





































































































































Corn starch cheap polymer
of α D Glucose

Converted to a D Glucose

monomers using
2 enzymes

1 a Amylase

2 Gluco amylase

3 Some of the D Glucose is converted

to D Fructose








































































































































Final high fructose corn

syrup

D Fructose To D Glucose

This is intended to mimic bee honey

90 D Fructose D Glucose

To Sucrose
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In RNA and DNA








































































































































Lipids Biological molecules that
are not soluble in

water

Triglycerides Fats and oils

urine MOH

messing HO OH

mungot Glycerol

Esters

HOIMMM
Stearic Acid 18 o

HORNY Fatty

Linoleic Acid 18 2
Z Acids
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Steroids Rigid multiring
structures that are

important signals

Rigid structure ensures

high degree of
for these critical functions

here













































































Phospholipids Make up cellular

membranes











































































Phospholipid membrane bilayers The

and combine
to make the membranes enough
to operate effectively
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so what holds membranes together

The fatty acid chains are not soluble
in water The in

water prevent the from

dissolving into the water Only things
that can interact with polar water
molecules dissolve in water To break

up hydrogen bonds a

mole rule must be charged and or be

capable of strong
Like likes like key rule of

solvents

The cannot interact
with water so they must therefore

associate provinding the
to hold membranes together



Prostaglandins anotherimportantlipid
02H

CHzProstaglandingeneral formula 20

carbonsKey
mediator

of inflammation
and immunity
swelling
vasodilation
suppresses
F Cell

responseEx

CO2H

CH3

equivOHPGE2
Enhances pain
and causesfeverSpeedshealingInduces uterine

contractionsAllof these are local

effectsProstaglandins
are synthesized



Important medication involving
prostaglandins

COLHArachidonic

AcidAn

enzyme
called

cyclooxygenase
COX

CO2H

CHz

00HUnstable

intermediateImmediately
converted to

other prostaglandins
that

control various important
functions involved with



Solid Phase Peptide Synthesis 
 
 

 

POLYMER
BEAD O

NH2

O

R

HO
N
H

Prot.Grp.

O

R'

PyBOP

POLYMER
BEAD O

H
N

O

R

N
H

Prot.Grp.

O

R'

Wash beads with solvent

Add base to remove protecting group

POLYMER
BEAD O

H
N

O

R

NH2

O

R'

Wash beads with solvent

Add base to remove protecting group

PyBOP HO

H
N

Prot.Grp.

O

R"

POLYMER
BEAD O

H
N

O

R

N
H

O

R'

NH2

O

R"

Repeat as necessary then remove from resin.  Can add up to 100 amino acids this way.
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Group
electrophile
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Group
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EFITE
strong
bond
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Solid Phase Synthesis of DNA 
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How does mother nature make

C C bonds ENOLATES

HS
ominus

0thetaHbeginmatrixNHendmatrix

OH
OH

Coenzyme AleftCoAright theta0P0
otheta

Thio esters more reactive than esters s R is a

better leaving group more stable anion
than O

R.Fromfood

CH2OH Other
Productsseveralto

H
ATP

enzymereactionsOH

GlucosePyruvateenzymesenzymes

SCoA

Malonyl CoASCoAAcetyl
CoABothare thioester

These are used to make C C bonds
in a reaction catalyzed by an

enzyme that resembles a Claisen



A

thioesterHSCOASCoA
Acetyl

CoAACPEnzymeHSACP
Acyl Carrier

ProteinEnzymeACPCoAS
Malonyl CoA

COASHACP
SAnenolate

vC

OACP

EnzymeEnzymeEnzymeACP

SNew
C C
bond



EnzymeACPSACP

SEnzymeThesubstrate is
handed off from
one enzyme toanotherNADPHbiological reducingagent

v

H

GHEnzymeACPSACPSEnzyme

SwapEnzymeEnzymeDehydrationEnzymeACP

S.ACPS.Enzyme
SwapEnzymeEnzymeNADPH

biologicalreducing
agent

ACP
S.Enzyme



HSEnzymeACP
S.Enzyme

SwapEnzymeACPACP

SvThiswhole cycle of
a Claisen reduction
dehydrationand reduction
continues 6 more

times

ACP

SEnzymeOverall
Process

Acetyl CoA

OH 7CO27 Malonyl CoA
Palmitic acid
a 46 fatty acid

14 NADPH



Major Take Home Lesson

The chemistry of

biologicalsystemsresembles the

chemistry we have learned

You are now well prepared
to crush biochemistry


















































































How do energy drinks
work








































Caffeine Turns off your
because it

Antagonist
binds where binds

to signal low and

therefore

Vitamins Bo and B z stimulate

production of in your body
so you have available



 

 

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

O

HO

H

NH

HO

O

O

H

NH

O

O

O

H

CH3

H

CH3

Morphine

Heroin

N

N

O

H

Fentanyl

Mu-Receptor Agonists

HO

NH3
O

H
N

O

N
H

Met-enkephalin

H
N

N
H

HO

O

O

S

O



	

	

Fentanyl	activates	µ-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. 



 

 

 

 

Fentanyl (µ-Opioid Receptor Agonist)

Binding to receptor

Activation of µ-Opioid Receptor
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NO

Fentanyl

Ki = 1.346 nM
Mu-opioid receptor

Disinhibition of 
dopamine release

Dopamine

D1 Receptors
“Go Pathway”

Synaptic Strengthening
Cue-Reward Learning

D2 Receptors
“No-Go Pathway”
Impulse Control

Anti-Reward Feedback

An individual is driven to pursue the drug and cannot 
anticipate negative consequences of drug use

This is THE reward 
pathway that controls 
our learning behavior
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Hi Dr. Iverson,  

I 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 I was in need of Narcan a few years later for 
my loved one battling addiction… 

Day 1 was the day I found out he was using drugs recreationally since the age 
of 13. Year 6 was the year I 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. I was afraid to know the substances he used, but one day 
with my heart ringing in my ears, I asked. This is how I knew I needed to request 
narcan from the free distribution services at my university that night. I tracked his last 
location on our shared family app and without knowing where or to what I was headed 
my mom and I drove to him. With shaking hands I read the narcan instructions and 
prepared for the worst. In the distance, I could see my brother’s car and I 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. I 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.  

I 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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Regulatory Toxicology and 
Pharmacology
Volume 59, Issue 3, April 2011, 
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Hi Dr. Iverson,  
 

I 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 I was in need 
of Narcan a few years later for my loved one battling addiction. I am currently reflecting 
about this experience in my personal statement, and I thought I'd send you this 
paragraph from my rough draft:  
 

Day 1 was the day I found out he was using drugs recreationally since the age of 
13. Year 6 was the year I 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. I was afraid to know the substances he used, but one day with my heart 
ringing in my ears, I asked. This is how I knew I needed to request Narcan from the free 
distribution services that you had told us about in OChem class. I tracked his last 
location on our shared family app and without knowing where or to what I was headed 
my mom and I drove to him. With shaking hands I read the Narcan instructions and 
prepared for the worst. In the distance, I could see my brother’s car and I 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. I 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.  
 
I 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!  
 








































































































































Background on the HIV virus AIDS

1 HIV is a retrovirus single
strand of RNA inside a protein
coat codes for 19 proteins

2 HIV infects cells of the immune

system HIV binds to specific

receptors on these cells

3 Once inside the cell the RNA
is reverse transcribed to

DNA by a viral enzyme
Reverse transcriptase

4 The DNA is integrated into the

the host genome by another
viral enzyme

Integrase
The viral DNA remains

inactive for some time within
the DNA genome








































































































































5 After an unknown signal the
viral DNA becomes active and

produces a single long mRNA
that produces a very long HIV

single protein called a

polyprotein
6 The HIV polyprotein is cleared

into individual proteins by
another viral enzyme called
the AIDS protease cleaves
amide bonds at the correct

sequences has two carboxylic
acids Asp at the correct
location to cleave the amide
bond called an asparty
protease because of the two

key carboxylic acid groups
on aspartic acid amino

acids Asp








































































































































Enzymes catalyze reactions

by having an active site

that places acids bases

nucleophiles and sometimes

metal atoms in exactly
the correct 3 d space
to make the reaction

happen the active
sites also lower the

energy of reactions by
stabilizing high energy
intermediates
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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.1 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, gp41) and receptors (CD4 and coreceptors, such as
CCR5 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,

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.2 The necessity of this enzyme in the virus life cycle makes
it a promising target for therapy of the HIV infection.3

3.2 Structure of HIV protease

Navia et al. from Merck laboratories were the first group to
obtain a crystal structure of HIV PR;4 a more accurate struc-
ture was reported subsequently by Kent and coworker.5 HIV
PR is a 99 amino acid aspartyl protease which functions as a
homodimer with only one active site which is C2-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 6 is
shown in Fig. 1 (PDB ID: 3TLH). Each monomer contains an
extended β-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).D
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A Novel Amino Lipid Series for mRNA Delivery:
Improved Endosomal Escape and Sustained
Pharmacology and Safety in Non-human Primates
Staci Sabnis,1 E. Sathyajith Kumarasinghe,1 Timothy Salerno,1 Cosmin Mihai,1 Tatiana Ketova,1 Joseph J. Senn,1

Andy Lynn,1 Alex Bulychev,1 Iain McFadyen,1 Joyce Chan,1 Örn Almarsson,1 Matthew G. Stanton,1,2

and Kerry E. Benenato1

1Moderna Therapeutics, 200 Technology Square, Cambridge, MA 02139, USA

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.1 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.2 Moderna Therapeutics has
recently validated this approach by demonstrating safe and effective
delivery of an mRNA-based vaccine formulated in LNPs.3

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,

phospholipid, cholesterol, and a PEG-lipid.2 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.4 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.5,6 More recently, literature reports have demonstrated
the effectiveness of MC3-based LNPs to deliver mRNA.7 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).8 Concerns
remain that MC3’s long tissue half-life could contribute to unfavor-
able side effects hindering its use for chronic therapies.9 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.10

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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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 pKa (apparent value for the
particle) in the range that has been shown to be optimal for siRNA
delivery.11,12 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. i.v. 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).

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,

measured in CD-1mice (n = 6 at 3 and 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

to MC3.

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).

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.13 This has been
shown to be a viable strategy to improve lipid

clearance in a MC3-based lipid structure.9 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 pKa > 7 (Table 1). Removal of one
ester (lipid 3) afforded LNPs with improved physiochemical character-
istics and lower LNP surface pKa. 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 pKa 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 identifiedwe 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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