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

enzyme that resembles a Claisen
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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

drowsiness switch because it
Antagonist

binds where adenosine binds

to signal low ATP and

therefore drowsiness

Vitamins Bo and B z stimulate

production of ATP in your body
so you have energy available
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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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Mitragynine

7-Hydroxymitragynine

N

NO

Fentanyl

Ki = 1.168 nM
Mu-opioid receptor

Ki = 1.346 nM
Mu-opioid receptor

Regulatory Toxicology and 
Pharmacology
Volume 59, Issue 3, April 2011, 
Pages 385-390

Ki = 7.2 nM
Mu-opioid receptor

Ki = 161 nM
Mu-opioid receptor

ACS Chem. Neurosci. 2023, 14, 
195−197



 
 

 
 




































































































































 

 
 

 
 




































































































































 
 
 
 
 
 

 
 
 
 




































































































































 
 
 
 
 




































































































































 
 

 











































































































































































































































































 
 
 
 
 
 
 
 

 



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




