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Developmental Changes of Voltage-gated Potassium

Channel in Cultured Cerebellar Granule Neurons
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Neurons originate from neuroepithelial cells residing in the
ventricular zone near the ventricle, migrate to their final positions, and
mature to generate action potential, which is the most important characteristic
of the neufon. However, mdlecular mechanism that regulate the maturation of
action potential is still unknown. He has been trying to understand the
maturation process of action potential by studying the developmental profile of
expression of voltage-dependent ion channel genes.

In amphibian spinal cord neuron, it is well known that the properties
of action potential, such as ionic dependency, amplitude and duration, change
during the course of development, and it is reported that the maturation of
action potential is controlled by developmental changes of voltage-dependent
K* currents as follows. Barish(1986) observed that voltage-dependent K"
currents changed from slowly activating current, in which the amplitude was very
small, to large fast-activating current, and this change occurred in parallel
with the developmental changes in the action potential. Based on this finding,
he concluded that the expression of voltage-dependent K* current at early
stage induces the alteration of ionic dependency of the action potential from
Ca?* to Na* by shifting membrane potential to hyperpolarized state. He also
concluded that the expression of the voltage-dependent K* current shortens the
duration of the action potential. This suggests that the expression of voltage-
dependent K* current triggers the development of action potential. Moreover,
Ribera and Spitzer(1990) found that fast-activating and fast-inactivating
voltage-dependent K* current, known as A-type current, appeared at the final
stage of neuronal maturation. This current is believed to control the frequency
of repetitive firing. Thus, the expression of voltage-dependent K* current play
a key role in the maturation of the action potential in amphibian neurons. It
is reasonable to assume that K* currents play a similar role in the development
of mammmalian neuron, however, few studies have been reported, partly due to the
lack of convenient model system like amphibian motoneuron.

To clarify the molecular mechanism that regulate the maturation of
action potential, he started to examine voltage-dependent K* currents of
developing granule cells, by using mouse cerebellar microexplant culture.

This microexplant culture system was developed to investigate the
process of neuronal differentiation in vitro by Nagata and Nakatsuji{1990).
Unlike widely used primary culture methods of cerebellar granule cells, it 1Is
not necessary to culture cerebellar granule cells either in high-potassium
medium or together with glia cells in this culture system. Based on their size,

morphology,and inability to take up GABA, it was reported that more than 90% of
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cells which radially migrated out from the explant were granule cells, and that
granule cells in this culture formed small clusters. However, specific
identification of granule cells in this culture system is not still completed.
In the present study, first, he identified and characterized granule
cells in this microexplant culture system by immunocytochemical and electro-
physiological analysis. The immunostaining with an anti-Zic antibody, which is
a specific marker for cerebellar granule cells, revealed that about 50% of
migrating cells in this culture was Zic-immunopositive, and that most of the Zic
-immunopositive cells localized in small clusters. These results show that
granule cells in this culture system migrated radially out from explants and
then formed small clusters. The immunostaining with an anti-glutamate antibody,
which recognize parallel fibers, revealed that most of the fine processes
extending out from the explant were parallel fibers, and that the morphology of
the granule cells with parallel fibers changed dramatically from bipolar to T-
sharped cell during their migration. This unique morphological change is very
similar to the process observed in vivo. The labeling with BrdU, which is a
thymidine analogue, demonstrated that granule cells in the early stage of this
culture were mitotically active, and that the proliferation of granule cells was
gradually lost along with the culture period. In addition, to know whether
properties of granule cells observed in vivo were maintained in this culture, he
characterized the GABA response of granule cells electrophysiologically and
pharmacologically, by using whole-cell patch-clamp technique. It showed that
86% of the cells(n=28) in the small clusters evoked marked inward currents after
application of 10mM GABA, and that the GABA-induced currents were mediated
through bicuculine-sensitive Cl -channel-coupled GABA. receptors, which was
consistent with that described in previous reports. This result suggested that
the electrophysiological properties of granule cells in this culture are
maintained normally; at least against their response toward GABA. From the
present immunocytochemical and electrophysiological analysis for the
microexplant culture, he concluded that this microexplant culture system was a
powerful tool for investigating the differentiation of cerebellar granule cells.
Having established the cerebellar granule cell culture condition, he
recorded voltage-dependent K* currents of developing granule cells in this
culture. Immunostaining for glutamate indicated that migrating granule cells in
the microexplant culture changed their morphology from bipolar to T-shaped
during their migration. This unique morphological differentiation of granule
cells mimics the in vivo developmental procedure. Based on this finding,
voltage-gated K* currents of developing granule cells in the microexplant
culture were recorded, under the observation of the morphology, using whole-cell

patch-clamp technique. Simultaneous recording of the current and the morphology




were performed by using recording pipette including a fluorescent dye, Lucifer
yellow.

Bipolar and T-shaped cells in this culture were observed by labeling
with Lucifer yellow, and he considered that bipolar and T-shaped cells were
corresponding to immature and mature granule cells respectively. Both bipolar
and T-shaped cells exhibited fast activating K*¥ current, however, the
inactivation kinetics of their currents were remarkably different. T-shaped
cells showed fast inactivating component in addition to slow inactivating
component, in contrast, bipolar cells exhibited very small or no fast
inactivating component. Activation and inactivation of the fast inactivating
current component were voltage dependent, and this current component was 4-AP-
sensitivite. These strongly indicates that this current is a typical A current.
Therefore, these findings demonstrated that voltage-dependent K* currents of
developing granule cells changed from delayed rectifier to A-type current in
parallel with their morphological change from bipolar to T-shaped cell.

In the present study, developmental changes of voltage-dependent K*
currents were similar to that found in amphibian spinal cord neurons. It was
reported that the appearance of A current in amphibian spinal cord neurons was
important to control the rate of repetitive firing of the action potential.
Therefore, it is suggested that A current which appeared in the maturation
process of cerebellar granule cells also plays a similar role in maturation of
action potential. Interestingly, this A current appeared in parallel with the
morphological change of developing granule cells. Therefore, he also speculate
that this A current plays an important role not only in the maturation of the
action potential but also in neuronal differentiation. Further examination
using this culture system will provide the basis for understanding the role of

voltage-dependent K* current in neuronal development.




RXOEEHROEE

EHEYIRERRAOREHIS O TAREBL ) THEF LT 2ERB TR, Tk
7 mRNA DARKDRFTNKELIAGTEF R ESEELELEADON, FREROHE O —
STHAEHEMLELDBRBTRET S, LALEAL, TORFANZXLERE
HOEEThd, ARXOEMR., COMBE O VWTEMKEREI Y VT LF v X VORESR
FWOBEAPLHLNARTHIETH D

EBME L LTT Y XO/NMEKMITO nicroexplant culture REA WV, REMAEEL
FHRUVEREBEZENRERRTZT - 12

ERHBEORER. MMENMEECEROIRELIVWSIEERTFTH S Lic iTHT
EHEEHWTI T 7o TDEE. explant »5BH LMBEO 5 0% LU LY Zic HiE
2R L. 0% explant AT O cluster AKBHENZ e b, IOHEBERIS
T AEKMEBEEBE % cluster R TI2EEIP DD VWAL LT,

k. parallel fiber ORAEEHIINY IVBFAKERVWTIT >k, 7V I VRE
M@k r AT BMBEOFERN bipolar ® T-shape ZF L. ThH0E &R, BEEAK
PEVIBENZ 525, parallel fiber #FH 3T 2EMNMBEIE bipolar 25 T-
shape ~EHREL L TVWAZ e RN REEINE, Thid. M"NMEEBKBEEIN 2 HLM
BHOBEELLEBD TR —BRTI2LDTH -,

INFET, TOEBEAFAVEESABELBEIRL< AINTVWAEVLDO T, FH, &
—NEN-NRyFrSyTEEAVT, BRNMBOBEABHE 2R L, cluster ZF MK
LTWAMAEDS8 0%LLEA GABA GEM%RSERL., ZORERK ST 2B ME L., BE
Btz GABAL AKX EHEF L TWVWDI I LR RENT,

LltoEREM»S, 2@ nicroexplant culture B/AMENMEE O MLOoBEREZBS LT
EHREFALTHE e ERL, COEBERZAVIENMEREO S LIZED BUKREED Y 7
LEROELERFTT DI & Lk,

Vo T r—ATu—DEAIZ LY bipolar B & T-shape HMOBENMEZEAEL. TO
EMERESEHD) YV LBREFR -V EL-No F oS5y THEEAVTR&EL

TRCOBERMEIFEVEELERFLEYN, BEEFH]1 3 I)HOEVTERL DK
HH T-shape MBI BEENS D IZx L, bipolar BHEIZR B ACRD N2
st TOEVWTEMRILRPOLESBLUESIRH LIS, ZOFEELLE REEL
REMEERETH . X512 4-aninopyridime(4-AP) K k- TREKEFNICHEEN 1,

ULtoBREFHERUVEER2EER. CNETCABRE DLV IHEENLLQOERAKT
bHehbH, SHBEINLEEVTERLRSIZAREMRTSH Y, mnicroexplant
culture WHBI /N MERNMAERZ., PLOBBRIBVWIHEELIHAVARBRSAZRT S
TeRHELALE ok, ABKI LVEHEMORERAFINH EINZEEZILN., BH
BEMORERAKPEHBEND L, TNRIEDBMERER.EI )V VL F v XV ENT HMBEN
ADANS I LARABELELFAGINZ 220, ABKOHEBER., T0ROMEMED
S ETHREEZIDON D,

AWEE., BEEMOTEEZNSLE S TFH., BENILRAFFLTESTTLILE2HN
BIZRLTHD, RAEMREYZCHELAREMNADLOEFEMITET 5,




RSN R LONBE TR, BEEROBEE I >R LA LS A, R4~ X
RENBONT, Thbb, REMBEEYSE, MEENE. FTEYEOLBELHE L.
RGN L HR Lo THEBERT SN b DTH D L HE S,

ARSEEBECEIN, REPPEMTH L, $AAMEONEREEH L LCEER
CERBESN, A RDPo TRRENIRAATHDI L Db, BLEREN. B2 L
VB THL LHES AL,






