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Mg?* inhibits ATP-activated current mediated by rat P2X4 receptors expressed in
Xenopus oocytes

PENG Fang, ZHANG Yu-Qin", ZENG Yan, ZHOU Yan-Ling
Department of Physiology, Medical College, Wuhan University of Science and Technology, Wuhan 430065, China

Abstract: To investigate the modulation of Mg?" on rat P2X4 receptors and its underlying mechanism, we transcribed cDNA coding
for wild-type and mutant P2X4 receptors to cRNA in vitro, injected the cRNA to oocytes of Xenopus laevis using the microinjection
technique and revealed the effect of Mg?* on ATP-activated currents (/,;,) mediated by P2X4 receptors using the two-electrode whole-
cell voltage clamp technique. The effects of extracellular Mg?* on I,;, were as follows: (1) In oocytes expressing P2X4 receptors, Mg
with concentration ranging from 0.5—-10 mmol/L inhibited the amplitude of /,;, in a concentration-dependent and reversible manner,
with a 50% inhibitory concentration value (ICs,) of (1.24 £ 0.07) mmol/L for current activated by 100 pmol/L ATP. (2) Mg* (1 mmol/L)
shifted the dose-response curve for /4 right-downward without changing the ECs,, but reduced the maximal current (E,,,) by (42.0 £
2.1)%. (3) After being preincubated with Mg?" for 80 s, the inhibitory effect of the Mg? on I, reached the maximum. (4) The inhibi-
tion of Mg?* on I, was independent of membrane potential from =120 mV to +60 mV. (5) Compared with the current activated by 100
umol/L ATP in the wild-type P2X4 receptors, mutant P2X4 D280Q responded to the application of 100 umol/L ATP with a smaller
current. The peak current was only (4.12 & 0.15)% of that seen in wild-type receptors. Mutant P2X4 D280E responded to ATP stimu-
lation with a current similar to that observed in cells expressing wild-type receptors. (6) When Asp280 was removed from P2X4, the

current amplitude of 7,;, was increased almost one-fold, and Mg?* with concentration ranging from 0.5-10 mmol/L did not affect the
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Ly significantly. The results suggest that Mg?" inhibits /,;, mediated by P2X4 receptors non-competitively, reversibly, concentration-

dependently, time-dependently and voltage-independently. The inhibitory effect of Mg** might be realized by acting on the site

Asp280 of the P2X4 receptors.

Key words: Mg?*; ATP-activated current; Xenopus oocytes; two-electrode voltage clamp technique
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Table. 1 Primers for PCR site directed mutagenesis

Parameter Sense primer (5°-3") Antisense primer (5° -3°)

D280Q CTATAAggAAggCCgCggACgTCTgggCCCTggACCTTg CAAggTCCAgggCCCAgACgTCCgCggCCTTCCTTATAg
D280E gAAggCCgCeggACCTTTgggCCCTggACCTTg CAAggTCCAgggCCCAAAgeTCCgCgeCCTTC

Asp280

deletion gAAggCCgCggACTgggCCCTggACC ggTCCAgggCCCAgTCCgCggCCTTC
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Fig. 1. Mg* reversibly inhibits ATP-activated current mediated by P2X4 receptors expressed in Xenopus oocytes. 4: Currents acti-

vated by 100 pmol/L ATP plus different concentrations of Mg?" (1-10 mmol/L). Records are sequential current traces from a single

oocyte. B: Dose-response curve for Mg?* reduction of current activated by 100 umol/L ATP. Each point represents mean + SD of 8
cells. The ICs;is (1.24 £ 0.07) mmol/L. On average, the inhibition rate of /,;, by 1 mmol/L and 2 mmol/L Mg>" is (42.0 = 2.1)%
and (60.0 + 3.0)% respectively. C: At 10 min after being washed, the ATP-activated current which was previously inhibited by Mg**

recovered.
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Fig. 2. Dose-response curves for /,p in the absence and presence
of 1 mmol/L Mg*". Each point represents mean + SD of 10 cells.
Invisible error bars are smaller than the size of symbols. Curves
shown are the best fit of the data to the equation in the methods.
Mg* (1 mmol/L) reduced the E,,,, by almost (42.0 + 2.1)%. The
ECs, was (16.02 £+ 2.13) pmol/L and (16.28 + 1.76) pmol/L re-
spectively in the absence and presence of 1 mmol/L Mg*".

100 _Control
1 *
{ ]
80
"q:-,' *
£ 60 - s
o .
:.02: *’* % ®k
% 40 3 F -+
4
20 4
0 T T T T T T T

0 20 40 60 80 100 120

Pre-exposure time (s)

B 3. Mg 0 7 I )X L R 51

Fig. 3. Bar graphs showing the current when the cells were pre-
incubated with Mg** for 0, 20, 40, 60, 80, 100 and 120 s. Data
are means + SD values of § oocytes. There was no significant
difference among the last three groups. *P < 0.05, “P < 0.01 vs

control.
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Fig. 4. The inhibition of Mg*" (2 mmol/L) on I, at different

holding potentials. Each point represents means = SD of 10 cells.
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Fig. 5. Asp280 may be the binding site of Mg** on P2X4 receptors. 4: Current recorded in response to 100 pmol/L ATP stimulation in

wild-type receptors. B, C and D: P2X4 receptors function under replacement of Asp280 with the noncharged glutamine (B), negatively

charged glutamate (C) residues, or removal of the Asp280 (D). The related currents were recorded in response to 100 umol/L ATP
stimulation. E: Applying Mg** (0.5-10 mmol/L) did not affect the current in the P2X4 receptors lacking of Asp280. F: Graph showed

the currents which were representative of 5 experiments per channel. ""P < 0.01 vs control (WT).
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