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0 Where is the Webinar Recording?

www.acs.org/acswebinars

All Registrants ACS Members w/Premium Package
Watch the unedited recording Visit the ACS Webinars® Library
linked in the Thank You Email to watch the edited and

for 24 hours. captioned recording.
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ACS

A Career Planning Tool For Chemical Scientists & Chemistry forLie*

ChemlIDP is an Individual Development Plan
designed specifically for graduate students and
postdoctoral scholars in the chemical sciences.
Through immersive, self-paced activities, users
explore potential careers, determine specific skills
needed for success, and develop plans to achieve
professional goals. ChemIDP tracks user progress
and input, providing tips and strategies to
complete goals and guide career exploration.

https://chemidp.acs.org ¢
5
Career Consultant Directory R Chemistryforife”
Find a Career Consultant
Academia Government Industry
28 = =2
Nonprofit Independent Retirement
* ACS Member-exclusive program that allows you to arrange a one-on-one appointment with
a certified ACS Career Consultant.
* Consultants provide personalized career advice to ACS Members.
* Browse our Career Consultant roster and request your one-on-one appointment today!
www.acs.org/careerconsulting .
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ACS Bridge Program A 4 ﬁﬁfyw

Are you thinking of Grad School?

If you are a student from a group underrepresented in the chemical sciences, we
want to empower you to get your graduate degree!

The ACS Bridge Program offers:
» A FREE common application that will highlight your achievements
to participating Bridge Departments

 Resources to help write competitive grad school applications and
connect you with mentors, students, and industry partners!

Learn more and apply at www.acs.org/bridge

Email us at bridge@acs.org

ACS Scholar Adunoluwa Obisesan

BS, Massachusetts Institute of Technology, June 2021
(Chemical-biological Engineering, Computer Science & Molecular Biology)

“The ACS Scholars Program provided me with monetary
support as well as a valuable network of peers and mentors
who have transformed my life and will help me in my future
endeavors. The program enabled me to achieve more than |
could have ever dreamed. Thank you so much!”

e S R &~ C SCHOLARS
B A% PROGRAM

Donate today at www.donate.acs.org/scholars



http://www.acs.org/bridge
mailto:bridge@acs.org

10/18/23

"REACTIONS

PRODUCED BY THE AMERICAN CHEMICAL SOCIETY

GARE
[kt Y

= R ..Jil.‘!.':j,‘\i
8 CEOTHINY
& MATTERS s ELEGIRY) q

WHAT HAPPENS T0

RSPACE JUNK?

5 <
ACS 3¢ Sam Jones, PhD
Chemistry for Life® o Science Writer & Exec Producer
Looking for a new science podcast 9 e
to listen to? »  Deboki Chakravarti, PhD

Science Writer & Co-Host

T o N :rr * TO SUBSCRIBE
. visit http://www.acs.org/tinymatters or
MATTE RS scan this QR code
e:% N |

s Sociah

Check out Tiny Matters, from the American Ch Y

10


https://www.youtube.com/c/ACSReactions/videos

10/18/23

c&en’s
STEREO
CHEMISTRY

VOICES AND STORIES FROM THE WORLD OF CHEMISTRY

The sticky

o
TINY
MATTSRS,

n

e ol vy we

mach sugar

— ] Y-

cen.acs.org/sections/stereo-chemistry-podcast.html

ACS Career Resources

Virtual Office Hours

https://www.acs.org/careerconsulting.html|

Personal Career Consultations
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ACS Publications

7 Most Trusted. Mast Cited. Most Read

Most Trusted. Most Cited. Most Read. NEW & NOTEWORTHY

ACS Publications’ commitment to publishing high-quality content continues to attract impactful research that
addre the world’s most important challenges

Browse Content

: Material
All Subjects Noe's

Engineering

https://pubs.acs.org
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ACS OFFICE OF DEIR

Advancing ACS' Core Value of Diversity, Equity,
Inclusion and Respect
Resources
Inclusivity Style Guide ACS Webinars on Diversity
Inclusion**
ACS Publications DEIR Hub ACS Volunteer and ACS
Meetings Code of Conduct Equity** Diversity**
CAEN Trallblazers NEW! Download DER
Educational Resources
Quick Guide: Inclusion Quick Guide: How to host
Moments inclusive in-person events
https://www.acs.org/diversity
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ACS Advocacy <7 AC? Lfe*

See your influence in action!

The impact and results of ACS member advocacy outreach and efforts by the numbers!

1739+

Members participated ACS Advocacy
In Act4Chemistry Workshops participants
or enrollees

49 2000

Years of Public
Policy Fellows

Letters sent to
Congress

Get Involved Enroll in a workshop Become a Fellow Take Action

American Chemical Society https://Www_acs_orq/poﬁcy 15
15

ACS on Campus is the American Chemical ' ACS

Society's initiative dedicated to helping students ( )

advance their education and careers. CAMPUS

Get Published.
S s Wi Coulencn et sl U

Fi Leccrmung u bt wirer resewes and
rT—

Got Ahead
@ Deving your canse. st wih local professionsts.
T o 6 ey A TR

acsoncampus.acs.org
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ACS Industry
Member Programs

+ ACS Industry Matters

ACS member only content with exclusive
insights from industry leaders to help you
succeed in your career. #ACSIndustryMatters

Preview Content: acs.org/indnl

« ACS Innovation Hub LinkedIn Group

Connect, collaborate and stay informed about
the trends leading chemical innovation.

Join: bit.ly/ACSinnovationhub

CALL FOR PAPERS

Journal of

Medicinal ACSMedicinal emi
Chemistry  Chemistry-Letters) 6t5?83§°l

Exploring Covalent Modulators in
Drug Discovery and Chemical Biology

Learn More
]
&> ACSPublications
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Thursday, October 19, 2023 | 2-3:30pm ET Miercoles, 1 de Noviembre, 2023 | 2-3pm ET Thursday, November 16, 2023 | 2-3:30pm ET
A Bond Worth Forming: The Rise Microrobots que Limpian The Polymer Mechanochemistry
of Targeted Covalent Inhibitors Agua Contaminada of Self-Healing Materials
Co-produced with NCW and CAS, a division of the Co-produced with the Sociedad Quimica de México Co-produced with the ACS Division of Polymer Chemistry

American Chemical Society

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars
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THE §EALING P®WER

OF CHEMISTRY
([ October 15-211 2023 | #NationalChemistryWeek

ACS NATIONALT
Save 50% on v Chemistry for Life® CHE. STRY

ACS Membership
W|th Code NCW23' Offer is valid from Oct. 15 - 21, 2023, for new or upgrading members only.

Learn more at https://www.acs.org/membership.html
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W Say hello in the
questions window!
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The Healing Power of Chemistry:
Cutting Edge Antibiotic and Gene Therapy Research

by

JAYANTA HALDAR, PHD KARMELLA A. HAYNES, PHD CATHERINE GOODMAN, PHD

Editor-in-Chief, ACS Infectious Diseases and
Distinguished Professor, New Chemistry Unit
and School of Advanced Materials, Jawaharlal
Nehru Centre for Advanced Research

Associate Editor, ACS Synthetic Biology
and Assistant Professor, Wallace H
Coulter Department of Biomedical

Engineering, Emory University

Senior Asso ublisher,

American Chemical Society

is co-produced with National Chemistry Week, ACS Publications, and the ACS Di n of Medicinal Chemistry.
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Jayanta Haldar

Professor

Editor-in-Chief of ACS Infectious Diseases

Antimicrobial Research Laboratory

New Chemistry Unit (NCU) and

School of Advanced Materials (SAMAT)

Jawaharlal Nehru Centre for Advanced Scientific Research (JNCASR)
Bangalore, INDIA

Email: jayanta@jncasr.ac.in Twitter: @jayanta_amr

Web: http://www.jncasr.ac.in/jayanta

National Chemistry Week, ACS Webinar, October 18, 2023

Pursuit of Next-Generation Glycopeptides:
A Journey with Vancomycin

"
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ACS Infectious Diseases

Credit: Getty Images Plus - Link,
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Plan of the Talk

¢ Inherent and acquired resistance to glycopeptides

infections

¢ Glycopeptide antibiotics (Vancomycin) and mechanisms of action

¢ Next-generation glycopeptides to tackle resistance and complicated

24
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Antimicrobial Resistance (AMR) - Global Threat

Impact of AMR

#* 700,000 deaths annually
<+ 10 million deaths annually by 2050
< $100 trillion by 2050

Number of antibiotics approved

5, 9, 9,0, 0,0, 0,
Mimecnone #315% 4124% 450% iy Ry, %y, %, % 2 e 0, 0 2,
A s L ANres.  Webswis gonahosse Entwrcamctenacoss

218M+ -nlan«-"-: m oaths from antiiotic

Phus: 223,900 cases and 12,800 deaths from Clostrictioles dificile

Number of lnlihinlin
-

» Gap between the availability of new antibiotics
and increasing severity of AMR is threatening to
push the world towards a pre-antibiotic era.

if AMR is not
Haldar & coworkers J. Med. Chem. 2019, 62, 3184
tatkled now. Blair et al. Nat. Rev. Microbiol. 2015, 13, 42
www.paho.org, www.cdc.gov

https://amr-review.org/ .
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Vancomycin: A natural glycopeptide antibiotic

\(/\ oM
"t AP  Isolated: from soil bacterium
Amycolatopsis orientalis in 1952

«+» Approved: FDA 1958

W N/ = ‘
J\) VANCOMYCIN TEICOPLANIN

¢ DRUG OF LAST RESORT
<+ Used to treat: Gram-positive lethal bacterial infections such as Staphylococcal (MRSA), Enterococcal, Clostridium difficile
infections

<+ Diseases: sepsis, endocarditis, skin infections, bone infection, pneumonia, Clostridium difficile-associated diarrhea etc.

<+ Side effects: kidney damage and hearing loss

13
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Clinically approved Semi-synthetic glycopeptides

TELAVANCIN

Ho,
OH
o OH
P N e A ] o
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o

Approved in 2009

* Complicated skin and skin-structure
infections (cSSSi)

* Hospital-acquired and ventilator-
associated pneumonia caused by S.
aureus, enterococci & streptococci.

DALBAVANCIN
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Approved in 2014

¢ Acute skin and skin-structure

infections caused by methicillin-
susceptible and resistant S. aureus
(MSSA, MRSA), Streptococci and

vancomycin sensitive E. faecalis

ORITAVANCIN

Approved in 2014

Acute skin and tissue infections
caused by MRSA, MSSA,
Streptococci and vancomycin-
susceptible E. faecalis

Paramita Sarkar et al, Med. Chem. Commun., 2017, 8, 516

27

Css-Undecaprenyl
Phosphate

UDP-MurNAc-
pentapeptide

vu.  Lipidll

[

Gim 5. Gratamine
Gim
—ow _Gim 0. uTe

i Transporters/Flippases: FtsW, MurJ, AMJ

Gram-positive Coll Wall

Varki A et al. Essential of Glycobiology

Pepticio-

glycan
Cytoplasmic
Mombrane

Paramita et al. Med Chem
Commun 2017, 8,516 6

28
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Vancomycin: Mechanism of action

) -

b £ o8t o

Y

G N Acetyl Murami

S 1y Acetyl Ghucosamine (NAG)

4

cid (NAM)

<+ Vancomycin is a cell wall biosynthesis inhibitor

< It binds to D-alanyl-D-alanine (D-ala-D-ala) residues
on the end of the growing peptidoglycan chain

< This prevents the peptidoglycan chains from cross-
linking, which weakens the cell wall and makes the
bacterium more susceptible to lysis

i Pentapeptide{L-Als.D-Ghu-L-Lys-D-Ala-D-Ala)

[ ronspenfaion §
ranspep¥gd
¥

i& = Vancomycin

Transglycosylase ]

29

Concern of vancomycin resistant bacteria: Acquired resistance

3

P>

» Vancomycin-resistant Enterococci (VRE)

>

o3

o3

» Vancomycin-resistant Staphylococcus aureus (VRSA)

» Vancomycin-intermediate-resistant Staphylococcus aureus (VISA)

* VISA, VRSA — Thickening of cell wall
VRE, VRSA — Target peptide changes from D-
Ala-D-Ala to D-Ala-D-Lac or D-Ala-D-Ser

wors, O X! Original strain

“&\K\\;‘

o LY o
° Y ounu o
'Y Y NY®

Resistant strain

L-Ala
D-Glu
Llys o
D-Ala-D-Ala "'i‘"
Ka=1.1x105M1 D-Ala

L-Ala
D-Glu
L-Lys D-Ala-D-Lac
D-Ala

Ka=5x102 M1

|
D-Lac

<+ The binding constant decreases by ~1,000 fold

Lack of one Hydrogen bond and the presence of lone pair repulsions:

< The antibacterial activity decreases by more than 100-1,000 fold

Geetika et al.  Med Chem
2019, 62, 3184

30
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Gram-Positive Bacteria
(Staphylococcus aureus, Enterococcus faecium)

wall (Periplasmic region).

Varki A et al. Essential of Glycobiology (Book)

e Vancomycin is not active against gram-negative bacteria.

e Thisis because gram-negative bacteria have an outer membrane
(Lipopolysaccharide; LPS) that prevents vancomycin from reaching the cell

Gram-Negative Bacteria
(Escherichia coli, Pseudomonas aeruginosa)

VANCOMYCIN

Christopher Walsh, Antibiotics: Actions, Origin, Resistance (Book)

31

Challenges associated with bacterial

- Problem-2
Varki'A etal. Essential Intrinsic Resistance
of Glycobiology to Gram-negative
bacteria

Problem-3:

Adaptive resistance
(Persister bacteria)

20cwial counts (1o wcae)

Harms, et al. Science 2016, 354, 6318

(OM impermeability) '

Bacteria

Problem-1: = —_ o
Acquired resistance <
(VISA, VRSA & VRE) Liu et al., Front Microbiol 2020, 11, 563.
Problem-5:

Intracellular Infections

(Evasion from
antibiotics & host

immune response)

Challenges of
Complicated
Infections

Problem-4:
Biofilms are resistant to
antibiotics (Diffusion
barriers & metabolically
repressed cells)

Paramita et al. Med Chem Commun 2017, 8, 516 ; Conlon et al Nat Microbial 2016, 1, 16051

— cels

Lewis, Nat Rev Microbiol 2007, 5, 48

nfections & Drug resistance

Ferusted

10

32
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Glycopeptide Research: C

MULTIVALENCY APPROACH

K. C. Nicolau G.M. Whitesides K. B.Sharpless  paisuke Uemura
Rice University Harvard University Scripps Institute Nagoya University
MEMBRANE-ANCHORING SIDEROPHORE- LIPIDATED

GLYCOPEPTIDE
CONJUGATES

SEMISYNTHETIC
DERIVATIVES

Matthew Cooper

Marvin Miller
University of Queensland

University of Notre Dame

SEMISYNTHETIC
GLYCOPEPTIDES

Hirokazu Arimoto
Tohoku University

10/18/23

other Scientists

SITE-SELECTIVE
MODIFICATION OF
VANCOMYCIN

SYNTHETIC & SEMI-
SYNTHETIC ANALOGS

PEPTIDE-BASED
DERIVATIVES

Scott J. Miller
Yale University

Dale Boger
Scripps Institute

Lynette Cegelski
Stanford University

.....and many more!!

VANCOMYCIN-POLYMYXIN
NONAPEPTIDE CONJUGATES

TYPE V GLYCOPEPTIDE
AGLYCONS

Nathaniel Martin
Leiden University

Gerard D. Wright
MacMaster University

33

Yenkateswarluetal
J Antibiot 2015, 68, 302
IntJ Antimicrob Agents 2015, 46, 446

Strategy-ll: Membrane active mode of action

2

Yenigteswarluet g
J Med Chem 2014, 57, 4558

IntJ Antimicrob Agents 2015,45, 627 g
o ACS Infec Dis 2016, 2, 132
J Global Antimcrob Res 2016, 5, 71

Paramita et al. o (=5
ACS Chem Biol, 2020, 15, 884 IS ays =
J Med Chem 2021, 64, 10185 ¢ 2
Chem Sci 2023, 14, 2386

AAV-gC12 11

Strategy-lll: Improved binding affinity & additional
membrane active mode of action

S

wmmyoanam  Venkateswarluetal
Angew Chem Int Ed 2015, 54, 13644
Bioorg Med Chem Lett 2015, 25, 5477

Strategy-IV: Targeting: bactoprenol pyrophosphate & lipid Il
and the y involved in r

(metallo-[ Hactamase)

Venkateswarly et gl.

Angew Chem Int Ed 2016, 27, 7836
ACS Infect Dis 2018, 4, 1093
Paramitaet ol

oy e Manuscript to be submitted 2023

Van-Oipi (7}

Paramita et g/, Med Chem Commun 2017, 8, 516 (Review); Book: Antibiotic Drug Resistance (Book Chapter), John Wiley & Sons, Inc., 2019 Geetika et g/ J Med Chem

2019, 62, 3184 (Perspective), Yash et g/, Chem Commun, 2022, 58, 1881 (Feature Article), ACS Infect. Dis. 2022, 8, 1 (Review); Book: Alternative to Antibiotics (Book
Chapter), Springer Link, 2022; Patents: W02013072838 , W02016103284A1, W02015040467A1

12

34
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Strategy-I: Improved binding affinity & greater cell wall inhibition
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W OH on Venkateswarlu et al.
o 3 J Antibiot 2015, 68, 302
g w’ " IntJ Antimicrob Agents 2015, 46, 446

Med Chem Commun 2017, 8, 516 (Review); Book: Antibiotic Drug Resistance (Book Chapter), John Wiley & Sons, Inc., 2019 Geetika et a/. ) Med Chem
2019, 62, 3184 (Perspective), Yash et a/. Chem Commun, 2022, 58, 1881 (Feature Article), ACS Infect. Dis. 2022, 8, 1 (Review); Book: Alternative to Antibiotics (Book
Chapter), Springer Link, 2022; Patents: W02013072838 , W02016103284A1, W02015040467A1
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. ACS Chem Biol, 2020, 15, 884
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HN™ 7O ACS Infec Dis 2016, 2, 132
CigHzy J Global Antimcrob Res 2016, 5, 71

Paramita et g/, Med Chem Commun 2017, 8, 516 (Review); Book: Antibiotic Drug Resistance (Book Chapter), John Wiley & Sons, Inc., 2019 Geetika et g/, J Med Chem
2019, 62, 3184 (Perspective), Yash et g/, Chem Commun, 2022, 58, 1881 (Feature Article), ACS Infect. Dis. 2022, 8, 1 (Review); Book: Alternative to Antibiotics (Book

Chapter), Springer Link, 2022; Patents: W02013072838 , W02016103284A1, W02015040467A1 14
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Our Contribution:

Strategy-lll: Improved binding affinity & additional membrane active mode of action

M
HO
OH \ V> on
) HN \0 o)
CaHyy—N (¢]
o

HO. \) cl : k/ _sOH
o | Oy H
Y u 4 N ~NH N NH o7

HN T 7Y o 4

O/ ( o {

VAP 07 "NH,

HO L/ OH OH

) Van-PyC;-LBA (5)
o H Venkateswarlu et al.
HOQ ol " Angew Chem Int Ed 2015, 54, 13644

Bioorg Med Chem Lett 2015, 25, 5477

Paramita et g/, Med Chem Commun 2017, 8, 516 (Review); Book: Antibiotic Drug Resistance (Book Chapter), John Wiley & Sons, Inc., 2019 Geetika et gl ) Med Chem

2019, 62, 3184 (Perspective), Yash et g/, Chem Commun, 2022, 58, 1881 (Feature Article), ACS Infect. Dis. 2022, 8, 1 (Review); Book: Alternative to Antibiotics (Book
Chapter), Springer Link, 2022; Patents: W02013072838 , W02016103284A1, W02015040467A1
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Our Contribution: Novel class of semi-sy

Strategy-IV: Targeting: bactoprenol pyrophosphate & lipid Il and the enzymes involved in
resistance (metallo-[ Hactamase)

HO,

OH
OH—  “oH
HN WO o
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o R
Ho, A, [ | _oH
0, . Oy n I
NNy NH TN e
hi | o Iy o R Venkateswarlu et al.
O A y % A ~ Angew Chem Int Ed 2016, 27, 7836
NH — Nty ACS Infect Dis 2018, 4, 1093
wo k/ OH OH
~" Paramita et al
Ln Van-Dipi (7) Manuscript to be submitted 2023

Paramita et g/, Med Chem Commun 2017, 8, 516 (Review); Book: Antibiotic Drug Resistance (Book Chapter), John Wiley & Sons, Inc., 2019 Geetika et g/ J Med Chem
2019, 62, 3184 (Perspective), Yash et g/, Chem Commun, 2022, 58, 1881 (Feature Article), ACS Infect. Dis. 2022, 8, 1 (Review); Book: Alternative to Antibiotics (Book

Chapter), Springer Link, 2022; Patents: W02013072838 , W02016103284A1, W02015040467A1 16
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4w 4
VanQAmC1o

A
Vancomycin T pMSO:DMF (1:1)
HBTU, DIPEA | g oc 1o RT (12 )

o
CroHar N NH,
H 2¢1

4N HC/MeOH
@h)

CoMazs N NHBoc

A
N NHBoc _ CHCh
| 60 °C (48 h)

BrCOCH,Br A ocm H,0 (1:1)
K;COy 4°C (30 min) & RT (8 h)

CyoHze—NH,
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C vancomycin

Antibacterial activity
600 -—Van MIC of VanQAmCioagainst Gram-positive
400 S VanQAmC,, bacteria (MRSA, VRSA, VISA, VRE)
s 200 B 0.2-6 uM
9 4
* MIC of VanQAmCioagainst 20 clinical
2 isolates of A. baumannii
1
0 3.9-7.7 uM
kY
@J cp" & & &
& &
Vancomycin-Resistant S. aureus Gram-negative bacteria: A. baumannii
—a=Untreated e VanQANC ,, (2 x MIC) —e—Control
" (29 M
o VanAne ) ~VaraRnC (e M) 18] VanaAme, (1 x MO
E 124 ——Van@Amc (3 x MIC
2 I
e E,
=
g 5
£ g
i o
g
a 0
0 4 & 12 16 20 24 & s 1 d 2 L
Time (h)
Time (h)
Paramita et al, ACS Chem Biol, 2020, 4, 884 17
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Activity against metabolically

Gram-posi MRSA

Stationary phase cells

R Biofilm
Persister cells
Untrested Vascomycin VanQAmC,

——Unteated
——Vancomyein (40 M)
e VARQAMC,, (3 M)

e VARQAMG , (10 M)
——VanQAMGy (20 uM)

> & =

Bacterial titre (Log CFUImL)

°

5 13 2 25

10
Tiewe (h)

VanQAmCio eradicates metabolically inactive cells of Gram-positive

Bacterial Stre (Log CFUML)

T Griestes
e Varspein (29 M)

4 8 12 % 20 24
Time (h)

40 % reduction in biofilm thickness

Gram-negative: A. baumannii

Counts (log CFU/mL)

Stationary phase cells

a

Biofilm

Reduction of cell viability in biofilms
Vancomycin z

VanQAmC,,

Reduction of viability (log CFU/mL)

Paramita Sarkar et al, ACS Chem Biol, 2020, 4, 884 18
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In-vivo Efficacy & Toxicity
Thieh infect

20% of all hospital-acquired infections
Difficult to treat infections

Neutropenia Treatmant
vy v LA
96h 24h Oh 1h 12h 24h
4 v
Infection

Anadysis

VanQAmCio Dose: 12 mg/kg

Opportunistic pathogen
Causes severe wound infections

Day0 Dayl Day2 Day3 Day4 Day5 Day6
v v

VanQAmCio Dose: 30 mg/kg

10/18/23
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5.2 Log CFU/mL lower than untreated VanQAmC,, 70 1.9 Log CFU/g lower than untreated
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41
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F ) [ N
Bacteria+ = N, T Y N 1~.:,,‘ e
sub-MIC compound 8L e 0; 8 6\\ © o™
\ 4 v v HN P C 07w, \
oK oo
Gram-positive bacteria: MRSA Gram-negative bacteria: A. b g
s VanQAmCio
8 32 -
« VanQAmC + VanQAmC
e ] Q . i
Se Vancomycin 22 Colistin
£ £
3 o
§‘ §1s -
52 3 8 »ee NSyl o 3¢ A
e, = A ot S R T L
) Fd PR N . =
0 —— g P SO0 e g .
4 8 12 16 20 H 10 15 20 " 5\
Number of passages Number of passages =
Colistin
No propensity to develop induce resistance in MRSA and A. baumannii
20
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B. subtilis

Gram-positive:

Membrane depolarisation

[ varaamc,,
- varcompain
|~ Ceatrol

Propidium iodide

Normalised fluorescence insensity (3.u)

Normalied flusrescence misnsdty (25|

Disca(s) Ex: 535 nm
i :
Cell wall biosvnthesis inhibition (B. subtr’h’s) Ex:622 nm Em: 617 nm
Em: 670 nm
Control Vancomycin Nisin
- - e
Time (mansh
Gram-negative: A. baumannii
Outer membrane
of cell wall bi hesis (A. b ii) Membrane depolarisation permeabilization Inner membrane permeabilization
= S T
§ £
j= F o -
i gm g 0. —n.- VanQAmCio
' 3 5m Lo MR
g oA ]
E . ) L T %W =
Wavstargh ) Time {ovins) Tome fmine}
o NPN
| VanQAmCuoinhibits cell wall synthesis VanQAmCuo perturbs membrane integrity E“:;’U"m o
m: 420 nm
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Cell divisio

Delocalisation of GFP-MinD in B. subtilis Stage 1: Localization Of GFP-FtsZ and
Morphology in E. coli

"\ Stage 1: Assembly of Z ring
marking of mid-cell N (02 M1 Vancomyein (0.8 uM]  VasQAmC,, (5.3 $M)

— =g

Stage 2: Septa ring maturation

Control VanQAmCio (10 uM)

7
b Invagination of the cell wall and Vancomycin does not affect localisation
A membrane to form a division + VanQAmCio delocalise the MinD protein
septum + 50 % of the cells showed delocalisation
lAmiA, Amic
= Stage 3: Septum i
) Peptidoglycan hydrolases hydrolyse
the completed cross wall, s L . "
producing two newborn cells Sdada Mislocalization of GFP-Ftsl (PBP3) in E. coli

Adapted from Lock, R. Nat. Rev Drug Disc., 2008 S QWM — st

%+ 50% of the VanQAmMCuo treated cells
appear filamentous

<« Position and distribution of Z-rings
remain unaltered: VanQAmCuoinhibits.
later stage of cell division

Siage.d: Effect on cells lacking AmiA & AmiC
Morphological aberrations in AamiAC E. coli

VanQAmCio (2 V)
- - S e P e el
«+ Ftsl delocalized over the bacterial surface in over 90% of cells;
Plausible inhibition of other cell wall biosynthesis proteins.
“+ VanQAmCio inhibits cell division in mutants <+ Inhibition of cell division
<« Inhibition of mid-stage of cell division 2

Paramita Sarkar et al, Chem Sci, 2023, 14, 2386
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Summary
New insights into mechanisms of action of membrane active vancomycin derivatives

W MULTIPLE MECHANISMS OF ACTION
%’fm%‘ QOW 1) Inhibition of cell wall biosynthesis
-0

ARDITIONAL MECHANISVIS;
2) Inhibition of cell division

a) Membrane-depolarisation
b) Membrane-permeabilization
e c) Delocalisation of MinD

N0 VanQAmC1o d) Delocalisation of Ftsl (PBP3) VANCOMYCIN
3) Induces autophagy (Xenophagy)

.q

Paramita Sarkar et al, Chem. Sci, 2023, 14, 2386.
Paramita Sarkar et al, ACS Chem Biol, 2020, 4, 884. 23

bacteria (VRSA, VRE)
<+ Active against Gram-negative bacteria
<+ No propensity to induce resistance
<+ Active against stationary, persister cells and biofilm
<+ Showed good in-vivo activity with minimum toxicity

<+ Active against vancomycin-resistant Gram-positive ‘
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Designing Proteins That Sense Chromatin
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Epigenetic Cancer Therapy

Triggers the expression of tumor Cancer cell
suppressor genes within the cancer cells. is(@
Gene-centric, but does not require DNA %‘ ’?%
delivery of therapeutic genes. }p
Repressive closed chromatin Epigenetic Open chromatin
HDAC HT ﬂmw therapy
. (E2H2)
ggg@;ﬁl 5 )
oNA istone compleres
Silenced tumor suppressor genes Activated tumor suppressor genes

XProliferation
X Invasion

@ Review: N. Baskin and K. Haynes, 2019 Nature Struct Mol Bio (PMID: 31582843)

Epigenetic Cancer Therapy

Drugs (e.g. Tazemetostat) that target hyperactive Polycomb work well for blood cancers,
but in breast cancer the mechanism of the therapeutic effect is not entirely clear

The targeted active site of EZH2 is
also in other enzymes

EZH2 can gain Polycomb complexes
inhibitor-resistant - : -
GERES Inhibitor targets Mediator eviction

T. Baker 2015, V. . :
( PRCZ: ey PRCL:

Gibaja 2016) o pa i —— @ @

PHC .
AEBP2 H3K27m RING18
Suz1o 3 e3 ’ Paused RP2
® CBX
REAP2S & ” §EE. ° @
\l y H2AKub J : TFID J
Enhancer Promoter
EZH2
‘ Inhibited EZH2 becomes a
Foxm1 Loss of repressor proteins does not

transcriptional activation partner

for invasion genes (Mahara 2016) always lead to robust activation
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Epigenetic Engineering

A restorative approach: Can we install
engineered chromatin components
to understand chromatin’s direct
impact on epigenetic reprogramming
of cancer?

Epigenetic engineering: control chromatin, change gene expression, change cell phenotype

f

Writers Signals Reader-effectors
Mstone PTMs: DNA CpG medifications: Trarscriptional
acetylation, methylation,  SmeC, Shmec, SIC, regulstion oy
shosphonyation, SUMOYlagen,  ScaC, Shm }‘b
crotonylation, butyrytation, etc h:“'\“ L
’ D o >

m Review: K. Franklin, C.E. Shields, and K. Haynes, 2022 Trends Biochem Sci (PMID: 35427480)

Significance: Reader-Effector Proteins are Mutated/ Misregulated in
Neurological, Immune, and Cardiovascular Disorders and Cancer

Cancer: solid and blood cancers

Neurological: Rett syndrome, autism,
epilepsy

Immune: severe combined
immunodeficiency (SCID), Omenn
syndrome, systemic lupus
erythematosus

Cardiovascular disease

m Review: K. Franklin, C.E. Shields, and K. Haynes, 2022 Trends Biochem Sci (PMID: 35427480)

10/18/23



Can we build a synthetic, functional
reader-effector?

7
Testing a synthetic reader-actuator (SRA) at a single model locus
Experiment:  Luc transgene Add doxycycline ) Transfect SRA DNA Measure luc )
in HEK293 @/ e
g T ajge o o
AN J

PcTF Pc,TF

PcaTF ()

(neg ctrl)

&4—-

PcTF | ‘
| Confirmation of equal PcTF
\ levels in expt. & control

i

Pc,TF
,
|
|
|
| . MRNA

7.0
60
Pc2TF 50 s
) w0 Kodeogr ey
p<00s .
= 3.0 /M protein .
5 - 2l
g |20 I » i
10 & o » =2
6 1§
0.0 . .
W e

-

ey s
vl g1
b
1
-9,
'
I
[ -~
)

Relative Luc/ cell /RFP (a.u.)
z

Dox (hrs): 0 48 96 0 48 96 0 48 96 Acater P

v S. Tekel et al, 2018 ACS Synth. Biol. (PMID: 29429329)
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Testing a synthetic reader-actuator (SRA) at a single model locus

What did we learn about reader-
effector design?

PCTF
Functional RE’s can be streamlined

Affinity/ avidity matters:

C’j PcaTF
(PCTF = 55 kD) i\ﬁ

* Monovalent PcTF has a higher

3|60
stoichiometry of activator to target. § 50
% 4.0
* But bivalent PcTF is a stronger 350 ’Kmm
activator. £ |20 ‘o I I
2 |10
* Therefore, enhanced affinity/ avidity Dox (hrs): o0 ?@E 04896 0 48 96

(per molecule) has more impact for
RE function effector stoichiometry.

v S. Tekel et al, 2018 ACS Synth. Biol. (PMID: 29429329)

9
What happens when we unleash a
synthetic reader-effector onto a
natural epigenome?
10
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Reader-Effector Chromatin Proteins are Misregulated
in Triple Negative Breast Cancer

Polycomb expression levels (RNA-seq)

TNBC cell lines vs. normal Paired TNBC tumor/ normal

|[® Mesenchymal

ad - % ﬁ 0.58 (1.5-old)

oy
g =
3
I E
g - o : g
Z . [ ; . -;. B
Eo el cirelloe, poss 8
PR B oL P I 1 A R EICE ST
& T e S A
& 1 . ; S
%-2—%, ¥ £
8 . L
s s s A S A s ’U-E\\\\\;‘L’L‘\)\Q\‘\\;’\\
N A A A fNONY PO
I I =X X X X X Wow w I T EX XXX XLWLOOO w
SNl R0 622R22 SHENRdddRo0 2222z
ww gOOOOOOOELRD.EM wow DOOUUUO()Q.Q.D.EIZ
aa n aa

Writer  Reader- RE partners Writer

Reader- RE partners
complex effectors

complex effectors

cBioPortal Xena

The Problem with Epigenetic Therapy for Cancer Treatment and Research

It is expected that activation will |
occur after repressive proteins are Cancer cel

blocked or degraded ... )SQQ

but activation requires additional protein
activity that is lost in many cancers

Polycomb complexes Transcriptionally active
Inhibitor targets Mediator eviction . . Transcription factors
pRe2s coret Epigenetic /
o
&, —e therapy
N @) .rm

e
sl waaine ' @
E H3K1dac H3510p

Paused AP
suz :
R i e e le . g :>
— " &= oaw . R 1
- = @ d — =i e
Enancer Fromoter ucteosome TFIID
Enancer Fromoter

Silenced tumor suppressor genes X

®
® XPproliferation
TPS3, and BAF i
SWI/SNF: BAF57, X Invasion
SMARCAD1,
ARID1A, ARID1B,
KDM6A, BAP1

Mediator
complex

;"" “ PIC assembly
6

General TFs

HaKa7ac I Phospho-RP2

Activated tumor suppressor genes
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The Problem with Epigenetic Therapy for Cancer Treatment and Research

Standard polycomb-targeting approaches show inconsistent effects on
transcription levels lowly and highly-expressed genes.

Gene expression profiling

Treatment of BT-549
with polycomb

0
inhibitorsor SIRNAS ‘@1~ 'g.

2 astn

rous

GAPDN  —

wed“dogy L. Hong et al, 2023 GEN Biotech, https://www.liebertpub.com/doi/10.1089/genbio.2023.0020

13

Engineering Chromatin to Restore Transcriptional Activation

OUR APPROACH: Epigenome actuation

To develop a better tool to study how reactivation
blocks cancer, we design proteins that target
repressed chromatin and activate gene expression

Synthetic reactivation
Polycomb complexes
Mediator eviction . Synthetic @ 02
Epigenome " ﬂ
PRC2: €PRCL: . reader-actuator PIC assembly
S wi —— @S actuation (sRA) weo /.W v
. N
reop2 il Haaimes | ENERRINGIS Paused RP2 " N
e AR Yo o warme oL
I s mmm Flu; o THID
L= 7 T EL
Enhancer Promoter Ennancer Promoter
Silenced tumor suppressor genes ‘ Activated tumor suppressor genes

XProliferation
X Invasion

%otednology L. Hong et al, 2023 GEN Biotech, https://www.liebertpub.com/doi/10.1089/genbio.2023.0020

14
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Engineering Chromatin to Restore Transcriptional Activation

Most genes affected by SRAs are upregulated, as expected

™ Mhrs
Gene expression profiling ©
Down o s
=
Transfected BT-549 ¥ 2
parental cells g i

e C o
» v ; :
. 0 4 »
§ B aahn
[ ®
.
> 48hrs e » = %
s 2 T2hes ® } “
»
2ahrs 4ghrs  72hrs "0 s 0 s LI -
PC1 » X
Total mANA, RNAseq s Al -
(versus BT-549 control) w & a0 3 0w
o T2hn
A Upregulated genes
O pownill Up 2] oo
i.
I» \

e

%ﬂdogy L. Hong et al, 2023 GEN Biotech, https://www.liebertpub.com/doi/10.1089/genbio.2023.0020

15
Engineering Chromatin to Restore Transcriptional Activation
SRA-upregulated genes (UpDEGs) include early, mid and late activated genes that
include major tumor suppressors
Gene expression profiling
Transfected BT-549
parentalcells 5 A 5 5 5 Basline
epressog E  F & expression
e wls 3 = N (T
ﬁ ra Log2 FC
.
’ 2
(] § XAFL 0
gee g | —
24hrs 48hrs  72hrs § | Norm, signal
2 | x1000
‘Total mRNA, RNA-seq g 5
(versus BT-549 control) .
3
2 s st
3 ¢
| s
S4A Lyl \
)
{ { t unm’x T
72 I8
wed'dogy L. Hong et al, 2023 GEN Biotech, https://www.liebertpub.com/doi/10.1089/genbio.2023.0020
16
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Engineering Chromatin to Restore Transcriptional Activation

SRA-upregulated loci have features characteristics of repressed chromatin
Low ATAC-seq signal, high H3K27me3 compared to highly expressed genes

Gene expression profiling RANAseq ATACs0q H3Q27me3 ChIP-seq

ok o

Transfected BT-549
parental cells g

24hur
& hejut
72 MUt

2ahrs 4ghrs  72hrs

Total mRNA, RNA-seq
(versus BT-549 control)

%{dogy L. Hong et al, 2023 GEN Biotech, https://www.liebertpub.com/doi/10.1089/genbio.2023.0020
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Engineering Chromatin to Restore Transcriptional Activation

SRA-upregulated genes are near H3K27me3 enriched enhancers

24hrs 48hrs  72hrs

Gene expression profiling H3K27me3 ChiP-seq MDMSO = TAZ HMEC chromatin states  BT-549
r @
Transfected BT-549 = # §
parental cells = e Sha
’_T.: =z_“'£c __‘539
il
& §5 $8553544
& i HEH
g ixs
T
— = —
—= By

— s —-

[

== —

=

-—

Total MRNA, RNA-seq
(versus BT-549 control)

— T
50M 25K TS 425k S0k
- Gene WEHIC2Tmed prat

= Sircag erbascer (ComHMM 4/5)
Wesk enhancer (Chromhiam 6/7)

gofed‘nology L. Hong et al, 2023 GEN Biotech, https://www.liebertpub.com/doi/10.1089/genbio.2023.0020
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Engineering Chromatin to Restore Transcriptional Activation

SRA-upregulated genes (UpDEGs) include several tumor suppressor genes
and some cancer-promoting genes

i ili Cell Death
Gene expression profiling Coll Daael s A -' -
Transfected BT-549 Cell Cycle Arrest Aosngesns
parental cells g fuesazisy | B
’_T ) Migration & imvasion Block I
[iénSrtvyiminicy 2

> ﬁ Immune Survellance
IRHODSLE, baaOA2L, hoaOHER), 12 ! 2

— 1404632, V200D, PoAIEIE, mrSAT]
Cancer Progression il B
7 193025238, boaH330, o 390) 1
o 8 1w ™ 2 4w
2hrs dghrs 72hrs 10020 252
3 381
Total mRNA, RNA-seq 1000 ;;;:§z‘ i
. ! Ry —=o
sosla Pt Ve
§

25

Fy
(versus BT-549 control) §
&

UT 3¢ @ 7[uT 4 @ Ut 0 @ fuT 4 4 7
Coll Cyce iumnml\ mnuse Cancer
Amest  [measion Bock| Suvettance | Progression

1
winan
Ceb Death

What is the overall impact on cell phenotype?

%’f‘ed'.dogy L. Hong et al, 2023 GEN Biotech, https://www.liebertpub.com/doi/10.1089/genbio.2023.0020
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Engineering Chromatin to Restore Transcriptional Activation

SRA-mediated gene regulation is accompanied by apoptosis, spheroid
shrinkage, and loss of invasion in vitro in 3 days or less.

SRAsmut1 SRAMUL2 Sie: RFP+ cells

P oP oP .

€000
Untreated @ Trassfecsed W Pacitans!
|
g™ Sha = Shamuts | ™ Aamaz g Poditanes |
i- p o oo Py
3 e .
% |
i | 1 ||
3 - . g
g AR
© 1w £
o L |
o 2000

SRAmuL2 Pacieasel

BA
Aamaty
AT

Urereated

%edmogy L. Hong et al, 2023 GEN Biotech, https://www.liebertpub.com/doi/10.1089/genbio.2023.0020
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Engineering Chromatin to Restore Transcriptional Activation

SRA-mediated gene regulation is accompanied by apoptosis, spheroid
shrinkage, and loss of invasion in vitro in 3 days or less.

3-D spheroid assay

SRA, Matrigel, DX+ delVP64, Matrigel, DX+
o 1 2 3

0s )
BT-549 spheroid _efsy,
Embeddedin (/s
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(O Doxyeyline
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%fed"dggy L. Hong et al, 2023 GEN Biotech, https://www.liebertpub.com/doi/10.1089/genbio.2023.0020
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Engineering Chromatin to Restore Transcriptional Activation

SRA-mediated gene regulation is accompanied by apoptosis, spheroid
shrinkage, and loss of invasion in vitro in 3 days or less.

3-D spheroid assay SAA expression Day 3 invasion scores
Corercs 0B a7

BT-549 spheroid ®
Embeddedin  {g< mgrstion |“5an SN g
Matrigel e & iason-| 1o - Scow 1
ok )
O Dowereline -l P 3 0y - scon2
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o promaoting coa il -
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squ./. PIC assembly. o . . . .
Py
i Noninvasive Invasive
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%otednology L. Hong et al, 2023 GEN Biotech, https://www.liebertpub.com/doi/10.1089/genbio.2023.0020
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