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{4 Let’s Get Social!

Follow the American Chemical Society on Twitter, Facebook,
Instagram, and LinkedIn for the latest news, events, and
connect with your colleagues across the Society.
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° Where is the Webinar Recording?
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E All Registrants ACS Members w/Premium Package
E 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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Explore the new and improved ACS Webinars® Library!
1 ] |
Familiar search, sort, and filtering oo =
tools have been added to help find ™ meas 3
the recording you are looking for

Accurate captions for accessibility

Improved granular topics and
collections

Exclusive for ACS Members
with the Premium Package

Visit www.acs.org/acswebinars to discover hundreds of recordings!
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ACS

A Career Planning Tool For Chemical Scientists W Chemistry for Life®

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 ¢
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Find a Career Consultant

o i

Academia Government Industry
bl by
W ¥
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 7

ACS Bridge Program A 4 f‘he&tswmee

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
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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!”

i GIVE TO THE

AAC L SCHOLARS

PROGRAM

Donate today at www.donate.acs.org/scholars
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ACS Sam Jones, PhD

Chemistry for Life® Jo) Science Writer & Exec Producer
/5

Looking for a new science podcast ™
to listen to? » Deboki Chakravarti, PhD
7 p P Science Writer & Co-Host
T % I\I :.J’ TO SUBSCRIBE
..:.. visit http://Www.acs.orq/tinvmatters or
MATTE RS scan this QR code
e [m] 32 [m]
& ”

Check out Tiny Matters, from the American Chemical Society.

11

c&en’s
STEREO
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Carolyn Bertozzi and K. Barry Bioorthogon: k chemistry Lithium mining's water use
Sharpless chat about sharing clinch th 1Prize sparks bitter conflicts and y
the 2022 Nobel Prize in : novel chemistry revisits a fan-favorite interview
Chemistry i s with the renowned scientist

®)

HEMCONVOS

Jess Wade on Wikipedia and The sticky science of why we

The helium shortage that
work-life balance eat 5o much sugar

supposed to be

VOICES AND STORIES FROM THE WORLD OF CHEMISTRY

amazonmusic

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




ACS on Campus is the American Chemical
Society's initiative dedicated to helping students
advance their education and careers.

prepare an effective resume. interview
pick a graduate or post-doctoral

Get Published.

Share your science with confidence - get essential tips
for becoming a better writer. reviewer and
communicatoc

Get Ahead.

Develop your careet. network with local professionals.
and learn how to leverage your ACS membership.

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

ACS
("1

& SAvpus
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Virtual Office Hours Personal Career Consultations Linked[f}] Learning

E Jim Tung

https://www.acs.org/careerconsulting.html https://www.acs.org/careerconsulting.html https://www.acs.org/linkedInlearning
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ACS Advocacy <7 @Sﬂ}fww

See your influence in action!

/ o
»/:r“

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

2439+ 1739+ 49

2000

Members participated ACS Advocacy Years of Public

Letters sent to

In Act4Chemistry Workshops participants Congress

) Policy Fellows
or enrollees

Get Involved Enroll in a workshop Become a Fellow Take Action

American Chemical Society httDS//WWW acs Orqlpolicv 16
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ACS Technical Division & ACS committee

Chemical Health & Safety [CHAS) Chemnical Safiely

A complete listing of ACS Safety Programs and Resources

RAMP

UP

CHEMICAL SAFETY

Resources to Support Laboratory Safety
Education and Practice

Download it for free in the “Projects & Announcements” Section! www.acs.org/ccs

ACS ACS Institute s

Chemistryfor Life® Learn. Develop. Excel, HEo=y

American Chamical Sacioty
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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

Diversity, Equity, Inclusion, and Respect Inclusion**
**Adapted from definitions from the Ford Foundation Center for Social Justice:

Builds a culture of belonging by
actively inviting the contribution

ACS Publications DEIR Hub

C&EN Trailblazers

Quick Guide: Inclusion
Moments

18

ACS Volunteer and ACS
Meetings Code of Conduct

NEW! Download DEIR
Educational Resources

Quick Guide: How to host
inclusive in-person events

Equity**

Seeks to ensure fair treatment,
equality of opportunity, and
fairness in access to information
and resources for all. We believe
this I only possible in an
environment built on respect and
dignity. Equity requires the
identification and elimination of
barriers that have prevented the

full participation of some groups

ersity**
The representation of varied
identities and differences (race,
ethnicity, gender, disability, sexual
orientation, gender identity,

national origin, tribe, caste, socio-

economic status, thinking and

communication style:
collectively and as individuals. ACS
seeks to proactively engage,

understand, and draw on a variety

of perspectives

and participation of all people.
Every person's voice adds value,
and ACS strives to create balance
in the face of power differences. In
addition, no one person can or
should be called upon to represent
an entire community.

Respect

Ensures that each person is treated

with professionalism, integrity, and

ethics underpinning all
interpersonal interactions.

https://www.acs.org/diversity

18
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ACSPublications

g Most Trusted. Most Cited. Most Read.

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

Follow your favourite journal or newsletter
ACS Publications’ commitment to publishing high-quality content continues to attract impactful research that through the Email Preference Genter
addresses the world’s most important challenges.

Open Access for everyone - no matter your

m —

Find the latest virtual, hybrid and in-person
events hosted by ACS Publications

Browse Content

Materials Organic- N
Science & Inc?rganic Physical

Engineering

https://pubs.acs.org 1
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ACS

W Chemistry for Life® www.acs.org/membership
emistry for Life

BECAUSE PEOPLE
LIKE YOU CREATE
GREAT CHEMISTRY

s80 Regular Members
You belong here S160  resuiar wembers & sociery
AR 540 Recent Graduates* €

Join ACS Renew Membership s80 Recent Graduatest @

555 Graduate Students

Have a Different Question? s25
Contact Membership Services

Premium Standard Basic

wn set ntroductory set of complimenta

SO Community Associate

Undergraduate Students

s80 Retired

So Emeritus

Toll Free in the US: 1-800-333-9511

International: +1-614-447-3776

service@acs.org
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NEXT WEEK! ==

Wednesday, May 1, 2024| 3pm-4pm ET Thursday, May 2, 2024| 2pm-3:30pm ET Wednesday, May 8, 2024| 2pm-3:30pm ET

La Creacion de Materiales Better Biodegradable Vinyl Polymer How Nanoscale Materials in

Macroscoépicos a Través del Ensamblaje Materials by Improving Radical Ring- Biosensors are Innovating Health

de Nanotubos de Nitruro de Boro Opening Polymerization (rROP) from Concept to Care

Co-produced with the Sociedad Quimica de Mexico Co-produced with ACS Division of Polymer Chemistry Co-produced with CAS, a division of the American Chemical Society

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars

21
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THIS ACS WEBINAR®
WILL BEGIN SHORTLY...

guestions window!

22
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Eliminating Malaria: Unraveling the Mysteries
of Parasitic Transmission and Metamorphosis

LYN-MARIE BIRKHOLTZ, PhD EMILY R. DERBYSHIRE, PhD JEREMY BURROWS, PhD

VP & Head of Drug Discovery, Medicines
for Malaria Venture, Switzerland

Professor of Biochemistry & South African
Research Chair in Sustainable Malaria
Control, University of Pretoria, South Africa

Associate Professor of Chemistry and
Molecular Genetics & Microbiology,
Duke University

This ACS Webinar® is co-produced with the ACS Publications.

23

MMV@® O: 35“

Medicines for Malaria Venture

Eliminating Malaria:
Unraveling the Mysteries of
Parasitic Transmission and

Metamorphosis 3

Moderator

Jeremy N. Burrows MA D.Phil FRSC
VP Head of Research Drug Discovery
Medicines for Malaria Venture

ACS Webinar — 25" April 2024

W

24

12



4/25/2024

Today is World Malaria Day

Achieving the vision of a
malaria-free world

Everyone has the right to

quality, timely, and affordable
services to prevent, detect, and i
treat malaria, yet this is nota ‘

i 153
reality for all. i

COLLECTION

go.acs.org/ -l Read the

Latest
Research

MalariaDay24

13
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Medicines for Malaria Venture — Who are we?

* We are a not-for-profit PDP, headquartered in Geneva, ~100 people

* Our Mission - to reduce the burden of Malaria in disease endemic countries and
ultimately to eradicate malaria

* Work with our network of partners to discover, develop and support access to
affordable, effective antimalarial drugs. Funded by private and public organisations

* 15 products approved for malaria treatment or chemoprotection — strong pipeline

00 e @
0000 || [/ coameun °
Develop Deliver o: - e :
000 = s @
(5 A
D discover Translational Product Access & product i (5 47
8 y medicine development management {

-
oo @ 3l 4
° o 000 "
© sres s ©
e6itm - o M MV . . ) »
:: - rowo :... Medicines for Malaria Venture

27

Transmission-blocking
antimalarials:

A tool to elimination?

L Birkholtz

SARChI — Sustainable Malaria Control
Malaria Parasite Molecular Laboratory (M2PL)
University of Pretoria

https://www.up.ac.za/malaria-parasite-molecular-laboratory-m2pl

14
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Malaria in Africa Mg‘.
o

Malaria* incidence per 1,000 people, 2019

Annual deaths from malaria 12m

4200019
Better drugs, more accurate

diagnoses and more bed nets
reduce malaria deaths by 37%

+202022

Rest of workd Covid-19 desrupts anti-malaria Deaths averted
efforts, as medical resources are

divested to fight the pandemic

1 2020-30 baseline scenario

I the infection rate remains
constant, population growth wil
cause the death toll to rise.

¥ 202030 "big push” scenario
Infection rate falls by 75% from 2015 to 2030,
thanks to vaccines, genetically modified

mosquitoes and better use of existiog tools

Mozambique

2050

=50 Plasmodium falciparum
Anopheles gambiae & funestus

WHO target
>90% reduction in
mortality and incidence

Source: The Economist 29

29

Malaria Parasite Molecular Laboratory (M2PL) Mg‘.
()

Malaria parasite biology to identify sustainable malaria control measures for malaria elimination

Parasite biology &
biochemistry

Host-parasite
interactions

L wt
. i
RRCTTTTTTI L

ok ‘%RF MRE}_

https://www.up.ac.za/malaria-parasite-molecular-laboratory-m2pl 30

30
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Malaria Parasite Molecular Laboratory (M2PL) Mg..
®
Malaria parasite biology to identify sustainable malaria control measures for malaria elimination
Parasite biology & Host-parasite
biochemistry interactions
South African Antimalarial Drug Discovery Consortium
3DV B @ ‘¢ R
L MRCY
https://www.up.ac.za/malaria-parasite-molecular-laboratory-m2pl 31
31
GC ADDA - African Drug Discovery Accelerator — Antimalarial Drug Discovery Mg‘.
®

BILL&MELINDA /\
GATES feundation LifeArc

e ) Hs:ﬁ*‘ @

i University wellcome
WITS of Dundee anti-infectives

UNIVERSITY

MMV@ @ D:

Medicines for Malaria Venture

LEENIA

32

32
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Antimalarials — from cure to elimination ..

M2PL .
)

TPP-1
Case management

TCP-1

Symptomatic Asymptomatic

e Curative
* Safe, effective & affordable
* Quick-acting & long-lasting

* Available to vulnerable populations

Birkholtz et al., 2016, 2022 33

33
Antimalarials — from cure to elimination ..
M2PL .
®
TPP-1
Case management
<
o —I —
O
|_
Symptomatic Asymptomatic
Transmissible
‘Unmet medical need’ for new antimalarial combinations
« Circumvent resistance and/or have a low resistance risk
(novel mode-of-action)
» Contribute to elimination (and eradication)
» Target multiple stages of the parasites’ life cycle
Birkholtz et al., 2016, 2022 34

34
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Antimalarials — from cure to elimination ..

MZPL..

TCP-5 TCP-4

a @

1 1

Transmission A Transmission

TCP-1

Birkholtz et al., 2016, 2022 35

35

Antimalarials — from cure to elimination ..

TCP-5 TCP-4

1

Transmission Transmission

TCP-1

Parasite no.

Birkholtz et al., 2016, 2022 36

36
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Antimalarials for malaria elimination ..

MZPL..

Transmission

Advantages

* Decrease parasite burden (even in high-transmission settings)

* Target asymptomatic carriers
- >90% contribution to onwards transmission (Andolina et al., Lancet, 2021)

* Protect lifespan of antimalarials by preventing transmission of resistance
- Art resistance transferred to transmissible stages (Witmer et al., AAC, 2021)

J\/\/NH?Z
HN
Low-dose primaquine (Graves, Cochrane review, 2018; WHO, 2012) | N,

= -

37

37

Antimalarials for malaria elimination

Transmission

Development objective

* To develop a transmission-blocking (reducing) agent (TrB agent) to add on to current enhanced

standard measures (ESM) plus MDA to prevent person-to-person transmission through mosquitoes, at
the community level

38

38
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Plasmodium falciparum parasite biology

Liver stage Asexual blood stage Gametocytogenesis

e

PY o o O\ (g T — . "
1= 0 =", 009 4= 9 |

\‘@ / s

— l/ Stg Stgll  Stg Viatwe
\ 4 . gamet
Hepatic ““ \‘0 “7-02 days2-3  days3-7 d.y.em bt

schizont i
~14 days = 48h 10 days day 12
39
39
. . o 'y
Plasmodium falciparum parasite biology Mm..

Liver stage Asexual blood stage Gametocytogenesis

® f~* N, R— Q*
e o =" 000 4= 04

1/ ~ Mt y
) % . Stgll Stglll  Stgiv N gm,;;’;,s p
Hepatic \ unoz days2-3 - days3-7 days 8-10 R

schizont
~14 days - 48h 10 days day 12
\ 8-12 days
B = /@ %
Sporozoite Rapturing
mature oocyst Oocyst

40

40
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%
M2PL
.0
Gametocytogenesis
.\1 ~ . .Immature gametocytes _ _ _ |
.LQO
=% 000 4=
LT e 9'""'5"’"*"
10 days day 12
TrB discovery challenges
1) How do we identify compounds with TrB activity?
* At scale, robust evaluation of multiple stages
* What are the characteristics of an ideal TrB compound?
2) What to target in transmissible stages?
* Unique MoA indications required to prevent resistance transmission
41
41
i o
Enabling technology Mm‘.
o
Phenotypic screening for TrB activity
Asexual blood stage Gametocytogenesis Mosquito stages
mangners___. | NG|
. 7.\
.Fl:‘é@go.:{d. 0:#7
Stgll Stgll— Stgiv — Oocyst
amuz days2-3 — days37 days810
Bulk production, 48 h Production limiting, 12 days
Reader et al., Mal J 2016, Frontiers, 2022 42

42
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Enabling technology ...

M2PL

)

Phenotypic screening for TrB activity

Asexual blood stage Gametocytogenesis Mosquito stages
immature gametocytes

See=""00008=01 ¥ -©
“o8

Stgll Stghl  Stgiv i e
a.y:rn days 23— days37 days810 .

48h 10 days. day12 20 min 812days
TCP-1 activity TCP-5 activity
Bulk production, 48 h Production limiting, 12 days

=2

Immature Gc «~ ~ Mature Gc assay
48h 48h
Luc reporter expression Luc reporter expression
Metabolic markers Metabolic markers

Reader et al., Mal J 2016, Frontiers, 2022 43

Enabling technology Mg‘.

Phenotypic screening for TrB activity

Asexual blood stage Gametocytogenesis Mosquito stages

_Immature gametocytes

-";/.'T..FE".“’ 00-04= @0 #,

© ./

'é Stgl sgll Sl Sgiv i ey oo
amm days 23 days37 days 810
a8h 10days day 12 & 20 min 812 days
TCP-1 activity TCP-5 activity
Bulk production, 48 h Production limiting, 12 days

e=—1>

Immature Gc « “~ Mature Gc assay
48h 48h

Luc reporter expression Luc reporter expression
Metabolic markers Metabolic markers
C Sex-specific gamete function amys)
Male gamet - Female gamete
48h 48h
Exflagellation Pfs25

Direct or carry-over

Reader et al., Mal J 2016, Frontiers, 2022 44
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Enabling technology Mg..
()

Phenotypic screening for TrB activity

Asexual blood stage Gametocytogenesis Mosquito stages
. o0 immature gametocytes g 5 P
e Y I () § T
sy | “)-E)N= -89 o
o" = / % a0 stgV o
\ 4‘ Stgl . Stgll Sl SV Lt Maogues Qocyst
days02 -days2-3 - deys37 days810 -

48h 10 days day12 & 20min 812days

TCP-1 activity TCP-5 activity

Bulk production, 48 h Production limiting, 12 days

ABS proliferation assays (Smo-sw:lﬁc Ge viability am)
Immature Gc « “~ Mature Gc assay
48h 48h

Luc reporter expression Luc reporter expression
Metabolic markers Metabolic markers

C Sex-specific gamete function amys)
Male gamete«— “~ Female gamete

48h 48h
Exflagellation Pfs25

Direct or carry-over
TrB validation

Oocyst formation
SMFA

Reader et al., Mal J 2016, Frontiers, 2022 45

Enabling technology v2r O
()

Phenotypic screening for TrB activity

Asexual blood stage Gametocytogenesis Mosquito stages

Immature gametocytes

, : 5 I - :
6 96" 0000844

/-‘ Stgl  Stgll Stgll Stgiv Oacyst
days02 days23 - days37 days 810
a8h 10 days day12 20 min 812days
TCP-1 activity TCP-5 activity
Bulk production, 48 h Production limiting, 12 days
ABS proliferation assays (Sﬂwweciﬁc Ge viability uw)
Immature Gc « “~ Mature Gc assay
48h 48h
Luc reporter expression Luc reporter expression
Metabolic markers Metabolic markers
an ° Sex-specific gamete function assays >
MMV @@ O (
Medicines for Malaria Venture Male gamete«" “~ Female gamete
48h 48h
Global Test Centre Exflagellation Pfs25

Direct or carry-over
TrB validation

Oocyst formation
SMFA

Reader et al., Mal J 2016, Frontiers, 2022 46
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Transmission-blocking platform

Immature Gc Mature Gc
—_ < 1004
5 100 g\/
(]
il
hrd 1%
B Ol # &
o 40 & S 404
; [
20 204
0 0 g 2
5 6 13 14 15
Time (days) Time (days)

>90% stage Il/lll >95% stage V

Gametocytemia:
3.310.2%, (day 5, n=50)

Gametocytemia:
2.7 £ 0.2%, (day 15, n=50)

Luc assay Z factor:
0.83 £ 0.02 (n=81)

g

Luc assay Z factor:
0.84 + 0.02 (n=80)

4/25/2024

Mg..

47

Transmission-blocking platform

Reader et al., Mal J 2016, Frontiers, 2022

Immature Gc Mature Gc
g 100 g 1004
<) 4

& w o &
: : N ° ..
g < =
5 5 w /
o 40 S
@ [}
- el e
o [} 7

0 04

5 6 13 14 15

Time (days) Time (days)

>90% stage Il/IlI >95% stage V

Gametocytemia:
3.3+ 0.2%, (day 5, n=50)

Gametocytemia:
2.7 £ 0.2%, (day 15, n=50)

Luc assay Z factor:
0.83 + 0.02 (n=81)

g

Luc assay Z factor:
0.84 + 0.02 (n=80)

Gametes

@
S

74
200 J

-3
S

(total)
S
S

Number of exflagellation
centres (total)
N
S

Number of macrogametes

On
o
12

Male:
150 exflagellation centres (n>25)

Female:
>30 macrogametes (n>25)

47

M2PL .

48

Reader et al., Mal J 2016, Frontiers, 2022
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Transmission-blocking platform

49

Immature Gc Mature Gc Gametes

guwo g1 s 80 F)
< Py c 250 f— ] S
® " [ o
o o @ 601 l:llv.H 25 g_ =
3 © S £ 100 e g
BN E=n ]

o o g 2 2 E g

5 6 13 14 15 0 0 g
Time (days) Time (days) N N
>90% stage Il/lll >95% stage V Male: Feeding rage ~80%
150 exflagellation centres (n>25)
Gametocytemia: Gametocytemia: Prevalence ~75%
3.310.2%, (day 5, n=50) 2.7 £ 0.2%, (day 15, n=50) Female:
>30 macrogametes (n>25) Oocyst intensity ~10
Luc assay Z factor: Luc assay Z factor:
0.83 £ 0.02 (n=81) 0.84 + 0.02 (n=80) African Anopheles
sps.
Reader et al., Mal J 2016, Frontiers, 2022 49

TrB as additional activity to antimalarials ..

33‘ :@‘ MMV.. ); MRC\§ % :"u'::: & innovation L‘%
2 Sconcn st mnovation RE

Medicines for Malaria Venture REPUSLIC OF BQUTH AFRICA

@
e @ 1_/:ABS activity

I TrB activity

Late gamenceye

nhiiticn %, 5 )

ﬁDuaI active J00 . . . of -

Jrap—

S
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8

50

50

25



4/25/2024

Exploring the kinase inhibitor space for transmission-blocking antimalarials ..

s, 7

Inhibition of late stage gametocyte viability (%)

o JUNC RS

- 1M
5pM

il l

My o
s
5(_4
281F
Van der Watt, JAC, 2018; Paquet, Science Transl Med, 2017; Brunswig, AAC, 2018 51
51
Exploring the kinase inhibitor space for transmission-blocking antimalarials Mg..
Pt N
oY 8
- ;:: PfPI14K inhibitor
§ I | MMV048
g I
H Gametocyte
E
g £ 100
H z
2 ‘ Ij ‘l Z 80
° ©
g [ B Mo o2 - 214+ 16.7 nM
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Exploring the kinase inhibitor space for transmission-blocking antimalarials ..

M2PL .
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Exploring the kinase inhibitor space for transmission-blocking antimalarials Mg..
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Exploring the kinase inhibitor space for transmission-blocking antimalarials Mg‘.
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ABS iGc mGc

ABS (70-80%)

ABS & iGc (~20%)

Pan reactive (<10%)

e €

Antifolates
8-Aminoquinolines
DSM265, Atovaquone
P218

Endoperoxides
4-Aminoquinolines
Antibiotic

Cabamiquine (M5717)
GNF179 MMV390048
KAE609, KAF246
MMV183

Wice
.ch

5

10 15

Fold change (IC5,)

20
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&
MZPL..
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ABS iGc mGc

IM'II i !IIII-II‘

ABS (70-80%)

ABS & iGc (~20%)

Antifolates
8-Aminoquinolines
DSM265, Atovaquone
P218

Endoperoxides
4-Aminoquinolines
Antibiotic

Cabamiquine (M5717)
GNF179 MMV390048
KAE609, KAF246
MMV183

5

Fold change (ICyp)

20
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Will gametocyte maturation be

Will effective gametocytocidal
activity be achieved at
therapeutic doses?

58
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De novo parallel screens against multiple life cycle stages

ABS activity _ TrB activity

Dual active

" Grand
MMV@@® O: Crnd s DILLEMELINDA

Medicines for Malaria Venture Aftica GATES foundation *

Reader et al., Nature Comms, 2021

59
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De novo parallel screens against multiple life cycle stages g

DA,

sV
pumanpes,

ABS activity _ TrB activity

Dual active

" Grand
MMV @@ D: Gund BILLEMELINDA

JSCIENCE FOR
Medicines for Malaria Venture Africa ATES foundation * “AFRICA
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Reader et al., Nature Comms, 2021
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Required properties of dual-active antimalarials Mg..
L ]
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MZPLz.

Gametocytogenesis

Immature gametocytes

E{' J @ ““G)* - dgg

Stgl  Stgll Stglll  Stgiv Mt n
days02 days23 — days37 days8-10

s ; E; g
% T o=
Cocyst

Oa®

10 days day12

TrB discovery challenges

2) What to target in transmissible stages?
* Unique MoA indications required to prevent resistance transmission

62

62
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TrB to prevent the spread of resistance ..

MZPL..

Asexual blood stage Gametocytogenesis Mosquito stages

cos '
0 e="00008= 14

Immature gametocytes

‘ Stgl  Stgll Sl Stgiv el ) Qocyst
doys02 -days23 - days3-7 days 810
a8h 10 days day12 o 20 min 812days
Proliferative state Differentiative state

Pdbid
* Divergence from ABS

* Stage-stratified

* Sexual dimorphism
*  Only 45% of genome
~80% of genome transcribed
transcribed

@
Genes

Bozdech, 2003 Van Biljon et al., 2019 ; Van Wyk et al., 2021 63
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TrB to prevent the spread of resistance ..

Asexual blood stage Gametocytogenesis Mosquito stages

7’1%

Oocyst

Immature gametocytes

'i‘:‘ @ -@‘()~ e d@és.q

Stg|l Stgll Stglll Stg v
doys 02 -déys23 - days37 days 810

gametocytes Macrogamets

48h 10 days day12 & 20 min #12days

Proliferative state Differentiative state

Van Biljon et al., 2019 ; Van Wyk et al., 2021, van der Watt et al., 2022 64
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TrB to prevent the spread of resistance ...

Surface al Lipid metabolism

N
Cytoskeletal/IMC/MT proteins ¢ !
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y GAPAS lon homeostasis DAG, TAG, PE, PC; PI
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.
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IPPKA" |
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. * "
Heme metabolisme- __ipid metabolism DOZI*, CITHY, PPuf2%.
{PPI4K,increased PS,
ceramides
ranscription/translation
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——® synthesis/excretion |
* Oxidative metabolism S (BEED)
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components RNA stabilization

CAF/CCR4*/NOT1

p
Epigenetic

histone PTM, LSD2,
ISWI, SNF2L*
Oxidative metabolism

~® TCA - (glutaminolysis).......
ETC -{gytochrome be1(ai)

~—a Protein synt Cytoskeletal proteins
| PfEF2, SSU rRNA [Tubulin II, Actin Il, PfMRS,
PIELC, MTIP* (Myosin A)

Immature gametocyte Mature gametocyte
van der Watt et al., 2022 65
65
Summary & future directions Mg..
o
TrB agents
* Routine platform to assign TrB activity to antimalarial candidates C-

* Physicochemical space defined
* Uptake as a main barrier to efficacy

* Targetable biology becoming evident 0
* Resistance transmission can be circumvented

* Polypharmacology enticing

Development challenges
* Can we achieve equipotency for the effective therapeutic window for TrB in
dual-active compounds?

* Can we achieve PK/PD and half-life matching in combinations?

*  Which in vitro activities translate to good activity in vivo?

66
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Unraveling the mysteries of

malaria parasites

Emily Derbyshire, Duke University
Departments of Chemistry and
Molecular Genetics & Microbiology

ACS Webinars
World Malaria Day
April 25, 2024
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Malaria Progress ‘Stalled’ ¢

@5\, World Health

&8 Organization

Malaria Heat Map
By CDC Estimated Risk

M High
Moderate

W Low

W Very Low
No data
None

&

Drug resistance is greatest risk to disease control

Resolve Metabolite Small Molecules

Biosynthesis and Function

ChemiciBiology
of Parasites

Function

—~~

Probe
Plasmodium

K Lifecycle

Discovery and Develop
Chemical Probes

Proteins

Identify and Characterize
Essential Proteins
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Resolve Metabolite Small Molecules
Biosynthesis and Function
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Discovery and Develop
Chemical Probes
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Function Of P sites Proteins

— Identify and Characterize
Essential Proteins
Probe

Plasmodium

K Lifecycle

Resolve Metabolite Small Molecules

Biosynthesis and Function

Discovery and Develop
Chemical Probes
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Function . Proteins
Sites
A~ Identify and Characterize
Essential Proteins
Probe
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Chemical Biology of Parasites

( N L )

Parasite Targets Host Targets

X @DerbyLabDuke derbylab.org
74
Liver Enables Blood Infection
Blood cell infection
causes disease
75
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Plasmodium Transforms in the Liver

(e

Blood cell infection
causes disease

Coppens and colleagues
Cell Res 2010

76

Plasmodium Transforms in the Liver

Dr. Dora Posfai

38
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Plasmodium Replicates Massively

Plasmodium

host nuclei

Images adapted from Vaughan & Kappe Cold Spring Harb Perspect Med 2017

Plasmodium Replicates Massively

Plasmodium!
host nuclei

Plasmodium

/

/

12 hpi 48 hpi

host nuclei

10 um

Images adapted from Vaughan & Kappe Cold Spring Harb Perspect Med 2017
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Plasmodium Transforms in the Liver

liver-infective blood-infective
parasite parasite

_ﬂﬁ_

Blood cell infection
causes disease

Coppens and colleagues
Cell Res 2010

80

Challenges of Liver Stage Research

We need thousands of live malaria-infected mosquitoes

81

81
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Dr. Dora Posfai

Malaria Liver Stage Model System

Hepatocytes P. berghei-Infected

O Mosquitoes

P. berghei-Infected
Hepatocytes
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Malaria Liver Stage Model System

Hepatocytes P. berghei-Infected
Mosquitoes

Ong et al Eur J Med Chem 2023
Viswanathan et al Bioor Med Chem Let 2023
Galal et al J Med Chem 2022

Mughal et al ACS Infect Dis 2022

Bang et al Nat Comm 2021

384-well plate
Plasmodium-infected liver cells

84

We aim to leverage small molecules
to reveal druggable proteins

85
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FDA-Approved Compounds Inhibit LS Plasmodium
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Hits exhibit different IC5ys & diverse chemical scaffolds
Derbyshire PNAS 2012
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FDA-Approved Compounds Inhibit LS Plasmodium
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Hits exhibit different IC;ys & diverse chemical scaffolds
Derbyshire PNAS 2012
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FDA-Approved Compounds Inhibit LS Plasmodium

No method for liver stage Plasmodium
target identification exists

88

Plasmodium Blood Stage Target Identification

iy
% ?
C.
s s Clemastine
Kills FDA-approved Protein

Plasmfdium ,

Collaboration with
Prof. Fitzgerald

Dr. Kuan-Yi Dr. Baiyi
Lu Quan

89

4/25/2024
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Plasmodium Blood Stage Target Identification

3
O

Clemastine
FDA-approved

Kills

Protein

Plasm()dium

Chemoproteomics: CETSA (cellular thermal shift assay)
TPP (thermal proteome profiling)
SPROX (stability of proteins from rates of oxidation)

Molina et al Science 2013, Franken et al Nat Protoc 2015, West et al Anal Chem 2008
90

Proteomics Approach to Plasmodium Target ID

Protein X
- Drug =
5
—_ of n
\ks?RO\@??\
/ \\)‘eape‘a\\“e
. Te®
P. falciparum H,0, (SPROX)  Isobaric labeling [Urea] or Temp
b'0|0d'5tage  brug Centrifuge (TPP)  LC-MS/MS
ysate
N Protein target
—_—
/\/o
S,

78,
/770:/(8,0@
"3, O’b
S50

X
¥ /
5

Signal

[Urea] or Temp
Lu ChemBioChem 2020
Collaboration with Prof. Fitzgerald (Duke) and Dr. Baiyi Quan

91

Dr. Kuan-Yi Lu
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Proteomics Approach to Plasmodium Target ID

SPROX
g i £ ’ ;&
s . 2! ) 2 Ry
& - ¥ T & w 4
h ch‘,;/oc- . [U‘rea]‘ o ' [Ljrea] '
TPP
o 2 TCP-1 deltais
g s reproducible hit in
g SPROX and TPP
;@ Te;nperatur;

Lu et al PNAS 2020

Clemastine Destabilizes PfTRiC but not HsTRiC

TRIC is an essential molecular chaperone that folds tubulin

Clemastine

Clemastine binds and
destabilizes Plasmodium
TRIC but not human

50—

a-tubulin
DMSO Clem

Lu et al PNAS 2020

z

! Q/\
7\ o‘\s
N‘N N o

HSF1A

Dekker EMBO J 2011

Neef 2014 Cell Reports

destabilizes human TRIiC

HSF1A binds and

but not Plasmodium

tubulin decreases
tubulin destabilizes

HsSTRIC: Frydman and colleagues Cell 2022

PfTRIC: Goldberg and colleagues Cell Microbiol 2017

4/25/2024
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Clemastine Inhibits PfTRiC Activity in Cells

P. falciparum and Inhibitor Assay
Viability
test
drug ;
L L L L L »
I } g + +—>
0 12 20 30 72
Hours post treatment

Clem

HSF1A

Hoechst

a-tubulin DIC

Lu et al PNAS 2020

Clemastine Inhibits PfTRiC Activity in Cells

P. falciparum and Inhibitor Assay
Viability
test
drug
L { L L L b
I g J t —>
0 122 20 30 72

Hours post treatment

IFA at Clemastine ECs, (2 pM )

Hoechst a-tubulin

Clem

HSF1A

Microtubule development disrupted
No evidence for cell death

No disruption with known
antimalarials

2 um

Proteomics-based target ID from HTS reveals potential to
selectively target Plasmodium TRIiC

Lu et al PNAS 2020

4/25/2024
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Clemastine Inhibits Plasmodium Chaperone TRiC

Clemastine
FDA-approved

o

TRIC

* Iy

Binds TCP-1 8 Ky opp

Complex destabilization

TCP-13

~10 uM

l

l

Phenotype: Decrease in tubulin levels

Aberrant tubulin morphologies
Protein aggregation

MS Target ID: Fidock and colleagues Cell Chem Bio 2020; Bozdech and colleagues Nat Protoc 2020;
Cowman and colleagues Cell Host & Microbe 2020; Nordlund and colleagues Science Trans Med 2019

Lu et al PNAS 2020

96
Targeting Essential Parasite Proteins
Screening and affinity-based chemoproteomics reveal protein function and structure
Heat shock Heat shock Protein
protein 90 protein 70 kinase 6
o H
HoN- N N
- NN
QMNJ@Q ). @
H
N
Keeler et al unpublished Galal et al J Med Chem 2022
Protein
kinase 9
N
N,
Qi
N NH,
o
Dr. Chris Mansfield
Totzke et al Cell Chem Bio 2017
Raphemot et al Cell Chem Bio 2019
97
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Identifying PfHsp90 Inhibitors

High-throughput screen

3419
Compounds
Screened

88
Fluorescent
Positives

4
Elute
PfHsp90

2 Active In-Cell

BX-2819

w

o
NN
’LQCH
HO

Protein binding:
PfHsp90 K; =24 £ 4.4 nM
HsHsp90 K;= 49 £ 4.3 nM

z

Parasite inhibition:
BS ECyy = 1.2 + 0.027 uM
LSEC,, = 1.5+ 0.41 uM

2-fold selective

Collaboration with Prof. Tim Haystead (Duke)

XL888

V)l\(’l
S NH,
i 0
HN NH
PN

Protein binding:
PfHsp90 K; =27 £ 7.8 nM
HsHsp90 K;= 130 + 30 nM

Parasite inhibition:

BS ECy, = 0.78 + 0.12 uM
LS ECy, = 0.24 + 0.045 uM

5-fold selective

XL888 SAR to Improve Species Selectivity

Caql
NN NH2
e
i HN
NH
Tropane analogs 0~

R-NH

R-NH; R-0 R-0OH
N

1> 2 - 3 - 4

Collaboration with Prof. Leahy (USF) and Dr. Benjamin Eduful

PDB: 4AWO
Constructed in Schrodinger Maestro

XL888 bound HsHsp90

4/25/2024
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XL888 SAR to Improve Species Selectivity

o
@
S NH,
i °
HN NH
XL888 °
\
o]
(R :|
NN NH;,
Va0
HN
NH
’ {
Tropane analogs o~
R-NH
R-NH; R-0O R-0OH
|-
1 = 2 > 3 =

PfHsp90
HsHsp90

Compounds
1 2 3 4

FITC-GA
Bound (%)
100
75
50
25

0

Hsipf | 84 | 31 | 19 1.2

Screened at 100 nM

PfHsp90

HsHsp90

Selectivity

46 +£6.8

440 £ 130

9.6-fold

Tropane 1 is an XL888 analog with
improved PfHsp90 selectivity

Collaboration with Prof. Leahy (USF) and Dr. Benjamin Eduful

BX-2819 SAR

Can we improve BX-2819 selectivity?
Not within +30 compounds X

N S
L
NJ(_NH
=N
OH

HO’

Are any derivatives useful?
Yes, as a negative control
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Collaboration with Prof. Haystead (Duke) and Dr. Philip Hughes
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TPP Approach to Plasmodium Target ID

Protein X

Signal

P. falciparum U
lysate

% remaining
soluble

Sample Temp
2
:"l Protein target

Temperature

\ { v / Temp
BioRender

Figure inspired by Mateus & Kurzawa et al Mol Syst Biol 2020

Signal

102

102
TPP Approach to Reveal Protein Interactions
Protein X
X ?
P. falciparum U . S Temp
AE% 2
lysate 53 1
i | Protein target
Temperature
=
{{ 3
BioRender t
Figure inspired by Mateus & Kurzawa et al Mol Syst Biol 2020 103
103
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TPP Highlights Putative PfHsp90 Interactors

Interrogating specific perturbations
from PfHsp90 inhibition

Gene ontology enrichment

Mitotic DNA

repll @ ion

initiation

Prg ne
a
Pre-replicative

complex assembly

Collaboration with Prof. Fitzgerald (Duke)

Cell

¢ll redyx
ho eostasis

DNA conformayion
change

binatipnal
repmr

Double/Strany break
repair ia homdlogous
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Inactive Active
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g J J
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A transcript
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GO analysis for biological process condu

cted in PlasmoDB and REVIGO

TPP Highlights Putative PfHsp90 Interactors

Interrogating specific perturbations
from PfHsp90 inhibition

Inactive Aclive
(H8292) (BX -2819)
Inactive Active
15 0
5 y ),
g
E o =l R

Proteins Proteins

Collaboration with Prof. Fitzgerald (Duke)

Predicted interaction network
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@
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PfHsp90 Chaperones the 26S Proteasome

.

w’i/wniud:”ju‘(f?f;?“ ==
PR

Proteasome activity assay
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in P. falciparum lysate

PfHsp90 promotes proteasome activity
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PfHsp90 inhibition
destabilizes 26S proteasome

DMSO _ GA

DMSO _ Epox

+0.03% SDS +0.03% SDS

Relative 26S Activity (%)
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g
z
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@ 100
f=]
40 %
56 2 50
(7]
4
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Mansfield et al Cell Chem Bio 2024

Targeting Essential Parasite Proteins

Screening and affinity-based chemoproteomics reveal protein function and structure

Heat shock
protein 90

o
HoN
HN—

N -

%,

o

Mansfield el al Cell Chem Bio 2024

Heat shock
protein 70

Keeler et al unpublished

Species selectivity is challenging

\or

~5,500 proteins

~21,000 proteins

Protein
kinase 6

NN
[
N o)
o0

N

N

O

Galal et al J Med Chem 2022

Protein
kinase 9

S
@:/%NH ;NHZ

o

Totzke et al Cell Chem Bio 2017
Raphemot et al Cell Chem Bio 2019
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Targeting Essential Parasite Proteins

Screening and affinity-based chemoproteomics reveal protein function and structure

Heat shock Heat shock Protein
protein 90 protein 70 kinase 6

v NN
HN \\r
NQ%W NN o} \ _N @Yo
T wu/@[o] PO
3. 5
W, N
Q

o

Mansfield el al Cell Chem Bio 2024 Keeler et al unpublished Galal et al J Med Chem 2022

Embrace human proteins as targets

Reveal host
. processes
essential to
» | Plasmodium
~5,500 proteing ~21,000 proteins
108
Systematic Approaches to Uncover Host Processes
RNAI Screen RNAseq
Druggable Expressed
Genome Genes
(7,000 genes) (20,000 genes)
Host Factors Important
to Plasmodium
Dr. Maria Toro Moreno Dr. Kayla Sylvester
Raphemot & Toro-Moreno et al Cell Chem Bio 2019 Posfai et al Plos Pathogens 2018
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Aquaporin 3 is Upregulated During Infection

H20 HO—-OH

Beitz et al PNAS 2006
Miller and Dickinson et al PNAS 2010
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Aquaporin 3 is Upregulated During Infection
S
AQPE CRISPR disruption AQP3
AQP10 inhibits Plasmodium
AQPS 125+ Fkkk
AQP4 A,
=100
AQP7 S
e ™ & skl e g 7
AQP1 *3—3, 50
S
. ©
AQP3 is not generally hore & 25
expressed in hepatocytes hopt o
AQP8 & &
A S Qf§
o &
-20 0 20
relative fold change
Collaboration with Prof. Sandeep Dave (Duke) and Dr. Dr. Anupama Reddy 1
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Where Does AQP3 Localize During Infection?

Parasitophorous vacuole membrane (PVM) interface that protects parasite

)

Host Cell Membrane Host-Parasite Interface  Parasite Cell Membrane

1 2 3

112

AQP3 Localizes to Parasitophorous Vacuole

Recruitment to parasite occurs 24-28 hpi

Posfai et al Plos Pathogens 2018
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AQP3 Localizes to Parasitophorous Vacuole

PbHsp70

Recruitment to parasite occurs 24-28 hpi

Posfai et al Plos Pathogens 2018
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Dormant Liver Stage

P. vivax dormant forms cause disease months after exposure

/\ D 8-10 daxs

P. vivax Hepatocyte Active form
(schizont)

>24 days

Dormant parasite biology is elusive

Dormant form

(hypnozoite) Relatively few known inhibitors
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Challenges of Liver Stage Research

Primary Human P. vivax-Infected
Hepatocytes Mosquitoes

O

v

P. vivax-Infected

Hepatocytes
Roth et al Nat Comms 2018

116

PvUIS4

Dr. Dora Posfai
Collaboration with Prof. Kyle (UGA) and Dr. Steven Maher
Dr. Witkowski (Institut Pasteur de Madagascar) and Dr. Amélie Vantaux
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Differential Recruitment to Active vs Dormant Forms

Active Dormant

O

PvUIS4

10 pm 10 pm

What is the function of AQP3?

Posfai & Maher et al Cell Chem Bio 2020
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Auphen Inhibits P. vivax Liver Stages

AQP3 Inhibitor
(glycerol flux)

+

7 Cl
\ N, N /
Au\
c’ ¢l

Auphen

% Inhibition
LS Schizont Quantity

Active Liver Stage
100~

a
o
1

!

o
1

)

T T T T
-3 -2 -1 0 1

Log[Auphen(uM)]
IC5=1.7 £ 0.69 uM

% Inhibition
Hypnozoite Quantity

Dormant Liver Stage
100

50

Log[Auphen(uM)]
IC5, =15+ 0.39 uM

Auphen inhibits P. vivax active and dormant forms

Collaboration with Prof. Kyle (UGA) and Dr. Witkowski (Institut Pasteur de Madagascar)
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Does Auphen Inhibit Blood Stage P. vivax?

Y
v
o ¢

SN
/ Human AQP3 Recruited to P. vivax

/ bright DAPI AQP3 merge
Sk
\!:,{ { W

Posfai & Maher et al Cell Chem Bio 2020 10
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=e— SCPv331
== SCPv280
), 1004
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P d 28
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83 2 -1 0 1 2
Log[Auphen (uM)]
Isolates ID  EC., (M)
SCPv280 16+0.24
SCPv341 1.6 £ 0.53
SCPv443 1.5+ 0.40
Kim102 0.94 £ 0.25
SCPv339 0.57 + 0.096
SCPv367 0.53 + 0.23
SCPv328 0.42+0.18
SCPv452 0.24 + 0.061
Kim100 0.18 + 0.046
SCPv331 0.097 + 0.012
Dr. Amélie Vantaux
Posfai & Maher et al Cell Chem Bio 2020 121
121

60



4/25/2024

Chemical Biology of Parasites

( N L A

Parasite Targets Host Targets

X @DerbyLabDuke derbylab.org
122
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The Team

Dr. Rene Raphemot (Actalent)

Dr. Dora Posfai (NEB)

Dr. Kuan-Yi Lu (UNC, Chapel Hill)
Dr. Jack Ganley (Princeton)

Dr. Maria Toro Moreno (FHCC)
Dr. Kayla Sylvester (Promega)
Dr. Hannah D’Ambrosio (Moderna)
Dr. Amber Eubanks (KBI)

Dr. Aaron Keeler

Dr. Chris Mansfield

Anna Truong

Michael Chirgwin

Erin Schroeder

Sam Eastman

Gaini Ibrasheva

Duke University UGA
Prof. Michael Fitzgerald Prof. Dennis Kyle
Undergrads Dr. Baiyi Quan Dr. Steven Maher

McKenna Crawford (NIH) Prof. Tim Haystead Institut Pasteur de Madagascar

Daniel Ryan (NIH) Dr. Philip Hughes Dr. Benoit Witkowski
Tamanna Srivastava (UPenn) Dr. Amélie Vantaux

Grace Wang (Caltech) Prof. Sandeep Dave ] )

Kaitie Choe Dr. Anupama Reddy Light Microscopy Core
Elizabeth Boger USE (Dr. Lisa Cameron)
Porter Petruziello SporoCore, UGA

Prof. James Leahy
Isabel Colon L (Dr. Ash Pathak)
Xeno Hu Dr. Benjamin Eduful

Funding
RO1AI173295, RO1AI173042, R21A1174151, R44A1150237, Derbyshire Lab
X@DerbyLabDuke Sloan Foundation, Camille Dreyfus Foundation, Duke University

derbylab.org
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Questions?

4 N R

Parasite Targets Host Targets

X @DerbyLabDuke derbylab.org
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

THE LIVE Q&A IS
ABOUT TO BEGIN!

Keep submitting your questions
in the questions window!
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COLLECTION

go.acs.org/ :fmll Read the

) Latest
MalariaDay24 Research
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La Creacion de Materiales Better Biodegradable Vinyl Polymer How Nanoscale Materials in

Macroscopicos a Través del Ensamblaje Materials by Improving Radical Ring- Biosensors are Innovating Health

de Nanotubos de Nitruro de Boro Opening Polymerization (rROP) from Concept to Care

Co-produced with the Sociedad Quimica de Mexico Co-produced with ACS Division of Polymer Chemistry Co-produced with CAS, a division of the American Chemical Society

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars
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ACS

; ) www.acs.org/membership
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Premium

il benefits. The best option for

Standard Basic
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s55 Graduate Students
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s0 Emeritus

Toll Free in the US: 1-800-333-9511
International: +1-614-447-3776

service@acs.org
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

@ ACS Webinars

CUCK » WATCH - LEARN = DISCUSS

Learn from the best and brightest minds in chemistry!
Hundreds of webinars on a wide range of topics relevant to

chemistry professionals at all stages of their careers, presented

by top experts in the chemical sciences and enterprise.

° Edited Recordings

~#——  are an exclusive benefit for ACS Members with the
Premium Package and can be accessed in the
ACS Webinars® Library at www.acs.org/acswebinars

Live Broadcasts

of ACS Webinars® continue to be available free to
the general public several times a week generally
from 2-3pm ET. Visit www.acs.org/acswebinars to
register* for upcoming webinars.

A |
|
LIVE ]

*Requires FREE ACS ID
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

@ ACS Webinars

CLCK « WATCH - LEARN = DISCUSS

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

Mike  Rusasell Enck
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