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Abstract

© 2017 American Chemical Society. Serine 275, a conserved residue of the left flipper region of
ATP-gated P2X3 receptors, plays a key role in both agonist binding and receptor desensitization.
It is conserved in most of the P2X receptors except P2X7 and P2X6. By combining experimental
patch-clamp and modeling approaches, we explored the role of the corresponding residue in the
rat P2X7 receptor (rP2X7) by replacing the phenylalanine at position 288 with serine and
characterizing the membrane currents generated by either the wild-type (WT) or the mutated
rP2X7 receptor. F288S, an rP2X7 mutation, slowed the deactivation subsequent to 2 and 20 s
applications of 1 mM ATP. F288S also prevented sensitization (a progressive current growth)
observed with the WT in response to a 20 s application of 1 mM ATP. Increasing the ATP
concentration to 5 mM promoted sensitization also in the mutated rP2X7 receptor, accelerating
the deactivation rate to typical WT values. YO-PRO1 uptake in cells expressing either the WT or
the F288S P2X7 receptor was consistent with recorded membrane current data. Interestingly, in
the human P2X7 (hP2X7) receptor, substitution Y288S did not change the deactivation rate,
while the Y288F mutant generated a "rat-like" phenotype with a fast deactivation rate. Our
combined experimental, kinetic, and molecular modeling data suggest that the rat F288S novel
phenotype is due to a slower rate of ATP binding and/or unbinding and stabilization of
nonsensitized receptor states.
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References

[1] Burnstock, G. (2007) Physiology and pathophysiology of purinergic neurotransmission Physiol. Rev. 87, 659-
797 10.1152/physrev.00043.2006

[2] Kawate, T., Michel, J. C., Birdsong, W. T., and Gouaux, E. (2009) Crystal structure of the ATP-gated P2X4 ion
channel in the closed state Nature 460, 592-598 10.1038/nature08198

[3] Duckwitz, W., Hausmann, R., Aschrafi, A., and Schmalzing, G. (2006) P2X5 subunit assembly requires
scaffolding by the second transmembrane domain and a conserved aspartate J. Biol. Chem. 281, 39561-39572
10.1074/jbc.M606113200

[4] Mittal, R., Grati, M., Sedlacek, M., Yuan, F., Chang, Q., Yan, D., Lin, X., Kachar, B., Farooq, A., Chapagain, P.,
Zhang, Y., and Liu, X. Z. (2016) Characterization of ATPase activity of P2RX2 cation channel Front. Physiol. 7,
186 10.3389/fphys.2016.00186

[5] Hattori, M. and Gouaux, E. (2012) Molecular mechanism of ATP binding and ion channel activation in P2X
receptors Nature 485, 207-212 10.1038/naturel11010

[6] Karasawa, A. and Kawate, T. (2016) Structural basis for subtype-specific inhibition of the P2X7 receptor eLife 5,
€22153 10.7554/eLife.22153


https://core.ac.uk/display/197459463?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1021/acs.biochem.7b00258

[7]

(8]

[9]

(10]

[11]

[12]

[13]

(14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Mansoor, S. E., LU, W., Oosterheert, W., Shekhar, M., Tajkhorshid, E., and Gouaux, E. (2016) X-ray structures
define human P2X3 receptor gating cycle and antagonist action Nature 538, 66-71 10.1038/nature19367

Kasuya, G., Fujiwara, Y., Tsukamoto, H., Morinaga, S., Ryu, S., Touhara, K., Ishitani, R., Furutani, Y., Hattori, M.,
and Nureki, 0. (2017) Structural insights into the nucleotide base specificity of P2X receptors Sci. Rep. 7,
45208 10.1038/srep45208

Kasuya, G., Fujiwara, Y., Takemoto, M., Dohmae, N., Nakada-Nakura, Y., Ishitani, R., Hattori, M., and Nureki, O.
(2016) Structural insights into divalent cation modulations of ATP-gated P2X receptor channels Cell Rep. 14,
932-944 10.1016/j.celrep.2015.12.087

Khakh, B. S. and North, R. A. (2006) P2X receptors as cell-surface ATP sensors in health and disease Nature
442, 527-532 10.1038/nature04886

Khakh, B. S. and North, R. A. (2012) Neuromodulation by extracellular ATP and P2X receptors in the CNS
Neuron 76, 51-69 10.1016/j.neuron.2012.09.024

Burnstock, G., Nistri, A., Khakh, B. S., and Giniatullin, R. (2014) ATP-gated P2X receptors in health and disease
Front. Cell. Neurosci. 8, 204 10.3389/fncel.2014.00204

Petrenko, N., Khafizov, K., Tvrdonova, V., Skorinkin, A., and Giniatullin, R. (2011) Role of the ectodomain serine
275 in shaping the binding pocket of the ATP-gated P2X3 receptor Biochemistry 50, 8427-8436
10.1021/bi200812u

Adriouch, S., Scheuplein, F., Bahring, R., Seman, M., Boyer, 0., Koch-Nolte, F., and Haag, F. (2009)
Characterisation of the R276A gain-of-function mutation in the ectodomain of murine P2X7 Purinergic
Signalling 5, 151-161 10.1007/s11302-009-9134-6

Kowalski, M., Hausmann, R., Dopychai, A., Grohmann, M., Franke, H., Nieber, K., Schmalzing, G., llles, P., and
Riedel, T. (2014) Conformational flexibility of the agonist binding jaw of the human P2X3 receptor is a
prerequisite for channel opening Br. J. Pharmacol. 171, 5093-5112 10.1111/bph.12830

Zhao, W.-S., Wang, J., Ma, X.-J., Yang, Y., Liu, Y., Huang, L.-D., Fan, Y.-Z., Cheng, X.-Y., Chen, H.-Z., Wang, R.,
and Yu, Y. (2014) Relative motions between left flipper and dorsal fin domains favour P2X4 receptor activation
Nat. Commun. 5, 4189 10.1038/ncomms5189

Khakh, B. S., Bao, X. R., Labarca, C., and Lester, H. A. (1999) Neuronal P2X transmitter-gated cation channels
change their ion selectivity in seconds Nat. Neurosci. 2, 322-330 10.1038/7233

Virginio, C., MacKenzie, A., Rassendren, F. A., North, R. A., and Surprenant, A. (1999) Pore dilation of neuronal
P2X receptor channels Nat. Neurosci. 2, 315-321 10.1038/7225

Collo, G., Neidhart, S., Kawashima, E., Kosco-Vilbois, M., North, R. A., and Buell, G. (1997) Tissue distribution of
the P2X7 receptor Neuropharmacology 36, 1277-1283 10.1016/S0028-3908(97)00140-8

Rassendren, F., Buell, G. N., Virginio, C., Collo, G., North, R. A., and Surprenant, A. (1997) The permeabilizing
ATP receptor, P2X7. Cloning and expression of a human cDNA ]. Biol. Chem. 272, 5482-5486
10.1074/jbc.272.9.5482

Di Virgilio, F., Ceruti, S., Bramanti, P., and Abbracchio, M. P. (2009) Purinergic signalling in inflammation of the
central nervous system Trends Neurosci. 32, 79-87 10.1016/j.tins.2008.11.003

Chessell, I. P., Hatcher, J. P., Bountra, C., Michel, A. D., Hughes, J. P., Green, P., Egerton, J., Murfin, M.,
Richardson, ., Peck, W. L., Grahames, C. B. A., Casula, M. A., Yiangou, Y., Birch, R., Anand, P., and Buell, G. N.
(2005) Disruption of the P2X7 purinoceptor gene abolishes chronic inflammatory and neuropathic pain Pain
114, 386-396 10.1016/j.pain.2005.01.002

Skaper, S. D., Debetto, P., and Giusti, P. (2010) The P2X7 purinergic receptor: from physiology to neurological
disorders FASEB ]. 24, 337-345 10.1096/f].09-138883

Solle, M., Labasi, J., Perregaux, D. G., Stam, E., Petrushova, N., Koller, B. H., Griffiths, R. J., and Gabel, C. A.
(2001) Altered cytokine production in mice lacking P2X7 receptors J. Biol. Chem. 276, 125-132
10.1074/jbc.M006781200

Weisman, G. A., Camden, J. M., Peterson, T. S., Ajit, D., Woods, L. T., and Erb, L. (2012) P2 receptors for
extracellular nucleotides in the central nervous system: role of P2X7 and P2Y receptor interactions in
neuroinflammation Mol. Neurobiol. 46, 96-113 10.1007/s12035-012-8263-z

Khadra, A., Tomi¢, M., Yan, Z., Zemkova, H., Sherman, A., and Stojilkovic, S. S. (2013) Dual gating mechanism
and function of P2X7 receptor channels Biophys. J. 104, 2612-2621 10.1016/j.bpj.2013.05.006

Giniatullin, R., Nistri, A., and Yakel, J. (2005) Desensitization of nicotinic ACh receptors: shaping cholinergic
signaling Trends Neurosci. 28, 371-378 10.1016/.tins.2005.04.009

Katz, B. and Thesleff, S. (1957) A study of the desensitization produced by acetylcholine at the motor end-plate
J. Physiol. 138, 63-80 10.1113/jphysiol.1957.sp005838

Li, M., Toombes, G. E. S., Silberberg, S. D., and Swartz, K. J. (2015) Physical basis of apparent pore dilation of
ATP-activated P2X receptor channels Nat. Neurosci. 18, 1577-1583 10.1038/nn.4120



[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Harkat, M., Peverini, L., Cerdan, A. H., Dunning, K., Beudez, J., Martz, A., Calimet, N., Specht, A., Cecchini, M.,
Chataigneau, T., and Grutter, T. (2017) On the permeation of large organic cations through the pore of ATP-
gated P2X receptors Proc. Natl. Acad. Sci. U. S. A. 114, E3786-E3795 10.1073/pnas.1701379114

Webb, B. and Sali, A. (2016) Comparative protein structure modeling using MODELLER Current Protocols in
Bioinformatics 54, 5.6.1-5.6.37 10.1002/cpbi.3

Stamm, M., Staritzbichler, R., Khafizov, K., and Forrest, L. R. (2013) Alignment of helical membrane protein
sequences using AlignMe PLoS One 8, e57731 10.1371/journal.pone.0057731

Edgar, R. C. (2004) Muscle: multiple sequence alignment with high accuracy and high throughput Nucleic Acids
Res. 32, 1792-1797 10.1093/nar/gkh340

Waterhouse, A. M., Procter, J. B., Martin, D. M. A., Clamp, M., and Barton, G. J. (2009) Jalview Version 2 - a
multiple sequence alignment editor and analysis workbench Bioinformatics 25, 1189-1191
10.1093/bioinformatics/btp033

Michel, A. D., Chessell, I. P., and Humphrey, P. P. A. (1999) lonic effects on human recombinant P2X7 receptor
function Naunyn-Schmiedeberg's Arch. Pharmacol. 359, 102-109 10.1007/PL00005328

Yan, Z., Li, S., Liang, Z., Tomi¢, M., and Stojilkovic, S. S. (2008) The P2X7 receptor channel pore dilates under
physiological ion conditions ]. Gen. Physiol. 132, 563-573 10.1085/jgp.200810059

Browne, L. E. and North, R. A. (2013) P2X receptor intermediate activation states have altered nucleotide
selectivity J. Neurosci. 33, 14801-14808 10.1523/JNEUROSCI.2022-13.2013

[38] Jindrichova, M., Khafizov, K., Skorinkin, A., Fayuk, D., Bart, G., Zemkova, H., and Giniatullin, R. (2011) Highly

[39]

[40]

[41]

[42]

[43]

conserved tyrosine 37 stabilizes desensitized states and restricts calcium permeability of ATP-gated P2X3
receptor J. Neurochem. 119, 676-685 10.1111/j.1471-4159.2011.07463.x

Virginio, C., MacKenzie, A., North, R. A., and Surprenant, A. (1999) Kinetics of cell lysis, dye uptake and
permeability changes in cells expressing the rat P2X7 receptor J. Physiol. 519, 335-346 10.1111/j.1469-
7793.1999.0335m.x

Pelegrin, P. and Surprenant, A. (2007) Pannexin-1 couples to maitotoxin- and nigericin-induced interleukin-1§
release through a dye uptake-independent pathway J. Biol. Chem. 282, 2386-2394 10.1074/jbc.M610351200

Browne, L. E., Compan, V., Bragg, L., and North, R. A. (2013) P2X7 receptor channels allow direct permeation of
nanometer-sized dyes J. Neurosci. 33, 3557-3566 10.1523/JNEUROSCI.2235-12.2013

Alves, L. A., Bezerra, R. J. S., Faria, R. X., Ferreira, L. G. B., and da Silva Frutuoso, V. (2013) Physiological roles
and potential therapeutic applications of the P2X7 receptor in inflammation and pain Molecules 18, 10953-
10972 10.3390/molecules180910953

Inoue, K. and Tsuda, M. (2012) Purinergic systems, neuropathic pain and the role of microglia Exp. Neurol. 234,
293-301 10.1016/j.expneurol.2011.09.016



