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Kim Lewis

Kim Lewis is a University Distinguished Professor and Director,
Antimicrobial Discovery Center at Northeastern University in Boston.
He obtained his Ph.D. in Biochemistry from Moscow University in 1980,
and has been on the Faculty of MIT, University of Maryland, and Tufts
University prior to coming to Northeastern.

Kim has authored over 100 papers and is an inventor on several
patents. His notable findings include the development of general
methods to grow previously uncultured bacteria that make up >99% of
biodiversity on the planet, the discovery of the culprit of recalcitrant
biofilm infections, drug-tolerant persister cells; and several novel
antibiotics.

Apart from his work in Academia, Kim has served as a consultant to the
pharmaceutical industry, biotech, and is a co-founder of NovoBiotic
Pharmaceuticals, Arietis Pharma, Holobiome, Flightpath and Odyssey
Therapeutics.
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The Probability of Discovery
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Prospecting Outside of Actinomycetes
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Differential Screening
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Synthetic Compounds, The Penetration Bottleneck
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Med Chem Challenge: SAR Target + Permeation

Emerging rules of permeation:

Cutoff < 600 Da
(O’Shea, Moser J. Med Chem 2008)
LogP ~0.1

Low number of rotatable bonds

Flat (Richter...Hergenrother Nature 2017)
(Parker... Hergenrother Nature Microbiol. 2020)
-NH3+

Helen Zgurskaya and colleagues:

Hengartner et al., 2020 J Chem Inf Model 60: 2838-2847.
Zhao et al., 2020 Nat Chem Biol 16: 1293-1302.

Mehla et al., 2021 mBio 12.

SAR Target + Porin:

ETX0462 Durand-Reville... Tommasi Nature 2022



Helke Brotz-Oesterhelt

Heike Brotz-Oesterhelt is a microbiologist with extensive experience
In antibacterial drug discovery in the academic and pharmaceutical
Industry settings. After her PhD, she joined the Anti-Infectives
Department of Bayer HealthCare and later co-founded the anti-infective
biotech company AiCuris. In 2010, she returned to academia as a
professor for Pharmaceutical Biology at the University of Duesseldorf,
and since 2014 she is professor for Microbiology at the University of
Tubingen heading the Department of Microbial Bioactive Compounds.
Her scientific focus is unraveling the molecular mechanisms of new
antibiotic lead structures and operation modes of novel antibiotic
targets.
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Learn from nature

Introduction of new antibiotic classes

1959
Nitroimidazoles

1968
Trimethoprim

1935
Sulfonamides |

. Derived from a natural product
E Synthetic origin

2000
Oxazolidinones

B

Future Medicine, 5, 1553 ff. (2010)



Antibiotics differ from standard synthetic drugs
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Dept. of Microbial Bioactive Cpds. (IMIT)

Natural product bioengineering Natural product chemistry

Antibiotic gene cluster analysis Compound production

Producer strain engineering Isolation (targeted, untargeted)
Gene cluster activation Structure elucidation

Heterologous expression Synthesis (derivatives, probes) ‘

Chambers
Hughes

Active biosynthetic gene cluster
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What can we learn from nature regarding targets?
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Complex machineries make good targets

Multi-enzyme machineries require functional coordination in space and time
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Multiple target gene copies and complex mechanisms are advantageous

30S ribosomal subunit
A-site inhibitors

tetracyclines aminoglycosides
translation arrest mistranslation
bacteriostatic bactericidal
Binding to
ribosomal n

RNA mass of defective proteins

Pleiotropic destructive events following target interaction are powerful



Lessons from therapeutically validated targets of natural products

¢ Targets of successful antibiotics used for a long time as monotherapeutics
are not encoded by single genes
- e.g. b-lactams, quinolones, glycopeptides, ribosomal inhibitors

¢ Single gene targets in therapeutic applications need to be protected by
combination therapy
- e.g. sulfonamides, trimethoprim, fusidic acid, novobiocin, rifampicin

¢ Small molecules can target several orthologs and/or paralogs
simultaneously
- e.g. fosfomycin, D-cycloserine, b-lactams

¢ Polypharmcology reduces resistance development
- e.g. additional membrane interactions, target families

¢ Complex mechanisms are successful in achieving bactericidal activity
- €.g. quinolones vs. novobiocin, aminoglycosides vs. other ribosomal inhibitors



Natural products can show us

hich mechanisms work for successful

antibiotic drugs
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Clp protease — natural functions & mechanics

protein quality control protein homeostasis

competence/
sporulation/ motility

— stress response

antibiotic / anticancer drug target
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Clp protease — natural functions & mechanics

Clp-ATPase
(ATP-dependent
unfolding)

ClpP (degradation)




Clp protease — natural functions & mechanics
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ADEP antibiotics activate and deregulate ClpP

ADEP1

MIC S. aureus 6.3 ug/mi



ADEP antibiotics activate and deregulate ClpP

Brotz-Oesterhelt et al., Nature Med. (2005), Kirstein et al. EMBO Mol. Med. (2009)



ADEP antibiotics activate and deregulate ClpP

pore closed

ClpP activation on several levels

Intra-ring connection
Inter-ring connection
Extended conformation
Gate opening

Allosteric activation of catalysis

Lee et al. Nat. Struct. Mol. Biol. (2010)
Gersch et al., Nat.Commun., (2015)
Malik et al., Chem.Bio.Chem., (2020)
Kim et al., EMBO J., (2022) 34



ADEP’s potential as a drug lead

¢ Strong antibacterial activity against Gram-positive bacteria
¢ Activity against multi-resistant pathogens

¢ Exceptional activity against persister cells
in vitro and in vivo
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0 1 2 3
Growth of S. aureus in biofims, Time (days)
treatment by various
antibiotics Conlon et al., Nature (2013)

Griffith et al., ACS InfDis (2019)



Natural products can lead us to

new binding sites at established targets,

powerful polypharmacolog

Antibiotics are ideal TOOLS for studying antibacterial targets

and bacterial cell biolog




Microbiom-derived lugdunin is the first member of a new class

187 hospitalized patients S. lugdunensis carriers

S. aureus

p-Val
New class of \’y

Jibupeptides
Thlazolldlne

S. aureus

S. aureus USA 300

S. lugdunensis wt AlugD

First NRPS-produced bacteriocin
Isolated from the human nose

Peschel, Grond groups

Zipperer et al., Nature (2016)



S. lugdunensis outcompetes S. aureus and shapes the microbiome

S. aureus
mouse deep skin infection
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Lugdunin triggers proton influx into S. aureus cells

Lugdunin
BCECF assay
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Diverse beneficial effects of lugdunin on skin
¢ Lugdunin, in synergy with further commensal factors,
reduces S. aureus infection of primary human keratinocytes
¢ Lugdunin triggers production and release of host defense peptides

¢ Lugdunin triggers recruitment of monocytes and neutrophils in skin

Adhesion and invasion

8 x 106 1

6 x 10°

4 x 10°

% recovered
S. aureus USA300

2 % 10°

0

N ©wowamw o Lugdunin

o o - [uM]
B Medium + S. epidermidis CM
O S. epi. CM
B Lugdunin

B Lugdunin +S. epi. CM

Schittek group

Bitschar et al., Nat. Commun. (2019)



Natural products can show us

hich modes of action and

polypharmacology

work at the natural site of pathogen colonisation



Bacterial cell envelope — effective permeation barrier

Gram+ Gram-
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* Quter membrane: Porins prefer hydrophilic, (positively) charged molecules < 600 Da.
The lipid regions are largely impenetrable.

* Cytoplasmic membrane: only uncharged, lipophilic molecules can penetrate passively

Passage into the Gram- cytoplasm requires special characteristics



Multiple uptake routes slow down resistance development

,+ Phospholipid interaction
facilitated by calcium

Membran
potential ATP dependent Passive
dependent peptide diffusion as
uptake  Proton dependent transporters zwitterion
oligopeptide
transporters

HOrompoli et al

Negamycin
natural product,
pseudopeptide

., Antimicrob. Agents Chemother., 2021



Natural products can show us

new routes of uptake and

combinations of uptake routes that reduce resistance




Development of bioreporters for direct, mode of action-informed

producer strain screening
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K
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Bioreporter-based screening of the Tubingen strain
collection

~300 Ti- producer strains screened (preselected for activity against S. aureus)

Bioreporters work directly
with producer

strains, no compound
purification required

Wex et al., Cell Chem. Biol., 2021



Useful along the entire purification pipeline
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Useful to detect polypharmacology and
synergism

Chartreusin concentration

__——_

Trimethoprim & sulfamethoxazole

DNA stress
(Pyog-facz)

Translation
arrest
(Pomrc-lacz)

Wex et al., Cell Chem. Biol., 2021



Technological progress

In chemical analytics and
In biological screening

IS Important to speed up deconvolution and
avoid rediscovery of known natural products




Nature provides good starting points

Nature has pre-optimized for antibacterial potency

Complex and efficient mechanisms of action
have been realized

However, nature has no need to optimise for

*

Safety / tolerability
Absorption
Distribution

Metabolic stability
Chemical accessibility

Most natural products require extensive optimization
(understanding of biology and chemistry)

and PATIENCE

Matterhorn wikipedia.de



Microbial Bioactive Compounds (Mode of Action subteam)
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The lugdunin team
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Scott Hecker

Scott Hecker has over 35 years of industry experience in leading
medicinal chemistry and manufacturing in antibacterial drug discovery
and development. He began his industrial career at Pfizer as a
medicinal chemist in antibacterial drug discovery and then joined
Microcide/Essential Therapeutics, where he led teams in the discovery
of novel anti-infective drug candidates. He then moved to Metabasis
Therapeutics where he oversaw the discovery and early development
of drug candidates for diabetes, hyperlipidemia and hepatitis C. He
later joined Mpex/Rempex Pharmaceuticals, where he was a founding
member of the beta-lactamase inhibitor program that discovered the
now FDA-approved agent vaborbactam. Upon acquisition of Rempex
by The Medicines Company, he oversaw the API manufacturing of
vaborbactam as well as leading medicinal chemistry efforts to identify
next-generation agents that are now being developed by Qpex
Biopharma.




Discovery of Xeruborbactam (QPX7728), an Ultra-
broad-spectrum Boronic Acid Inhibitor of Serine and
Metallo Beta-lactamases

Scott J. Hecker, PhD
Sr. Vice President, Chemistry and Chemical Development
Qpex Biopharma, Inc.



Qpex Designed a Portfolio of Products That Addresses Critical

Needs for New Antibiotics
Full Spectrum of Gram-Negative Infections in Multiple Patient Types and Care Settings

@ﬂ OMNIvance®

[\VV Xeruborbactam + Beta-lactam

@@ ORAvance™

Oral Xeruborbactam
+ Beta-lactam

Serious, MDR Infections Requiring
Hospitalization, IV Therapy

E| apx9003

Step-down f
ep-down from IV Synthetic Lipopeptide

|V-to-Oral therapy MDR* Pseudomonas
|I :. || and Acinetobacter

0 111E
v HOSPITAL h
)
MDR* Infections in OUTPATIENT CRITICAL

Outpatient Settings

*MDR: multi drug resistance.
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Where Do the New BL-BLI Combos Fall Short?

(0]
e} HN (0]
J J g A,
() H , N HzN ’ N
H,yN . N N
N m N H,N . O B N
N\ S O _BQ CO,H J_N 2 \/\N“ HO' ~o }—N\
}—N\ HO® O N H (o] OSO;H
(@] OSO3H O OSO3H COZH 3
avibactam vaborbactam relebactam taniborbactam durlobactam

Inhibitor Combo ERls IR Pseudomonas Acinetobacter

Serine Metallo

Tazobactam/ Ceftolozane
(Zerbaxa™; Merck)

Relebactam/ Imipenem
(Recarbrio™;Merck)

Avibactam / Ceftazidime
(Avycaz™; Allergan / Pfizer)
Vaborbactam / Meropenem
(Vabomere™; Melinta)

Taniborbactam / Cefepime
(Investigational; VenatoRx)

Durlobactam / Sulbactam
(Investigational; Entasis)

O’ QPEX BIOPHARMA
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The Benzoxaborinine Nucleus

»Vaborbactam and taniborbactam originate from discovery of a potent pharmacophore in the
labs of J. Bryan Jones at the University of Toronto

H H
TS Y
Nl eeeeee.
IS SOEES RV S GG
5 4 HO" O N HO™ ~O
H CO,H vaborbactam
\n,N . (Rempex/ The Medicines Co.)
0] B
HO” O: ;
CO,H
.\ :’c"h‘: H H
R. Martin & J.B. Jones : R;n,N O/\[rN
Tetrahedron Lett., 1995, 36, 8399 ICEEL | I R | I PP > LN . g8 3
Biochemistry, 2000, 39, 5312 CLoBo NN HO™ YO
CO,H CO,H
C. Burns et al. (Protez) taniborbactam
WO 2009/064414 (VenatoRXx)

» After launching vaborbactam into development, we returned to the bicyclic structure and
explored substitution on the aromatic ring

RN
T
HO® O
QPEX BIOPHARMA



Substitution Reduces MexAB-OprM Dependent Efflux

»Small substituents ortho to the carboxylate are generally consistent with good activity
»Reduced impact of efflux is modest but consistent
PAM1032/KPC-2 PAM1154/KPC-2

Structure i (overexpressor) (efflux deficient) e
H
N H 80 5 8
MeS
/\g Bu F 20 5 4
HO™ O R
CO,H OMe 10 5 2
mﬂ H 80 2.5 32
N\_s © m F 40 10 4
o om R OMe 40 5 8

MIC (pg/mL) of BLI in presence of 1 pg/mL of biapenem

»An optimization program produced RPX7323
« Much broader spectrum than vaborbactam (broad Class A/C vs. KPC only)
» Prodrugs with 100% oral bioavailability (overall profile very similar to VenatoRx’ ledaborbactam)

KPC-2 CTX-M-15 SHV-12 CMY-6 OXA-48 NDM-1 H
Class A A A C D B Mes™ [ N
vaborbactam 1.25 20 5 20 >40 >40 “hor®o COZHF
RPX7323 1.25 0.3 0.3 1.25 10 >40 RPX7323

MIC (ug/mL) of BLI in presence of 4 ug/mL of aztreonam

O' QPEX BIOPHARMA



A Simple Replacement Dramatically Improves Potency Against
Metalloenzymes and Brings Whole-cell Activity

N—N .
I\ H N
HZN*S)\ S/\IrN «SD/S )
0. B N-N_ Big
CO,H CO,H
RPX7262 RPX7282
Avibactam RPX7262 RPX7282
K, MIC* K, MIC* K. MIC*
((TLY) (ng/mL) (nM) (ng/mL) (nM) (ng/mL)
KPC-2 0.0026 <0.04 0.0003 0.08 0.01 0.16
OXA-48 0.0001 1.25 0.004 2.5 0.01 5

MIC*. MIC of BLI in presence of 1 ug/mL of biapenem

»An optimization program produced RPX7546
 Potent, broad-spectrum activity including NDM, VIM, IMP as well as OXA-48
* Prodrugs with 100% oral bioavailability

Compound KPC* NDM-1* | VIM-1* | IMP-26* | OXA-48* | Rat Cl free
(ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) | (L/hr/Kg)
RPX7282 0.3 0.6 2.5 40 5 5.88
RPX7546 0.16 0.3 0.3 5 5 0.8

O * MIC of BLI in presence of 1 ug/mL of biapenem
® QPEX BIOPHARMA

S
oYY
NN LoBo "OMe }
CO,H
RPX7546



Next: Install Heteroatoms in the Aromatic Ring

. S S N
»Target: ¢y S [ S0
N—N HO’B\O N = HO” \O HO” \O
COzH COzH . COzH
RPX7388 pyridyl analog

»Problem: making this is likely to take a long time, and in the end the
compound may have poor activity

» Approach:

« We had previously made RPX7388, which had some activity but was unimpressive

« We could make the corresponding pyridyl analog to see whether it has comparable activity; if
S0, it would be worth the investment to make the original target

O QPEX BIOPHARMA



A Substituent Next to Boron is Not Required!

» The pyridyl analog, unsubstituted next to boron, has remarkably potent broad-spectrum
activity, including OXA enzymes of Acinetobacter baumannii

S
« »/S |
NN horBo oMe HO™™N0 Ho B NP
CO,H CO,H CO,H
RPX7546 RPX7388 QPX7609
MIC (pg/mL) of BLI in presence of
stated amt of B-lactam (B-L)
: . MIC B-L | B-L amt
Organism Strain BL Class B-L alone | (ug/mL) RPX7546 RPX7388 QPX7609
K. pneumoniae KP1009 CTX-M-15 A ATM >128 4 2.5 20 2.5
E. coli ECM6625 SHV-5 A ATM >128 4 0.3 20 5
E. coli ECM6619 TEM-10 A ATM 128 4 2.5 10 0.08
K. pneumoniae KP1004 KPC-2 A ATM >128 4 1.25 0.6 0.16
E. cloacae ECL1002 chAmpC C ATM 64 4 10 5 1.25
P. aeruginosa PAM 2035 C C ATM 64 4 10 0.6 03
A. baumannii AB1053 [ OXA-72\ D MP 64 8 >20 >20 [1.25Y
A. baumannii AB1054 \_OxA-23/ D MP 64 8 >20 20 \25/
K. pneumoniae KP1081 NOWET B BP 16 1 0.3 1.25 1.25
K. pneumoniae KP1054 VIM-1 B BP 16 1 0.3 10 20

O‘QPEX

BIOPHARMA

Abbreviations: B-L, beta-lactam; ATM, aztreonam; MP, meropenem; BP, biapenem




Other Substituents Next to the Carboxylate

»Adding substituents next to the carboxylate makes things even better

S _S 1
04 [
N—N ,B 4
HO” O OMe HO” ~O
COzH CO2H CO,H CO,H CO,H
RPX7546 RPX7388 QPX7609 QPX7610 QPX7614
MIC (ug/mL) of BLI in presence of stated amt
of B-lactam (B-L)
: : MIC B-L | B-L amt
Organism Strain BL Class| B-L alone | (ug/mL) 7546 7388 7609 7610 7614
K.pneumoniae, KP1009 |CTX-M-15| A | ATM | >128 4 2.5 20 2.5 0.6 0.6
E. coli ECM6625 SHV-5 A | ATM  >128 4 0.3 20 5 0.6 0.6
E. coli ECM6619 | TEM-10 A | ATM 128 4 2.5 10 0.08 0.08 0.08
K. pneumoniae, KP1004 KPC-2 A |ATM | >128 4 1.25 0.6 0.16 0.16 0.16
E. cloacae ECL1002 | chAmpC C |ATM 64 4 10 5 1.25 0.3 0.16
P. aeruginosa | PAM 2035 | A C | ATM 64 4 10 0.6 0.3 1.25 0.6
A. baumannii AB1053 |/OXA-72\| D | MP | 64 8 >20 >20 1.25 | /0.6\ | 25
A. baumannii AB1054 OXA-23 D MP 64 8 >20 20 2.5 0.6 2.5
K. pneumoniae, KP1081 \ NDM-1 J B BP 16 1 0.3 1.25 1.25 0.6 0.6
K.pneumoniae, KP1054 \VIM-1/| B | BP 16 1 0.3 10 20 0.6 5
N—~ ) —

Abbreviations: B-L, beta-lactam; ATM, aztreonam; MP, meropenem; BP, biapenem
O‘ QPEX BIOPHARMA

64



QPX7610: Almost a Development Candidate

» Great compound — until we did PK in monkeys
»Product of oxidative deboronation is a long-lived metabolite

HO
[O]
—
Ho" ™0 OMe HO OMe

CO,H CO.H
QPX7610 M1

Pharmacokinetics of RPX7610 after a 30 mg/kg 15 min IV Infusion in Cynomolgus Monkeys

=0~-QPX7610 30 mg/kg =9~QPX7610 Metabolite M1
4, 1000.00
[
e
I 100.00
c
© 71'10.00
© 51000 ¢ ——o—
8 £ 1.00 T -
g .
& 010 —
[} 0 5 10 15 20 25

O Time(hours)
® QPEX BIOPHARMA
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Next:

Block Oxidative Metabolism

»Oxidative deboronation had not been an issue with previous analogs substituted
next to the boron atom

» Therefore, we sought to introduce carbon substitution near boron

MIC (pg/mL) of BLI in presence of B-lactam (B-L)
z NZ o HO
Organism BL | Class | o°Bo oMe | ho B oMe | HO™BYo Ho B0 ho o OMe
CO,H CO,H CO,H CO,H CO,H
E. coli TEM-10, A 20 1.25 >20 >20 >20
E. cloacae AmpC C 10 0.3 20 >20 20
A. baumannii | OXA-23| D >20 5 >20 >20 >20
K. pneumoniae |[NDM-1, B >20 5 1.25 10 >20
HO.
Organism BL | Class Ho B0 OMe| 0B OMe Ho"™o OMe | horBao OMe Ho B0 OMe
CO,H CoH Chn COH COH

i 4 N
E. coli TEM-10| A >20 10 >20 5 0.3
E. cloacae AmpC C 10 10 10 2.5 0.3
A. baumannii |OXA-23| D 10 10 >20 2.5 1.25
K. pneumoniae |[NDM-1| B 2.5 10 10 2.5 L 0.6 y

O‘ QPEX BIOPHARMA
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Cyclopropyl is the Best

»"“Alpha” (down) stereochemistry is consistently better

MIC (pg/mL) of BLI in presence of B-lactam (B8-L)

g,

=7
0

Organism BL OMe | HO"P~0 OMe HO” O Ho B0
CO,H CO,H CO,H CO,H
E. coli TEM-10 0.6 0.08 5 0.16
E. cloacae chAmpC 1.25 0.3 10 0.3
A. baumannii OXA-23 1.25 1.25 20 10
K. pneumoniae NDM-1 0.6 0.3 1.25 0.6
g2 I X g2 I X
Organism BL Class Ho B0 HO’B‘O E Ho B o7 NP N B‘o ~N
CO,H CO,H CO,H CO,H
. 4 )
E. coli TEM-10 1.25 0.16 5 0.3
E. cloacae chAmpC 2.5 0.6 20 5
A. baumannii OXA-23 10 1.25 10 1.25
K. pneumoniae NDM-1 5 L 0.6 Y 20 2.5

O‘ QPEX BIOPHARMA

QPX7728




Structural Biology of QPX7728

»1n all cases, the nucleophilic moiety is covalently bound to the boron atom
« For KPC-2 and OXA-48, it is the serine hydroxyl
« For NDM-1 and VIM-2, it is the catalytic water molecule

kpc2 | /L
(1.30 A)
NDM-1
(1.05 A)
O‘ QPEX BIOPHARMA

S. J. Hecker, et al., “Discovery
of QPX7728, an Ultra-broad-
spectrum Inhibitor of Serine and
Metallo Beta-/actamases.”J Med
Chem 2020;63:7491-7507.

OXA-48
(1.80 A)

VIM-2
(1.20 A)

Yu Chen
Orville Pemberton
(Univ. of S. Florida)




Comparison of Inhibition of Purified Beta-lactamases in Cell-Free Preparations
Xeruborbactam has the broadest spectrum of inhibition of Class A-D serine and metallo enzymes

K; (nM) of inhibition of nitrocefin hydrolysis

KPC-2 A

CTX-M-14 A -
CTX-M-15 A -
SHV-12 A -
TEM-10 A -
P99 C -
OXA-48 D +
OXA-23* D +
NDM-1 B +
VIM-1 B +
IMP-1 B +

ESBL, extended spectrum beta-lactamase; CP, carbapenemase Reference:Tsivkovski & Lomovskaya, Antimicrobial Agents and Chemotherapy 2020; €00130-20

*The most prevalent carbapenemase from carbapenem-resistant Acinetobacter (Data for taniborbactam and durlobactam unpublished)

@‘QPEX BIOPHARMA 69


https://pubmed.ncbi.nlm.nih.gov/32868334/

g,

Microbiology of QPX7728 I

HO” ~O F
CO,H
QPX7728

»QPX7728 combinations with different beta-lactam partners each show advantages

MICy, (ng/ml)

Organism :'::a.i:];
FEP FEP-QPX CZN CZN-QPX MEM |MEM-QPX] CAZ-AVI IVIEM-VAB
N Y
All Enterobacterales | 1015 >32 0.25 >32 8 >32 0.125 >32 >32
ESBLs (No CRE)* 507 32 0.03 >32 0.125 0.03 0.5 0.06
CRE KPC 157 >32 0.25 >32 >32 0.125 4 2
CRE OXA-48| 150 >32 0.5 >32 >32 0.125 1 >32
Non-CP CRE* 51 >32 0.5 >32 16 0.25 2 4
CRE MBL (NDM, VIM)| 150 >32 1 >32 >32 L 2 ) >32 >32
Carbapenentres. 503 >32 32 >32 >32 4 >32 >32
A. baumannii
P. aeruginosa 500 32 8 4 16 8 4 16

Abbreviations: FEP, cefepime; CZN, ceftolozane; MEM, meropenem; CAZ-AVI, ceftazidime-
avibactam; MEM-VAB, meropenem-vaborbactam.

O QPEX BIOPHARMA



Ultra-Broad-Spectrum: Broad Combinations with Xeruborbactam (QPX7728)

In Vivo Efficacy in Neutropenic Mouse Thigh Infection Model

» Carbapenem-Resistant K. pneumoniae KP1096; Humanized Beta-lactam Dosing (Sabet et. al. Antimicrob Agents Chemother 2020;64:11(November)

Aztreonam Biapenem

: Beta- MIC (mg/L) MIC (mg/L)
10.0 Strain Lactamases

Cefepime Ceftazidime Ceftolozane Meropenem
MIC (mg/L) MIC (mg/L) MIC (mg/L) MIC (mg/L)

Alone | QPX7728 Alone | QPX7728 Alone QPX7728 Alone QPX7728 | Alone | QPX7728 | Alone QPX7728

KPC-2, TEM,

KP1096 >64 0.25 >64 0.13 >64 1 >64 1 64 1 >64 0.5
SHV-11
9.0
(QPX7728 at 8 mg/L)
8.0
<
2
=
= 70
)
LL
@)
S
9 6.0
5.0 | = o1 |
4.0
Aztreonam 150 Aztreoanm 150 Biapenem 100 Biapenem 100 Cefepime 150 Cefepimel50 Ceftazidime 300  Ceftazidime 300 Ceftolozane 150 Ceftolozane 150 Meropenem 300 Meropenem 300
mg/kg mg/kg + QPX7728 mg/kg mg/kg + QPX7728 mg/kg mg/kg + QPX7728 mg/kg mg/kg + QPX7728 mg/kg mg/kg + QPX7728 mg/kg mg/kg + QPX7728
12.5 mg/kg 12.5 mg/kg 12.5 mg/kg 12.5 mg/kg 12.5 mg/kg 12.5 mg/kg

QPX7728 potentiates multiple beta-lactam antibiotics in
O Vivo against carbapenem-resistant K. pneumoniae
QPEX BIOPHARMA



Why Is QPX7728 So Good?

»Small size: MW 222

~B<
HO (@) F
»Polar: logD @ pH 7.4:-2.85 COH
»Reduced effect of porins and efflux QPX7728
- Meropenem MIC ml
Strain OmpK35 | OmpK36 | AcrAB Beta P (kg/mi)
lactamase|  Alone + VAB + QPX7728
KPM1271 | Wild type | Wild type | Wild type | KPC-3 16 <0.06 <0.06
KPM2631 |, O Non- f\yiid type | KPC-3 256 8 0.25
functional functional P |
Non- Non- Up-
KPM2965 . . KPC-3 256 16 0.5
functional | functional | regulated

O‘ QPEX BIOPHARMA
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QPX7728 Human Plasma PK Profile (Total drug)

Mean QPX7728 Plasma Concentrations Following a 250, 500, or 1000 mg 3-
hour IV infusion to Healthy Subjects

136

128 Dose mg 250 500 1000
~ 120 AUC hr*mg/L 659.42 1346.82 1854.45
® o, T1/2 hr 11.35 14.84 11.22
< 1o 0 —e—250 mg Cmax me/L 36.80 58.70 104.57
T o e CL L/hr 0.38 0.37 0.54
g 9 © me AUMC | hr*hr*mg/L| 11785.96 | 30856.12 | 32799.68
< w0 e —0—1000 mg MRT hr 16.37 21.41 16.19
= o Vss L 6.21 7.95 8.73
§ 72 ¢ Q
z 64 ?

o]

Q56

S .
(e}

40

32 ? .

iy ; « Plasma half-life 12-14 hrs

6 T . ~24 hrs with longer sampling

o B —2 « Human protein binding is ~90%
0 O
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00

Time (hr)

David C. Griffith, et al., “A Phase 1 Study of the Safety, Tolerability, and Pharmacokinetics of the
Beta-Lactamase Inhibitor QPX7728 [xeruborbactam] Following IV Dosing in Healthy Adult
O Subjects.” 32nd European Congress of Clinical Microbiology & Infectious Diseases, Lisbon, 2022
® QPEX BIOPHARMA



Selection of Oral Prodrug QPX7831

, R-Cl
Nat | K,CO3, K
R ;
|
HO 0 F  DMF,50°C
0“0 Na*

QPX7728 Disodium

»Numerous prodrugs synthesized and evaluated in vitro for
half-lives (min) in human serum (HS) and human liver
microsomes (HLM)

 Surprisingly low cleavage in HS, but several compounds rapidly
cleaved in HLM

» Selected compounds followed up in
* LM from multiple species
* PK in rat, dog and monkey
* Crystallinity studies of sodium salts
»QPX7831 emerged as the winner
» ~100% oral bioavailability in rat and monkey; ~60% in dog

O QPEX BIOPHARMA

QPX7831 Sodium

“Selection of QPX7831, an Orally Bioavailable Prodrug of Boronic Acid
B-Lactamase Inhibitor QPX7728,” J. Med. Chem., 2021, 64, 17523.

Cpd 1 HS | HLM | Cpd 1] HS  HLM
o a
2 >3] 8 11 =60 | =30
J{“'DJ-L ""'?"D“J'L‘GEt
] 0
) ] =
3 bab\ 60 28 | 12 R‘a'll‘gfl\ NT | =30
a o
4 =60 | 14.3 13 =60 | 27
XNy e A
Q o)
5 .-rk\u)"\r =i g 14 }F\D’U\UWDML- il =30
(9] a
6 39 NT 15 24

1

=30

=30

=30

=30

16

17

#‘GJLC,WGAE =30

=30

=30
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Pharmacokinetics of QPX7728 following 100, 200, 400, 600, 800, and 1000 mg Oral doses
Administered as the Prodrug QPX7831 (145-1450 mg doses) in Normal Human Subjects

100.0

10.0

QPX7831
Prodrug
Dose (mg)

Plasma Concentration (mg/L)

=
o

145 mg PO
290 mg PO
580 mg PO

870 mg PO
1160 mg PO

1450 mg PO
0.1
0 12

"' QPEX BIOPHARMA

QPX7831
Cmax
(mg/L)

15
2.7
4.1
2.6
4.1

QPX7831
AUCO-lZO
(mg*hr/L)

11
2.3
3.3
4.2
5.3

24

QPX7728
Dose (mg)

100 mg PO

200 mg PO
400 mg PO
600 mg PO
800 mg PO
1000 mg PO

36

QPX7728 QPX7728
Cmax AUC 159
(mg/L) (mg*hr/L)

10.3

16.1 471

35.7 1097

50.7 1321

59.9 1755

80.4 2235
48

—@—QPX7728 100 mg from QPX7831
—e—(QPX7728 600 mg from QPX7831
—o—QPX7831 145 mg PO
—e—(QPX7831 870 mg PO

—-QPX7728 200 mg from QPX7831
—e—(QPX7728 800 mg from QPX7831
—=—QPX7831 290 mg PO
—e—(QPX7831 1160 mg PO

§~

60
Time (hr)

\§
\\

80-100% oral bioavailability

—A—QPX7728 400 mg from QPX7831
—e—(QPX7728 1000 mg from QPX7831
—A—QPX7831 580 mg PO
—e—(QPX7831 1450 mg PO

Long half-life consistent with once-daily dosing

96 108 120
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Summary: Competitive Analysis of Beta-lactamase Inhibitor Combinations
(JMI Studies: 20-QPX-04)

In Vitro (MICg, /MICy,) Activity of Various Combinations Based on Side-by-Side-Comparisons

Enterobacteriaceae Non-Fermenters

Acinetobacter

Carbapenem-R
(N=506)

Tazobactﬁm/ Ceftolozane 05/8 64 | >64 64 | >64 >64 | >64 05/4 >64 / >64
(Zerbaxa™; Merck)
Avibactam / Ceftazidime 0.25/ 1 1/2 1/2 >32 / >32 2/8 32/>32

(Avycaz™; Allergan / Pfizer)

vaborbactam / Meropenem <0.03/<0.03  <0.03/0.5 16/ 32 64/ >64 0.5/16 >32/>32
(Vabomere™; Melinta)
Relebactam/ Imipenem

(Recarbrio™; Merck) 0.125/0.5 0.125/0.5 32/>32 0.25/2 >32 [/ >32
Taniborbactam / Cefepime <0.06 / 0.25 025/ 1 1/4 G e “25 /530

Inhibitor Combo ESBLs CRE/KPC CRE/OXA-48 | CRE/Metallo Pseudomonas

(N=520) (N=195) (N=96) (N=168) (N=506)

(Investigational; Venatorx)

Durlobactam / Sulbactam

S _ . not tested not tested not tested not tested not tested 1/2
(Investigational; Entasis)
éi’;i)borba“am [Meropenem  <403/<0.03  <0.03/0.06  <0.03/0.125 <0.03 /1 0.25/8 05/4 ‘

O@ QPEX BIOPHARMA
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Emerging Resistance to Cefiderocol

In Vitro Activity of Cefiderocol
(FDC) Alone or with
Xeruborbactam (XERU) against:

Review

Cefiderocol: Systematic Review of Mechanisms of Resistance,
Heteroresistance and In Vivo Emergence of Resistance

Stamatis Karakonstantis %*(), Maria Rousaki % and Evangelos 1. Kritsotakis 3

Antibiotics, 2022, 11, 723

»Numerous reports of in vivo emergence of resistance
during treatment

» Co-expression of multiple B-lactamases, often in

combination with permeability defects, appear to be the
main drivers

» Especially NDM, KPC and AmpC variants conferring resistance to CAZ/AVI,
OXA-427, PER- and SHV-type ESBLS), porin mutations, mutations affecting
siderophore receptors, efflux pumps and target (PBP-3) modifications

No B-lactam should be developed without a
B-lactamase inhibitor to protect it!

O@ QPEX BIOPHARMA

Carbapenem- Resistant A. baumannii (CRAB)

with Cefiderocol MICs 2 2 ug/ml

FDC +
FDC XERU (8)
ALL (CRAB with FDC MIC= 2 pg/ml) , N=131
MIC,, 16 0125
MIC,, >64 2
PER Beta-lactamase Producers (N=36)
MIC,, >64 0125
MIC,, >64 05
NDM Beta-lactamase Producers (N=17)
MIC,, 16 <0.06
MIC,, >64 2

Carbapenem Resistant Enterobacterales
with Cefiderocol MIC 2 4 pg/ml

FDC +
FDC XERU (8)
All (CRE with FDC MIC= 4 pg/ml), N=82
MIC,, 16 =0.06
MIC,, 64 05
NDM Beta-lactamase Producers (N=55)
MIC,, 16 =0.06
MIC,, 64 0.5




Conclusions

H

H
N N S 5
R =YL & T
%Lo®No HO ~O F OMe HO™™~0
CO,H c:o2

'L

COzH COZ COzH
Lead compound RPX7323 RPX7546 QPX7610 QPX7728
I.Reduced ) Potelr:t OXA enfzymes Metabolically
oligomers an me’.ca. o) | o) stable
efflux activity Acinetobacter

» Status of QPX7728 (xeruborbactam): Phase 1 completed

» Multiple-dose results to be presented next Thursday, October 20
at ID Week in Washington, DC (Poster #216)

D.C. Griffith, et al., A Phase 1 Study of the Safety, Tolerability, and Pharmacokinetics
of Multiple Doses of the Beta-lactamase Inhibitor Xeruborbactam Alone and in
Combination with Meropenem in Healthy Adult Subjects
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Today’s speakers

Drug discovery strategies: Focusing on
synthetic compounds and natural products

Scott Hecker
Senior Vice President, Chemistry and
= Chemical Development

[ ‘” ~ Qpex Biopharma (USA)

Heike Brotz-Oesterhelt

Chair of Dept. “Microbial Bioactive Compounds”,
Interfaculty Institute of Microbiology and Infection
Medicine

University of Tuebingen (Germany)

Moderator:

Kim Lewis

Northeastern University Distinguished Professor
Director, Antimicrobial Discovery Center (USA)




Join us for our next webinars

8 November, 17:00-18:30 CET 13 December, 15:30-17:00 CET

Regulatory aspects of risks and safety in the Influence of biological sex in infectious
clinical development of antibiotics disease

Speakers: Speakers:

« Enrica Alteri, former Head of Division EMA « Molly Ingersoll, INSERM, Institut Pasteur

« John Alexander, Deputy Director, Division of « Sabra Klein, The Johns Hopkins Bloomberg
Pediatrics and Maternal Health, Center for Drug School of Public Health
Evaluation and Research, US FDA

Moderator: Moderator:

« Radu Botgros, EMA * Neeloffer Mookherjee, University of Manitoba
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