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Some  GPCRs  involved in Reproduction and fertility:

1, 2) (endo)cannabinoid receptors CB1, CB2
3) Kisspeptin receptor (GPR54)
4)  Relaxin Receptor 2
5)  G protein-coupled estrogen receptor 1 (GPER1), 6 
6)  gonadotropin-releasing hormone receptor (GnRHR)
7) Lutropin-choriogonadotropic hormone receptor (LHR)
8) GPR64



INTRO TO GPCRs 
https://youtu.be/NL_YbPigDzg (min 0-1:40)
GPCR REPRESENT A VERY COMPLEX MACHINERY

Mechanical view of GPCR workings (Image: Scripps Research Institute)

Membrane receptors for hormones, odours, 
peptides, lipids…
Transmission of a variety of signals through the 
cell membrane
Activation of secondary metabolic patterns

https://youtu.be/NL_YbPigDzg


GPCR ARCHITECTURE  (signature)

7 transmembrane helices (TMH) separated 
by loops divide the protein in 3 Regions:
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amphipathic helix 8
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from "Modulation of cellular signaling by herpesvirus-encoded G protein-coupled receptors".
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G- PROTEINS

The name: G proteins bind GTP and  GDP and possess 
intrinsic GTPase activity. 

Role in: Signal transduction
Membrane vesicle transport
Cytoskeletal assembly
Cell growth
Protein synthesis

Coupled to GPCRs are only 
heterotrimeric G proteins:
trimers composed of 3 different 
subunits: Gα Gβ  Gγ
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G-protein specificity depends on Gα subunit classes

• Gαs (G stimulatory), activates the cAMP-dependent pathway by direct 

stimulation of  Adenylate cyclase. 

• Gαi (G inhibitory):  inhibits the production of cAMP from ATP

• Gαo (G other: Gαq; Gα12/13) involved in different signaling pathways



De Munnik et al, Frontiers in pharmacology 2015, vol6, p40

EXAMPLE OF DOWNSTREAM 
SIGNALING:
GENE Expression Regulation 

https://reactome.org/Pathwa
yBrowser/#/R-HSA-388396

REACTOME:



https://journals.asm.org/doi/10.1128/MCB.00394-12

https://www.publish.csiro.au/rd/rd17508



INACTIVE STATE: 
GDP bound to Gα, intact trimer

ACTIVE STATE: 
Gα binds to GTP , dissociates to the 
Gβγ complex

=> interacts with other membrane 
proteins like Adenylate cyclase
 

G-protein activation



GPCR SIGNALING MECHANISM
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GPCR activation
• Scheme (NOT NICE): 
https://youtu.be/xT0mAQ4726s

• More complex scheme (3’ 09’’):
 https://www.youtube.com/watch?v=Glu_T6DQuLU

• SHORT 3D animation with crystal structures:
3D animation: https://youtu.be/nQfaTvV9D5s

• Nice video (no audio):
https://www.youtube.com/watch?v=jmYn1jJZ9BE

https://youtu.be/xT0mAQ4726s
https://youtu.be/xT0mAQ4726s
https://www.youtube.com/watch?v=Glu_T6DQuLU
https://www.youtube.com/watch?v=Glu_T6DQuLU
https://youtu.be/nQfaTvV9D5s
https://youtu.be/nQfaTvV9D5s
https://www.youtube.com/watch?v=jmYn1jJZ9BE
https://www.youtube.com/watch?v=jmYn1jJZ9BE




- AGONISTS (full or partial) bind to the 
ORTHOSTERIC site

- INVERSE AGONISTS (ANTAGONISTS) 
compete for the ORTHOSTERIC site

- ALLOSTERIC LIGANDS Positive (PAMs) 
or Negative (NAMs) bind to allosteric 
sites

GPCRs are modulated by a variety of 
endogenous and synthetic ligands
=> represent the largest family of 
druggable targets in the human 
genome.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5560499/

GPCR LIGANDS

TYPES OF LIGANDS:

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5560499/


DOI: 10.1002/bab.1589

CB1 binding sites



1) TRADITIONAL GPCR CLASSIFICATION based on the agonists:
 3 CLASSES

CLASS B: 
Secretin, glucagone and 
calcitonin

CLASS C:  
Glutammate and 
Ca-regulated

CLASS A:
Rhodopsin-like  (neuropeptides 
and monoammides)



On the basis of sequence and functional similarities, GPCRs are categorized into six classes: 

Class A (rhodopsin-like receptors), 
Class B (the secretin family), 
Class C (metabotropic glutamate receptors), 
Class D (fungal mating pheromone receptors), 
Class E (cyclic adenosine monophosphate (cAMP) receptors) 
Class F (Frizzled and Smoothened receptors). 

2) CLASSIFICATION ON SEQUENCE/FUNCTIONAL SIMILARITY



There are more than 1000 human GPCRs. 

This phylogenetic tree was constructed using 
sequence similarity within the 7-TM region. 

Family members with determined structures are 
highlighted within the tree, and their binding pockets 
with the ligand — as captured in each of the distinct 
structures — are shown around the tree in the same 
orientation for ease of comparison.

GPCRs phylogenetic tree (2013)



GPCR B.W. AA NUMBERING SYSTEM
originally described in:  Ballesteros and Weinstein (1995) Methods Neurosci 25, 366-428.

aa residues in the TM domain are assigned two numbers (N1,N2)
N1 = TM number
N2 = number relative to the most conserved residue in this TM, which is assigned 50, 
numbers decreasing towards N-terminus and increasing towards C-terminus

for example, 5.42 denotes a residue located in TM5, eight residues before the most conserved 
residue, Pro5.50.                                                                  

Class A conservation: 
N1.50: 98%, D2.50: 90%,
 R3.50: 95%, W4.50: 97%,
 P5.50: 78%, P6.50: 99%,
 P7.50: 88%



https://doi.org/10.1016/j.tips.2013.11.001

https://doi.org/10.1016/j.tips.2013.11.001


GPCRs PTMs 
(Post Translational Modifications)





CASE STUDY

● In scientific literature Look for  information about a  GPCR 
involved in reproduction . 

● Look for protein information: number of aa, MW, function, 
agonists, modulators, associated G-proteins… .

● Make a sequence alignment of the receptor in different species 
and with rhodopsin

● Look for the 3D structure   

CASE STUDY



Some Scientific literature sites:
● PUBMED
● GOOGLE SCHOLAR
● Scopus
● Web of Science...

● In scientific literature Look for  information about a  GPCR involved 
in reproduction . 



The mission of UniProt is to provide the scientific community with a 
comprehensive, high-quality and freely accessible resource of protein sequence 
and functional information.

Where to retrieve PROTEIN aa sequence and other information : 
UNIPROT.org

● Look for protein information: number of aa, MW, function, agonists, 
modulators, associated G-proteins… 

https://www.uniprot.org/help/about


▶ The GPCR database (GPCRdb)
▶ (www.gpcrdb.org) 

○ Make a sequence alignment of the receptor in different species

○ make a structural comparative analysis with rhodopsine 



● Look for the 3D structure 



GPCR Xtal and EM structures: the PROTEIN DATA BANK (PDB)
www.rcsb.org

REMEMBER: Membrane proteins are difficult to crystallize!

Electron 
microscopy! 

For many years, only the structure of a 
few GPCRs was solved! In the last 
years, cryo-electron microscopy 
allowed the resolution of many 
structures 

● Look for the 3D structure 



https://www.khanacademy.org/science/ap-biology/cell-c
ommunication-and-cell-cycle/changes-in-signal-transdu
ction-pathways/v/g-protein-coupled-receptors

A VIDEOLESSON ON GPCRs… 

THANK YOU FOR YOUR ATTENTION!

https://www.khanacademy.org/science/ap-biology/cell-communication-and-cell-cycle/changes-in-signal-transduction-pathways/v/g-protein-coupled-receptors
https://www.khanacademy.org/science/ap-biology/cell-communication-and-cell-cycle/changes-in-signal-transduction-pathways/v/g-protein-coupled-receptors
https://www.khanacademy.org/science/ap-biology/cell-communication-and-cell-cycle/changes-in-signal-transduction-pathways/v/g-protein-coupled-receptors






Fig 7. Schematic comparison of GPCR regulation of Clytia and vertebrate oocyte maturation.
Simplified view of the tissues, hormones, and receptors involved in regulating oocyte maturation in Clytia 
and in fish/amphibians and mammals. For simplicity, we have not included protostome or echinoderm 
models. The principle peptide hormones of the reproductive hypothalamus-pituitary-gonadal axis (GnRH and 
LH/FSH) are in pink, and those for which the receptors group phylogenetically with Clytia MIHR in “Group A” 
(Fig 6) are in purple. Peptide hormones: Clytia MIH, Neuropeptide Y (NPY), GnIH, GnRH, LH, QRFP, NkB, 
and C-type natriuretic peptide (CNP). All their receptors, except the guanylyl cyclase natriuretic peptide 
receptor 2 (NPR2) activated by CNP, are GPCRs (green). Constitutively active (CA) GPCRs in vertebrate 
oocytes maintain cytoplasmic cAMP levels high prior to maturation. In mouse oocytes, a cAMP decrease 
upon hormone stimulation triggers maturation; however, in fish and frog oocytes the degree and role of this 
decrease is debated. Several types of oocytes receptor (orange) may respond to steroid hormones (Pg) in 
different species of amphibians and fish, but the relative importance of multiple downstream signalling 
pathways remains to be clarified [1,43,44,45,46]. CNP, C-type natriuretic peptide; FSH, follicle-stimulating 
hormone; GnIH, gonadotropin inhibitory hormone; GnRH, gonadotropin-releasing hormone; GPCR, G 
protein–coupled receptor; LH, luteinizing hormone; LHR, lutenizing hormone receptor; MIH, 
maturation-inducing hormone; MIHR, MIH receptor; NkB, neurokinin B; QRFP, pyroglutamylated RFamide 
peptide.   

https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000614#pbio-3000614-g006
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000614#pbio.3000614.ref001
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000614#pbio.3000614.ref043
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000614#pbio.3000614.ref044
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000614#pbio.3000614.ref045
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000614#pbio.3000614.ref046

