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SYNAPTIC TRANSMISSION

Neuronal excitability

OUTSIDE CELL

INSIDE CELL

ACTION 
POTENTIAL



A) -Voltage-gated ion channels 
B) -Ligand-gated ion channels (LGIC)

Selectivity

Convert chemical signal

A.- Ionotropic glutamate receptors. Form tetramers
B.- ATP-gated channels .  They form trimers.
C.- Cys-loop receptors



Subdivided: type of ion and the endogenous ligand.  Subunits of the cys-loop
superfamily : 
� one containing the subunits forming anionic channels (GABAA and Glycine
receptors) 

� one containing the subunits forming cationic channels (5-HT3 and nicotinic
receptors) 

PENTAMERIC.

CYS_LOOP : DISULFIDE BOND

CYS-LOOP RECEPTORS

    β    β    β    β6     β    β    β    β7



ANIONIC CHANNELS

Glycine



**

CATIONIC CHANNELS

nAChR: fast synaptic transmission and neuromuscular junction

PDB: 2BG9,……….Staphylococcus, snails, mouse (truncated) 



NICOTINIC ACETYLCHOLINE 
RECEPTOR (nAChR) 

MUSCLE- TYPE

2 α : β : γ : δ/ε

NEURONAL-TYPE

17

Heteromeric: 3α:2β

Homomeric: 5α



PFAM

LBD TMD



THE NICOTINIC RECEPTOR
GENERAL STRUCTURE

� A PENTAMER
� TOPOLOGY DIAGRAM OF LBD
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A PENTAMER

Five subunits arranged in a barrel-like manner



TOPOLOGY DIAGRAM 

LBD

TMD

Fold : α+ β: α+ β: α+ β: α+ β protein and all αααα (9AH, 12BS) 

Cys-loop

                ββββ6
                ββββ7



TOPOLOGY DIAGRAM OF THE LBD

the additional strand (b') 

� β-sheet (from β1 to β10), 

� a short helix (H1) at the N 
terminus.

� organized in 2 sets of β strands 
forming a “greek key”

�linked together through the cys-
loop disulphide bound 

� folded into a curled β-sandwich. 

�β-sandwich 5 inner 3 outer strands

hairpin (f'±f'') 

Cys-loop



LIGAND BINDING DOMAIN

� β9 (C loop) β10 � LBS (between 
adjacent subunits).

� At the base of the LBD, inserted in 
between the tops of the four TM helices, 
is the conserved Cys loop from which 
the superfamily was named.

� S-S in cys loop: identity 

� S-S in C loop

� β8 - β9 : sequence variation in the 
LBD.

C loop



TRANSMEMBRANE DOMAIN

TMD:
� N and C termini extracellular

� The protein passing through the 
membrane 4 times as α-helices 
(M1 to M4). 

� M2 is the pore-lining helix. 

Because of the lack of a structure 
for the vestibule domain that exists 
between M3 and M4, on the 
cytoplasmic side of the membrane, 
M4 is not covalently connected to 
the rest of the protein. M2

M4



ALIGNMENTS

� TORPEDO MARMORATA
� HUMAN NICOTINIC α SUBUNITS
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ALIGNMENTS: TORPEDO MARMORATA

� CLUSTALW
� TCOFEE
� HMM

� PFAM MATRIX (NEUCHAN) 
� CUSTOM MATRIX

� STAMP



ALIGNMENTS: TORPEDO MARMORATA

� CLUSTALW
BLOSUM SCORE



ALIGNMENTS: TORPEDO MARMORATA

� CLUSTALW
70% Identity



ALIGNMENTS: TORPEDO MARMORATA

� CLUSTALW
100% Identity



ALIGNMENTS: TORPEDO MARMORATA

� TCOFFEE
70% Identity

70% Identity

100% Identity



ALIGNMENTS: TORPEDO MARMORATA

� HMM-PFAM
70% Identity

70% Identity

100% Identity



ALIGNMENTS: TORPEDO MARMORATA

� HMM-CUSTOM
70% Identity

70% Identity

100% Identity



ALIGNMENTS: TORPEDO MARMORATA

� STAMP
70% Identity

70% Identity

100% Identity



ALIGNMENTS: TORPEDO MARMORATA

STAMP

HMM-CUSTOM

HMM-PFAM

TCOFFEE

CLUSTALW

100 % Identity70% Identity

COMPARISON



ALIGNMENTS: TORPEDO MARMORATA

STAMP

HMM-CUSTOM

HMM-PFAM

TCOFFEE

CLUSTALW

100 % Identity70% Identity

COMPARISON



ALIGNMENTS: TORPEDO MARMORATA

STAMP

HMM-CUSTOM

HMM-PFAM

TCOFFEE

CLUSTALW

100 % Identity70% Identity100 % Identity

COMPARISON



ALIGNMENTS: TORPEDO MARMORATA

Structures’ superposition
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100% Identity

ALIGNMENTS: HUMAN α SUBUNITS



STAMP

HMM-CUSTOM

HMM-PFAM

TCOFFEE

CLUSTALW

ALIGNMENTS: HUMAN α SUBUNITS 
(EXTENDED)

COMPARISON BLOSUM 62
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ALIGNMENTS:HUMAN α SUBUNITS 
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ALIGNMENTS:HUMAN α SUBUNITS 
(EXTENDED) 

COMPARISON - 100%

STAMP

HMM-CUSTOM

HMM-PFAM

TCOFFEE
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STUDY OF CONSERVED RESIDUES IN 
NICOTINIC α SUBUNITS

� Acetylcholine binding protein

� Ligand-binding domain (LBD) 

� Transmembrane domain (TMD) 



ACETYLCHOLINE BINDING PROTEIN

Example of LBD of α nicotinic subunits

Lymnaea stagnalis



It was proposed to refer to the α1 subunits as carrying the ‘‘principal 
component,’’ and the δ and γ subunits as contributing to the ‘‘complementary

component’’ of the nicotinic binding site

LBD: Conservation - function

LBS for nicotinic agonists 
and competitive 
antagonists subunit 
interface :

� α α α α1 / γγγγ
� α α α α1111    / δδδδ



LDB: LIGAND-BINDING SITE

Muscle nAChR (heteromeric) 
contains two different ligand-
binding sites (α/γ , α/δ)

Homopentameric α7/9 
receptor contains 5 identical
ligand-binding sites. 

The principal part - α-
subunit : `loops' A, B and C

complementary part : 
‘loops' D, E and F



LIGAND BINDING POCKET-AROMATIC BOX

Plus side of the α/γ
interface:
�loop A (Tyr A89) 
�loop B (Trp A143,       
Tyr A145) and 
�loop C (Tyr A185, the 
double cysteine A187, 
A188 and Tyr A192).

A

B

C



�loop A (Tyr A89), 

�loop B (Trp A143, Tyr A145) and 

�loop C (Tyr A185, the double cysteine A187,A188 and Tyr A192).

Conservation in nicotinic receptor

LIGAND BINDING POCKET-AROMATIC BOX



Complementary:

�loop D (Trp B53, Gln B55) 

�loop E (Arg B104, Val B106, Leu 
B112 and Met B114) and

�loop F (Tyr B164).

D

E

F

LIGAND BINDING POCKET:
The complementary part



LIGAND BINDING POCKET:
The complementary part

loop D (Trp B53), loop E (Arg
B104, Val B106, Leu B112 and
Met B114) and loop F (Tyr
B164).



POSITION 143: W

cation – pi interaction also occurs at tyrosine residues

Large interaction between a cation and the high electronic 
density face of an aromatic ring.



CATION - Π

The aromatic box is a general ‘capture’ area; 
activation becomes constitutive if appropriate 
groups are fixed at any of several positions in 
the box.

The interaction occupies different 
faces of the aromatic box, 
suggesting that the role of the 
agonist is to serve less as a ‘key 
in a lock’ and more like a ‘wedge’



Hydrophobocity in LBD

The hydrophobic parts of  Arg
B104, Val B106 and Leu B112 
form the top of the binding site.
Conservation of hydrophobicity in 
certain positions 

.  



Hydrophobicity in LBD

Trp A82, -hydrophobic core formation- far 
from the pocket. 

It is well conserved. 

Binding large ligands (toxins and other 
neurotransmmitters):



Complementary site (LF. Y164):

Asp(D) B161, Asp B175 and the main chain of B176 as 
ligands. 

Bound Ca2+  � Tyr B164 

.

Calcium binding site



Calcium binding site

Asp(D)161 Glu(E) 170/2

Calcium-binding
sites have been
identified in a 
homologous
region (residue
range
161±172) of
the neuronal 
α7-receptor.



The most likely access routes to the
ligand-binding sites are from above or
below the double-cysteine-containing
loop C (conserved in all α-nicotinic
subunit) 

Acces routes to LBS



This region buries the
ligand-binding site from
the solvent, preventing

access from the outside. 

Acces routes to LBS



PENTAMER INTERFACE

Large surface area  with a mainly 
uncharged character.

� A single bifurcated salt bridge 
(Asp A149 with Arg B3 and Arg
B104). 
� Convoluted surface, 
� shape complementarity may be 
important in pentamer formation.  
� The interface residues are not 
well conserved 



PENTAMER INTERFACE

The actual interactions are not conserved in any pentameric LGIC 
interface, but in all receptors these topological regions are likely to
form the interface. 



HYDROPHOBICITY: conservation

Hydrophobic residues (red) help 
to maintain the hydrophobic core 
of the α or acceptor subunit, 
grouped into three clusters.

� 1.- Packing of the N-terminal α
helix

� 2.- Situated in the upper half of 
the β-core region 

�3.- Located at the lower end of 
the β-sandwich. 



FEW HYDROPHILIC RESIDUES  CONSERVED

S122-C123-C136-R137-S142-T144

As the conserved residues mainly contribute to the overall structure 
formation, it is clear that all pentameric LGIC N-terminal domains will have 

the same three-dimensional structure.

Cys-loop hydrophibocity



FEW HYDROPHILIC RESIDUES  CONSERVED

− Asp (D) 60 stabilizes the N 
terminus of a small 3rd helix and 

− Gly 109 enables tight-turn 
formation.



Asp 60 Gly 109

FEW HYDROPHILIC RESIDUES  CONSERVED



Packing of the β−β−β−β−sheets:

� Asn 90 brings together the 
main-chain oxygens of Ser 122 
and Arg 137, enabling 
disulphide-bond formation of 
the nearby absolutely 
conserved disulphide bond  
(123±136) 

FEW HYDROPHILIC RESIDUES  CONSERVED



FEW HYDROPHILIC RESIDUES  CONSERVED

Asp(D)85-Asn(N)90

� Asp 85 forms hydrogen bonds to the 
highly conserved Ser 142 and Thr 144



DISULPHIDE BOND

� It links the two sets of β-sheets together. 
� For preservation of subunit conformational stability and complete 
nAChR assembly.



CYS-LOOP

� Close to the dimer interface.
� Hydrophobicity
� Interact with the TM region ??



α-HELIX AT THE N-TERMINUS

Leu 7 and Leu 11

Deletion of Leu11 in α7-subunits abolished expression of nAChRs at the 
membrane (Castillo et al., J. Neurochem., 2009).



TRANSMEMBRANE DOMAIN



TMD

M1

M2

M3

M4

M2-M3
linker

M1-M2
linker

M5

M4-M5
linker



M2-M3 linker region

M2-M3 linker



M2-M3 linker region

M2

M3

Linker

Fully conserved

Legend:

70% Identity

Glu-262 (M2) in contact with
hydrophobic residues at M3



M2-M3 linker region

M2

M3

Polar

Legend:

Hydrophobic



M1-M2 linker region

M1-M2 linker



M1-M2 linker region

M2

M1

Linker

Fully conserved

Legend:

70% Identity



M1-M2 linker region

M2

M1

Linker

Legend:

Polar

Hydrophobic



THE ION CONDUCTION PATH

Ion conduction path



THE ION CONDUCTION PATH

M2

Fully conserved

Legend:

70% Identity



THE ION CONDUCTION PATH

Legend:

Polar

Hydrophobic

M2

Ser-266, Glu-262, Ser-252 & Glu-242  are polar

AA facing the lumen of the pore are mostly non-polar. BUT

Influence the transport 
when the pore is open



M4

M4



M4

M4

Legend:

70% Identity



M4-M5 linker

M5Legend: M4-M5 linker



M4-M5 linker

M5

Legend:

70% Identity

Fully conserved



M5

M5

Legend:

70% Identity

Fully conserved



LBD – TMD link

ACTIVATION MECHANISM

Binding of agonist

Part of extracellular
binding region rotates

L2 loop
(β1−β2 loop) 

M2-M3 linkercontact torque
(movement projected) 

M2 rotates

Channel opens

Mechanical receiver for binding
site conformational changes

Mechanical actuator
TINS 2004

Cys-loop

?

?



Direct rotation of the subunit  through a pivoting point at the ligand-binding site

� Hypothesis: agonist binding induces a contraction of the ‘aromatic box’ and the 
inner β-sheet, consisting of β-strands 1, 2, 3, 5, 6 and 8, to undergo a rotation of  15 
degrees.

ACTIVATION MECHANISM



LBD – TMD link

M2

Cys-loop

M2-M3 Linker

L2 loop

M3

ACTIVATION MECHANISM



L2 – M2/M3 linker contact

L2 loop

M2/M3Linker

ACTIVATION MECHANISM



L2 – M2/M3 linker contact
L2 M2/M3LinkerLegend:

ACTIVATION MECHANISM



The Gate

Gate

ACTIVATION MECHANISM



The Gate
Fully conservedLegend: 70% Identity

ACTIVATION MECHANISM



Full View
Fully conservedLegend: 70% Identity

L2

M2/M3Linker

ACTIVATION MECHANISM



Full View

L2

M2/M3Linker

Fully conservedLegend: 70% Identity

ACTIVATION MECHANISM



OPEN STATE OF THE CHANNEL

NigelNigel UnwinUnwin Lab Lab –– PictoralPictoral Model of channel openingModel of channel opening..



EM EM ofof M2 M2 HelicesHelices

((closedclosed))  

ModelModel ofof M2 M2 HelicesHelices

(Open)(Open)  

OPEN STATE OF THE CHANNEL


