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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.

linkedin.com/company/
american-chemical-society

@AmerChemSociety | @AmericanChemicalSociety @amerchemsociety

Contact ACS Webinars® at acswebinars@acs.org
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Where is the Webinar Recording?

ACS Members w/Premium Package

All Registrants

Watch the unedited recording
linked in the Thank You Email
for 24 hours.

Visit the ACS Webinars® Library
to watch the edited and
captioned recording.
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ACS

A Career Planning Tool For Chemical Scientists & chemistryfor 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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Career Consultant Directory &F Chemistryfor Life®
Find a Career Consultant
Academia Government Industry
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 6
6
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ACS Bridge Program \2 4 CAmSn:istSryforLife“'

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.orqg

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!”

- GIVE TO THE

f R #~C SCHOLARS
<) AL D PROGRAM

-3 Donate today at www.donate.acs.org/scholars
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ACS OFFICE OF DEIR

Advancing ACS' Core Value of Diversity, Equity,

Inclusion and Respect

Resources

Inclusivity Style Guide

ACS Publications DEIR Hub

C&EN Trailblazers

ACS Webinars on Diversity
"

ACS Volunteer and ACS
Meetings Code of Conduct

NEW! Download DEIR
Educational Resources

Diversity, Equity, Inclusion, and Respect

**adapted from definitions from the Ford Foundation Center for Social Justice:

Equity**

Seeks to ensure fair treatment,
equality of opportunity, and

fairness in access to information
and resources for all. We believe
this Is only possible in an
environment built on respect and
dignity. Equity requires the
identification and efimination of
barriers that have prevented the

full participation of some groups

Diversity**
The representation of varied
dentities and differences (race,
1 ility, sexual
orientation, gender identity,
in, tribe, caste, socio-

inking and

Inclusion**

Builds a culture of belonging by
actively inviting the contribution
and participation of all people.
Every person's voice adds value,
and ACS 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.

Quick Guide: Inclusion Quick Guide: How to host
Moments inclusive in-person events

https://www.acs.org/diversity
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REACTIONS

PRODUCED BY THE AMERICAN CHEMICAL SOCIETY
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1 Ase Gold To Prove a Poke

We Mase Pop Rocks at Hame wth Sclence

'www.youtube.com/c/ACSReactions/videos 10
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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
CHEMISTRY

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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ACS
ACS Career Resources W Chemistry for Life®

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

Jim Tung

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

15

15

ACSPublications

g Most Trusted. Most Cited. Most Read.

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

Follow your favaurite journal or newsletter

ACS Publications’ commitment to publishing high-quality content continues to attract impactful research that Souigh the Emad Preference Center
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- .
1 ganic
Science & Inorganic Physical

Engineering

Publish with ACS New Products & Services ACS Open Science Explore ACS Solutions

https://pubs.acs.org 16
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ACS Green Chemistry Institute

Chemistryfor Life”

TWENTY-SEVENTH ANNUAL

GREEN CHEMISTRY &

ENGINEERING CONFERENCE

June 13-15,2023 | Long Beach, CA & Hybrid

Platinum Sponsor W

Register Now!
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About Program Register Hotel Students Expo Sponsor Q
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CLOSING THE
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www.gcande.orq
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ACSPublications

ACS Pharmacology & Translational Science R Most Trusted. Most Cited. Most Read.

;hélgr;s\aéolo
Qﬂans\ptional S%gnce

\ ? Editor-in-Chief:
. Christa E Miiller

Gl University of Bonn,
N Germany

Publishes high-quality, innovative research across the
broad spectrum of pharmacology, medicinal chemistry,
pharmaceutics, translational drug development,
biochemistry, and experimental medicine

Manuscript types: Articles, Perspectives, Reviews,
Letters, Viewpoints

FIRST Impact Factor in June 2023: 6.0

If you are interested in submitting a manuscript, please
contact us at eic@ptsci.acs.org

https://pubs.acs.org/journal/aptsfn 18
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CLICK « WATCH - LEARN + DISCUSS

Thursday, September 7, 2023 | 2-3pm ET

Wednesday, September 13, 2023 | 2-3pm ET
Mentors, Imposter Syndrome,

Thursday, September 14, 2023 | 2-3pm ET
Passport to Progress:

21>, 1T 0 I > Mass Spectrometry Made Simple
and Diversity New Immigration Initiatives

Co-produced with ACS Office of Diversity, Equity, Co-produced with ACS Advocacy

Inclusion, and Respect

Co-produced with ACS Office of Career and
Professional Education

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

THIS ACS WEBINAR®
WILL BEGIN SHORTLY...

% Say hello in the
guestions window!

20
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« WATCH + LEARN + DISCUSS

Download Presentation Slides . .
ACS 7 gEEEar @ ACS Webinars
W Chemistry for Life® )

www.acs.org/acswebinars

Plant-Cell Based Drug Delivery:
Enhancing Affordability and Access to Healthcare

HENRY DANIELL, PhD CHRISTA E. MULLER, PhD

Head of Department, Pharmaceutical Institute,
University of Bonn, Germany, and Editor-in-Chief,
ACS Pharmacology & Translational Science

W. D. Miller Professor & Vice Chair, Department of
Basic and Translational Sciences, School of Dental
Medicine, University of Pennsylvania

This ACS Webinar ® is co-produced with ACS Publications and the ACS Division of Medicinal Chemistry.

21

Plant Cell Based Drug Delivery:
Enhancing Affordability and Access to Healthcare

Dr. Henry Daniell

W. D. Miller Professor
Director of Translational Research
Vice Chair, Department of Basic and Translational Sciences

School of Dental Medicine
University of Pennsylvania, Philadelphia, USA

Founding Editor, Editor in Chief, Editor Emeritus
Plant Biotechnology Journal, Oxford, UK

hdaniell@upenn.edu

www.dental.upenn.edu/hdaniell
http://scholar.google.com/citations?user=7sow4jwAAAAJ&hI=en

22
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FDA approves $3.5 million treatment for
hemophilia, now the most expensive drug in the
world

By Deidre McPhillips, CNN
Published 4:26 PM EST, Wed November 23, 2022

fy=cw®

FDA y ‘about 60 adut men.

New $2.9 Million Gene Therapy Promises to Remake Hemophilia Treatment

BioMarin’s gene therapy is the first to win FDA approval for adults with the most common form of the
bleeding disorder

By Jared S. Hopkins - June 29, 2023 5:31 pm ET Wall Street Journal

Diabetes is a Silent Epidemic, but Treatment is Expensive

8/31/2023

Single gene therapy treatment
for Hemophilia A is $2.9 million;
for hemophilia B is $3.5 million

N

i oaly
NOC 6813502748

valoctocogene
roxaparvovec-rvox
ROCTAVIAN®

‘Suspension for Intravenous nfusion

16 x 10" vector genomes/8 mL
(2x10"vector genomes/mL)

Containg one singhe-dose vial

BiOMARIN®

FIGURE 2. PERCENTAGE OF DEATHS ATTRIBUTED T HIGH BLOOD GLUCOSE THAT OCCUR AT AGES 2089 YEARS,
BY SEX AND COUNTRY INCOME GROUP, 2012

536 million adults live with diagnosed diabetes — many not diagnosed

Diabetes caused 6.7 million deaths in 2021 (COVID 1.1 million 2020-2023, US)
Insulin pump costs $6000-$12,000; 1/3™ of global population earn $2/day
Insulin market size is $20.35 billon in 2021

Insulin cost doubled in the US in five years

Annual sales of top ten protein drugs ($200 billion), exceeds 3/4™ global GDP

Low-income

23

Medicare beneficiaries out of pocket costs for insulin was >$1 billion in 2020 but was $236 million in 2007.

So, American diabetics risk their lives by reducing their insulin dose !!

24

12


https://www.wsj.com/news/author/jared-s-hopkins

25

26

8/31/2023

Current protein drug delivery systems — >90% invasive

FDA approved protein drugs: Oral Arah bioencapsulated in peanut cells to treat allergy; Topical ACE2
bioencapsulated in lettuce to debulk SARS-CoV-2 infection/transmission in phase I/l human clinical trial .

Percentage of biologics
N = Surgical
M Injectable M Non-injectable \mp lantation

Subculaneous Topical

Imravenous Sublingual
I i‘!lllllll

\mramuscu ar

‘ Subretinal 1 H Intravesical 1 H Rectal1 H Intralesional 1 || Intraventricular 1 || Ophthalmic 1

Resea rchIPurple Book) database through December 2022. The FDA has approved
89 protein drugs since 2015, excluding monoclonal antibodiesvand vaccines. Red
indicates thataninjection is required for that delivery me(hod.A

Fig.1| FDA-approved biologic drug delivery methods and percentage of
each method since 2015. Dataare from the Center for Biologics Evaluation and
Research (Biological Approvals by Year) and Center for Drug Evaluation and

nature biotechnology

https://doi.org/10.1038/541587-023-01899-1

Plant cell-based drug delivery enhances
affordability of biologics

26
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Why are Biopharmaceuticals Expensive?

Current system vs New system

Fermentation Purification Oral Delivery of plant cells with protein drugs
+  $500-900 million cost of fermenters No need for fermenters — produced in greenhouses
» Prohibitively expensive purification FDA approved drugs without purification
» Invasive delivery — injections/implantation Oral/topical delivery — non-invasive
» Refrigeration/freezing required No need for cold chain
*  Short shelf-life Stable at ambient temp for many years
» Average development cost $2.6 billion Much less ($10 M topical -$25 million oral drug)
* New protein drugs cost 18,861- $288,759 Oral Palforzia $2,500 (<3% of new biologic drug)

27

*VaxGen Published Information 27

It is the drug delivery technology - stupid

When | moved to the US 40 years ago, my first operated assisted phone

call cost $75 (10% of my salary) — 45 days to get a response to mailed letters

28

Today, WhatsApp, Zoom, Skype — instant and cheap

Insulin was delivered by injections fifty years ago and still today

>95% of drugs approved by FDA are injected.

Injections are not suitable for drug delivery, especially for diabetes

Injections rapidly decrease sugar levels leading to hypoglycemia

Insulin delivery to the peripheral circulation by injections is a major reason for
hypoglycemia — natural insulin in secreted by the pancreas

28

14
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Plant selection

with inserted gene Hydroponic system Freeze dryer Ground powder Capsules Gum tablets

Daniell et al - Ann Rev Genetics 50: 595, 2017; Daniell et al - Genome Biology 17: 134, 2016

Daniell et al — Plant Biotechnology Journal 19: 430-447, 2021

Large Scale Protein Drug Production Facilities

University of Pennsylvania —
Daniell lab greenhouse

Although indoor hydroponic facility has been used in the past,
Greenhouse produced leaf biomass meets FDA requirements
for drug dose, stability, uniformity and bioburden.

30

15
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From Lab to the Clinic — CTB-ACE2 chewing gum

+ Harvest at 90- 120-days Sterile clean room Per Os Biosciences * Bioburden: USP <61>
* Sterilization: 200 ppm chlorine using = Biolomix Mill grinder, * Mix ground powder, sugars, and <62>
food grade Ca(OCI); in USP grade water Swing type — flavors (3-7 mm) with molten gum  « Moisture content: Karl
2 for 5 min, washing: 3 times, USP grade .« Grinding Time: 1. base (60 — C) Fischer titration
Daniell lab greenhouse water (Fnal chlorine level <4 * Sieving: ASTM E11 710 um Condltlonmg 13 9°C, 6 * Drug product dose
at the Pennovation * Drying: Food grade cenmfugal dryer pore size unchmg fum tablets (US patent quantitation, stability
Center 9,7 (CTB-ACE2) IND approved

« 1-2years

By FDA 5/31/2022

Tmll

Creation of af Bioma . Chewing
CTB-ACE2 Gum

Lettuce Seed - Production

« Chloroplast vectors with the i Lyophilizer: Ultra50 FDA « Bil : * Toxicology/safety/Pharmacokinetic

coon optimized human ACE2 fraunhofer cGMP hydroponic hproved S IC T HIE R I mylar bags with a harles River Labs 3-
. + Freezing: -40°C for 3 h ata . M 4months

. &he gun bombardment of '5%'; light: flugnces SPYDRx Vacuumof 400 mTon F.;;,'.i‘,“{.?,::’.g‘;e"‘ Ll packets at ambient * Investigational New Drug (IND) submission
lettuce leaves . - 16 hday) s h mgm - Drying: 25 °Cfor 66 « Drug substance L and approval - -34

. and +  Storage: in mylar bags quantitation and * Phase I/IIcIlmcaImaIs PSOM 3months for
:harzctenzannn . - + Temperature: 24°C+2 day & with desiccants at stability -1-2 years gums; variable for oral drugs

« CTB-ACE2 expression, quantitation 20°C % 2 night ambient temperature

- Humidity: €0% £ 10
« Air flow: 1.2 m/s

Products ready for advancing to clinical trials —in step 11:

* ACE2 gum to reduce SARS-CoV-2 infection/transmission — IND approved by FDA — Phase /Il studies in progress — Phase Il in 2023
* FRIL gum to reduce SARS-CoV-2, Influenza, HSV, RSV infection/transmission — IND to be filed for Phase I/Il studies in 2023

+ Dextranase/mutanase/lipase gum to kill bacteria/fungi in dental plague — IND to be filed for Phase I/l studies in 2023

+ Oral ACE2/Ang1-7 for cardiopulmonary diseases — Rat/dog efficacy/tox done - Revised IND to be filed for Phase /Il studies in 2023
+ Oral insulin —animal studies completed- canine insulin trial initiated - IND to be filed for Phase I/Il studies in 2023

+ Oral insulin like growth factor — acceleration of diabetic fracture healing - animal studies completed — IND to be filed in 2023

+ Oral COVID-19 booster vaccine —animal studies not yet completed - IND to be filed in 2023

31
From: Do, Ngoc-Linh <Ngoc-Linh.Do@fda.hhs.gov>
FDA approval of ACE2 chewing Sent: Tuesday, May 31, 2022 3:03 PM
Gum to prevent SARS-CoV-2 To: Blatcher, David <David.Blatcher@pennmedicine.upenn.edu>
Infection/transmission Subject: [External] IND 154807 ACE2 Chewing Gum
> First engineered clinical Dear David,
product (human protein) made
in plant cells via the chloroplast We have completed our review of IND 154807 and have concluded that you
genome may proceed with your proposed study. We will issue a study may proceed
letter within 30 days with non-hold comments for your considerations.
» First clinical product without
need for purification or cold
chain — ACE2 stability at ambient Thank you,
temperature for many years Linh
> Scale up - a million ACE2 gum Wt i) e, Phaer
tablets made from one kilogram Regulatory Health Project Manager
of dry leaf powder Division of Pulmonology, Allergy, and Critical Care
) Office of Immunology and Inflammation
> CTB approved W'th ACES L Center for Drug Evaluation and Research
Enables oral drug delivery including L5, Foed w6 By Adlirs e
CTB-insulin -
Tel: 301-348-1896
Fax: 301-796-9728
Ngoc-Linh.Do@fda.hhs.gov
32
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ACE2 gum FDA evaluation criteria
before and after IND approval

YV V V V

and supervisor certified

Y

» All project personnel should be certified for performing

All pipettes, equipment, should be calibrated and certified
All reagent safety data and batch record should be filed

All assays should be calibrated and certified

FDA should have access for verification of data

cGMP investigations and documentation.

All data should be performed by more than one investigator

» No data should be discarded, including failed or incomplete

experiments

Daniell lab facilities at the University of Pennsylvania and
investigators meet FDA requirements for cGMP product

development, characterization and documentation — equipment

calibration, training certification, etc.

What happens to COVID-19 patients after SARS-CoV-2 infection

Plasma ACE2 enzyme activity in control and COVID-19 patients

Rl

Test Specification 4 weeks 12 weeks | 26 weeks | 52 weeks
(7 days) (7 days) | (+14 days) | (+14 days)
Estimated
Date: Estimated 12-May- 7-July- 13-Oct- 14-Apr-
2022 2022 2022 2023
Actual 25-May- 28-July- | 10-Oct-
2022 2022 2022
Description light to dark green Pass Pass Pass
tablets:
Diameter: 0.65”
(16.4mm)
Thickness: 0.33”
(8.3mm)
Microbial Limits Total aerobic 0 0 0
(Bioburden) microbial count 10°
cfu/g
Total yeast 103 cfu/g | O 0 0
Total molds 104 0 0 0
cfu/g
Absence of Absent Absent Absent
Salmonella
Absence of Absent Absent Absent
Escherichia coli
Drug dosage 250-1,000 pg ACE2 752.6+3.4 | 755+3.1 | 7559+
per 2g dry weight of | pg ug 23pg
gum tablet
Potency 80% - 110% virus 100%* NA 100%
serum
neutralization
33
A B
80 e 80
o) =
S 60 ° § 60
g 40 ‘E 40 _.E.._
¥ 204 o~ 204
) )
< ooy <
04 01
T T T
Control coVID-19 Control

CoVID-19

ACE-2 activity (mU/mg)

C
80
60
°®
o
404 °
[
[ )
204
04 w
T T
Control CoVID-19

ACE?2 activity determined by cleavage of fluorogenic McaAPK (Dnp) substrate. ACE2 enzyme activity units
(mU/mg) calculated in Control and COVID-19 patients. (A) In EDTA treated 17 control (blue) and 16 COVID-19
(red) samples (B) In Non-EDTA treated 10 control (blue) and 43 COVID-19 (red) samples. (C) Both EDTA and
Non EDTA samples combined data. Data were analyzed using the Mann-Whitney U Test; ****. p< 0.0001.

Daniell et al Molecular Therapy — Methods and Clinical Development 26: 266, September 2022

34
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34
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SARS-COV-2 CTB-ACE2 GUM

Membrane

protein

o

sarscov2

>
5 sars cov2
o .“.. :“. -
-3 .

s

CTB-ACE2 AGGREGATION

Spik%m Envelope protein ﬁ

FLU VIRUS

virion

FRIL
. Envelope i ’
r‘g‘ents

binds to
SARS-CoV-2 spike

H spike

FRIL-FLU AGGREGATION
and influenza
hemagglutinin

Blocking and neutralization mechanisms of plant-based SARS-CoV-2 viral trap proteins - CTB-ACE2 and FRIL
35

35

.

o

»
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https://doi.org/10.1016/j.ymthe.2021.11.008

Bubble = Virus

Before Treatment After Treatment
with Covid Gum with Covid Gum

COVID-19
Swab Samples

Results above is observed with one ug of CTB-ACE2 but each gum contains ~750 ug CTB-ACE2

FDA approved IND: CTB-ACE2 chewing gum
IND 154807, NCT05433181

Day 1 Day 2 Day 3 Day 4
Enroll Lunch Dinner Bed AM Lunch Dinner Bed AM Lunch Dinner Bed Final
CTB-ACE2 chewing gum

COVID 19+ CTB-ACE-2 Chewing gum

No high risk for
progression T
No admission

criteria Blinded placebo

Screening/entry N

Site or phone visits \\
Safety labs/stored serum
Saliva & swab specimens

Symptom questionnaire

19
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— ' Covid_(;:;h‘ e
Flu Gum Coronavirus 4" ereSiSal
Influenza !

Neutralization of HSV-1, HSV-2, HIN1 by FRIL gum — Plaque reduction assay or ELISA

FRIL Gum - HSV
Vir ofu/pl

S
]

Plaque Formation (

3425 only

HSV-1 percent inhibition

Onglul 164 ngiul 50.0 nghyl 84.0 nglyl Ongil  B2nglul 164 ngil 500ngil 840 ngil
Different concentration of FRIL Different concentration of FRIL

Each chewing gum contains ~1,800 ug FRIL — to neutralize >1,000 viruses, only small quantity FRIL is required.
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Virus neutralization by FRIL Gum

A B H3N2 - FRIL Gum
_ FRIL Gum - H1N1 § -
< 5
g 1 = 100
= ] ©
g E
E 5
S s0 w 5o
w : g
2 z
o & 0
8 o r T T T T 1
o ‘:] - o T o oo 1000 0001 001 0.1 1 10 100
' ) FRIL gum (mg/mL) FRIL gum (mg/mL)
FRIL Gum - HSV-1 D
= FRIL Gum - HSV-2
3
-~ Iy
£ 100 s
=] N c 100 ¥
- .
] : 2
g ©
O 50 E
w O s0
@ w
5 :
© o
o 0t T T T T 1 ﬂ_'? = . . . 1
0.01 0.1 1 10 100 1000 0.01 01 1 10 100

FRIL gum (mg/mL) FRIL gum (mg/mL)

a1

41

Plague removal by chewing gums
Mechanical vs Biological

a2

21
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Dental biofilm before treatment

In early childhood
dental caries C.

albicans (cyan)
and S. mutans
(green) are % @

)
embedded inside | -
EPS matrix (red) 4

e,
8.{/ 7
¢« Biofilm disruption
enzymes in plant
& chewing gum
Biofilm disruption formulation

enzymes in transplastomic
lettuce

K Ground plant powder

Singh et al., Plant Biotechnology Journal, 19, 2113-2125.

» Complete degradation of EPS matrix
» Complete Inhibition of C. albicans
filamentous form.
» Depleted and dispersed S. mutant
colonies

43

43

Drug protected
from degradation

W UEA1
Largest absorption
surface in the body

| DAPI

44
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Commercial Insulin Structure 14-C Fatty A
Acid added [u|
# and 830 ) .
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Daniell et al Biomaterials — June 2023 — 298: 122142 45
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Oral versus injectable insulin - Dr. Singh poster # 18456
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Daniell et al Biomaterials — June 2023 — 298: 122142
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Oral Insulin

Injectable Insulin

Missing key component of injectable insulin,
but present in oral insulin

g

What happens to COVID-19 patients after SARS-CoV-2 infection
Plasma ACE2 enzyme activity in control and COVID-19 patients

©
S

o
=3
1

ACE-2 activity (mU/mg)
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S 3
T

o
L

_-‘..‘E..‘._

Soomppppmet

T
Control

T
COVID-19

ACE-2 activity (mU/mg)

80

60

40

20

e

S

T
Control

COoVID-19

ACE-2 activity (mU/mg)

s

Control

T
COoVID-19

ACE2 activity determined by cleavage of fluorogenic McaAPK (Dnp) substrate. ACE2 enzyme activity units
(mU/mg) calculated in Control and COVID-19 patients. (A) In EDTA treated 17 control (blue) and 16 COVID-19
(red) samples (B) In Non-EDTA treated 10 control (blue) and 43 COVID-19 (red) samples. (C) Both EDTA and
Non EDTA samples combined data. Data were analyzed using the Mann-Whitney U Test; ****: p< 0.0001.
Daniell et al Molecular Therapy — Methods and Clinical Development 26: 266, September 2022
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Hypertension Oral ACE2+Ang-(1-7)]

06/16/2013 11:38:16 At

08/13/2013 09:41:52 A

SN - SN U & CH < SO & U o WY . WO WY . SRR, PR, . ) QR Y. AN
LV VAV ANT AV AVV AV AV AV AV AVE RV AV RN AV AW AV YR INAAN AN AN A ANANN AR AN AN AN AN AN A AN AN AN

172
HR

Daniell et al. Biomaterials 2020; 233:119750; Hypertension 64: 1248; Featured
Editorial, American Heart Association - Top paper/invention award

~

Development

$10-$25 mill
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[11]

Production

a

a/

Last year, 19 million donated COVID-19 vaccines
were destroyed in Africa due to lack of freezers
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10x - 50x cheaper

than traditional drugs

In order to enhance access to global health and affordability,
technology revolution is needed.
Plant produced biopharmaceuticals offers such an opportunity.

Research Funding

NIH — GMS/HL: RO1 — 2002-2025: Oral delivery of affordable protein drugs
NIH- HL: RO1 2011-2022: Oral therapy for hemophilia — tolerance induction
Pennsylvania Governors office - 2020 IND gap studies identified by FDA after filing
regulatory documents

IDEA award — CiPD and Penn HealthTech

NIH — EY: RO1- 2015-2020: Diabetic retinopathy — Oral ACE2/Ang1-7

NIH — SMARTT - 2016-2020: Hemophilia IND filing/phase |

NIH — SMARTT - 2016-2020: Hypertension IND filing/phase |

DOE: 2012- 2020 PETRO plants, Synplastome

Takeda/Shire: 2019-2024: Hemophilia clinical launch

Gates Foundation: 2011-2017: Oral polio vaccine (FDA, CDC)

Johnson & Johnson 2016-2018: Topical drug delivery

Novo Nordisk: 2014-2016: Hemophilia clinical Development

JDRF/ADA: 2011-2018 : Diabetes/retinopathy

Bayer: 2010-2014: Hemophilia — global award

USDA: 2002-2014 Chloroplast genome & engineering
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Successful mentees pursuing their passion at SIVB conference
San Diego, July 2022, or lab group celebrations

Science - Editor’s Choice

American

Heart
Associatigg

Ace2 Chewing Gum in the
News: 2021-2022

Featured in global attention
with >200 news releases < - a
including in >100 global

languages - Reuters, BBC, % Penn w l) “\nn M(‘(“('ill(’
CNN, NBC, Fox, ABC, Times, Y Dental Medicine i

WebMD, Yahoo News, Times of

. L : Daniell lab Wang Lab
India, Scientific American, —— .
National Geographic, Smruti Nair, Rahul Singh, Wan Zhou

Scientific Russia, Asian Age, Geetan]glll ngade, Amy Collman Lab
- : ! Guo, Shina Lin, Rachel Jevon Graham- Wooten

Galileu, India Today, Indian : -
Kulchar, Venkata Mangu, Kenneth Margulies, William

Express, USA Today, The . .

Gazette etc. and Nataliya Balashova, Yao Shi Short, Pablo Tebas ‘

>2 million TWitter exchanaes Ricciardi Lab Pulmonary Hypertension

: g Hancheng Guan Funding: NIH Feature, Clinical Implications —

in numerous global languages. | © " Funding: grants RO1 HL American Heart Associafi d

00 Lal 107904, RO1 HL 109442, RO1 merican Hear! ! §so|c|a |ondawar

Zhi Ren HL 133191, Commonwealth of NIH SMARTT Clinical Awar

Mark S. Wolff Pennsylvania and IDEA award
to Henry Daniell
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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

=9—— are an exclusive benefit for ACS Members with the
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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.
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