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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

GABAcAMP
N

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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This is what a lethal dose of fentanyl looks like. 
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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, Pages 385-390

Ki = 7.2 nM
Mu-opioid receptor

ACS Chem. Neurosci. 2023, 14, 195−197
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PLOT TWIST! 
 

 

 




































































































































 

 

 

 

 

 

















































































































































































NEVER buy
black market

or other pharmaceuticals it is

not black market it is counterfeit

and contains Fentanyl Could be fatal
Inax

or methamphetamine Highly
addictive

Adderall

You should know where to find Naloxone Narcan

in case you need it to save a life

RAS Dorns Libraries

Contact SHIFT

Naloxone Narcan is an antagonist to

opioid receptors

Doesnotcaus.es
a reaction but blocks drugs like

fentanyl from binding and activating
the receptor






































































































































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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These all have alcohol groups that
resemble the 0H of the key tetrahedral
intermediate seen in the enzyme reaction














































































O O

O O

O O





























Organic Chemistry is the study of carbon-containing molecules. 
 

This class has two points. 
 

The first point of the class is to understand the organic chemistry of living 
systems.  We will teach you how to think about and understand the most amazing 
things on the planet!! 
 

Water is essential for life, you will learn why water has such special 
properties. 
 

You will learn the secret structural reason proteins, the most important 
molecular machines in our bodies, can support the chemistry of life. 
 
You will learn why when you take Advil for pain, exactly half of what you 
take works, and the other half does nothing. 

 

You will learn how toothpaste works. 
 

You will learn how a single chlorofluorocarbon refrigerant molecule 
released into the atmosphere can destroy many, many ozone molecules, 
leading to an enlargement of the ozone hole. 
 
You will learn how medicines like Benadryl, Seldane, and Lipitor work. 
 

You will learn how Naloxone is an antidote for an opioid overdose. 
 

You will learn why Magic Johnson is still alive, decades after contracting 
HIV. 
 

You will learn how MRI scans work. 
 
The second point of organic chemistry is the synthesis of complex molecules 
from simpler ones by making and breaking specific bonds.   
 

You will learn how to understand movies of reaction mechanisms like 
alkene hydration. 
 
You will learn reactions that once begun, will continue reacting such that 
each product molecule created starts a new reaction until all the starting 
material is used up. 

 

You will learn reactions that can make antifreeze from vodka. 
 
You will learn a reaction that can make nail polish remover from rubbing 
alcohol. 

 

You will learn how to look at a molecule and accurately predict which atoms 
will react to make new bonds, and which bonds will break during reactions. 

 

You will learn how to analyze a complex molecule’s structure so that you 
can predict ways to make it via multiple reactions starting with less complex 
starting molecules.   
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Shape of SN2 
 
The club ain’t the best place to find nucleophiles 
So the lab is where I go 
Me and my friends in solvent 
Moving fast but reacting slow 
Come over and start up a reaction with just me 
And trust me I'll give it a chance now 
Let’s react, stop, put your charge over here 
And then we start to react, and now I'm singing like 
You know I want to make a bond 
Your charge was handmade for a reagent like me 
Come on now, follow my lead 
I’m an electrophile, don’t mind me 
Say now let’s not talk too much 
Get through solvent and put your electrons on me 
Come on now, follow my lead, 
Come, come on now, follow my lead 
 
I’m attracted to the charge of you 
We push and pull like charges do 
Although my orbitals are reacting too 
Come on let’s get bonding 
Transition state is coming true 
Time to finish the SN2 
Creating a bond brand new 
Come on let’s get bonding 
Oh-I-oh-I-oh-I-oh-I 
Come on let’s get bonding 
Oh-I-oh-I-oh-I-oh-I 
Come on let’s get bonding 
Oh-I-oh-I-oh-I-oh-I 
Come on let’s get bonding 
We need to make a bond brand new 
Come on now let’s SN2. 
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" Don’t Stop, Believin’ 
 
Just a Houston girl, 
Living in a Longhorn world. 
She took the premed train 
Straight to OChem 1 
 

Just a Plano boy, 
Born and raised in full burnt orange, 
He took the premed train 
Straight to OChem 1 
 

They study in a smoky room, 
Smell of vapes and Mountain Dew 
For an A they study all night 
It goes on and on and on and on 
 

Alkanes to alkynes 
Up and down the I-35 
Two students studying in the night 
Roadmaps, reactions 
Living just to pass the final 
Will they ever get it right 
 

Working hard to get my grade 
Everybody wants an “A” 
Trying anything to ace this class 
Just one more exam 
Some will win, some will lose 
I don’t want to sing the blues 
OChem never seems to end 
It goes on and on and on and on 
 

Alkanes to alkynes 
Up and down the I-35 
Two students studying in the night 
Roadmaps, reactions 
Living just to pass the final 
Will they ever get it right 
 

Don’t stop believin’ 
Hold on to that “A” feelin’ 
Roadmaps, reactions 
Ohohohohohoh 
 

Don’t stop believin’ 
Hold on  
Roadmaps, reactions 
Ohohohohohoh 
 

Don’t stop believin’ 
Hold on to that “A” feelin’ 
Roadmaps, reactions 
Ohohohohohoh 

We All Love Organic Chemistry 
 

In the town where I was born, 
Lived a man of chemistry. 
And he told us of his life 
In the organic laboratory. 
 
Making molecules to fight disease 
Coming up with their syntheses. 
So we sit in 320M 
Learning organic chemistry. 
 
Refrain: 
We all love organic chemistry 
Synthetic chemistry 
Molecules with "C" 
We all love organic chemistry 
Synthetic chemistry 
Molecules with "C" 
 
All our friends think we're a bore 
Our grade point averages begin with 
4. 
But we await graduation day 
To work in lab for meager pay. 
 
But its OK, who else can say 
They're curing cancer or fighting 
AIDS. 
We hope that you in 320M 
Respect organic chemistry 
 
Refrain: 
We all love organic chemistry 
Synthetic chemistry 
Molecules with "C" 
We all love organic chemistry 
Synthetic chemistry 
Molecules with "C 
 







































































































