
Alberts B, Johnson A, Lewis J, Ra M, Roberts K, Walter P. Molecular Biology of the Cell. 5th ed. New York: Garland Science; 2008.

Hofmann, N. R. (2009). Opposites attract: some phytochromes do not form homodimers. The Plant Cell, 21(3), 698-698. doi:10.1105/tpc.109.210311

Odoemelam, C. S., Percival, B., Wallis, H., Chang, M., Ahmad, Z., Scholey, D., Burton, E., Williams, I. H., Kamerlin, C. L., & Wilson, P. B. (2020). G-Protein coupled receptors: structure and function in drug discovery. RSC 
Advances, 60. https://doi.org/10.1039/D0RA08003A

Pleuvry, B. J. (2004). Receptors, agonists and antagonists. Anaesthesia & Intensive Care, 5(10), 350-352. doi:10.1383/anes.5.10.350.52312.

Receptor dimerization - expanding the reach of cannabinoids. (2017, May 26). Retrieved April 11, 2021, from https://profofpot.com/cannabinoid-receptor-dimerization/

Viñals, X., Moreno, E., Lanfumey, L., Cordomí, A., Pastor, A., de La Torre, R., Gasperini, P., Navarro, G., Howell, L. A., Pardo, L., Lluís, C., Canela, E. I., McCormick, P. J., Maldonado, R., & Robledo, P. (2015). Cognitive 
Impairment Induced by

Delta9-tetrahydrocannabinol Occurs through Heteromers between Cannabinoid CB1 and Serotonin 5-HT2A Receptors. PLOS Biology, 13(7), e1002194. https://doi.org/10.1371/journal.pbio.1002194

Wikipedia contributors. (2020, December 1). Protein dimer. Wikipedia. https://en.wikipedia.org/wiki/Protein_dimer

THE BASICS HOW TO USE THE MODEL

SOURCES

DISCUSSION

THE HETERODIMER

CONCLUSIONS & IMPORTANCE

- Heterodimer: group of linked receptors (e.g., CB1 + 5-HT2A 
receptors) (Wikipedia, 2020)

- Little is known about the effects of THC 
on the brain; however, it is known that 
THC causes the formation of the 
5HT2AR-CB1R heterodimer.

- It has been found that the repetitive 
heterodimer formation can result in 
memory impairment, anxiety, and 
5HT2AR downregulation in the brain 
(Receptor dimerization, 2017).

5-HT2AR-CB1R Heterodimer Model: Creation and 
Educational Value Matthew Lovesky, Maureen Whittelsey, Ishan Khosla, Ryan Drabble, Margaret J. Lake, 

Rachel E. Penton

- The new cylindrical alpha helices allowed a THC molecule attached to 
the top of a cone to fit in the extracellular pore of the CB1 receptor.

- We created a G-protein that would attach to the intracellular region of 
the 5-HT2A  receptor. The G-protein would divide into alpha and 
beta/gamma subunits, demonstrating a change in signaling following 
heterodimer formation.

- Our model was designed as separable pieces in order to detail the 
interactions and changes that occur with heterodimer formation.
- Pieces pictured to the right: CB1 receptor(green), 5-HT2A 

receptor(yellow), THC molecule(blue), and G-protein(magenta).

- After printing our first draft 3D model, the G-protein subunits and receptor 
pieces both showed flawed connectivity and mobility.

- Magnets added to the model pieces allowed them to be rearranged as a 
functional heterodimer

- The model demonstrates the difference between the lock-and-key model and 
the reality of  heterodimer ligand-binding
- Depicts the specific movements that cause a change in receptor affinity 

for G-proteins as different ligands bind
- Future iterations of the 3D model would incorporate the complexity and 

validity of the ribbon diagrams of each receptor

CONTRIBUTIONS

QR code 
here

The QR code to the right 
contains a link to a teaching 
guide to accompany the model 
for more in depth information.

The serotonergic-2A (5HT2A) receptor 
and the cannabinoid-1 (CB1)  receptor 
form a heterodimer after ligand binding 

of agonist THC. This can be further 
understood with a simplified 3D printed 

model of the heterodimer.

- Agonist vs. Antagonist (Lake, 2021)

Heterodimers

G-protein Coupled Receptor Signalling

Hoffman, 2009 Alberts et al., 2008

M.L. completed “The Basics” and discussion box #1 (process)
R.D. completed “The Heterodimer,” “Statement of the Project,”  and 
“Importance & Conclusions” section
I.K. completed “How to use the Model” and discussion box #2
M.J.L. collaborated and completed the methods section; transferred 
layout onto slide
M.W. collaborated on methods section, compiled screenshots of 
iterations for methods section, collaborated on discussion of model 
section

- 5-HT2A receptor 
- Gq-coupled receptor
- Activation leads to release of calcium
- The ribbon diagram of the receptor is 

shown to the right

- CB1 receptor
- Gi/o coupled receptor
- Activation results in inhibition
- The ribbon diagram of the 

receptor is shown to the left

CB1R

5-HT2AR

Wikipedia contributors, 2020

Wikipedia contributors, 2020

The Receptors

Formation of  the Heterodimer
What happens?

1. THC binds to CB1R
2. CB1R and 5-HT2AR 

non-covalently bind to form the 
CB1R-5-HT2AR heterodimer

3. 5-HT2AR switches to 
Gi/o-coupled signaling

Homodimer vs Heterodimer

Vinals, X., et al, 2019

Then what?
- Inhibition of cAMP signlaing
- Reduction in pERK1/2 signaling
- Agonist binding to either subunit 

of the heterodimer results in 
agonistic activity.

STATEMENT OF THE PROJECT

- Visualization of the heterodimer 
formation allows for understanding of 
higher-level pharmacological phenomena.

- Ligand binding to receptor entails more 
than just the well-known “lock-and-key 
model”.

- GPCR interaction and dissociation can be 
further understood using our model.

- Complex models (i.e. ribbon diagrams) 
can be simplified to understand their 
processes.

1. The THC molecule descends into the top 
of the CB1 receptor (signaling a 
conformational change)

2. The CB1 and 5-HT2A receptor then join 
together via the magnetic connections

3. The 𝛼i/o unit then gets inserted into the 
empty site on the G-protein subunit

5-HT2A receptor

CB1 receptor

THC molecule

g-protein

THC molecule
G-protein

CB1 receptor 5-HT2A receptor

𝛼 subunit 𝛽/𝛾 subunit

FUTURE DIRECTIONS

- Computer programs may allow for online 
visualization of the model.

- The binding of ligand automatically 
causes a shift in G-protein shape.

- G-protein Coupled 
Receptors (Fig. B)
- Agonist activates 

signaling cascade
- G-protein subunits 

separate: alpha & 
beta/gamma

 

METHODS

2nd1st

TIMELINE OF METHODS

This is our first 3D 
iteration made out of 
materials from the 
Makerspace kits 
provided. These 
included pipe 
cleaners and paper 
clips

Above are the second 
sketches after improving 
the design of the first by 
splitting the receptor 
into extracellular and 
transmembrane 
domains to aide in 
printing and 
functionality.

3rd 4th

Above and to the left is the spiral shape we 
originally used to model the alpha helices in 
TinkerCAD. We ultimately switched to the 
cylindrical shapes seen in our TinkerCAD 
design iteration on the right for simplicity and 
to allow for more malleable parts to emphasize 
the changes that occur with heterodimer 
formation.

We completed 
Makerspace 
training which 
included 3D 
printing tips, 
safety, and how to 
use TinkerCAD.
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 TIMELINE OF METHODS

First 3D 
iteration 
Made out of 
pipe cleaners and 
paper clips from 
the Makerspace 
kits provided

Sketches
Second sketches after 
improving the design of 
the first
Split the receptor into 
extracellular and 
transmembrane domains 
to aide in printing and 
functionality.

3rd

TinkerCAD design
Originally used spiral shape (bottom left) to 
model the alpha helices
Switched to the cylindrical shapes (top and 
right) for simplicity and to allow for more 
malleable parts to emphasize the changes that 
occur with heterodimer formation.

Makerspace 
training
3D printing 
tips, safety, 
and how to use 
TinkerCAD.
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FUTURE DIRECTIONS

Computer models of the 
5HT2A receptor (right) 
and the CB1 receptor 
(below) exist separately.
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