influenzz colonies, B. typhosus Tr vk
B. pyocyaneus ++ ++
B. proteus ++ ++
V. cholera ++ ++
Fie. 4 —Photograph of a culture-plate (Fildes medium) which had been
evex;(liy planted with nasal mucus from an individual suffering from a B. diphtheriz (3 strains)
co. Six drops of penicillin were spread over the lower half of the
plate before incubation. Note profuse growth of staphylococci and St')‘ep tococcus pyogenes (13 Stw‘ms)
diphtheroid bacilli in untreated half, whereas in treated half only some ” ( s )
three colonies of B. influenzz are seen. » faecalzs (1 1 ” )
acdoaro ob ssasmdosme Loown £oo o

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



¢ KS =+ [hNISYOz&E a

OpenAccesg to read
OpenDatac to re-use
Openinnovation¢ to X what?
OpenScience; something more, like samples, libellaénce
OpenSourcec all that, andfull details and canparticipate
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The Power of Open Data: Re-use



