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1. Background˖Serotonin Receptors 

I. Importance: 
• Serotonin receptors regulate neuronal signaling by exciting or inhibiting its 

neurotransmitter release. 
• There are several animal neuronal activity coupled with serotonin receptors, 

including pain perception, angry expression etc. 

serotonin neurotransmitter GPCR structured serotonin 



1. Background˖Serotonin Receptors 

II. Diversity: 
• There are 15 types of serotonin receptors, 14 of which are GPCRs. It is 

complicated that some serotonin receptor excite neuronal activity while 
others inhibit, which can be reflected by their protein diversity in 
sequence and protein structure. 

• Our interests lie in the relationship between the two. 

Family Type Mechanism Potential 

5-HT1 Gi/Go-protein coupled. Decreasing cellular levels of cAMP. Inhibitory 

5-HT2 Gq/G11-protein coupled. Increasing cellular levels of IP3 and DAG. Excitatory 

5-HT3 Ligand-gated Na+ and K+ cation channel. Depolarizing plasma membrane. Excitatory 

5-HT4 Gs-protein coupled. Increasing cellular levels of cAMP. Excitatory 

5-HT5 Gi/Go-protein coupled.[6] Decreasing cellular levels of cAMP. Inhibitory 

5-HT6 Gs-protein coupled. Increasing cellular levels of cAMP. Excitatory 

5-HT7 Gs-protein coupled. Increasing cellular levels of cAMP. Excitatory 

Eur J Pharmacol. 361 (2–3): 299–309. 
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2. Procedures 

1. List all members of serotonin receptor family; 
2. Evolutionary distribution of serotonin family 

members; 
3. Analysis of PTM source of serotonin receptor 

functional diversity; 
4. GPCR TM analysis of serotonin receptor to reveal its 

bifurcation on G protein subtype selection and the 
output distinction in nervous system 



2RH1      Most Serotonin Receptors are GPCRs, 
which are integral membrane protein that 
transduce signals inward. 
1. N-terminal:  
• 7 helical, hydrophobic TM; 
• 3 extra- and 3 intra-cellular loops; 
• barrel-like ligand binding domain; 
• second extra-cellular loop serves as ‘lid’ 

for the ligand binding cavity; 
• 2nd and 3rd intracellular loops are 

within the GEF domain, which are key 
to G-protein association 

• At rest, inactive GDP-Galpha associates 
with GEF domain 

• Upon ligand bound, a conformational 
change leads to GDP-GTP exchange of 
G protein. 

Fig. beta-2 adrenergic receptor 
(2nd crystalized GPCR) 

Background: 
Structural Overview of GPCR-members of Serotonin Receptors 



     N-termini are highly variable in seq, 
but diverse in its interaction with 
intracellular protein network, by virtue 
of its rich PTMs. 
2. C-terminal: 
Highly variable in sequence and PTM; 
• Glycosylation 
   Important for trafficking etc. 
• Phosphorylation 
   alternative pathway switch from G-
protein type to beta-arrestin pathways 
• Palmytoylation or lipidation 
    hydrophobic acryl group addition 
onto cystein, critical for signal complex 
stabilization. 

Fig. highly diverse C-termini 
function of GPCR(2nd crystalized 
GPCR) 

Background: 
Structural Overview of GPCR-members of Serotonin Receptors 



 
 
 
 
 
 
 
 
 
 
 
 
 
Candidtate answers: 
 1. PTMs; 
 2. Conformational distinctiveness; 
 3. special sequence features. 

K-alian (local mode) 
Gap Open: 53.90 
Gap Extension: 8.52 
Terminal Gap: 4.42 
Bonus Score: 0.02 

First question of interest: 
The sequence source of Serotonin receptor functional diversity 



5HT1B-D subfamily 

5HT1E-F subfamily 5HT3 subfamily 

5HT5 subfamily 

5HT4 subfamily 

5HT2 subfamily 

5HT7 subfamily 

5HT1A subfamily 

Multi-alignment: Kalign 
PHYLIP neighbor-joining 
Substitution Method: Kimura 



Num=3; Loc=low 

Num=3;Loc=high 

Num=5; Loc=low 

Serotonin Receptor Feature: Glycosylation diversity 

Two parameters:  
1. number; 
2. locations 

Dmel 5HT2A 
human 5HT2A 

Macmu 5HT2A 
Mouse 5HT2A 

Pig 5HT2A 
Crigr 5HT2A Rat 5HT2A 

Num=2; Loc=low Num=3; Loc=low 

Num=4 or 5; Loc=middle or high 

Num=3 or more; Loc=high Num=1 or 2; Loc=low 



Nm/len featr loc 
P50406/440 pY 125 
Q9R1C8/440 pY 125 
Q5IS65/440 pY 125 
P31388/436 pY 125 

phosphoTyrosine: MUSCLE Multi-align 

It is shown that this consensus pY is located between 3rd and 4th TM domains, the sites 
where they interact with Gs proteins. 

Serotonin Receptor Feature: phosphorylation 

N-terminus 

Loop between TM3-4 



Serotonin Receptor Feature: sequence repeats 

Polydot command from Weblab of cbi: align on the whole sequence of self 

O42385 

GS repeats on N-terminus 

P20905 

Same on the 2nd sequence of 5HT1A 

… 

GS repeats:  
same loci 
same numbers 



…
 

G 

Increase 
cAMP level 

decrease 
cAMP level 

Increase 
IP3 and DAG level 

Small GTPase, Rho 

Excitatory output 

Inhibitory output 

Cytoskeleton related 
cAMP pathway 



• Functional Selectivity theory: It is the ligand diversity that 
determines the distinctiveness in output types. 

• However, it is difficult to apply this on case of serotonin 
receptors, since their ligands are the same while their outputs 
are not. 

• In this case, some SRs are excitatory in neuronal signaling 
regulation while others are inhibitory. 

• Therefore, our second question of interest is whether this 
difference could be related to the sequence bifurcation in the 
interface that interacts with the G proteins. 

• Notice: it is only in theory prediction, and further evidence from 
experiments are required to demonstrate them. 

The second question of interest:  
Why Galpha are different among Serotonin receptors 



Serotonin Receptor Feature: G protein interacting sequence and G subtype 
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Serotonin Receptor Feature: G protein interacting sequence and G subtype 
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