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P2X2 is a homotrimeric ligand-gated ion channel activated by extracellular ATP. P2X2
receptor is widely distributed in variety of cell types with main distribution in smooth
muscles, central nervous system (CNS), retina, chromaffin cells, autonomic and
sensory ganglia. P2X2 receptor regulates neurotransmission by both pre- and post-
synaptic actions. Based on the crystal structure of zebrafish P2X4 and human P2X3,
P2X purinoreceptors are known to have a topology with two transmembrane (TM)
domains, a large extracellular ligand binding loop, and intracellular N and C termini.
The extracellular domain connecting the two TMs constitutes the largest part of the
polypeptide.

One of the interesting characteristics of P2X2 receptor is that it has a complex
gating consists of (1) [ATP]-dependent gating and also (2) voltage-dependent gating
in spite of the absence of a canonical voltage sensor domain, in clear contrast to the
typical voltage-gated channels which have a voltage sensor domain within the structure.
It remains unknown how the structural rearrangements occur during the voltage
dependent gating. Besides, the detail of the structural rearrangements upon ATP
binding in the pore region remains controversial. It is because there is a discrepancy
between the two ATP-bound open state from the two solved crystal structures, zfP2X4
and #P2X3. The #P2X3 structure showed longer transmembrane domains than zfP2X4
and it includes cytoplasmic domains. The present study aims at analyzing the structural

rearrangements of the rat P2X2 receptor upon (1) ATP- and (2) voltage-dependent



gating, by voltage-clamp fluorometry (VCF) using fluorescent unnatural amino acid
(fUAA) probe.

A usage of fUAA as a probe, made it possible to label any residues within the
protein including intracellular region which is not accessible by conventional VCF
fluorophores such as Alexa-488 maleimide. Moreover, direct incorporation of the
fUAA will increase the labelling efficiency and also prevent non-specific labelling.
The fUAA used here, named 3-(6-acetvinaphthalen-2-ylamino)-2-aminopropionic acid
(Anap), was incorporated into the rat P2X2 protein by using in vivo non-sense
suppression method where the tRNA Anap-CUA and tRNA-synthetase pair is used to
introduce Anap in amber nonsense codon mutation. TAG mutation was introduced to
various positions in P2X2 receptor, one at a time including extracellular domain,
extracellular linker, transmembrane domains, as well as intracellular domains. A
plasmid DNA containing tRNA Anap-CUA and tRNA-synthetase pair was injected to
the nucleus of Xenopus laevis oocyte. Subsequently, the rat P2X2 ¢RNA in which the
target site was mutated to a TAG codon and Anap were co-injected to the cytoplasmic
region of the oocyte on the following day. In addition to that, to improve the VCF
recording optical signal by decreasing the intrinsic background fluorescence of cocytes,
a small molecule kinase inhibitor named HG-9-91-01 (SIK inhibitor) was applied.
ATP- and voltage-evoked current as well as Anap fluorescence signal in the functional
Anap mutant P2X2 receptors were successfully recorded simultaneously.

VCF analyses using Anap as a probe to overcome the limitations by the usage of
conventional fluorophore with the application of SIK inhibitor to improve the VCF
optical signal brought the following findings. (1) Anap was successfully incorporated
into P2X2 receptor shown by simultaneously recorded (i) ATP- and voltage- evoked
current as well as (i1) Anap fluorescence signal. (2) SIK inhibitor treatment improved
VCF-fUAA optical signal. (3) Voltage-dependent fluorescence changes of Anap was

observed only at Ala337 and He341 in TM2 domain. (4) The changes showed a linear



voltage-dependence, and exhibited fast kinetics in ms order which might indicate a
phenomenon related to electrochromic effect. (5) The observed electrochromic effect at
Ala337 and Ile341 implied that there is a focused electric field at these positions. (6)
Voltage-dependent fluorescence change at Ala337 was larger in the absence of ATP than
in the presence of ATP, reflecting the ATP-dependent change of the focused electric
field. (7) Mutagenesis studies at Ala337 and Phe44 suggested that the interaction
between Ala337 in TM2 and Phe44 in TM1 in the open (ATP-bound) state is important

for the complex gating of P2X2 receptor.
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) S P2X2 ZAMIIHEA ATP 2V H O RETEBFEIBHEDO) T RIEH
EHFFFrRr2NTHY, FEHBRROS ST AHREEEZTILD. RAHEEORE
FEHIEICEbS LM ENT DS, P2X2 ERFIEIVWDO LI BMERELET v XIVICHE
LTHREISNTWABEEBN L Y —RAS VB EZH ZZVIELEDLS T, ATPHEETFT
BEMNEFNICEELELI NS L0 HHERT S, LAL., TOBREMNKENEERLOS T
HEBIIRMBATH o/, FwmxXid. HAEMOIERET X /B (3-(6-acetylnaphthalen-2-
ylamino)-2-aminopropanoic acid (Anap)) % fl V7= voltage-clamp fluorometry % & F +
FNBEBHROREBGFRICED, P2X2 Z/EDY H > I*{KTEWJVJ%M{KTE‘JEE # b

(complex gating) O FHMEZRAL ZMETH 5.

HEEEIL, tRNA-Anap-CUA & Anap tRNA synthetase 22— K9 3% 752 I REHEA
L7 ZUAVAHNTIVIRFHEIE, Anap 2 ALZVWT IV ERERVCOEEES %2
TAGIZEREREF v h P2X2mRNA & Anap 21 > Pz a> T b invivor i
AMEEEROT, BEOMEIC Anap ER DA A P2X2 ¥ VA2 BRMRKICHER S
Bl 5. BHMRONy VST FEEZEBEE2/N s Fat (SIKHEH)
EHEBTAHIET. PX2 OREBEMEHALELZRARRATIRESEGZHEIL .
MEEMBRAMIICEGRTAWMEENEEEIN 96 HFTOTI /JBREIZVDEDTD Anap %
ALK 96 O P2X2 RERKZRAWEMRHAICKYD, BEEEESO Ala337Anap
& Tle341Anap KB WNWTOAEBEMERELOHNAELLNBEEINZ., TOHRABEITEENM
BRI EWI ZFIZELL., FEIUBBEFOEVFRTF s IV AZR Lz, OB,
HHBREOELN, FONTEOMELTLIIESIDBDEND LD, REMZEERMT S
ZLZ a3 vl HRICE2BDOTHBHIE, TROBIOMBICEENBSEHL
TWBZEERBT D, Ala337 B2 BENEKENREAELIZATP FET LD H ATP
EBEETTRED I EMNDS, Alad337 & 11e341 OB DO EE N ATPIKEFENITE(RLT S
EHREN, SHR. B-MABERIKICSH S Phedd ORERGHMOERNS. ATP
e (BO) REBICBIT2E—HEEEEIEO Phedd L HE_REMERD Ala337 EOHE
fER M P2X2 REA D complex gating WERTHE T LEHLNI L.

DEDHERI. BMEOBEEM LYY /HEEIIRAS P2X2 SEKRRNOENHL-BE
IZH& 7 L7z complex gating DR FHMERB L /BN BZMRATHY, TOLHZENE
HZEBOHTKENZENS, 22—HTABEHAE L.



