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First Inklings of Success

* In 1910, Paul Ehrlich and Sahachiro Hata found
arsphenamine (Salvarsan, #606) for syphilis.

« More than 100 FDA approved antimicrobials since




Antibiotic Sources

75% of antimicrobials
are natural products

Natural products are
chemicals made by
plant, animal or microbe

Different from synthetic
molecules by having an
evolutionary history



Alexander Fleming

Discovered penicillin in
1928

However, couldn’t reliably
make and purify enough
penicillin for clinical use



Natural Product
Antibiotic Discovery Pipeline
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Traditional Product
Discovery

Non-biased bioprospecting
of soil bacteria now results
in 99.5% rediscovery rate

Daptomycin from 1M strain
screen






Nature Product Potential

Aminoglycoside
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Unexpected Source
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Evidence for Ancient Association







Our studies have identified 100s novel antibiotics from
1000s symbiotic antibiotic producing strains

100- to 1000-fold greater hit rate than historical industry

approach

>10 MILLION INSECT, MARINE SPECIES, and
MAMMALIAN SKIN MICROBIOME CONSTITUENTS




Symbiotic Discovery Hypothesis
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History: How Has Industry Looked?

Traditional natural product discovery = non-biased
bioprospecting of soil bacteria

Screening broth culture supernatant fractions for
antimicrobial activity

Selman Waksman
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Genome-based Natural Product Discovery

DNA -M—> RNA ~A—>  Potein  ~AM>  Natural Product

Genes involved in biosynthesis of NPs are spatially
clustered on bacterial genomes.

Searching genomic space for enzyme signatures reveals the
comprehensive biosynthetic potential of an organism.

Novelty can be assessed from genomic predictions.
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Biosynthetic Potential of Insect Streptomyces
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Biosynthetic Potential of Insect Streptomyces

Full-lengh BGCs

e —
(=] o =

Gordonia sp. SID5947

8. sp. M39 SIDE386

. &p. DvalAA-2] SID5840

. scabrisporus DSM 41855

. cattleya NRRL 8057

. Aimosus ATCC 10970

. sp. MspMP-M5 SIDE354

, ceflplofavus NRRL B-2493

sp. ISID311

sp. ScaeMP-e06 51049951

sp. LaPpAH-202 SID&E371

albus 1074

sp, AmelKG-E11A SID4919

sp. PSTRAM-137 SIDB36T

bottropensis ATCC 25435

sviceus ATCC 29083

avermitiiis MA-fo80

rebiculi TUE4S

sp. PsTaAM-130 SIDB366

sp. Amel2xE9 SIDA3R1

chartreusis NRRL 12338

=p. AmelKG-F2B SIDB352

. coeﬂca!ur.ﬂ.;(}é
venezuelae ATCC 10712

sp. DvalAA~42 SID4936

sp. AtexAB-D23 SID491 3

sp. La H-95 SID4923

sp. KhCrAH-340 SID4920

ﬁn. KhCrAH-337 SIDB373
avogriseus ATCC 33331

sp. OspMP-Md45 SIDG925

sp. DpondAA-B6 SID4912

sp. SraeMpPe] 22 SIDEISE

sp. DpondAA-F4 SID4939

sp. DpondAA-AS0 SID8360

sp. DvalAA-8F SIDB3ST

sp. SirexAA-E SIDT

sp. LaPpAH-199 SIDB3569

roseaspurus NRRL 15998

griseus griseus MBRC 13350

sp. MnatMP-M77 SIDB 364

. griseus XyelbKG-1 SID4928

sp. ScaeMPel( SID5S554

sp. ScaeMPe83 SID4937

. Sp. AmelKG-4AF SID83 74

. sp. CcalMP-BW SIDE356

. 5p. SolWspMP-soi2th SIDE359

. 5p. AmelKG-D3 SIDE350

Jejwis @

SJDg UMoUy 0} AjLIe[IwIS

N.LI At

\-—r132

MYA

Juabisanig @

@ clade 1
. Insect '. Clade Il

B Soil &
Public

paziiajoeseyoun [

L innbbirhnbbbhhhnbhiihhnbhiinbnbninnnn b nnnn b

r= = e e T




Machine Learning Enabled
Genome Dereplication

WGS of each strain is then Dereplication of Genomes

dereplicated using a software skDER/dRep IsaBGC-cluster
program we developed called Biotyper BiG-Scape
skDER76.

Genomes are analyzed by
antiSMASH to annotate biosynthetic
gene clusters

Structural prediction performed based
on conserved protein domains or
deepBGC, an Al-driven tool to detect
additional noncanonical BGCs.




Scores for Strain Loadings of Molecules

Cyphomycin e ®
producer .

EE.} Cyphomycin



Rich and Untapped Source
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Rich and Novel Source
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Machine Learning Enabled
Structural Dereplication

Extract structural
Information from MS2
fragmentation into
fingerprints

Trained neural network Bioactivity Classification of Natural Products

model to learn the
fingerprints of classes for
enhanced dereplication

Using LC-MS/MS Metabolomics

Classification:
Polyene Macrolide Machine Learning Molecular Fingerprint

Exhibited 98% accuracy on
polyene antifungals



Where We Are Looking
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High Rate of Antifungal Activity

n=188 (4.3%) n=1323 (7.1%) n=582 (1.4%) n=1393 (2.6%) n=276(8%) n=76 (2.6%) n=154 (8.4%)
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Chevrette, ef a/. Nat Commun 2019



In vitro Activity Against Drug Resistant
Pathogens and Human Cell Safety

Drug Resistant Microbial Targets
Candida glabrata 4720 (FKS2 HS1 mutation S645P)

Candida auris B11211 (azole, AmB, candin resistant)

Compound Hit #
718




Antifungal Safety and Efficacy in In vivo
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Chemical Genomic
Dereplication

e Using 310 DNA-barcoded knockouts (Diagnostic
set)

* Optimized for 384 well and semi-automated

* Also mapping sensitive knockouts using cell map
(Right)

e Using CG-TARGET to identify likely cellular
processes that are affected

Cell Map: Constanzo, Boone, et al. (2016) Science, 353, 6306
BEAN-COUNTER: Simpkins, Meyers et al. (2019) Nat. Prot. 14, 415-440
CG-TARGET: Simpkins, Meyers et al. (2018) PLoS Comput. Biol. 14, e1006532.
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Antifungal Lead Progress
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Selvamicin

SYMBIONT MICROBE MDR Human
Pseudonocardia Fungal Pathogen

Van Arnam et al Proc Natl Acad Sci 2016 SelvamiCi N
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HOST
Atine Ant

MDR Human
Fungal Pathogen

SYMBIONT MICROBE
Pseudonocardia

Emax 3.0
ED50 0.59
N 0.48

R20.79

— 83:2?5?: MTD > 160 mg/kg

—= C auris

Log10 CFU/Kidneys
Log1q CFU/kidneys

fCmax/MIC

Selv 4 mgkg
Mica 4 mgkg
Fluc 4 mgkg

LAmB 1 mgkg

Selvamicin



A Novel Mechanism of Action?

selvamicin

Ky~ 19 uM

Nystatin =1 Selvamicin

Isothermal Calorimetry Titration Assay



A Novel Mechanism of Action

~No drug (DMSO) Selva (80 ug/ml)
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ANTIFUNGAL DISCOVERY

A marine microbiome antifungal targets
urgent-threat drug-resistant fungi

o

Drugs from bugs in creatures of the sea

A bacterium from the sea squirt microbiome makes a natural product with antifungal activity

Zhang et al., Science 370, 974-978 (2020) 40



Turbinmicin — A New Antifungal

Ecteinascidia turbinata

Target Pathogen

C auris B11211

C glabrata 4720
A fumigatus 11628

Zygomycetes (N=5) -
Scedosporium spp (N=1) - |
Fusarium spp (N=3) 1

A. fumigatus (N=5) 4

C. auris (N=10) -

C. tropicalis (N=5) 4

C. glabrata (N=5) 1

C. albicans (N=5) -

T T — r r T
0.125 0.250 0.500 4.000 6.000 8.000

Minimum Inhibitory Concentration (pg/mil)



Turbinmicin MOA

4 ug turbinmicin/reaction/well

DMSO _Benomyl MMS 1 2
[ |

b

DMSO Benomyl MMS

@©SEC14
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SEC14® gsECi4e SEC140

2 3 4 5
Turbinmicin concentration (ug/mL)

SC DAmP Library



Turbinmicin MOA - Insilico Docking

43



GFP-Sncl
Sec7-MARS

Turbinmicin MOA — Vesicle
Trafficking Cell Biology

DMSO 3 ug/ml turbinmicin
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Turbinmicin — Safe In vivo

Ecteinascidia turbinata

100 { Hemolysis ..
No C. elegans toxicity

at highest concentration
tested (>100 times MIC)

80 1

60 1

40 A

Inhibition (%)

20 1

-20

1e'-4 1e'-3 le'—2 1e'-1 1e'+0 1e'+1 1e'+2 MaXimaI TOIera ted
Concentration (ug/mL) DOSE S 256 mg/kg
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Turbinmicin — Safe and Potent In vivo

Ecteinascidia turbinata Micromonospora sp. y
75 7
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Turbinmicin Progress and Development

MNational Institute of
Allergy and
Infectious Diseases

a. Attempted sites of Representative Analog R group
chemical modification turbinmicin analogs 1 -
T ‘ RO1AI167/883
) » Lead selection
T24 # 2 * Preclinical PK/PD

L)
28]

0" o

« Preclinical Safety
« Large scale production

|

0

b.
N
(ng/mL)
Turbinmicin <0.10 0.25

T6 ND >4

T11 4.4 0.05

T24 0.69 0.25

T25 1.2 0.25

T26 60 0.03

-~

Log, ,CFU/Kidney




Skin & the microbiome
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Skin Symbiont Antimicrobial Production
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Aurimycin
m/z 256.135
C16H18N02

Helcobacillus massiliensis

C. albicans, C. auris, C. glabrata, C. neoformans
MIC range 0.25-2 pg/ml

C. auris CFU/mL

0.125x 0.25x  0.5x

Concentration X MIC (1 ug/ml)



Aurimycin — Safe and Efficacious

Hemolysis

C. auris

Control 20 mg/kg 40 mg/kg

MTD > 640 mg/kg



Aurimycin — Vesicular Transport Signhature

String DB pathway analysis: supports MOA targeting Golgi vesicle transport
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100s
antibiotics/antifungals

A w antibiotics/antifungals

5 lead compounds
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