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[ Abstract | Ligand-gated ion channels are a large category of essential ion channels,
modulating their state by binding to specific ligands to allow ions to pass through the cell
membrane. Purinergic ligand-gated ion channel receptors (P2XRs) and acid-sensitive ion
channels (ASICs) are representative members of trimeric ligand-gated ion channel. Recent
studies have shown that structural differences in the intracellular domain of P2XRs may
determine the desensitization process. The lateral fenestrations of P2XRs potentially serve
as a pathway for ion conductance and play a decisive role in ion selectivity. Phosphorylation
of numerous amino acid residues in the P2XRs are involved in regulating the activity of ion
channels. Additionally, the P2XRs interact with other ligand-gated ion channels including
N-methyl-D-aspartate receptors, y-aminobutyric acid receptors, 5-hydroxytryptamin
receptors and nicotinic acetylcholine receptors, mediating physiological processes such as
synaptic plasticity. Conformational changes in the intracellular domain of the ASICs expose
binding sites of intracellular signal partners, facilitating metabolic signal transduction.
Amino acids such as Vall6, Serl7, lle18, GIln19 and Ala20 in the ASICs participate in
channel opening and membrane expression. ASICs can also bind to intracellular proteins,
such as CIPP and pll, to regulate channel function. Many phosphorylation sites at
the C-terminus and N-terminus of ASICs are involved in the regulation of receptors.
Furthermore, ASICs are involved in various physiological and pathophysiological processes,
which include pain, ischemic stroke, psychiatric disorders, and neurodegenerative disease.
In this article, we review the roles of the intracellular domains of these trimeric ligand-
gated ion channels in channel gating as well as their physiological and pathological

functions, in order to provide new insights into the discovery of related drugs.
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[ GER&TE ] %R Bk 1142 % T 18 i8 (purinergic ligand-gated ion channel, P2X) ; B2
5 R 3 F i i (acid-sensitive ion channel , ASIC) ; A& 3 = %% % (adenosine triphosphate,,
ATP) ; 7~ &, B2 (threonine, Thr) ; it &84 ( proline, Pro) ; £ &, B2 (serine, Ser) ; 41 &, B2
(valine, Val) ; 3+ & & 82 (isoleucine, lle) ; #i &, B (lysine, Lys) ; B& & B2 (tyrosine .
Tyr) ; N-F & -D- R % & 82 (N-methyl-D-aspartate, NMDA ) ; - & & -3- 72 K -5-% JL -4-
5t 2% v 7 B2 (o-amino-3-hydroxy-5-methyl-4-isox-azolepropionic acid, AMPA) ;y-& &
T B (y-aminobutyric acid, GABA) ; 5-# & & (5-hydroxytryptamin, 5-HT) ; & & Bt e
(glutamine, GIn) ; # & 82 (glycine, Gly) ; 7 & B (alanine, Ala) ; 48 & & 3% T8 F A
F (Na'/H" exchanger regulatory factor, NHERF) ; %& & % B C 48 Z 1F | & @ (protein
interacting with C kinase, PICK) ; & ¥ #8 Z 4F /A %% & i# B (receptor-interacting protein
kinase , RIPK ) ; 45 % - —45 i %% & 1k #4488 55 (Ca®/calmodulin-dependent protein
kinase , CaMK)
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Figure 1 Schematic representation of the classification and structure

of ligand-gated ion channels
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Figure 2 Schematic representation of the subunit structure and intracellular structure
of the P2X receptor
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Table 1 Functional sites and corresponding functions of the intracellular region of each subunit of the P2X receptor
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Figure 3 Schematic representation of the subunit structure of ASIC and intracellular regions associated with diseases
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AR R B 5 RIPK AR B AR, A eHF
FYWAESE T RIPK1 5 ASIC1a 0940 5.4 FH AT REAY
ST ARAE B I P A e R 2 B 4 AN AR
)/ D P S 5 O ) 4 2 g iy o>, R 2 4
ARSCH TP K g ASTC A (] I 50 i X sk A 47

F2  ASIC 45 Py XS5 Dy RE A o5 S2 D) B

SUEAHN DI RESEAT T B4 .

ASIC i fig 5 HA AR ] 4 58 38 18 AH BAE
FHAE S 1 A8 v R FE U [FIVE o it = 46 g 7y
5 25 -/CaMK 11 A DL IR fk ASIC1a L P X B2
B K Ui 1Y Serd78 F1 Serd 79, 76 #1284 £ Bl 1l 4%
FF, CaMKII # NMDA 22 7 BT , B R b 2 15
ASICla B3 , S 3 NMDA 32 /K4 5 19 X4 4y 55 Al
ASICla 4\ 3 19 iR B P [5) 5" . ASICla 5
AMPA Z AR AFTE PR R AT, ASIC1a B3 AT LA
K 2 it e S 1) 5 2 38 O 1Y AMPA A2 fA& n] #8
P, $E 7R ASIC1a 7E AMPA 24K ] S8 A4 ig st =
W EE —E R, X — A AR A RO T
ASICla PR X B0 R T — 2D A5

3 % &

B R P DX R R T T Y 1)
i R RN % 5 S -3 T 7R s B A B T 1Y) T g
TEH TN . ASCLL P2X 524K F1 ASIC Ky il , 45
T SRR TR B 3 AR P X =
YR vE FE T AR R ThRE S AL E A
(AR AR DL A0 & AR T i E AR . R
H i 28 T 9125 ks ik & |, (R 56 F P2X
ZARFN ASIC JE P X IRAMRIR A8 2 A Fr it — 2
TRAWEFE R IR : (1) H FirixX — 2838 38 /9 i 4 X
W 42 T AR B A, L ROT 5 25 57 ORI 4%
AN TR 2 ] L P DX s A A FH S5 ) A 4 Sl A 47

Table 2 Functional sites and corresponding functions of intracellular regions of each subunit of ASICs
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FIR M P s @RIPK 5 ASIC 1a fifd A X 355 52 35 A S AH B4 FH A 5 Bt 1t g 2 v

ASIC1b R I JNK 3438 ASIC1h 16 24 , i T ASIC1b 37 5L 7E Ser59 i 55 HOBE AL , HE T S S &% H [61)
PR R S RG24 22 g B T AR Aot

ASIC2a  FRIEAR M & OIE A B A B R b ASIC2a o P X I 8 235 19 Serd 79, T8 Hi 5 PICK1 454, AT [57-58]

Ens NI
AT PICK 1 %) ASIC AT IE Y
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ASIC1 BYANM 2 SF AR AL TS ; @3 7 I C W 1k ASIC2a i P X A L35 A4 Thr39),

D5 e fil J5 %% B R 1 -95 A & 1V R I B AL B 1 VR4 N GOPC F H AN Lin-7b 814 [51-53,61]
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