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Electrophysiological Studies on Cerebellar Synaptic
Transmission in P/Q-type Ca? Channel Mutant Mice
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Recent genetic' and molecular biological analyses have revealed many forms of inherited
channelopathies, and single gene mutations is directly responsible for the neurological
phenotypes. Homozygous ataxic mice, tottering (¢g) and rolling Nagoya (tg"”’), have mutations in
the P/Q-type Ca?* channel o4, subunit gene. The location of the mutations and the neurological
phenotypes are known, but the mechanisms how the mutations cause the symptoms and how the
different mutations lead to various onset and severity have remained unsolved. Here she compared
fundamental properties of excitatory synaptic transmission in the cerebellum and its sensitivity to
subtype-specific Ca** channel blockers among wild-type control, tg, and tg™ mice. The amplitude
of excitatory posysynaptic current (EPSC) of the parallel fiber-Purkinje cell (PF-PC) synapses
was considerably reduced in ataxic fg". Whereas the PF-PC EPSC was only mildly decreased in
non-ataxic fg mice, the PF-PC EPSC was drastically diminished in ataxic ¢g mice of P28-35. In
contrast, the EPSC amplitude of the climbing fiber-Purkinje cell (CF-PC) synapses was preserved
in tg, and it was even increased in tg"”". CF-PC EPSC was more dependent on the N- and R-types
in mutant mice, suggesting that such compensatory mechanisms maintain the CF-PC synaptic
transmission virtually intact. The results indicate that the impairment of the PF-PC synaptic
transmission well correlates with manifestation of ataxia, and that different mutations of the P/Q-
type Ca®* channel not only cause the primary effect of various severity but also lead to diverse
secondary effects, which include up-regulation of other Ca®* channel subtypes and enhancement

of sensitivity of postsynaptic glutamate receptors.



RNOBEERBEROES

BALRTFUEIAL VY LATF Y RV EIH R L EYEREZE3COL T2 RRMRBED LI I
—NVTHBEERSFEHTHD, ZOIBEIZ P/Q-type DALY T LT X XNV EHER THalA T =
=MDBEBEFITIE, ELORREERMON TR, INLOEREF vV A IFARBED
INERFAE R TDIERMONTVERED AN = AL DN TULELS G 232 TR,
RPBAHR T, alA V7 2=y DIz —F MU RTHS tottering (tg)& rolling Nagoya (1g™)
KOWT, BEFEENEDININEEARESIESERITNERATLDOTHD, ZDTHIT/IH
TIhxr e EDOER2BEOANBRMEOB OV F T ARBIZ OV TERAE B ER RN
BT o T0B, 37 LT BRMEEZTEBL TV AN ORFSNDREN S T AR BR
(EPSC) R LTEZA, 32— F UM URATREE VAT /MU ARFAOREIISULER
BOW DB AN, Fz tg T MBRKRIZRATIIALITLOBAERT paired-pulse
facilitation DIIAN RONT, DT tg & tg THREEYWHEMHIZE 535 P/Q-type A
T AF X RNDEIE BE T L, N-type BE O R-type DEI G BHEML TWBZERRBENTZ, —F .
HHI— DD ANRHETHDE EBRMEIZED EPSC 1L, tg! TLLARBAHE KL T, Zhid, &
FFRBED AMPA ZRUEOBZMBERKRE D ZRBREICEDbDEEZ DN, =Mk
BEDEKRBCEE T2V TLF Yy RVDEIEIT P/Q-type KT L. N-type BX T R-type
BHEMLTHNDIENRBINT,

LEDORERIT, J2a—F U MU RATIU/MNYRRBE LRET AT ol lg s 7 ATIERLSEAT
BHES N IR T T RAOBER TIRE-oTRI-oTWAEEZLNEIL, BT X E N
RIRHERL R D P/Q-type N T LF v XN DEEREIR T 7213 T, N—typé BEL O R-type DRAERY
REEBETUHES AMPA ZEBORBSZMERRLEEZFISEITILERLTND, ZRbiT, 22D
P/Q-type WNT D AF ¥ RNDRREENEN TN FE R F v X VBERE L ZRNZRE{LE5]
FRILRDBE, FITRMES T 7 AOBEE T LV BEOAN =R bELB L UMM AR LR ES
FTVWBIEERBLTERY, RERKEY, $Inb0ERIT. mEREMN AR T — FMEN
BIUREMNRBRBILESHVTNEERDOND, o TEBRIEFLE B TEAMXFELOZF
PR LELTHISLWS D THALHE LT,

FNRLONBEDRERBIVEEZBRSALOM TOHEBRISEZIToTc, BRIBLIELESTE
D REZPIRLTWEDThote, £, BFEFRIZOEMICHLT, BOIToRROEE.
BROMKR, BESHICRBIIFHAREEZHABIIEE Lz, £z, ZOZMH IAHR ThroRe
TVWRETENPN TVAILREERRINTNIBERINDEBZENOR D ThHLEE LN,
- FEEBELBICIVHFEERRUNRETHELOVENBHDLHE L,





