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Binding of Ga, N-Terminus is Responsible for the Voltage-Resistant Inhibition of
aja (P/Q-Type, Ca,2.1) Ca?™ Channels
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G-protein-mediated inhibition of presynaptic voltage-dependent Ca2* channels is comprised of voltage-dependent
and -resistant components. The former is caused by a direct interaction of Ca2* channel «; subunits with GSy, whereas
the latter has not been well characterized. Here, we show that the N-terminus of Gay, is critical for the interaction with
the C-terminus of the P/Q-type channel subunit, and that the binding induces voltage-resistant inhibition. A P/Q-type
C-terminal peptide, an antiserum raised against the G, N-terminus, and a Ga, N-terminal peptide all attenuated the
voltage-resistant inhibition of P/Q-type currents. Furthermore, the N-terminus of Go, bound to the C-terminus of oy,
in vitro, which was prevented either by the P/Q-type channel C-terminal or Go,, N-terminal peptide. Although the C-ter-
minal domain of the N-type channel showed similar ability to binding with Ga, N-terminus, the above-mentioned treat-
ments were ineffective in the N-type channel current. These findings demonstrate that the voltage-resistant inhibition of
the P/Q-type channel is caused by the interaction between the C-terminal domain of the Ca2* channel a;, subunit and

the N-terminal region of Ga.
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Table 1. Voltage-Dependent Ca2* Channel Family
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Fig. 1. Effects of the ;5 and a;3 C-Terminal Peptides on the x-Opioid Receptor-Mediated Inhibition of P/Q- and N-Type Channel
Currents

A: Macroscopic Ba2* currents, Iy,: recorded from oocytes coexpressing a8, with Ge, and k-opioid receptor. Current traces were recorded by 200 ms step
depolarization form —60 mV to +20 mV at 30 s intervals alternately without (left)and with (right)a conditioning 100 ms prepulse to +100 mV, which preceded
the test pulse by 20 ms. Superimposed traces are Ig,s recorded in the presence of the k-opioid agonist U50488H (1 um) . Currents were similarly recorded either with
PPQT1 or PB3T4 injected 15 h before the recording in a volume of 50 nl, postulated as an intracellular concentration of 10 um. Triangles indicate the time to peak
of the current amplitude. Anti-Xenopus Ga, antisense ODN (5 ug) was injected 12-16 h prior to the recording, which was considered to induce a decrease in the
amount of Go, in oocytes. B: Summary of the effects of injected peptides on the U50488H-induced inhibition of P/Q-type current (mean+S.E.M., n=35) without
(open column) and with (filled column) conditioning prepulses. Significant differences at p<{0.05 vs. individual controls are shown as # and *. C: Representative cur-
rent traces recorded from oocytes coexpressing o;pf;, With Ga, and x-opioid receptor. Recording and drug application procedures were identical to those in the case
of the P/Q-type channel. D: Summary of the effects of injected peptides on N-type current inhibition by U50488H (n=4).
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Fig. 2. Effects of the Anti-Go,-N-Terminal Antiserum, GC/2, and the Anti-Ga,-C-Terminal Antiserum, EC/2, on the x-Opioid
Receptor-Mediated Inhibition of P/Q- and N-Type Channel Currents

A: Representative P/Q-type channel current traces recorded from oocytes coexpressing a;a 81, Go, and k-opioid receptors in response to a step depolarization
from —60 mV to +20 mV. The test pulses were applied at an interval of 30 s alternately without (/eft)and with (right)a conditioning 100 ms prepulse to +100 mV
that preceded the test pulse by 20 ms. Antisera were diluted to 1 : 50 with water and injected in a volume of 50 nl into the oocytes 2 h before measurements. Superim-
posed traces are Ig,s in the presence of the k-opioid agonist U50488H (1 um) . B: Summary of the effects of injected antisera on U50488H-induced P/Q current inhi-
bition (n=4)in the presence (filled column) and absence (open column) of prepulses. *: p<{0.05, *** p<{0.001 vs. control with prepulse. C: Representative current
traces recorded from oocytes coexpressing o811, Go, and x-opioid receptors. Recording and drug application procedures were identical to those in the case of P/Q-
type channel. D: Summary of the effects of injected antisera on U50488H-induced N-type current inhibition (n=6)in the presence (filled column)and absence
(open column) of a prepulse. ## : p<<0.01 vs. control without a prepulse, ** p<{0.01 vs. control with a prepulse.
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Fig. 3. Effects of the Go, N-Terminal and C-Terminal Peptides, PGON1 and PGOCI, on the x-Opioid Receptor-Mediated Inhibition
of the P/Q- and N-Type Channel Currents

A: Representative P/Q-type channel current traces recorded from oocytes coexpressing a;,8, Go, and k-opioid receptors by applying step depolarization
from —60 mV to +20 mV. Test pulse was applied at an interval of 30 s alternately without (left)and with (right)a conditioning 100 ms prepulse to 4100 mV that
preceded the test pulse by 20 ms. Synthetic peptides PGON1 and PGOCI were dissolved at 100 uMm in water and the aliquot of 50 nl (approximately 10% of oocyte
volume) was injected into oocytes 15 h prior to the measurements. Superimposed traces are Ig,s in the presence of the x-opioid agonist U50488H (1 um) . B: Summa-
ry of the effects of injected peptides on U50488H-induced P/Q-type current inhibition (n=7—8)in the presence (filled column)and absence (open column) of
prepulses. # : p<<0.05 vs. control without prepulse, * p<{0.05 vs. control with prepulse. C: Representative current traces recorded from oocytes coexpressing a;pfi,
Ga, and k-opioid receptors. Recording and drug application procedures were the same as those in the case of the P/Q-type channel. D: Summary of the effects of in-
jected peptides on U50488H-induced N-type current inhibition (n=4)in the presence (filled column) and absence (open column) of a prepulse. # : p<{0.05 vs. con-
trol without a prepulse.
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Fig. 4. Binding of Go, N-Terminal Peptides with the C-Termini of the P/Q- and N-Type Channels and their Competition by the Go,
N-Terminal Peptide PGON1 and VDCC C-Terminal Peptides PPQT1 and PB3T4

Left: The MBP-tagged Ga, N-terminal peptides MBP-Ga, (1-88) (lanes 3, 5, 7 and 8) and MBP-Ga, (7-88) (lanes 4 and 6) were incubated with the blank GST
(lanes 3 and 4), GST-BIT (lanes 5 and 6), GST-B1T+ 50 um PGON1 (lane 7), and GST-B1T+ 50 um PPQT]1 (lane 8)in the presence of glutathione 4B Sepharose
beads at 4°C for 1 h. The beads were washed, and the bound peptides were eluted with a glutathione-containing elution buffer. The samples and 5 ng of the control
peptides MBP-Ga, (1-88) (lane 1) and MBP-Ga, (7-88) (lane 2) were separated on a 12% SDS-PAGE gel. Immunoblottings were probed by ECL detection with the
first anti-MBP antiserum and the second anti-rabbit IgG antibody that had been diluted at 1 : 10,000 and 1 : 4,000, respectively. Right: Reaction and detection were
carried out in tubes where MBP-Ga, (1-88) (lanes 11, 13, 15 and 16) and MBP-Ga, (7-88) (lanes 12 and 14) were incubated with the blank GST (lanes 11 and 12),
GST-B3T (lanes 13 and 14), GST-I'3T+ 50 um PGONI1 (lane 15), and GST-B3T + 50 um PB3T4 (lane 16) in the presence of glutathione 4B Sepharose beads. Lanes
9 and 10 are the control MBP-Ga, (1-88) and MBP-Ga, (7-88), respectively. These results are typical of 5 independent experiments.
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Fig. 5. Dual Regulation of Presynaptic P/Q-Type Ca?" Channel by G-Proteins
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b, EENHEHEINZ (L—2 15, 16).

6. &HYIC

FEOIR, ZERICED GEHENLE Cat F
Y )V OIMHHIE OF =78 A =X L2 R L 72,

P/QEF v )L TR 6N S BE MBI O IHNIX
Go, HEET DI EIRE>TELZDTHAD. D
F0 P/QEIF v )L Gay & GBy DRI HITE DT
“HOKEEZTTWDE I ENHEHSE NS -
(Fig. 5). —7, N&F v )L QEMIGIEOHIH

1213 Gao DB 5- L7z, 12 & 2 WIE N BIF v %
VD CED Ga, FEEERALLAINT Gay, D 55 38 i fE
ﬁﬁfﬁ?é’&ﬁ%zbméleﬂ%vzw%
T OBAIRGUEDIHI D 7T A N = X L DFREBHIZ
WTIIESRDMANDLETH 5.

Go, D N KFEBRNZN R TH D P/Q MF v 1l
DRIFEN C K AE & DRER TG T2 Z ENH0D
TaREINZ. Go, D N RKIZFFIIKEET GBy & D
BICMETZ LV TNETOHREZEZGDES
&, Go, O N RIFZAEMEKFFICHE < G EHOEN
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LITHE> T GBy EDFEGMNS Calt F ¥ rILED
FRICEDF ¥ FIVIEEOMHINEZA v F T 54
RERZLTWS EEZENS.

P/Q B N N B F v 3 )V R IR i R ITA < 7%
FELTHO, flx DI F T ARRKETHRZEDNED
ML TITo TS, AR THS ML
P/Q B NN BIF v )L OZ IR % T itk
KOBEND, HREKICBT 52 F 7 2Ok & 7k
HDENVWIIFEL TWSEEEZSNS. Ga, ITXD
ALY O HIHN T RGBT L 7R W AR Tl
FlloRiEE 2 MA2@BZ22d2b0EBbN, 4
BIFFEEEEICBEE L 2> F T XS TAD A
R EDREMPIEHCBNT, Dk D ik
MHDFERENWEMRIAT DN ENHD EEZ SN,

HEE AMREEEREREGCE AR R
BEHZEPHICBNWTITDONZHDTH D, KIRR
LY7o AEEE SRR E ) U R U 2 5UER R S R 2R
FHER ST HETPBRICEA TR#OFZERL
Y. Kz, RIBARGSHEBE CHEEEE VLS
E U RHRFR AR ATRE RN E SR
IR BIRZ IR S REH W2 L RT. 51T, A
FUTH T VAR E RO T eiZE &L
FREAEHEER SV AEEEE L, ik
VIR FEMRE N AT A — &
FAEHRE, BHRASHEEE I 0 - FEREE
it REE THLICRERSEH N L XD
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