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Solid Phase Peptide Synthesis
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l Wash beads with solvent

l Add base to remove protecting group
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Repeat as necessary then remove from resin. Can add up to 100 amino acids this way.
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Solid Phase Synthesis of DNA
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CAFFEINE IN ENERGY DRINKS

INCLUDING CALORIES & SUGAR CONTENT

US BANG ENERGY

. —
"utrition Facts : BLUE RAZZ 160Z. CAN 3D 5 HOUR
1 m Per conmim : CONTAINS NO FRUIT JUICE mg wm" !"“Y m‘
Serving Size 12 fl. 0z (355mL) ; Nutrition Facts 15¢ 200mg CAFFEINE
5 Serving size 1 can 30 ALORIES
Amount Per Serving 10 1 Tg CARes 4 CALORIES
. H Amount per serving
Calories : Calories 0 ~ 0gSuckr 1g CArss
%Daily Value' | ¢ % Daily Value* 09 SUGAR

Sy v [l [semn BEYOND RAW
Sodium 5mg 0% |- Sodium 40mg 2%
Total Carbohydrate Omg 0% |1 B T —— LT C4 ENERGY
Protein Omg ; Includes 0g Added Sugars 0% 250mg CAFFEINE ; 200mg CAFFEINE
Calcium 50mg 4% | R 20 CALORIES 0 CALORIES
Vitamin C 60mg 70% | Potassium 90mg 2%+ Vitamin G 30% 0g CAReS
Riboflavin 1.7mg ~130% | Niacin 30% +_ Vitamin B6 30% 4g Cares 5

—— | Vitamin B1260% ___* um 2% UGAR
Niacin 20mg _ 130% § ot a significant source of saturated fat,trans fat, cholesterol, 09 SUGAR og
Vitamin B6 2mg 120% | § dietary fber,vitamin D, calcium and iron.
Vitamin B12 6mcg 250% |f oring of o coniotes 1y doly 1. 2000 csires a Feni. MTN DEW

bt 30[] —_— 1 day is used for general nutrition advice. - Mo “ STE R
mn* o g 1W% 'g INGREDIENTS: CARBONATED WATER, CITRIC ACID, (pH CONTROL), NATURAL & . 's! w'm
S e e T tomg curreme RN 707
Chromium 50mcg 140% ,,: l-vmliwsuln.mlm mmﬂcﬁnwﬁnmmlué 25 Ca 230 CALORIES
e e i {25 Cuwoms S8g Canss
L G- S| S0 Caaas g 549 Sucae
The % Daby Valoe W) toks you how much a nrentina | » dod e Ui
servg offod conrdudes fo  daly et 2,000 caores 3y | 5 UL 0 SO RV o, / 39 SUGAR

advice. H TATBSUSA

5 used for general nutrition

(©2023 BANG ENERGY LLC

REIGN

300mg CAFFEINE
10 CALORIES

3g CARBS

0g SUGAR

NOS

160myg CAFFEINE
200 CALORIES
549 CARES

54 SUGAR

ROCKSTAR [
160mg CarFeme | | yoom
H. NE H 250 CaLories | 25 moﬁrsm
M 639 Carss H
g CARBS
63g SuGAR { | 0g SuGAR

N - N\
kt >
NN on

CHg
H3C\N N
LA
O N o}
CHa OH
Caffeine OH

Adenosine

PV ALANINU BANG
200mg CAFFEINE 300mg CAFFEINE
{ 10 CaLORIES 0 CALORIES
.. | 6gCarss 0g Carss
1% 41 ogSuear | 0g Sucar
¢ CELSIUS GHOST
cusws  200mg CAFFEINE LY 200mg CAFFEINE|
10 CALORIES 5 CALORIES
29 CArBS 1g Cares
@ 0g SUGAR 0g SuGAR
MONSTER -
ZEROSUGAR | NOCCO
#40mg Carreme | (51 180mg Carreme
$ Casann S0 12 CALORIES
{ 3g Cares 0Og Carss
0g SUGAR 0g SuGaR
* REDBULL * RED BULL
l Sy Seaanriee
Wag 110 CALORIES S Czo“”""‘m
29g Cares i
B 974 SUGAR ‘ 2g Canes
. Siame 0gSucar
LEVIA 10A
120mg CAFFEINE 160mg CAFFEINE
0 CALORIES 15 CALORIES
0g Cares 3g CARes
0g SUGAR 0g SUGAR




Coffee and tea drinks (coffee shops) Serving size Caffeine (mg)
Starbucks Coffee 20 oz. venti 390-490
Dutch Bros 9-1-1 Blended Freeze large 440
Starbucks Coffee 16 oz. grande 315-390
Starbucks Iced Coffee 30 oz. trenta 320
Caribou Coffee medium 305
Dunkin' Frozen Coffee medium 295
Starbucks Coffee 12 oz. tall 235-290
Dunkin’ Coffee 20 oz. large 270
Starbucks Caffé Americano 16 oz. grande 225
Dunkin’ Coffee 14 oz. medium 210
Starbucks Cold Brew 16 oz. grande 205
Starbucks Flat White 16 oz. grande or 20 oz. venti 195
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Heroin Fentanyl
Mu-Receptor Agonists

7-transmembrane
G-protein coupled
receptor

- \ Adenylate

Cyclase

ATP cAMP

.

| Reduced neurotransmitter release Il

Fig. | Seven transmembrane structure of opioid G-protein-coupled receptor. Receptor activation by opioid
receptor ligands leads to initiation of intracellular transduction pathways that include stimulation of potassium
efflux, inhibition of VSCCs and inhibition of adenylyl cyclase. In this diagram the G-protein is denoted o, B, y but

the a-subunit interacts with K*/Ca?" channel and adenylate cyclase.
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Fentanyl activates p-opioid receptors (Gi/o-coupled) on GABAergic interneurons
in the VTA, decreasing their cAMP levels and suppressing GABA release.

This disinhibits dopamine neurons and drives a surge of dopamine release into
the nucleus accumbens.

Dopamine then acts on D1 receptors (Gs-coupled) to increase cAMP/PKA/CREB
signaling, producing synaptic potentiation and strong reinforcement of fentanyl-
associated cues.

In parallel, chronic fentanyl use downregulates D2 receptor (Gi/o) signaling, which
normally provides inhibitory control and reduces compulsive reward seeking.

The combined effect—D1 sensitization plus D2 suppression—shifts basal ganglia
signaling toward reward acquisition, producing the neurochemical basis of
fentanyl addiction and relapse vulnerability.

Fentanyl triggers addiction by disrupting the brain’s normal reward and control
systems. It activates opioid receptors in a part of the brain that normally keeps
dopamine release in check, effectively removing the brakes and causing a strong
surge of dopamine—the chemical that signals pleasure and reward. This
dopamine then acts on two types of receptors. D1 receptors amplify the brain’s
“go” signals, strengthening the memory and motivation to use the drug again. D2
receptors, which normally help with self-control and resisting impulses, become
less active with repeated fentanyl use. As D1 activity becomes stronger and D2
activity becomes weaker, the brain becomes increasingly wired to seek fentanyl
while losing the ability to hold back, creating the powerful cycle of addiction.
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HEALTH

Why fentanyl is deadlier than heroin, in a
single photo

By Allison Bond Sept. 29, 2016
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Reprints

DEA Fentanyl Seizures in 2024

In 2023, DEA seized more than 79.5 million fentanyl-laced fake pi''c anu »2arly 12,000 pounds
of fentanyl powder. The 2023 seizures are equivalent to more (han 376.7 mill on lethal doses of
fentanyl.

The 2024 fentanyl seizures represent over 93.7 million deadly doses. *
17,900,000+ 1,813+ lbs.

Millions of Fentanyl Pounds of Fentanyl
Pills Seized Powder Seized

* 2 mg of fentanyl equates to a potentially deadly dose
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PRESS RELEASE

13 Arrested in Connection with an LSD, Fentanyl and
Methamphetamine Trafficking and Money
Laundering Scheme Occurring in the West Campus
Area of the University of Texas at Austin
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Jake Ehlinger’s family releases
statement saying Texas player died
of accidental overdose
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Remembering Texas linebacker Jake Ehlinger

Jake Ehlinger, younger brother of former Longhorns quarterback Sam Ehlinger, was found dead on May 6, Austin police
said. Austin American-Statesman
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SHIFT :
SHIFT is ready for a

different conversation.

For decades substance use and college campuses have been talked
about as an inevitable rite of passage for college students, creating
a norm that can far out shadow the dynamic pursuits of college
students that revolve around academics and future opportunities.

C1GIVEA

SHIFT engages the community in dialogue that changes the culture
of campus substance use from one of misuse to one of well-being.
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NARCAN® NASAL _

Can Save a Life

SPRAY — ANYONE

CAN SAVE A LIFE NARCAN

Naloxone HCI Nasal Spray 4mg

Emergency Treatment of Opioid Overdose

Be ready — at home or on the go. NARCAN® Nasal Spray b Designedto
is a treatment designed to rapidly reverse the effects of ; f::'f‘:“:;:f;z“
a life-threatening opioid emergency. Available as an X LifeThreatening

over-the-counter medicine. Opioid Emergency

... 2

2Single-Dose Nasal Spray Devices o I 5? '
0,003 fl 0z(0.1 mL)each =




Walmart < > : X

ANARCAN"  orzee

PLUNGER

Do not test nasal
spray device
before use

Each device contains
1dose of medicine

Each device sprays
one time only

USE AS DIRECTED.

NARCAN Nasal Spray 4 mg,
Emergency Treatment of...

Images may be subject to copyright. Learn More

*
SHIFT Pilots Operation Naloxone The SHIFT List Events Innovation Funds Partners GetlInvolved Resources

Should | carry naloxone?

Sometimes it can be difficult to imagine how one person can have an impact on the culture of substance use - but you can! By carrying naloxone and
learning the right way to administer it to someone having an opioid overdose, you have the potential to save a life. Even if you don't personally know
anyone using opioids, you may find yourself in a situation where having naloxone on hand could make a huge difference. By showing that you care and
taking the time to learn, you're helping to raise awareness about how important it is for each of us to play a part in shifting the culture of substance use.

How do | use naloxone?

Okay, so now you know what naloxone is, and why it's so important — but how do you actually use it on someone experiencing an opioid overdose? Great
question — luckily, Operation Naloxone at UT provides free trainings for students, staff, and faculty. Email shift@utexas.edu for more information. Request
an Operation Naloxone training.

How do you administer the nasal spray version of naloxone (Narcan)?

« Open the Narcan package, place the nozzle in the person'’s nostril and press the plunger.

« View the CDC video on how to administer Narcan.

Where can | find naloxone?

« Naloxone is available for distribution to all students, faculty, and staff at the Perry-Casteneda Library security front desk, the Longhorn Wellness
Center (SSB 1.106), and the Center for Students in Recovery (Belmont 222).

« Naloxone is available for emergency access at all residence hall front desks, Sid Richardson Library, the Life Sciences Library, the Perry-Casteneda
Library, and through UTPD.

« Many pharmacies dispense naloxone without a prescription, but there may be a copay depending on the insurer. You can call your insurance
provider in advance to learn more about the potential copay cost.

« In Texas, you can request free naloxone via mail at MoreNarcanPlease.com.

« Map of free naloxone access sites in Austin.



SHIFT OPERATION
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Availability of Narcan on campus:
EMERGENCY USE: Originally placed in all residence halls; carried by
UTPD; in the libraries across campus, Sid Richardson Hall, (Strategically
covers all areas of our large campus)

DISTRIBUTION: Original site was the main PCL library (late night center
of social/academic activity); Anyone can obtain a free box of Narcan
Nasal Spray (2 doses) from the security desk no questions asked.

Hi Dr. lverson,

| graduated with a BSA in Neuroscience in May 2023, and you were my organic chemistry
professor during COVID! During your class, you shared about Operation Naloxone at UT
Austin which was instrumental in my life when | was in need of Narcan a few years later for
my loved one battling addiction...

Day 1 was the day | found out he was using drugs recreationally since the age
of 13. Year 6 was the year | accepted his substance abuse as a progressive illness.
The darkness that lured him in changed my life forever when he disappeared one
night and under the influence called our mom to let her know he was lost, the call
disconnecting shortly after. | was afraid to know the substances he used, but one day
with my heart ringing in my ears, | asked. This is how | knew | needed to request
narcan from the free distribution services at my university that night. | tracked his last
location on our shared family app and without knowing where or to what | was headed
my mom and | drove to him. With shaking hands | read the narcan instructions and
prepared for the worst. In the distance, | could see my brother’s car and | could see
his face and head resting back onto the driver’s seat. The rest of the event’s that night
are oddly blurry yet so clearly ingrained in my memory. | remember having to put his
carin park, trying to wake him up unsuccessfully, shouting outto my momto call 911,
using the Narcan, his eyes suddenly opening wide and him taking a deep breath in.
Today, my brother is recovering after years of battling anxiety, depression, and
substance abuse. His experiences from childhood to adulthood have been a driving
force in my research endeavors and education in neuroscience.

| am grateful for the impact you have had on my academic journey and wanted to share this
part of my story with you. Thank you for your inspiration and guidance!

Best,
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“The head is affected pleasantly; you feel friendly, not beer sentimental; you
cannot hate with kava in you. Kava quiets the mind; the world gains no new
color or rose tint; it fits in its place and in one easily understandable whole.”
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Quality ingredients sourced from
around the world, manufactured in
an FDA-regulated facility in Tulsa,
Oklahoma.

Kava, a member of the pepper family, is a traditional drink made from the roots
of the kava plant. It has been enjoyed for centuries by the indigenous people of
the South Pacific as a social and ceremonial beverage. Kava is known for its

relaxing and calming effect on the mind and bodly.
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Our original feel-good wellness tonic is a kava drink made with kava and
other ancient plants known to help with relaxation, productivity and focus.*
These plants hail from the South Pacific and Southeast Asia, where they’ve
been used socially and in wellness for centuries.
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Federal authorities seize over $3 million worth of
kratom products

by Alexandria Tafoya, KTUL Staff | Tue, May 2nd 2023, 7:21 PM CDT J’j

The Oklahoma state is seen at the Capitol in Oklahoma City on Feb. 3, 2020. (KTUL photo)

TULSA, Okla. (KTUL) — Northern District of Oklahoma reported on
Tuesday that United States Marshals and investigators from the U.S.
Food and Drug Administration seized over $3 million worth of
products containing Kratom.

According to the report, more than 250,000 units of dietary
supplements and bulk dietary ingredients seized were or contained
kratom, including more than 1,000 kilograms of bulk kratom.

The seized kratom products were manufactured by Botanic Tonics,
LLC of Broken Arrow, and are marketed under the brand name “Feel
Free Plant Based Herbal Supplement.”
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Hi Dr. lverson,

| graduated with a BSA in Neuroscience in May 2023, and you were my organic
chemistry professor during COVID! During your class, you shared about Operation
Naloxone at UT Austin which turned out to be instrumental in my life when | was in need
of Narcan a few years later for my loved one battling addiction. | am currently reflecting
about this experience in my personal statement, and | thought I'd send you this
paragraph from my rough draft:

Day 1 was the day | found out he was using drugs recreationally since the age of
13. Year 6 was the year | accepted his substance abuse as a progressive illness. The
darkness that lured him in changed my life forever when he disappeared one night and
under the influence called our mom to let her know he was lost, the call disconnecting
shortly after. | was afraid to know the substances he used, but one day with my heart
ringing in my ears, | asked. This is how | knew | needed to request Narcan from the free
distribution services that you had told us about in OChem class. | tracked his last
location on our shared family app and without knowing where or to what | was headed
my mom and | drove to him. With shaking hands | read the Narcan instructions and
prepared for the worst. In the distance, | could see my brother’s car and | could see his
face and head resting back onto the driver’s seat. The rest of the events that night are
oddly blurry yet so clearly ingrained in my memory. | remember having to put his car in
park, trying to wake him up unsuccessfully, shouting out to my mom to call 911, using
the Narcan, his eyes suddenly opening wide and him taking a deep breath in. Today,
my brother is recovering after years of battling anxiety, depression, and substance
abuse. His experiences from childhood to adulthood have been a driving force in my
research endeavors and education in neuroscience.

| am grateful for the impact you have had on my academic journey and wanted to share
this part of my story with you. Thank you for your inspiration and guidance!
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HIV-1 protease: mechanism and drug discovery
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1 Introduction

It has now been two decades since acquired immunodeficiency
syndrome (AIDS) was first reported by the US Center for
Diseases Control (CDC). A few years later, it was found that a
retrovirus called human immunodeficiency virus (HIV) is the
causative agent in AIDS.! In a short time, AIDS increased to
epidemic proportions throughout the world, affecting more
than 40 million people today and killing so far more than 22
million (UNAIDS, 2001).

Since the outbreak of the AIDS epidemic, tremendous efforts
have been directed towards development of antiretroviral ther-
apies that target HIV type 1 in particular (HIV-1). The identifi-
cation of the HIV retrovirus and the accumulated knowledge
about the role of the different elements in its life cycle led
researchers around the world to develop inhibitors that target
different steps in the life cycle of the virus. One of these targets
is HIV-1 protease (HIV PR), an essential enzyme needed in the
proper assembly and maturation of infectious virions. Under-
standing the chemical mechanism of this enzyme has been a
basic requirement in the development of efficient inhibitors. In
this review, we summarize studies conducted in the last two
decades on the mechanism of HIV PR and the impact of their
conclusions on the drug discovery processes.

2 The life cycle of HIV

HIV belongs to the class of viruses called retroviruses, which
carry genetic information in the form of RNA. HIV infects T
cells that carry the CD4 antigen on their surface. The infection
of the virus requires fusion of the viral and cellular membranes,
a process that is mediated by the viral envelope glycoprotein
(gp120, gp4l) and receptors (CD4 and coreceptors, such as
CCRS5 or CXCR4) on the target cell. As the virus enters a cell,
its RNA is reverse-transcribed to DNA by a virally encoded
enzyme, the reverse transcriptase (RT). The viral DNA enters
the cell nucleus, where it is integrated into the genetic material
of the cell by a second virally encoded enzyme, the integrase.
Activation of the host cell results in the transcription of the
viral DNA into messenger RNA, which is then translated into
viral proteins. HIV protease, the third virally encoded enzyme,
is required in this step to cleave a viral polyprotein precursor
into individual mature proteins. The viral RNA and viral pro-
teins assemble at the cell surface into new virions, which then
bud from the cell and are released to infect another cell. The
extensive cell damage from the destruction of the host’s genetic
system to the budding and release of virions leads to the death
of the infected cells.

3 HIV protease

3.1 HIV protease: a logical target for AIDS therapy

Unless the HIV life cycle is interrupted by specific treatment,
the virus infection spreads rapidly throughout the body, which
results in the weakness and destruction of the body’s immune
system. From the analysis of the HIV life cycle, one could con-
clude that there are several steps that might be interfered with,
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thus stopping the replication of the virus. For example, there
are several commercially available drugs that inhibit the enzyme
reverse transcriptase (RT). The first class of RT inhibitors is the
nucleoside analogs such as AZT, ddI, ddC and d4T. These
dideoxy compounds lack the 3'-hydroxy, causing DNA chain
termination when they are incorporated into the growing DNA
strand. The second class of inhibitors is the non-nucleoside
inhibitors (NNIs); these inhibitors are known to bind in a
pocket away from the polymerase active site, and are believed
to cause a conformational change of the enzyme active site,
and thus inhibit its action. Currently, there are three available
non-nucleoside reverse transcriptase inhibitors (nevirapine,
delavirdine, and efavirenz) for the treatment of AIDS.

Another critical step in the life cycle of HIV is the proteolytic
cleavage of the polypeptide precursors into mature enzymes
and structural proteins catalyzed by HIV PR. It has been shown
that budded immature viral particles that contain catalytically
inactive protease cannot undergo maturation to an infective
form.? The necessity of this enzyme in the virus life cycle makes
it a promising target for therapy of the HIV infection.?

3.2 Structure of HIV protease

Navia et al. from Merck laboratories were the first group to
obtain a crystal structure of HIV PR;* a more accurate struc-
ture was reported subsequently by Kent and coworker.” HIV
PR is a 99 amino acid aspartyl protease which functions as a
homodimer with only one active site which is C,-symmetric in
the free form. More than 140 structures of the HIV-1 PR, its
mutants and enzymes complexed with various inhibitors have
been reported so far. A database dedicated to providing
structural information about HIV PR has been created at
the National Cancer Institute (http://www-fbsc.ncifcrf.gov/
HIVdb/). The enzyme homodimer complexed with TL-3° is
shown in Fig. 1 (PDB ID: 3TLH). Each monomer contains an
extended B-sheet region (a glycine-rich loop) known as the flap,
that constitutes in part the substrate-binding site and plays an
important role in substrate binding, and one of the two essen-
tial aspartyl residues, Asp-25 and Asp-25' which lie on the
bottom of the cavity. The substrate binds in its extended con-
formation, in which its interactions with the different amino

Fig. 1 Structure of HIV PR complexed with TL-3 (PDB: 3TLH).

Org. Biomol. Chem., 2003,1, 5-14 |
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Structure-based design of prefusion-stabilized
SARS-CoV-2 spikes
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Patrick O. Byrne', Christy K. Hjorth', Nicole V. Johnson', John Ludes-Meyers', Annalee W. Nguyen?,
Juyeon Park’, Nianshuang Wang’, Dzifa Amengor’, Jason J. Lavinder"?, Gregory C. Ippolito™?,
Jennifer A. Maynard?*, Ilya J. Finkelstein**, Jason S. McLellan'*

Department of Molecular Biosciences, University of Texas, Austin, TX 78712, USA. 2Department of Chemical Engineering, University of Texas, Austin, TX 78712,
USA. Department of Oncology, Dell Medical School, University of Texas, Austin, TX 78712, USA. “Center for Systems and Synthetic Biology, University of Texas,
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The COVID-19 pandemic has led to accelerated efforts to develop therapeutics and vaccines. A key target
of these efforts is the spike (S) protein, which is metastable and difficult to produce recombinantly. Here,
we characterized 100 structure-guided spike designs and identified 26 individual substitutions that
increased protein yields and stability. Testing combinations of beneficial substitutions resulted in the
identification of HexaPro, a variant with six beneficial proline substitutions exhibiting ~10-fold higher
expression than its parental construct and the ability to withstand heat stress, storage at room
temperature, and three freeze-thaw cycles. A 3.2 A-resolution cryo-EM structure of HexaPro confirmed
that it retains the prefusion spike conformation. High-yield production of a stabilized prefusion spike
protein will accelerate the development of vaccines and serological diagnostics for SARS-CoV-2.
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Incorporation of Pseudouridine Into mRNA Yields Superior
Nonimmunogenic Vector With Increased Translational Capacity
and Biological Stability
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4Department of Medicine, University of Pennsylvania, Philadelphia, Pennsylvania, USA

Abstract

In vitro—transcribed mRNAs encoding physiologically important proteins have considerable
potential for therapeutic applications. However, in its present form, mRNA is unfeasible for clinical
use because of its labile and immunogenic nature. Here, we investigated whether incorporation of
naturally modified nucleotides into transcripts would confer enhanced biological properties to
mRNA. We found that mRNAs containing pseudouridines have a higher translational capacity than
unmodified mRNAs when tested in mammalian cells and lysates or administered intravenously into
mice at 0.015-0.15 mg/kg doses. The delivered mRNA and the encoded protein could be detected
in the spleen at 1, 4, and 24 hours after the injection, where both products were at significantly higher
levels when pseudouridine-containing mRNA was administered. Even at higher doses, only the
unmodified mRNA was immunogenic, inducing high serum levels of interferon-o. (IFN-a). These
findings indicate that nucleoside modification is an effective approach to enhance stability and
translational capacity of mRNA while diminishing its immunogenicity in vivo. Improved properties
conferred by pseudouridine make such mRNA a promising tool for both gene replacement and
vaccination.
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Careers in Chemistry

Amy Rhoden Smith, PhD works
at Precision BioSciences, a gene
editing therapeutics company. As
a program development leader,
Dr. Rhoden Smith works with
multiple teams to lead cell and
gene editing therapy programs
through preclinical and early
clinical development. She loves
working in biotechs and startups,
where she can think about how to
use cutting-edge science to bring
meaningful therapies to patients.
Dr. Rhoden Smith earned her BS
in chemistry at the College of
Charleston. She received her
PhD in organic chemistry from
the University of Texas at Austin.

Dr. Rhoden Smith has always
been interested in applying her
chemical knowledge to understand
biological problems, so she started
her career in biotechnology by
joining Moderna Therapeutics.
Her team used chemistry to
create novel therapeutic mRNA
conjugates for improved mRNA
in vivo half-life and protein
expreseion, She then moved to
Intellia Therapeutics, where she
led a team focused on generating
Cas9 mRNA and synthetic guide
RNAs for in vivo gene editing
therapeutic applications. After
working on projects that were
discovery-based, she moved to
Precision BioSciences, where she
focuses on bringing products into
the clinic.

Dr. Rhoden Smith says
that organic chemistry gave
her an understanding of how
molecules interact with each
other, which applies not only v
small molecules, but also much
larger ones like proteins, nucleic
acids, and even cells. Just as
importantly, it also taught her the
value of problem-solving and gave
her a passion for understanding
complex problems, which she
uses every day.
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A Novel Amino Lipid Series for mRNA Delivery:
Improved Endosomal Escape and Sustained
Pharmacology and Safety in Non-human Primates
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The success of mRNA-based therapies depends on the availabil-
ity of a safe and efficient delivery vehicle. Lipid nanoparticles
have been identified as a viable option. However, there are con-
cerns whether an acceptable tolerability profile for chronic
dosing can be achieved. The efficiency and tolerability of lipid
nanoparticles has been attributed to the amino lipid. There-
fore, we developed a new series of amino lipids that address
this concern. Clear structure-activity relationships were devel-
oped that resulted in a new amino lipid that affords efficient
mRNA delivery in rodent and primate models with optimal
pharmacokinetics. A 1-month toxicology evaluation in rat
and non-human primate demonstrated no adverse events
with the new lipid nanoparticle system. Mechanistic studies
demonstrate that the improved efficiency can be attributed to
increased endosomal escape. This effort has resulted in the first
example of the ability to safely repeat dose mRNA-containing
lipid nanoparticles in non-human primate at therapeutically
relevant levels.

INTRODUCTION

mRNA-based therapies have the potential to revolutionize the way we
treat diseases. The surging interest in mRNA as a drug modality stems
from the potential to deliver transmembrane and intracellular pro-
teins, targets that standard biologics are unable to access due to their
inability to cross the cell membrane." One major challenge to making
mRNA-based therapies a reality is the identification of an optimal de-
livery vehicle. Due to its large size, chemical instability, and potential
immunogenicity, mRNA requires a delivery vehicle that can offer
protection from endo- and exo-nucleases, as well as shield the cargo
from immune sentinels. Lipid nanoparticles (LNPs) have been iden-
tified as a leading option in this regard.” Moderna Therapeutics has
recently validated this approach by demonstrating safe and effective
delivery of an mRNA-based vaccine formulated in LNPs.’

Key performance criteria for an LNP delivery system are to maximize
cellular uptake and enable efficient release of mRNA from the endo-
some. At the same time, the LNP must provide a stable drug product
and be able to be dosed safely at therapeutically relevant levels. LNPs
are multi-component systems that typically consist of an amino lipid,

Molecular Therapy Vol. 26 No 6 June 2018 © 2018 The American Society of Gene and Cell Therapy.

phospholipid, cholesterol, and a PEG-lipid.> Each component is
required for aspects of efficient delivery of the nucleic acid cargo
and stability of the particle. The key component thought to drive
cellular uptake, endosomal escape, and tolerability is the amino lipid.
Cholesterol and the PEG-lipid contribute to the stability of the drug
product both in vivo and on the shelf, while the phospholipid provides
additional fusogenicity to the LNP, thus helping to drive endosomal
escape and rendering the nucleic acid bioavailable in the cytosol
of cells.

Several amino lipid series have been developed for oligonucleotide de-
livery over the past couple of decades.* The literature highlights direct
links between the structure of the amino lipid and the resultant deliv-
ery efficiency and tolerability of the LNP. The amino lipid MC3
(DLin-MC3-DMA) is the most clinically advanced oligonucleotide
delivery system, as siRNA formulated in MC3-based LNPs has pro-
gressed to phase III for the treatment of transthyretin-mediated
amyloidosis.”® More recently, literature reports have demonstrated
the effectiveness of MC3-based LNPs to deliver mRNA.” LNPs of
this class are quickly opsonized by apolipoprotein E (ApoE) when
delivered intravenously (i.v.), which enables cellular uptake into he-
patocytes by the low-density lipoprotein receptor (LDLr).® Concerns
remain that MC3’s long tissue half-life could contribute to unfavor-
able side effects hindering its use for chronic therapies.” In addition,
LNPs can induce activation of the immune system resulting in com-
plement activation-related pseudoallergy (CARPA), an acute immu-
nological response that can lead to anaphylactic-like shock."’

To unleash the potential of mRNA therapies for humans, we required
a class of LNPs with increased delivery efficiency along with a meta-
bolic and toxicity profile that would enable chronic dosing in humans.
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Figure 1. Optimization of Efficiency and Clearance

of Amino Lipid

(A) Structures of amino lipids. (B) Whole-body luciferase
* bioluminescence AUC of novel LNPs versus MC3 LNPs,
T M measured in CD-1mice (n=6at3and 6 hr, n =3 at 24 hr),
0.5 mg/kg dose firefly luciferase (ffLuc) mRNA, i.v. bolus,
error bars indicate SD of the ratio of novel lipid AUC versus
MC3 AUC. *p < 0.05, **p < 0.01, **p < 0.001, ***p <
0.0001, n.s. = not statistically significant. (C) Parent amino
lipid levels measured in liver tissue from Sprague-Dawley
rats (n = 3 per time point), 0.2 mg/kg dose hEPO mRNA,
mean + SD, p < 0.05 for lipids 5 and 8 AUC relative

3 10 to MC8.

* 5 Whole-body imaging clearly demonstrated

that the majority of protein expression was
localized in the liver (Figure S1). We found
that the lipid had similar clearance to MC3
from liver tissue with 66% of the original dose
remaining in liver tissue of mice 24 hr post-
dose (Table 1).

-4 MC3

9 105
NN
10 0° 0 20

We took a rational medicinal chemistry approach to amino lipid opti-
mization aiming to identify structural motifs that provide chemical
stability, optimal tissue clearance, and mRNA delivery efficiency.
Our initial rodent screens led to the identification of a lead lipid
with good delivery efficiency and pharmacokinetics. The lead LNP
was profiled further in non-human primate for efficiency of delivery
after single and repeat dosing. Finally, the optimized LNPs were eval-
uated in 1-month repeat dose toxicity studies in rat and non-human
primate.

RESULTS

Initial screening of a broad chemical space identified ethanolamine as
an amino lipid head group that could effectively drive mRNA encap-
sulation and provide LNPs with superior physiochemical properties.
Combining the ethanolamine head group with di-linoleic lipid tails
(lipid 1; Figure 1; Table 1) generated an LNP with high encapsulation
of luciferase mRNA, small particle size, and low polydispersity index
(PDI). The LNP with lipid 1 had a surface pK, (apparent value for the
particle) in the range that has been shown to be optimal for siRNA
delivery.'"'* To evaluate the efficiency of the new amino lipids,
LNPs using the novel lipids were tested in vivo in mice using firefly
luciferase mRNA as a reporter. An MC3 LNP was included as a con-
trol in each experiment, enabling us to compare LNPs from experi-
ment to experiment. Measured luciferase activity also enabled us to
determine protein bio-distribution. iv. delivery of 0.5 mg/kg
(mRNA dose level) of lipid 1-based LNPs to mice resulted in lucif-
erase activity two-fold lower than an MC3 LNP control (Figure 1B).
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Time (hours)

40 60 To improve tissue clearance, we introduced ester

linkages in the lipid tails (lipids 2 and 3; Fig-

ure 1A), which are reported to trigger meta-

bolism by esterases in vivo."> This has been

shown to be a viable strategy to improve lipid
clearance in a MC3-based lipid structure.” First, we established that
the lipids were chemically stable by measuring ethanol stability at
room temperature and 37°C (Table S1). We observed less than 1%
change in purity for all lipids tested. LNPs formed with lipid 2 were
significantly larger with a surface pK, > 7 (Table 1). Removal of one
ester (lipid 3) afforded LNPs with improved physiochemical character-
istics and lower LNP surface pK,. In vivo, neither lipid demonstrated
efficient mRNA delivery (Figure 1B); however, we did observe rapid
tissue clearance, with no lipid detected at 24 hr (Table 1).

Improvement in protein expression was observed when a secondary
ester was introduced (lipid 4; Figures 1A and 1B). We observed equiv-
alent expression to MC3 LNPs, but the clearance rate was slower than
lipids 2 and 3 (67% lipid remaining; Table 1). Replacement of the li-
noleic tail with a primary ester-containing lipid tail (lipid 5; Figure 1A)
provided increased expression (3-fold higher than MC3; Figure 1B)
and optimal tissue clearance (no lipid detected at 24 hr; Table 1).
To further increase expression an additional secondary ester was
introduced (6), but this resulted in a lowering of the surface pK, to
6.00 and lower luciferase activity. In addition, the lipid had a signifi-
cantly slower tissue clearance with 68% remaining at 24 hr.

With an optimal lipid tail structure identified we re-visited the ethanol-
amine head group. Lipid 7 is one representative example (Figure 1A)
where the alcohol functionality is replaced with a dimethylamine. This
generated an LNP with comparable physiochemical properties, but
complete loss of delivery efficiency (Figure 1B).
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The COVID-19 pandemic has led to accelerated efforts to develop therapeutics and vaccines. A key target
of these efforts is the spike (S) protein, which is metastable and difficult to produce recombinantly. Here,
we characterized 100 structure-guided spike designs and identified 26 individual substitutions that
increased protein yields and stability. Testing combinations of beneficial substitutions resulted in the
identification of HexaPro, a variant with six beneficial proline substitutions exhibiting ~10-fold higher
expression than its parental construct and the ability to withstand heat stress, storage at room
temperature, and three freeze-thaw cycles. A 3.2 A-resolution cryo-EM structure of HexaPro confirmed
that it retains the prefusion spike conformation. High-yield production of a stabilized prefusion spike
protein will accelerate the development of vaccines and serological diagnostics for SARS-CoV-2.
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New UT cases

The University of
Texas said two people
in its community,
an unnamed stu-
dent and the Dean of
Undergraduate Studies
Brent Iverson, had
tested positive for the
virus. It is unclear if
the pair are included in
Travis County’s count of
confirmed cases.
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Prevalent, protective, and convergent IgG recognition
of SARS-CoV-2 non-RBD spike epitopes
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The molecular composition and binding epitopes of the immunoglobulin G (IgG) antibodies that circulate
in blood plasma after severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection are
unknown. Proteomic deconvolution of the IgG repertoire to the spike glycoprotein in convalescent
subjects revealed that the response is directed predominantly (>80%) against epitopes residing outside
the receptor binding domain (RBD). In one subject, just four IgG lineages accounted for 93.5% of the
response, including an amino (N)-terminal domain (NTD)-directed antibody that was protective against
lethal viral challenge. Genetic, structural, and functional characterization of a multidonor class of
“public” antibodies revealed an NTD epitope that is recurrently mutated among emerging SARS-CoV-2
variants of concern. These data show that “public” NTD-directed and other non-RBD plasma antibodies
are prevalent and have implications for SARS-CoV-2 protection and antibody escape.
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Prevalent, protective, and convergent IgG recognition
of SARS-CoV-2 non-RBD spike epitopes
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An Investigation of Nirmatrelvir (Paxlovid) Resistance in SARS-CoV-2
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ABSTRACT: The high throughput YESS 2.0 platform was used to  /~ gaps-Cov2 CSARS.Covs W";\\'

screen a large library of SARS-CoV-2 MP™ variants in the presence | MPe Wild Type Variants

of nirmatrelvir. Of the 100 individual most prevalent mutations B -
identified in the screen and reported here, the most common were
E166V, L27V, N142S, A173V, and Y154N, along with their various
combinations. In vifro analysis revealed that resistance to
nirmatrelvir for these individual mutations, as well as all of the
combinations we analyzed, was accompanied by decreased catalytic 4 ;
activity with the native substrate. Importantly, the mutations we il
identified have not appeared as significantly enriched in SARS- @, A ,@. 5
CoV-2 MP* sequences isolated from COVID-19 patients following \_ Nimatrelvir / \t et ”/
the introduction of nirmatrelvir. We also analyzed three of the most ' ’
common SARS-CoV-2 MP® mutations that have been seen in patients recently, and only a measured increase in nirmatrelvir
resistance was seen when the more recently appearing A285V is added to both P132H and K90R. Taken together, our results predict
that resistance to nirmatrelvir will be slower to develop than expected based on experience with other viral protease inhibitors,
perhaps due in part to the close structural correspondence between nirmatrelvir and SARS-CoV-2 MP’s preferred substrates.
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