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Alan Hennessy

Alan Hennessy has been the Discovery and Exploratory Research

Team Lead at GARDP since June 2023. Prior to this, Alan was head

of lead generation and group leader at Syngenta, UK. During this time,

several of the research projects he led successfully transitioned into

development. Metproxybicyclone is the most advanced compound

from these projects and is now in late development.

Alan also worked in anti-bacterial research for almost 10 years at

GSK, leading diverse medicinal chemistry teams. He is an inventor on

over 50 published patents including the key patent for GSKôsPhase III

clinical candidate gepotidacin. He received his BSc and PhD from

University College Dublin, Ireland and completed his postdoctoral

research at Imperial College London, UK.
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Alan Hennessy
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Antibiotic Research
- a medicinal chemistry viewpoint



Half of all antibiotics used 

today were discovered over 60 

years ago.

Since then, R&D has slowed, 

whilst drug-resistant infections 

continue to increase

Antibiotic R&D 
has fallen behind



Best Practices in Medicinal Chemistry (efmc.info)

üAn overview of antibacterial discovery

üExamples of the discovery approach for 

products, clinical compounds etc.

üRecent trends in antibacterial discovery

Outline

https://www.efmc.info/best-practices


Research stages of the antibacterial journey

ü Attrition rates are extremely high for innovative approaches (1)

ü In 2022, 90% of pre-clinical compounds were estimated to be discontinued (2)

ü An IND application was only submitted for 0.6% discovered compounds; this includes NCEs 

discovered in academia that are undeveloped (3)

ü To populate the preclinical and clinical pipelines there needs 1000s NCEs discovered and >100 

projects/candidates in the preclinical phase and to ensure that sufficient enter clinical 

development and eventually come to market (4)

(1) Bradford (ex-AZ, Novartis and Wyeth); (2) Farrell et al., J Antimicrob Chemother, 2018; (3) WHO, 2019



Hutchings et al., Current Opinion in Microbiology, 2019

Timeline of discovery of major antibacterial classes



Shi et al., Molecules, 2023

Limited innovation in modern era

WHO, 2023 Antibacterial agents in clinical and preclinical 

development



Project Selection



ü Defining your optimal Target product profile (TPP)

ü Since many features will be unknown until much later in 

development a Target Candidate Profile (TCP) 

indicates the idealized profile of a future preclinical 

candidate

ü Process builds increasing knowledge on key features of 

project across multiple areas

Target product profiles for needed antibacterial agents: WHO website

Starting with the desired outcome:



Project options

WHO bacterial priority pathogens list

WHO antibacterial preclinical pipeline review

ü Positioning of project versus 

current preclinical pipeline

ü Which pathogens to focus 

upon to align to TPP?



ü For antibacterials, especial consideration can be given 

to resistance, market, dosing, safety, cost of goods, 

activity translation.

ü Critical to think about biology, chemistry, toxicology in 

a holistic way from the outset.

Miethke et al, Nature Reviews Chemistry, 2021

Discovery Cascade



Blasco et al., EBioMedicine, 2024

Phenotypic screening



ü Opportunities for hit finding on novel targets and optimization of existing chemotypes 

active against novel targets

Target based screens:

Theuretzbacher et al., Nat Rev Drug Discov., 2023

óQuantificationô of gene essentiality based on 

Gene-Environment and Gene-Gene 

interactions 

Hogen et al., FEMS Microbiology Reviews, 2022



Examples of discovery 
approaches



Marketed antibacterials of synthetic origin

Hit Identification strategy ïphenotypic screening 

Structure of example 

Product

Product, organisation, 

year of disclosure
Sulfamethoxazole, Shionogi, 

1957

Target Dihydropteroate synthetase

Structure of Hit

Organisation, year of 

disclosure
Prontosil, Bayer, 1932

Type of screen  / 

approach used to 

discover

Testing thousands of compounds 

related to azo dyes.



Marketed antibacterials of synthetic origin

Hit Identification strategy ïphenotypic screening 

Structure of example 

Product

Product, organisation, 

year of disclosure
Sulfamethoxazole, Shionogi, 

1957
Moxifloxacin, Bayer, 1993

Target Dihydropteroate synthetase DNA gyrase, topoisomerase IV

Structure of Hit

Organisation, year of 

disclosure
Prontosil, Bayer, 1932

Nalidixic acid, Sterling-

Winthrop, 1962

Type of screen  / 

approach used to 

discover

Testing thousands of compounds 

related to azo dyes.

Nalidixic acid discovered as a 

chloroquine synthetic by-

product.



Marketed antibacterials of synthetic origin

Hit Identification strategy ïphenotypic screening 

Structure of example 

Product

Product, organisation, 

year of disclosure
Sulfamethoxazole, Shionogi, 

1957
Moxifloxacin, Bayer, 1993

Tedizolid phosphate, Dong-A Pharm, 

2005

Target Dihydropteroate synthetase DNA gyrase, topoisomerase IV Protein synthesis inhibitor (50S subunit)

Structure of Hit

Organisation, year of 

disclosure
Prontosil, Bayer, 1932

Nalidixic acid, Sterling-

Winthrop, 1962
DuPont, 1978

Type of screen  / 

approach used to 

discover

Testing thousands of compounds 

related to azo dyes

Nalidixic acid discovered as a 

chloroquine synthetic by-

product.

Testing racemic oxazolidinones invented by 

plant disease researchers.



Beta-lactamase inhibitors

Hit Identification strategy ïmultiple origins

Structure of example 

Product/Lead

Product, organisation, year of 

disclosure
Enmetazobactam, Orchid, 2008

Target Beta-lactamases

Structure of Hit

Organisation, year of 

disclosure
Clavulanic acid, Beecham, 1974, 

Type of screen  / approach 

used to discover

Natural product isolation and 

testing (Streptomyces 

clavuligerus)



Beta-lactamase inhibitors

Hit Identification strategy ïmultiple origins

Structure of example 

Product/Lead

Product, organisation, year of 

disclosure
Enmetazobactam, Orchid, 2008 QPX7728, Qpex, 2020

Target Beta-lactamases Serine and metallo-beta-lactamase inhibitor

Structure of Hit

Organisation, year of 

disclosure
Clavulanic acid, Beecham, 1974, University of Oxford,1978

Type of screen  / approach 

used to discover

Natural product isolation and 

testing (Streptomyces 

clavuligerus)

Basic biochemical research ïUK and 

Hungary. 



Beta-lactamase inhibitors

Hit Identification strategy ïmultiple origins

Structure of example 

Product/Lead

Product, organisation, year of 

disclosure
Enmetazobactam, Orchid, 2008 QPX7728, Qpex, 2020 ETX0462, Entasis, 2021

Target Beta-lactamases Serine and metallo-beta-lactamase inhibitor PBP2

Structure of Hit

Organisation, year of 

disclosure
Clavulanic acid, Beecham, 1974, University of Oxford,1978

Hoechst Marion Roussel (HMR), 

1990s

Type of screen  / approach 

used to discover

Natural product isolation and 

testing (Streptomyces 

clavuligerus)

Basic biochemical research ïUK and 

Hungary. 

Researchers proposed that DBOs 

might act to acylate nucleophilic 

enzymes in a manner analogous to 

ɓ-lactams. 



ü Multiple hit finding strategies have been successful in finding initial hits that eventually 

result in a product(s).

ü The organization that finds the hit is not always the one that develops the product. 

ü Similarity of original hit to product is variable but thousands of compounds are designed, 

synthesized, tested and analyzed in iterative cycles to develop candidates from initial hits.

ü There is high attrition in such projects ïonly showing successful outcomes!

Hits to Products

Take-home messages



Leads against novel targets

From phenotypic screening of synthetic compounds

Structure of Lead

Organisation, year of 

disclosure
Astra-Zeneca, 2014

(Zoliflodacin)

Target Gyrase and TopoIV

Structure of Hit

Organisation, year of 

disclosure
Pharmacia, 2008

Type of screen  / 

approach used to 

discover

High-throughput MIC screens of 

the (~250,000 compounds)



Leads against novel targets

From phenotypic screening of synthetic compounds

Structure of Lead

Organisation, year of 

disclosure
Astra-Zeneca, 2014

(Zoliflodacin)
Achaogen, 2018

Target Gyrase and TopoIV Biotin Carboxylase

Structure of Hit

Organisation, year of 

disclosure
Pharmacia, 2008 Pfizer, 2009

Type of screen  / 

approach used to 

discover

High-throughput MIC screens of 

the (~250,000 compounds)

High-throughput screen of a membrane-

compromised, efflux pump-deficient strain 

of E. coli



Leads against novel targets

From phenotypic screening of synthetic compounds

Structure of Lead

Organisation, year of 

disclosure
Astra-Zeneca, 2014

(Zoliflodacin)
Achaogen, 2018 Uppsala University, 2024

Target Gyrase and TopoIV Biotin Carboxylase LpxH

Structure of Hit

Organisation, year of 

disclosure
Pharmacia, 2008 Pfizer, 2009

Astra-Zeneca 2015, Uppsala University, 

2024

Type of screen  / 

approach used to 

discover

High-throughput MIC screens of 

the (~250,000 compounds)

High-throughput screen of a membrane-

compromised, efflux pump-deficient strain 

of E. coli

Merging screening hits from a TolC-E. coli 

screen and reporter-based screen



Leads against novel targets

From target-based screening of synthetic compounds

Structure of Lead

Organisation, year 

of disclosure
Duke University, 2023

Target LpxC

Structure of Hit

Organisation, year 

of disclosure
Merck, 1996

Type of screen  / 

approach used to 

discover

Measuring LPS synthesis by monitoring 

incorporation of radiolabeled galactose 

into a galE Salmonella mutant



Leads against novel targets

From target-based screening of synthetic compounds

Structure of Lead

Organisation, year 

of disclosure
Duke University, 2023 Debiopharm, Uni of Illinois, 2021/2022

Target LpxC FabI

Structure of Hit

Organisation, year 

of disclosure
Merck, 1996 GSK, 2001

Type of screen  / 

approach used to 

discover

Measuring LPS synthesis by monitoring 

incorporation of radiolabeled galactose 

into a galE Salmonella mutant

HTS campaigns with SmithKline Beecham 

compound collection (260,000+ 

compounds) - S. aureus FabI.



Leads against novel targets

From target-based screening of synthetic compounds

Structure of Lead

Organisation, year 

of disclosure
Duke University, 2023 Debiopharm, Uni of Illinois, 2021/2022 Astra-Zeneca, 2014

Target LpxC FabI GyrB ïA-Z fragment

Structure of Hit

Organisation, year 

of disclosure
Merck, 1996 GSK, 2001 Astra-Zeneca, 2012

Type of screen  / 

approach used to 

discover

Measuring LPS synthesis by monitoring 

incorporation of radiolabeled galactose 

into a galE Salmonella mutant

HTS campaigns with SmithKline Beecham 

compound collection (260,000+ 

compounds) - S. aureus FabI.

Fragment-based approach targeting the ATP 

binding site of bacterial type II 

topoisomerases ïrelated to clorobiocin



Leads against novel targets

From phenotypic screening of natural products

Structure of Lead

Organisation, year of 

disclosure
Bayer, 2006

Target Acetyl-CoA carboxylase

Structure of Hit

Organisation, year of 

disclosure
Andrimid, Suntory institute and 

others, 1987

Type of screen  / 

approach used to 

discover

Isolated from of an intracellular 

symbiont (Enterobacter) present in the 

eggs of the brown planthopper

2



Leads against novel targets

From phenotypic screening of natural products

Structure of Lead

Organisation, year of 

disclosure
Bayer, 2006 G0775, Genentech, 2018

Target Acetyl-CoA carboxylase LepB (Type I signal peptidase)

Structure of Hit

Organisation, year of 

disclosure
Andrimid, Suntory institute and 

others, 1987

Arylomycin A-C16, University of Tübingen, 

2002

Type of screen  / 

approach used to 

discover

Isolated from of an intracellular 

symbiont (Enterobacter) present in the 

eggs of the brown planthopper

Detected in the extracts of Streptomyces

strain from Ghana, then isolated and tested

2



Leads against novel targets

From phenotypic screening of natural products

Structure of Lead

Organisation, year of 

disclosure
Bayer, 2006 G0775, Genentech, 2018 HIPS, 2023

Target Acetyl-CoA carboxylase LepB (Type I signal peptidase) BamA (outer membrane protein)

Structure of Hit

Organisation, year of 

disclosure
Andrimid, Suntory institute and 

others, 1987

Arylomycin A-C16, University of Tübingen, 

2002

Darobactin, Northeastern University and 

others, 2019

Type of screen  / 

approach used to 

discover

Isolated from of an intracellular 

symbiont (Enterobacter) present in the 

eggs of the brown planthopper

Detected in the extracts of Streptomyces

strain from Ghana, then isolated and tested

Screening Photorhabdus isolates (nematode 

symbionts)

2



ü Similar hit-finding strategies continue to deliver innovative starting points.

ü Opportunities to optimize phenotypic screening of both synthetics and natural products as 

well as target-based screening.

ü Need to increase these efforts substantially to refill pipeline

ü Can this be done more efficiently than in the past?

Hits to Leads for novel targets

Take-home messages



Selected recent trends in 
antibacterial discovery



Richter et al., Ann N Y Acad Sci., 2019

ü Advances in understanding and measuring 

accumulation and then formalizing strategies to 

enhance it in Gram-negative bacteria have been 

transformational. 

Physical property understanding

ü Conversion of Gram-positive-only compounds 

into broad-spectrum antibiotics by applying the 

eNTRY rules:

RB = rotatable bonds

Glob = globularity

eNTRY Rules

Nitrogen (1° > 2° > 3° amine)

Three-dimensionality (Glob Ò 0.25)

Rigidity (RB Ò 5)



ü Libraries of unconventional small 

molecules (macrocycles, peptides...)

enable identification of interesting new 

antibacterial clinical candidates ï

Zosurabalpin

ü Integrated drug discovery process

Zampaloni et al., Nature, 2024

Synthetic compounds with natural product features



AI/ML for discovery

Examples of utilization for both hit finding and AI generative chemistry 
for optimization of hits

Liu et al., Nat Chem Biol, 2023 Dias Santos-Júnior et al., Cell, 2024



2023 Antibacterial agents in clinical and preclinical development: an overview and analysis (who.int)

Non-traditional approaches

Non-traditional antibacterials in the clinical pipeline

https://www.who.int/publications/i/item/9789240094000


ü There is a critical need for innovative antibacterial products but also a well documented lack 

of such options in the pipeline.

ü Recent products and leads show a diversity in their initial discovery approach but all required 

extensive optimization of chemistry, microbiology and toxicology.

ü Early discovery continues to provide new options but this process needs to be accelerated,

and these later assets need to be carefully nurtured.

Conclusion:



Mo Yin

Mo Yin is an Infectious Diseases physician and a clinician scientist

based at the National University Hospital in Singapore. Her research

interests include antimicrobial resistance and emerging infectious

diseases. Mo designs and leads large multinational clinical trials

which focus on pragmatic clinical solutions. In addition, Mo has

expertise in mathematical modelling, statistics, bioinformatics and

qualitative research.

She is the deputy director of the ADVANCE-ID, a large clinical trial

network consisting of over 60 hospitals globally. She has served as

an external consultant to the World Health Organisation and Public

Health England. Mo Yin obtained her MBBS from the National

University of Singapore and doctorate degree from the University of

Oxford, UK.



Phase 1 - 3 trials for 
Antibiotic Development

Mo Yin
MBBS, DPhil
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Overview

ÅIntroduction to Phase 1ς3 trials for novel antibiotics 

ÅAntibiotic-specific challenges
ÅMethodology considerations 

ÅRegulatory / approval issues



Introduction to Phase 1ς3 
trials for novel antibiotics 



JACC: Basic to Translational Science, 2016

https://www.sciencedirect.com/journal/jacc-basic-to-translational-science


Phase I ςSafety and Tolerability

ÅHealthy volunteers, small sample size <100

ÅOpen label, single/few centres, quick  

ÅPharmacodynamics 
ÅBiological and physiological effects on humans, mechanisms of action 

ÅPharmacokinetics 
ÅHalf life, plasma concentration 

ÅDose-Escalation Study Design 
ÅReceive increasing dose until a maximum tolerated dose is identified

ÅEarly signals of efficacy





Phase II ςEfficacy and Safety 

ÅDiseased patients >100

ÅPhase II A
ÅέtǊƻƻŦ-of-concept" - exploreefficacy in a relatively small group of patients

ÅPreliminary dose-response relationship 

ÅSurrogate or exploratory end points 

ÅDose ranging

ÅPhase II B 
ÅMore rigorous - confirm efficacy at doses to be used in phase III trials 

ÅDefinitive endpoints aligned with phase III 

Å/ǊƛǘƛŎŀƭ ƛƴ ƳŀƪƛƴƎ άDƻκ bƻ Ǝƻέ ŘŜŎƛǎƛƻƴ ŦƻǊ ǇƘŀǎŜ LLL 





Phase III ςEfficacy and approval 

ÅDiseased patients, large sample size, multicentre

ÅBlinding 
ÅMay not be feasible 

ÅDefinitive clinical end points 

ÅFor regulatory approvals 






