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Type them into questions box!

“Why am I muted?”
Don’t worry. Everyone is muted 
except the presenter and host. 
Thank you and enjoy the show. 

Have Questions?

Contact ACS Webinars ® at acswebinars@acs.org

2Contact ACS Webinars ® at acswebinars@acs.org

@AmericanChemicalSociety

@AmerChemSociety

https://www.linkedin.com/company/americ
an-chemical-society

@AmerChemSociety
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Check out the Archive!
An ACS member exclusive benefit

https://www.acs.org/content/acs/en/acs-webinars/videos.html

Hundreds of presentations from the best and brightest minds that chemistry has to offer are available 
to you on-demand. The Archive is divided into 6 different sections to help you more easily find what 
you are searching. 
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Learn from the best and brightest minds in chemistry! Hundreds of 
webinars on diverse topics presented by experts in the chemical sciences 
and enterprise.

Edited Recordings are an exclusive ACS member benefit and are made 
available once the recording has been edited and posted.

Live Broadcasts of ACS Webinars  continue to be available to the general 
public on  Tuesdays, Wednesdays, and Thursdays from 2-3pm ET!

A collection of the best recordings from the ACS Webinars Archive will be 
broadcast on Mondays and Fridays from 2-3pm ET!

®

www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/videos.html
http://www.acs.org/acswebinars
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https://www.aaps.org 

Members of the American Association of Pharmaceutical Scientists (AAPS) gathered during 
the 2013 AAPS Annual Meeting and Exposition to discuss why they chose a career in 
pharmaceutical sciences and how AAPS has helped foster their journey. The I Am AAPS video 
series displays the diversity of AAPS membership while exhibiting one common goal: to 
impact global health.
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Join the Division Today!

Find out more about the ACS MEDI Division! www.acsmedchem.org

For $25 membership ($10 for students), You Will Receive:

• A free digital copy of our annual medicinal chemistry 
review volume (over 680 pages, $160 retail price)

• Abstracts of MEDI programming at national meetings

• Access to student travel grants and fellowships

http://www.acsmedchem.org/
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Catch up on 2020’s Free Open Access Recordings!

Join Research Fellow Li Di of Pfizer as she discusses why design principles 
that increase passive permeability are effective approaches to increase oral 
bioavailability, enhance brain penetration, and reduce renal clearance. 
https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/passive-
permeability.html

Join Angela Zhou, an Information Scientist at CAS, as she provides an 
overview of published scientific information relevant to COVID-19 research 
with an emphasis on patents in the CAS content collection. 
https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/covid-19.html

Join Douglas Kell, Research Chair in Systems Biology at the University of 
Liverpool to discover how drugs pass through cell membrane solely by 
hitchhiking on membrane transporters and why so-called “passive 
diffusion” through any bilayer in real cells is negligible. 
https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/so-lute-
carriers.html
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www.acs.org/acswebinars

Free ACS Webinars Every Week!
Upcoming Broadcasts

https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/passive-permeability.html
https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/covid-19.html
https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/so-lute-carriers.html
http://www.acs.org/acswebinars
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This ACS Webinar is co-produced with ACS Division of Medicinal Chemistry, American Association of Pharmaceutical Scientists, and ACS Publications
10

www.acs.org/acswebinars

Nature’s Dirty Little Secret: The Diverted Total Syntheses of 
Rhizosphere Natural Products as Targeted Antibacterial Agents

Presentation slides are available now! Edited recordings are an exclusive ACS member benefit.

Bill Wuest 
GRA Distinguished Investigator & 

Associate Professor, Department of 
Chemistry, Emory University

Cassandra Quave
Assistant Professor, Department of Dermatology, Emory 

University School of Medicine; Assistant Professor, 
Center for the Study of Human Health, Emory College of 
Arts and Sciences; Curator, Emory University Herbarium

http://www.acs.org/acswebinars
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Nature’s Dirty Little Secret: Diverted Total Syntheses 

of Rhizosphere Natural Products as Targeted 

Antibacterial Agents

Bill Wuest
GRA Distinguished Investigator

Department of Chemistry
Emory University

@wmwuest

@WuestLab

Today’s Webinar Learning Objectives

At the end of this webinar you will be able to:

• List the “pros” and “cons” for broad-spectrum and narrow 
spectrum antibiotics

• Describe what the rhizosphere is
• Define diverted total synthesis
• Describe the type of research conducted in the Wuest Lab
• Propose a proteomics experiment
• Explain how promysalin elicits its narrow-spectrum response

12
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Rethinking Antibiotic Development

Penicillin

• Incredibly effective broad-spectrum agents with wide scope and usage

Erythromycin

Rossiter, S.E.; Fletcher, M.H.; Wuest, W.M. Chem. Rev. 2017 117, 12415
13

Jennings, M.C.; Minbiole, K.P.C.; Wuest, W.M. ACS Inf. Dis. 2015 1, 288
Jennings, M.C.; Buttaro, B.; Minbiole, K.P.C.; Wuest, W.M. ACS Inf. Dis. 2015 1, 304

Jennings, M.C.; Minbiole, K.P.C.; Wuest, W.M. ChemBioChem 2017 18, 1573

• These benefits come at a cost:
• Antibiotic resistance

BAC - Lysol

>50% of MRSA is 
resistant to BAC! 10x more potent

No resistance!

multiQACs

• Incredibly effective broad-spectrum agents with wide scope and usage

Rethinking Antibiotic Development

14
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Over 1/2 of our 
cells are bacteria!

Human Microbiomes

GutOral

What effects do these broad-spectrum agents have on these environments?

• These benefits come at a cost:
• Antibiotic resistance
• Collateral damage

• Incredibly effective broad-spectrum agents with wide scope and usage

Rethinking Antibiotic Development

15

• Weight Gain

• Humor

• Allergies

• Celiac Disease

• Baldness

Broad-spectrum antibiotics have been connected to which of 
the following? (Select all that apply)
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Collateral Damage of Broad-Spectrum Antibiotics

Cox, L. et al. Cell 2014 158, 705

Penicillin Azithromycin

10% more weight 
40% more fat

“Germ Free”

Obesity:

Antibiotics have also been connected to allergies, Crohn’s and Celiac Disease 

What if we instead focused on pathogen-specific agents?

This is why livestock are given low-dose antibiotics!
Antibiotic Usage in 2010
Humans: 70B daily doses
Livestock: 63B daily doses

17

Potential Benefits of Pathogen-Specific Agents

• Specific pathogenic bacteria are responsible for broad-spectrum usage
• Pregnancy: Group B Strep-(+) results in prophylactic antibiotic use

• Antibiotics used in 40% of pregnancies (20-25% in 1996) 
• Oral care: S. mutans causative agent for caries
• Cystic Fibrosis: 50% of patients have MRSA and/or P. aeruginosa

• Microbiome-bacteria mediated interactions within the host
• E. lenta inactivates Digoxin (heart disease) by selective degradation

Can we identify, and improve on, natural products that have been 
tuned for these specific purposes?

E. lenta

18
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Fe Fe
Fe

Rhamnolipids

Quorum Sensing

Antibiotics 

Rhizosphere Microbiome

Potential to discover narrow-spectrum Gram-negative agents with 
unique mechanisms of action!

Keohane, C.E.; Steele, A.D.; Wuest, W.M. Synlett 2015 26, 2739

Siderophores

19

Wuest Group Research Pipeline

Phase 1 Phase 2 Phase 3 Translation
“Proof of 
Concept”

“Analogs via
Diverted Total Synthesis”

“Mechanism 
of Action”

“De-risk for
Commercialization”

Ulbactin
Org. Lett. 2018

Honokiol
ACS ID 2018, 2019

w. Kozlowski

Carolacton
Org. Lett. 2015 (w. Phillips)

JACS 2017
ACS ID 2019

Elegaphenone
ACIE 2019
w. Sieber

Promysalin
JACS 2015, 2016, 2018

ACS ID 2018, 2020

Synthesis Biology Process/Med Chem

CD437
Nature 2018

ACS MCL 2019
w. Mylonakis

QACs
w. Minbiole

Bithionol
PNAS 2019

Anthracimycin
Org. Lett. 2020

w. Brimble

Antibacterial
Natural Products

C-di-GMP
RSC Advances. 2017

Cahuitamycin A
Submitted

Baulamycin
Org. Lett. 2018
OH

HO

OH

OH OH O

20
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Diverted Total Synthesis

Natural Product

Total
Synthesis

Advanced 
Intermediates

Building 
Blocks

Biosynthesis

Analog 
Development

X
DTSWilson, R.M.; Danishefsky, S.J. JOC 2006 71, 8329

Carolacton Baulamycins Cahuitamycins
Discoveries enabled by DTS:

OH
HO

OH

OH OH O

OH
HO

OH

OH OH

Simplified Analogs 
& Target ID

Identified the
Mechanism of Action Structural Reassignment

84% of approved drugs are 
derivatized natural products!

21

• Specifically targets PA14 (IC50 = 64 nM) and 
PAO1 (2 mM) over other bacteria

• Promotes swarming in P. putida
• Key unanswered questions:

• What is the absolute structure?
• Can we make simplified analogs?
• What is the mechanism of action?
• Why is the molecule species-specific?

Promysalin

Produced by P. putida
Targets P. aeruginosa

• “Ultra narrow-spectrum”: Species-specific inhibition

Rhizosphere Natural Products that Target Pathogens

Esterification

Asymmetric Allylation

Cross Metathesis; [H2]

Asymmetric Oxidation

Retrosynthesis:

Established, flexible chemistry that completely controls stereochemistry! 
De Mot, R. et al. Chem. Biol. 2011 18, 1320 22



28/07/2020

12

Efficient Total Synthesis of Promysalin

• 8 steps and 35% overall yield
• >500 mg and 30 analogs made

Steele, A.D.; Knouse, K.W.; Keohane, C.E.; Wuest, W.M. J. Am. Chem. Soc. 2015 137, 7314 23

Confirmation of Structure and Activity

PAO1 IC50

(2R,8R) 4.1

(2R,8S) 46

(2S,8S) 90

(2S,8R) 33

PA14 IC50

(2R,8R) 0.063

(2R,8S) 6.6

(2S,8S) 22

(2S,8R) 4.3

PAO1: (IC50 = NR) PA14: (IC50 = 1.8)

Inhibitory activity supported 
absolute confirmation

PP RW10S1 PP WCS358PP KT2440

DMSO

(2R,8R)

1H NMR confirmed 
relative stereochemistry

Inhibits the production of pyoverdine, a virulence factor but not growth!
Steele, A.D.; Knouse, K.W.; Keohane, C.E.; Wuest, W.M. J. Am. Chem. Soc. 2015 137, 7314 24
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Promysalin – The “Swiss Army Knife” for P. putida

P. aeruginosa

Growth

Antimicrobial!

P. putida

PyoverdineSwarming

Antivirulence!

Fe Fe
Fe

Quorum SensingSiderophores

Rhamnolipids
Antibiotics 

25

Fe Fe
Fe

Quorum SensingSiderophores

Rhamnolipids
Antibiotics 

Promysalin – The “Swiss Army Knife” for P. putida

Can we use diverted 
total synthesis to 
identify what is 

essential for bioactivity?

26
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Can we use diverted 
total synthesis to 
identify what is 

essential for bioactivity?

Promysalin – The “Swiss Army Knife” for P. putida
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Steele, A.D.; Keohane C.E.; Knouse, K.W.; Rossiter, S.E.; Williams, S.J.; Wuest, W.M. J. Am. Chem. Soc. 2016 138, 5833 
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Promysalin – The “Swiss Army Knife” for P. putida

0.06  

Target ID 
Probe
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0.03
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OH

Steele, A.D.; Keohane C.E.; Knouse, K.W.; Rossiter, S.E.; Williams, S.J.; Wuest, W.M. J. Am. Chem. Soc. 2016 138, 5833 

What is the target of promysalin? 
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• A siderophore transporter that shuttles iron

• A virulence factor that controls biofilm formation

• An essential enzyme in primary metabolism

• The ribosome

What do you think is the biological target of Promysalin?

Affinity-based Protein Profiling

Target ID Probe
0.25 mM

1) Probe +
Light

2) Lyse
3) Tag-N3

4) Pull-down
5) Analyze

Issues to Consider:
1) Non-specific binding 

Competitive Inhibitor
2) How to quantify and rank hits

Stable isotope dimethyl labeling

Probe

Inhibitor + Probe

Steps 2-4
5) Digest

s              ns              s

m/z

D Mass Shift = 4Analyze 
by HRMS

1) Compare differential
2) Run in triplicate

30
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Q9I3D7: Succinate dehydrogenase (C subunit)
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Q9I3D7: Succinate dehydrogenase (C subunit)
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A0A0H2Z8W2: Succinate dehydrogenase, cytochrome b556 subunit

A0A0H2ZL93: Dihydroorotase (DHOase)

Q02FT2: Polyribonucleotide nucleotidyltransferase

Q02T86: DNA-directed RNA polymerase subunit beta'
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A0A0H2Z8W2: Succinate dehydrogenase, cytochrome b556 subunit

Q02T86: DNA-directed RNA polymerase subunit beta'

A0A0H2ZL93: Dihydroorotase (DHOase)

Q02FT2: Polyribonucleotide nucleotidyltransferase

Proteomic Profiling of Promysalin in PAO1

Reproducibility
between 

experiments

SdhC: Quinone-oxidoreductase site of succinic dehydrogenase

Non-Specific Specific

Succinic 
Dehydrogenase

(SdhC)

Keohane C.E.; Steele, A.D.; Sieber, S.; Wuest, W.M. et al. JACS 2018 140, 1174 31

Proteomics Identifies Succinic Dehydrogenase as Target

Membrane
Domain

Heme

FeS

FAD

TCA Cycle

carboxin

antimycin A

penthiopyrad

CoQ

CoQH2

succinate

fumarate

Fungicides

promysalin

Can we use docking to identify where promysalin binds?

32
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E. coli PAO1 PA14 KT2440

E. coli 100.00 55.47 55.47 55.47

PAO1 55.47 100.00 100.00 84.38

PA14 55.47 100.00 100.00 84.38

KT2440 55.47 84.38 84.38 100.00

High sequence identity! 
Does not explain selectivity!

Computational Docking of Promysalin with SdhC

SAR Findings:
• Chirality Matters
• Ester Needed
• Phenol
• Alcohol Necessary?

Can we confirm target by selecting 
for resistant mutants?

with J. Karanicolas (FCCC)
33

promysalin

ubiquinone

What is the role of Sdh in TCA Cycle?
How does this explain the selectivity?

Sub-Inhibitory Dosing Provides Resistant Mutants

P = Promysalin; G = gentamicin (+ ctrl); D = DMSO ( ctrl)

Keohane C.E.; Steele, A.D.; Sieber, S.; Wuest, W.M. et al. JACS 2018 140, 1174 34
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Biochemistry 101: Primary Metabolism
Will feeding studies explain selectivity?

TCA Cycle
Aerobic

TSB Media Succinate

PA14

PAO1

PP
KT2440

PP
RW10S1

Toxic to PP including producing strain!
Keohane C.E.; Steele, A.D.; Sieber, S.; Wuest, W.M. et al. JACS 2018 140, 1174 35

Differences in Metabolism Drive Selectivity

Pyruvate

Entner-Doudoroff
Pathway

Anaerobic

TCA Cycle
Aerobic

Metabolism varies greatly between:
• PAO1 and PA14
• P. aeruginosa and P. putida

• Pseudomonas and others?
Current studies:

• Transcriptomics in P. putida – Effects metabolism and iron transport
• Develop a best in class compound – Synergistic w/ antibiotics?

Keohane C.E.; Steele, A.D.; Sieber, S.; Wuest, W.M. et al. JACS 2018 140, 1174
Giglio, K. M.; Keohane, C.E.; Steele, A.D.; Wuest, W.M.; Filiatrault, M. et al. ACS Infect. Dis. 2018 4, 1179 36
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Fe Fe

Fe

Promysalin modulates the rhizosphere microbiome

TCA cycle genes

promysalin producing genes

P. aeruginosa

PAO1 IC50

(2R,8R) 4.1

PA14 IC50

(2R,8R) 0.063

TCA
Resistant 

mutant

I205V sdhB mutation

P. putida RW10S1

• Inhibits growth

Targeting primary metabolism – new strategy!

• Co-regulate promysalin 
and TCA biosynthesis?

TCA

ED

P. putida KT2440

• Affects mobility
• Reduces virulence
• Increases efflux

Giglio, K. M.; Keohane, C.E.; Steele, A.D.; Wuest, W.M.; Filiatrault, M. et al. ACS Infect. Dis. 2018 4, 1179 
Shapiro, J.A.; Kaplan, A.R. Wuest, W.M. ChemBioChem 2019 20, 34 37

Collaborators
Stephan Sieber (TU-Munich)

Melanie Filiatrault (USDA)
John Karanicolas (FCCC)

Kevin Minbiole (Villanova)
Lefteris Mylonakis (Brown)

Margaret Brimble (Aukland)
Marisa Kozlowski (UPENN)

Graduate Students
Erika Csatary

Amber Scharnow
Maddie Dekarske

Anna Kaplan (NSF GRF)
Savannah Post (NSF GRF)

Ingrid Wilt (NSF GRF)
Ana Cheng (NIH F31)

Cassie Zaremba (NIH T32)
Ryan Allen

Adrian Demeritte
Andrew Mahoney
Christian Sanchez

Undergraduates 
Alex Kim

Carlos Ortiz
Britt Haney

Michelle Garrison
Renata Rivera

Caroline McCormack
Alejandro McDonald

Sai Mummareddy

@wmwuest
@WuestLab

scholarblogs.emory.edu/wuestlab

Funding

Postdoctoral Fellows
Dr. Justin Shapiro (NIH F32)

Dr. Wanli Zhang
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Catch up on 2020’s Free Open Access Recordings!

Join Research Fellow Li Di of Pfizer as she discusses why design principles 
that increase passive permeability are effective approaches to increase oral 
bioavailability, enhance brain penetration, and reduce renal clearance. 
https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/passive-
permeability.html

Join Angela Zhou, an Information Scientist at CAS, as she provides an 
overview of published scientific information relevant to COVID-19 research 
with an emphasis on patents in the CAS content collection. 
https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/covid-19.html

Join Douglas Kell, Research Chair in Systems Biology at the University of 
Liverpool to discover how drugs pass through cell membrane solely by 
hitchhiking on membrane transporters and why so-called “passive 
diffusion” through any bilayer in real cells is negligible. 
https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/so-lute-
carriers.html

40
www.acs.org/acswebinars

Free ACS Webinars Every Week!
Upcoming Broadcasts

https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/passive-permeability.html
https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/covid-19.html
https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/so-lute-carriers.html
http://www.acs.org/acswebinars
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This ACS Webinar is co-produced with ACS Division of Medicinal Chemistry, American Association of Pharmaceutical Scientists, and ACS Publications
41

www.acs.org/acswebinars

Nature’s Dirty Little Secret: The Diverted Total Syntheses of 
Rhizosphere Natural Products as Targeted Antibacterial Agents

Presentation slides are available now! Edited recordings are an exclusive ACS member benefit.

Bill Wuest 
GRA Distinguished Investigator & 

Associate Professor, Department of 
Chemistry, Emory University

Cassandra Quave
Assistant Professor, Department of Dermatology, Emory 

University School of Medicine; Assistant Professor, 
Center for the Study of Human Health, Emory College of 
Arts and Sciences; Curator, Emory University Herbarium

42

https://www.aaps.org 

Members of the American Association of Pharmaceutical Scientists (AAPS) gathered during 
the 2013 AAPS Annual Meeting and Exposition to discuss why they chose a career in 
pharmaceutical sciences and how AAPS has helped foster their journey. The I Am AAPS video 
series displays the diversity of AAPS membership while exhibiting one common goal: to 
impact global health.

http://www.acs.org/acswebinars
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Join the Division Today!

Find out more about the ACS MEDI Division! www.acsmedchem.org

For $25 membership ($10 for students), You Will Receive:

• A free digital copy of our annual medicinal chemistry 
review volume (over 680 pages, $160 retail price)

• Abstracts of MEDI programming at national meetings

• Access to student travel grants and fellowships
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Learn from the best and brightest minds in chemistry! Hundreds of 
webinars on diverse topics presented by experts in the chemical sciences 
and enterprise.

Edited Recordings are an exclusive ACS member benefit and are made 
available once the recording has been edited and posted.

Live Broadcasts of ACS Webinars  continue to be available to the general 
public on  Tuesdays, Wednesdays, and Thursdays from 2-3pm ET!

A collection of the best recordings from the ACS Webinars Archive will be 
broadcast on Mondays and Fridays from 2-3pm ET!

®

www.acs.org/acswebinars

http://www.acsmedchem.org/
http://www.acs.org/acswebinars
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ACS Webinars  does not endorse any products or services. The views 
expressed in this presentation are those of the presenter and do not 
necessarily reflect the views or policies of the American Chemical Society.

®

Contact ACS Webinars ® at acswebinars@acs.org 

46
www.acs.org/acswebinars

Free ACS Webinars Every Week!
Upcoming Broadcasts

http://www.acs.org/acswebinars

