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Anna K.H. Hirsch

Anna K.H. Hirsch is a full professor of Pharmaceutical Chemistry at Saarland
University and head of drug design and optimization at the Helmholtz Institute for
Pharmaceutical Research Saarland (HIPS).

Her research focuses on anti-infective drug design, adopting rational approaches
such as structure- and fragment-based design in combination with the protein-
templated strategies of dynamic combinatorial chemistry and kinetic target-guided
synthesis. She has published over 170 peer-reviewed articles and received several
prestigious awards such as the 2024 RSC-BMCS Capps Green Zomaya Award. Anna
completed her PhD at ETH Zurich and has held research positions at the Institut de
Science et d 6 | n g ®supramolecalaires (ISIS) in Strasbourg, France and the
University of Groningen, Netherlands.




ackling underexplored anti-infective drug targets with
new chemical scaffolds

Anna K. H. Hirsch
Revive Webinar, GARDP
23" of January 2025
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Development of new antibiotics is lengthy and expensive

In vitro\ In vivo: profiling and validation % m— Partnering m
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Lead optimization

>1,000-10,000 molecules
1-7 years™
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AMR collaborators, Lancet 2022
Miethke et al., Nature Rev. Chem. 2021
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Anti-infective drug discovery at the HIPS

3 4 s

d088808e m

Naturalproducts
from bacteria

Biotechnological Production
optimisation optimisation

;‘4 ‘-“.‘ : . . o . . .

24 | A 3 Fromidentificationto clinicaltrials ) %

o N ! Profiling Chemical in vivo ;
modeof action optimisation characterisation

gf ‘i@

A
Computerassisted — _é_,r\\ﬁf\}\j,

optimisationvia Al, bie
andcheminformatics

Screening Drugdelivery

Naturalproducts
from microbiota

Translationnto clnical
application

Medicinal
chemistry

M. Mullowney et al., Nature Rev. Drug Discov. 2023



General workflow

Fragmentbaseddrugdesig

Proteintemplated synthesi
DCC & KTGS

In vitro ADMET

Virtual screening: Smaltmoleculesynthesis
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Protein-templated strategies

Dynamic combinatorial chemistry (DCC):

: protein N
® = =
L L EST "= I % .t: -

A Reaction between building blocks is reversible

A Selection and amplification of best binder(s)

Selection of ) - . :
Initial building ,Dy“ar_n'c_ best bind A Biocompatibility of reversible reaction
. blocks combinatorial library est binder )
M. Mondal et al. Angew. Chem. Int. Ed. 2014 & 2016
. L s = A p A. M. Hartman et al. ChemMedChem 2020
Lehn,EliseeyRamstromGreanef 9 Ny au 2 =AYy OSYyu X R. P. Jumde et al. Chem. Sci. 2021
) ) _ |. Exapicheidou et al. Chem. Comm. 2024
Kinetic target-guided synthesis (KTGS): G. Jezéquel etal. Chem. Eur. J. 2025

W. Elgaher et al., in preparation.

B~ @~
- | q A Reaction partners bind to adjacent pockets
Q- B-r > 0 —> Proper orientation

Irreversible reaction Protein-templated product
}_RG

SharplessRademannDeprezX

T

o

Protein-templated irreversible reaction

M. Mondal et al. Chem. Eur. J. 2016
F. Mancini et al. Chem. Eur. J. 2020,

D. Bosc et al. J. Med. Chem. 2020, 3817. . .
M. Y. Unver, R. M. Gierse, H. Ritchie, A. K. H. Hirsch, J. Med. Chem. M. Mondal, A. K. H. Hirsch, Chem. Soc. Rev. 2015, 44, 24551 2488.

2018, 61, 93957 94009. O. Ramstrém, J.-M. Lehn, Nat. Rev. Drug Discov. 2002, 1, 26i 36.

H I P HELMHOLTZ
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Most promising projects at the department Drug Design and Optimisation
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Combating Antibiotic-Resistant Bacteria

LasB LecA/B PgsR 1
| '?LSSrI\/I IG,: 10.8 M IG,: 5 & 30 NM e ®
Go: 1.5 _ Target strain: (PgsR & Pyocyanin) T
Target strain: PA Target strain: PA volkswagenStiftung
PA
F protein
1Gp: 40nM
Target virus:
RSV
Target Proteins
IspD& IspE
IG, (PF): 100M
Target strain(s):
wie Nspl10/12/14/16
MT, PF, EC, AB S | cuopeen
3‘ C e IG, (RARp): 1 pM
B DnaN/pORF59 Target virus:
DXS M|c|:E-CoFr " MIC (MS): 0.25 uM SARSLOVZ
IG, (PF): 0.7 uM : 51 _ Target strain(s):
Target strain(s): Targetstrain(s): broad spectrum
MT, PF, EC SA, SP
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Combating Antibiotic-Resistant Bacteria

PA =Pseudomonaseruginosa CH =Clostridium histolyticumMT =Mycobacteriuntuberculosis MS =Mycobacteriumsmegmatis TB =Trypanosomarucej SA =Staphylococcuaureus PF Plasmodiunfalciparumy YT =Yersinia
pseudotuberculosjF Plasmodiunfalciparum SP =Streptococcupneumoniag BC =Bacilluscereus EnC= Enterobactercloacag KP =Klebsiellapneumoniage EC =Escherichia cQlAB =Acinetobactethamannii SARSCo\2 =Severeacute
respiratorysyndromecoronavirus2; RSV respiratorysyncitialvirus KSHVY | LJ2sardo¥adassociatecherpesvirus

H I P HELMHOLTZ
Institut fur Pharmazeutische Forschung Saarland




Most promising projects at the department Drug Design and Optimisation

CARB-X

Combating Antibiotic-Resistant Bacteria

\ JINCAIL
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Combating Antibiotic-Resistant Bacteria

PA =Pseudomonaseruginosa CH =Clostridium histolyticumMT =Mycobacteriuntuberculosis MS =Mycobacteriumsmegmatis TB =Trypanosomarucej SA =Staphylococcuaureus PF Plasmodiunfalciparumy YT =Yersinia
pseudotuberculosjF Plasmodiunfalciparum SP =Streptococcupneumoniag BC =Bacilluscereus EnC= Enterobactercloacag KP =Klebsiellapneumoniage EC =Escherichia cQlAB =Acinetobactethamannii SARSCo\2 =Severeacute
respiratorysyndromecoronavirus2; RSV respiratorysyncitialvirus KSHVY | LJ2sardo¥adassociatecherpesvirus
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Most promising projects at the department Drug Design and Optimisation
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Combating Antibiotic-Resistant Bacteria
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Combating Antibiotic-Resistant Bacteria

PA =Pseudomonaseruginosa CH =Clostridium histolyticumMT =Mycobacteriuntuberculosis MS =Mycobacteriumsmegmatis TB =Trypanosomarucej SA =Staphylococcuaureus PF Plasmodiunfalciparumy YT =Yersinia
pseudotuberculosjF Plasmodiunfalciparum SP =Streptococcupneumoniag BC =Bacilluscereus EnC= Enterobactercloacag KP =Klebsiellapneumoniage EC =Escherichia cQlAB =Acinetobactethamannii SARSCo\2 =Severeacute
respiratorysyndromecoronavirus2; RSV respiratorysyncitialvirus KSHVY | LJ2sardo¥adassociatecherpesvirus
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Griselimycin T a promising NP with antitubercular activity
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Mode of
Action

Production &

Isolation synthesis Semi and total synthesis

CGM programme stopped
A unfavourable liver toxic
effects: BSEP inhibition

Active against drug-
susceptible and -resistant
Mycobacterium tuberculosis
(Mtb)

A. Kling, P. Lukat et al., Science 2015



b-Sliding clamp (DnaN): an innovative target to combat AMR
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A Ring-shaped homodimer of b-subunit of bacterial DNA polymerase IlI

A Attractive target: il /

\ I

- \ Polyimerase
Y bingling site

\\ r
\
A SRS ‘. s HN-EEEET -COOH PN
s P A \ o P R N Lipophilic NN Hydrophilc 7
- Natural: Ilpop 18 ~-,:,‘it NVEQUARLE 5' S Ss bomam —~—~—v .- golgmerase
DnaG primase G R inding site
- Synthetic: weak o ‘ Tt
0% lagging strand
’ , H.N- s -COOH
N’ SSB lipophilic s hydrophilic

with Rolf Muller, _ S _ _ _ _
Wulf Blankenfeldt mmmmm) Synthetic small-molecule inhibitors A Community-acquired bacterial pneumonia

Eg{ﬁ:ﬁtnieggg mmmmm) Genome mining with bait genes from 4-methylproline pathway: new natural products A TB

Nicholas Dixon
Mark Bronstrup

o W.A. M. Elgaher et al., Ann. Rep. Med. Chem. 2023
Philipp Klahn

A. Kling, P. Lukat et al., Science 2015

H I P HELMHOLTZ
Institut fur Pharmazeutische Forschung Saarland




Strategies for novel DnaN inhibitors

Fragment screening

Fragment library

Target-guided synthesis
(DCC & KTGS)

Step 1: Primary screening
MST

s /

3N [
Step 2: Valldallon‘ \

. SPR

]

Step 3: Characterization
Imc STD NMR

»-ed
/".?»;‘\c

Dynamic combinatorial library

B-sliding clamp (DnaN)

Polymerases
binding site
/.

fra

N
..... s I Candidate(s)
for optimization,

Building blocks Selective ligand
synthesis/amplification

Chem. Eur. 2020

Structure- & ligand-based Total & semi-synthesis

virtual screening

\\

i chemical
Enamine library 1.3 M

antibacterial
library 10 k Q’m‘w""ds

AN\ compuunds
\

Lipophilic

H I P HELMHOLTZ
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Dynamic combinatorial chemistry (DCC)

A Protein-templated strategy combining synthesis and binding assay in one step
A Reversible reaction, e.g., acylhydrazone formation

/ protein \
LLES TTT T
- Selection of
Initial buildi Dynamic (
CI Iatl)|olcj|l<smg combinatorial library best binder j

R. Jumde et al., Chem. Sci. 2021, 12, 77751 7785.
M. Mondal et al., Chem. Soc. Rev. 2015, 44, 24557 2488.

——
’__— -—-—

GM
MW: 1113.45

Overlay of GM (yellow) and the universal clamp-binding motif [AcQLDLF] (cyan) with DnaN (grey)

W. A. M. Elgaher, A. Ahmin et al. (in preparation). HIPS HELMHOLTZ
Institut fur Pharmazeutische Forschung Saarland




DCC analysis

DCL analysis and hit identification
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A Low micromolar affinity
A Potent antitubercular activity with no cytotoxicity
A Broadened spectrum

W. A. M. Elgaher, A. Ahmin et al. (in preparation). A Hit optimisation completed: isoniazid scaffold
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Structure-based virtual screening

Princeton
. chemical
Enamine library 1.3 M

antibacterial Q)mpounds )

library 10 k
compsunds A

Hit refinement = P ERER Hit valdation

140 k hits

WAM-N17

V New chemical entity*
V Micromolar affinity (Ky 50 + 10 pM)

Prioritization

¢’ Phenotypic .
screening ﬁ

V Broad antibiotic activity
V No cytotoxicity (IC5, > 100 pM)

V Antibiotic activities against ESKAPE and M. tuberculosis
3 validated hits

W. A. M. Elgaher, et al. (patent application in preparation). HIPS HELMHOLTZ

Institut fur Pharmazeutische Forschung Saarland




Mode of action: DnaN-dependent inhibition of DNA replication

Inhibitor (120 M)

6

o
il

4l
_

(ro361 )
Qv.ams

WAM-N17 shows DnaN-dependent inhibition
of E. coli DNA replication

B M. smegmatis mc2155

[ M. smegmatis Mt50.7 (GMR)

Crystal structure of WAM-N17 bound to Rickettsia typhi DnaN at the polymerase
Griselimycin WAM-N17 binding site at 2.2 A

WAM-N17 shows 4-fold increase of MIC against
DnaN-over expressing M. smegmatis*

W. A. M. Elgaher, et al. (patent application in preparation).

H I P HELMHOLTZ
Institut fur Pharmazeutische Forschung Saarland




Hit-optimisation and SARs

A Structurei activity relationship (SAR) studies: >200 compounds

Various substituted arenes can be tolerated
Can be replaced by an alkyl group

Small lipophilic substituents are
favorable: 3,4-dichloro > m-C | WAM-N17
p-Cl > p-Me > p-F > p-MeO > H

Coupled strand extension (SE) and
strand displacement (SD) replication

6+0+6

V ~3-Fold improved inhibitory activity (15t 30 compounds)

WAM-NL7 (pé) GPK-316 (M)
0 i 25 50 100 200 M 0 125 25 50 100 200 M (kbp)
[ !—-‘ - ! !I ~= =10
©_ ©‘ -G
=
——4

- lIlIIIIIl
:
Sl
L

ICs, 150 £ 30 uM ICs, 60+ 10 pM

V Binding site has been confirmed by crystal structures for two compounds in complex with R. typhi DnaN

W. A. M. Elgaher, et al. (patent application in preparation). H I P I':Iwgtli-th:tl-!‘gl!-;f?armazeutische Forschung Saarland




Antibacterial activity and in vitro ADMET profile

Mouse Liver Mouse
S. pneumoniae , . coli : : : S9t,,(min)/ | Plasmat,,

Compound ?\I'aureus S'ggfﬂuzrgggéae DSM11865 : : 7, Cl., (min) / % at
ewman (UL/min/mg) 4h

WAM-N17 >37 n.d. n.d.
WAM-N96 >37 >240/<2.9 >240/>100
WAM-N102 >37 >120/<5.8 >240/85.0
WAM-N112 n.d. 29 >240/<2.9 >240/87.4
WAM-N113 n.d. >37 >240/<2.9 >240/63.2
WAM-N126 n.d. >37 >240/<2.9 >240
[WAM-N127 n.d. >37 >240/<2.9 >240 ]
WAM-N128 n.d. >37 >240/<2.9 >240
WAM-N194 n.d. >200 >120/<11.6° n.d.
WAM-N198 n.d. 20 >120/<11.6° n.d.

a not determined; P data for mouse liver microsomes.

V 8i 16-Fold improved antibiotic activity
V Broad spectrum, including MDR pathogens
V' No significant cytotoxicity

V High plasma- and metabolic stability

W. A. M. Elgaher, et al. (patent application in preparation). HIPS HELMHOLTZ

Institut fur Pharmazeutische Forschung Saarland
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Combating Antibiotic-Resistant Bacteria
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Combating Antibiotic-Resistant Bacteria

PA =Pseudomonaseruginosa CH =Clostridium histolyticumMT =Mycobacteriuntuberculosis MS =Mycobacteriumsmegmatis TB =Trypanosomarucej SA =Staphylococcuaureus PF Plasmodiunfalciparumy YT =Yersinia
pseudotuberculosjF Plasmodiunfalciparum SP =Streptococcupneumoniag BC =Bacilluscereus EnC= Enterobactercloacag KP =Klebsiellapneumoniage EC =Escherichia cQlAB =Acinetobactethamannii SARSCo\2 =Severeacute
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Classical antibiotics vs pathoblocker approach

do not kill bacteria but disable

virulence/pathogenicity traits

U low selection pressure
towards resistance

U preserve commensal bacteria

bacteriostatic/

bactericidal effects

U prone to resistance
development

PoC: Clostridium difficile Toxin B (Bezlotoxumab, Merck, Sharp & Dohme); approved in 2017 H I P HELMHOLTZ

Institut fur Pharmazeutische Forschung Saarland




Pseudomonas aeruginosa LasB as target

A Pseudomonas aeruginosa classified as high priority by the WHO

A Causes infections of the lungs (e.g., in HAP/VAP patients), skin/wounds, eyes,
urinary tract, &

Target enzyme: Elastase (LasB)

A Secreted zinc-metalloprotease

A Degrades elastin and collagen (A tissue penetration)

A Degrades components of the host immune system (A immune evasion)
A Validated target enzyme, highly conserved across clinical isolates

A Virulence factor LasB as excellent target protein

V. Camberlein et al., Antibiotics 2022
J. Zupetic et al., Chest 2021
F. Bastaert et al., Front Immunol. 2018

H I PS HELMHOLTZ
Institut fur Pharmazeutische Forschung Saarland




LasB inhibitor hit discovery and hit-to-lead optimisation

Hit Discovery Hit-to-Lead

Functional FRET-based screening of a focused Rational design of 55 derivatives
protease inhibitor library ; L
(TimTec ActiTarg-P library with 1192 compounds) '?‘ Successtul frag[nent merging/linking
o A Advantageous U-substitution H
H\n/\SJLNH Hit compound A 16-fold improvement of I1C, )@/
2 —
:@’ I ICeo = 16.0% 1.9 pM A Hiah selectivi ) .
igh selectivity over human Zn enzymes Optimised hit
B MedChem optimisation A No cytotoxicity C50=0.420.1 UM
Further experiments (esp. X-ray) ‘
’ MMP-1 n.i. '/ - \\\;NW
MMP-2 n.i. W P ‘ 4

Cl H\[(\SH MMP-3 n.i. ~ A\L . ?S_/ 1

:©/ o MMP-7 n.i. ’LU 1'41 ' -
(o MMP-8 22% Ly f : JLEU-197

Thiol as active MIMP 12 L E '

compound orca : " " 198
ICso = 6.6 £ 0.3 UM —— :: :’ N "‘“
1L S ' — IS- 3
. : HepG2 >100 U 4 A
Structure-based H2L optimisation ero 100

Kaya et al. ACS Infect. Dis. 2022

.. = <10% inhibition Kaya et al., Angew. Chem. 2022

Kany et al., ACS Infect. Dis. 2018




Hit-to-lead optimisation

j@/H\g/\sj\NHz

ICq, = 16.0 + 1.9 uM

L J’q
N
H
SH
ICso = 0.4 + 0.1 puM

F.C
3 o)
N
£ -OH

0’ “oH
ICqy = 26.3 % 7.6 NM

o ¥

ICso= 7.8 0.3 M

" - trate-inspir . .
Initial fragment hit - iggfnisalatt:)ionsp ed i) Zinc-binding group replacement
with
J. Konstantinovic et al., ACS Centr. Sci. 2023 !J(att;arll?_ghREx
D. Kolling, J. Haupenthal, A. K. H. Hirsch, J. Kéhnke, Mes ko g. n he ff
ChemMedChem 2023 ] ar ul\?l' ;S?SO I
C. Kaya et al., Angew. Chem. Int. Ed. 2022 ean-viichel saflenave

C. Kaya et al., WO 2022/043322A1, 2020
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Further hit-to-lead optimisation

ICq, = 16.0 + 1.9 uM

]
QLY

H
SH

ICs0=0.4£0.1uM

@&T

0 OH
ICs, = 26.3 £ 7.6 NM

ICs= 7.8 £ 0.3 NM

/LEP-197

i.‘ ’

H.sm % Ar 198
j{m g
BT AR

)
y,

>550 derivatives, >1000-fold improvement

>

Potent inhibitors across five chemical classes

>

High selectivity toward human off-targets

>

No interference with standard-of-care antibiotics

A Favourable in vitro ADMET parameters

A Invivo: well tolerated in mice, promising in vivo PK profiles
\A Good prerequisites for carrying out in vivo PD experiments

100

G. melioneifa survival [%]

a N
80- First trial in a simple in vivo
0. ~- PBS Control infection model:
PA14 + 2.5 nmol 36
40+ —— PA14 + 2.5 nmol 27
—— PA14 LasB inhibitors active in Galleria
20+
mellonella larvae
" n @ @ 0 N g
Time [h]

J. Konstantinovic et al., ACS Centr. Sci. 2023

C. Kaya et al., Angew. Chem. Int. Ed. 2022
C. Kaya et al., WO 2022/043322A1, 2020

H I P HELMHOLTZ
Institut fur Pharmazeutische Forschung Saarland



Target indications and routes of administration

Lungs as target organ

IV route of administration
A Indication Hospital-acq. / ventilator-assoc. pneumonia

Inhalation
A Indication Cystic Fibrosis

Eyes as target organ

Topical administration, eye drops
A Indication Pseudomonas keratitis

Status (based on experiments in mice)
HAP/VAP: in vivo PoC provided

CF: in vivo PoC provided
Keratitis: in vivo PoC provided
A Further in vivo studies planned, to

(further) optimize efficacy

PoC = proof of concept H I PS HELMHOLTZ

Institut fur Pharmazeutische Forschung Saarland




log10 cfulg tissue

In vivo efficacy studies T HIPS-5787 effective after inhalation

N
H

ns

CFUs in lungs \ f

Efficacy of HIPS-5787
after inhalation

Performed with P.
aeruginosa DSM-1117
and neutropenic mice

A Significant CFU
reduction for
combination with
levofloxacin (LVX)

PO
0" ©OH
HIPS-5787
LasB levels in blood I
107+ _
e inoculum ctrl
106- & e vehicle control
o ° e LVX 25 mg/kg QD
Fos e LVX 100 mg/kg QD
©
g Voo I ® o HIPS-5787
04 e Lo - e HIPS-5787 + LVX 25 mg/kg QD
[ J
[ J
1

A Repetition of this
experiment could
confirm this result

J

J. Konstantinovic et al., ACS Centr. Sci. 2023

LasB levels in blood strongly reduced

A Decreased dissemination, even in absence
of LVX A target engagement

K A In vivo proof-of-concept provided

J

HELMHOLTZ

HIP

Institut fur Pharmazeutische Forschung Saarland




In vivo studies T topical treatment of Pseudomonas keratitis

o

= OSTOh
o] HN\:)LN
S OH
S

HIPS-7178
\ 4 ns )
HIPS-7178 + 1 . 1
Sham Meropenem Meropenem HIPS-7178 10 S §
T 71 1
5 $8 Effects on cellular and humoral
- P01 g1 I ' iImmune response:
o 4 0 axxo [ X J [e101¢0] 3 . .
£ ] ERN i3 . '.‘.' A Reduced immune cells in
%3— Q0000 aup eee G 000 B T e e o eye, especially after
g ] cee . S 4- . combination treatment
o © .o 2o
1 27 °
0' oo 0 | o0 A No major effects on immune
A cells in blood
Days post infektionem ° @Q,@Q Q,\OQ Q§26
R . .
Clinical scores improved after single \Q@'«\/ A Inflammation markers in
treatment with meropenem and HIPS-7178, N eye. significant _reduct|on of
and combination of both A No effect of LasB inhibitor alone IL-1beta levels via HIPS-7178
_ _ o on number of CFUs in the eye treatment, and mero/HIPS-
In correlat_lon with th|_s finding: A Synergisic and  significant 7178 combination
Body weight of mice least affected after effect for combination with
combination treatment meropenem
\_ VAN y,

A. F. Kiefer, C. Schiitz et al., Adv. Sci. 2025.

Female C57BL/6 N mice infected with 5x107 CFUs of P. aeruginosa PA54,
9 treatments (every 8 h for 72 h); HIPS-7178 at 1 mg/mL, meropenem at 0.5 mg/mL

HELMHOLTZ
Institut fur Pharmazeutische Forschung Saarland
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LasB project status

Current status

Qualified Candidate
Hits

Hit Identification Lead Optimisation Preclinical Development Clinical Trials
N Ta rtgleitt
2025 2027 Approved Drug

N
3 N
~o N
<~ .

~ N

N \

~ \
\

| (] Bundesministerium \" o
i u ni I
_ R | fraemn INCATE D Z I F
und Forschung
Deutsches Zentrum
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Combating Antibiotic-Resistant Bacteria
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05/2023 02/2024 12/2024 08/2026
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Conclusions

P CARB-X

Combating Antibiotic-Resistant Bacteria
H
SH

N=N\ =N
N
HOOC

LspA ColHQ1 LasB LecA/B PgsR
Target strain(s): Targetstrain(s). Target strain: Target strain: (PgsR & Pyocyanin) LANA
PA, EC CH, BC PA PA Target strain: PA K. 5 UM
Target virus:
KSHV
A Targetbased antiinfective drug discovery F protein
: " e , 1Gp: 40nM
A Multiple hit-identification strategies Target virus:
|spD& ISpE A Early multiparameteroptimisation 5 —
IC\SO (PF) 1mM \/olkszva:ge?nsii&ung
Target strain(s):
MT, PF, EC, AB
|C5RN£P|\/| - onaN Nspl10/12/14
0: O U ! IG,, (RARp): 1 M
DXS MIC (SA): 1 uM MIC: 0.5mM MIC (MS): 0.5 pM , cT:ff;).r(get st?;in(g):
1G, (PF): 0.7 uM Target strain(s): Targetstrain(s): Target strain(s): c
; . SAR& 02
Target strain(s): broad spectrum SA, SP MT, AB
MT, PF, EC {1 at¢tX :

1
X R
- o \\r
N i
. N N .N -~z
\ T\ u N

PA =Pseudomonaseruginosa CH =Clostridium histolyticumMT =Mycobacteriuntuberculosis MS =Mycobacteriumsmegmatis TB =Trypanosomarucej SA =Staphylococcuaureus PF Plasmodiunfalciparumy YT =Yersinia
pseudotuberculosjF Plasmodiunfalciparum SP =Streptococcupneumoniag BC =Bacilluscereus EnC= Enterobactercloacag KP =Klebsiellapneumoniage EC =Escherichia cQlAB =Acinetobactethamannii SARSCo\2 =Severeacute
respiratory syndromecoronavirus2; RSV respiratorysyncitialvirus
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Zosurabalpin, a tethered
macrocyclic peptide antibiotic
selective for Acinetobacter:
The importance of chemical

synthesis
REVIVE webinar by GARDP, January 23th 2025

Dr. Patrizio Matteli

Small Molecule Research, Therapeutic Modalities
Pharma Research & Early Development

Roche Innovation Center Basel



Acinetobacter baumannii, carbapenemresistant (CRAB)
Evolution from a rare infection to a challenging hospital pathogen

World Health

Organization
1960s-70s: 2003: 2006Y :
C Emergence, Outbreaks in Global spread of - 2017 and again, 2024
parallel rise in soldiers during carbapenem WHO #1 Priority Pathogen
ICU care lraq war resistance

A No new chemical class of antibiotics since the carbapenems (1980s)
A Our ambition: Significantly improve treatment, reset the clock on resistance
A Inhibit previously undrugged targets, overcome pre-existing resistance mechanisms



The discovery of zosurabalpin
Optimization of a phenotypibroggihput screening (HTS) hit without mechanistic insight

tranzyme Minimize
pharma Phenotypic plasma
screen for precipitation,

AA3
HaN S compounds HaN

o R
AAL| L;: |nh|b|t|on potency
I kL(‘ — \Q‘
- TETHER | b/é e 3
e & O o

bacterial NH: focus on
growth ‘ Optimize zwitterionic lg’l

HITCREATEYLibrary RO7036668 RO7075573 zosurabalpin
(R =H, Me) HTS hit 1st generation lead clinical development

Active in vivo (mouse) Active in vivo (mouse)
Poor plasma compatibility Favourable PK and
Causes organ toxicity safety profile (humans)

Selective for Acinetobacter
Not potent enough

O¢ O«
O¢ O«

Q¢ O¢ O«

C. Zampaloni, P. Mattei, K. Bleichetral. A novel antibiotic class targeting the lipopolysaccharide transporiéature2024, 625, 566U571. o



Zosurabalpin is efficacious in micel® and was well tolerated in humans
Effectively treats yamg resistant and virdlebaumarjmeumonia in neutropenic mice

24-hour Acute Lung Infection Model! induced by FK and safety of single dose zosurabalpin (600 mg)

pan-drug resistant A. baumanniiACC001073

in healthy people and ICU patientsc! (phase 1)

< Health
_10- hkk  kkk  kkkk ke :(._U.. 100 —— ICU patients p:?titci;ants
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E e, . 1 o
i.) 8 ] . ............................... ‘ LI —E_-:
52 % xxxx  Start of treatment « &
o @ — sl
6 — .
D > ° ® _u;_ 1=
g = «C 5
oF Kkkk .
22 47 ® (<_E i
I ? o 013
c D R R AR AR R R ER AR [P — =
£ Limit of detection > =
8 o T
0 | T T | | T T | T T = e —E
Oh 24h 6 20 60 100 160 240 360 120 =
Untreated zosurabalpin tigecycline — 1
(mg per kg per day)  (mg per kg per day) ' [ [ | |
0 12 24 36 48
yAHAAI gAi T Ap AaApLgi gA ¢calU jJAL !agt! Ebpcj UO 1 L Nominal Fimefrom Start ofdnfusion thours) g (1 J| g
[a1C. Zampaloni et alNature2024, 625, 566. This work is licensed under CC BY 4.0. To view a copy of this license, visit http://creativecommons.org/licer®Bes/by/4
bl Study conducted at CRO, Aptuit Verona/Evotec 45

[ E. Cottreel et al. ESCMID Global, Barcelona, 28 April 2024, Poster number: P2419.



Mechanism of action: Inhibition of lipopolysaccharide (LPS) transport

ZosurabalpZA@ binds to LIB&ded LpEES intermediate, trapping LPS on its way to the outer mer

Acinetobacter baylyi [@ LptB,FG LPS transport inAcinetobacter Impaired LPS transport in the
bound to LPS and zosurabalpif?! presence of zosurabalpin

zosurabalpin

ZAB

A Blocking LPS transport leads toAcinetobacter cell death.
A Binding site formed by Acinetobacter LPSLptB,FGC is distinct
from that of other gram negative bacteria.

[[AA. baylyiLptB,FG is about 85% identical #. baumanniand is similarly susceptible to zosurabalpin. 44
bl Cryo-electron microscopy structure, PDB ID: 8frn. K. Pahil eNalture2024, 625, 572.



