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78 2 ¥ We have used pharmacologic techniques to show that muscarinic acetylcholine receptors (MACHR)
in neuronal PC12D cells activate the influx of extracellular Ca2+ via two distinct pathways: store-operated Ca2+
channels and receptor-operated Ca2+ channels. These two channels differ with respect to ion permeability,
kinetics of opening and closing, and regulation by protein kinase C (PKC). Using molecular cioning

technigues we showed that the receptor-operated channel requires expression of the TRP6 subtype of

nen-voltage-gated Ca2+ channel.

A BETEFIRY
The object of our research was o determine the
molecutar mechanisms underlying the activation of
Ca2+ influx mediated by mAChR in the cell line
PC12D.

B. BHITHIE

tntracellular Ca2+ levels were determined using a
Jasco fluorospectro-photometer or a Hamamatsu
Photenics Argus-50 Ca2+ imaging system ‘o
measure Ca2+-dependent changes in
fluorescence in PC12D cells preloaded with the
Ca2+-sensitive dye fura-2-AM. [n addition,
activation of Ca2+-permeable channels in the
cellular membrane was assessed using Mn2+ or
Ba2+ in place of Ca2+. Mn?+ and Ba2+ enter the
cells through many types of Ca2+ channels and are
usefui tools for observing the opening and closing
of Ca2+ channel. Mn2+ quenches fura-2
fluorescence upon entering the cell, allowing the
opening of the channels to be detected as an
-increase in the rate of quenching of intracellular
fura-2. Ba2+ on the other hand, increases fura-2
fluorescence, but unlike Ca2+ cannot be expelled
from the cell once it has entered. Ba2+ is therefore
useful for assessing at the influx component of
Ca?+ intracellular levels. Rat homologs of the
meouse TRP& Ca2+ channel ¢cONAs were isolated
using a RT-PCR-based cloning strategy. These
cDNAs were sequenced using an-ABl PrismTM
377-18 DNA sequencer, and subcioned in the
mammalian expression vector pBOS, and
transfected into PC12D cells using standard
technigues. Antibodies were prepared by
immunizing rabbits with a synthetic 17-mer
cligopeptide with a sequence corresponding to
that of the carboxyterminal segment of rat TRPS

C. AFSERR

Using Ba2+ as a tracer for Ca2+, we were able to
identify a Ca2+ channel that specifically opens
following activation of mMAChR in PC12D cells. This
Ca2+ channel is not significantly activated following
depletion of intracellular Ca2+ stores by
thapsigargin, however, suggesting that it is a
feceptor-activated Ca2+ channel (ROCC) and not a
store-operated Ca2+ channel (SOCC).
Pharmacologic studies of this ROCC showed it to
have the following properties: 1) It rapidly opens in
following stimulation of mAChR with carbachol and
rapidly closes foltowing the inactivation of mAChR
with atropine. 2) It closes within 2 or 3 minutes in
the continued presence of carbachol. 3) itis
strongly inhibited following activation of PKC with
phorbol ester. 4) It is permeable to Ba2+ and Na+
in the absence of extracellular Ca2+, but does not
significantly pass these icns in the presefce of
extraceflular Ca2+; it is relatively impermeable to

-Mn2+ 5) It is activated by the diacetylglycerol (DAG)

analogs 1-oleayl-2-acetyt-sn-glycerol (OAG) and 1-
stearoyl2-arachidononyl-sn-glycerol (SAG). By
contrast, the SCCC channel in PC12D cells have
the foilowing properties: 1) it is stow to open
following stimulation of mACHR with carbachol and
closes only after a lag of 60 to 90 sec following the
inactivation of mAChR with atropine. 2) It remains
open for at least for 30 min or more in the
continued presence of carbachal. 3) It is not
fnhibited by phorbol ester. 4) It is relatively
impermeable to Ba2+ and Na+, but is permeable to
Mn2+ even in the presence of extracellular Ca2+.
Expression of rat TRPS Ca2+ channel antisense
RNA or mRNA encoding the N-terminal cytoplasmic
domain of TRP6 specifically blocks mACHR- and
OAG-stimulated influx of Ba2+ through the ROCC



channel, suggesting that the TRP6 channe! is
reguired for the assembly of functional RQCC
channels in PC120 cells.

D. ##

Receptor-regulated Ca2+ entry has been
proposed to play important roles in neurcnal celis
including the regulation of cell shape and axonal
growth, cell survival and growth, gene expression
and synaptic plasticity. This and other studies have
shown that receptor-regulated Ca2+ influx involves
multiple Ca2+ channels that have distinct malecular
and pharmacologic properties and which are
reguiated by distinct mechanisms. The
identification of TRP6 as a component of the
mAChR-regulated ROCC in PC12D cells should
provide a secure point of departure for future
studies on the physiologic role of these channels
and possibly the development of novel drugs that
modulate their activity.

E. #5im

Activation of mAChR in neuronal PC12D cells
stimulates the influx of extracellular Ca2+ through
distinct SOCC and ROCC. SQOCC are regulated by
the state of the intracelluiar Ca2+ stores, and
ROCC are regulated by a distinct mechanism,
possibly by directly binding DAG. Expression of
TRP6 Ca2+ channel is required forthe assembly of
functional ROCC channels.

F. WfEses:
none to date
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