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Modeling TRPCI| mediated slow EPSPs in cerebellar Purkinje cells
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Background

Synaptic plasticity in granule cell (GC) inputs to Purkinje
cells (PCs) has been a major and ongoing subject of exper-
imental investigation ever since the publication of the
Marr/Albus hypothesis of cerebellar learning. It is known
that this synaptic plasticity may very well be associated
with a slow EPSP through metabotropic glutamate recep-
tors (mGluR) which have been demonstrated to be central
to mechanisms for synaptic change in the cerebellum. In
PCs, mGluR1 has been studied more thoroughly than any
other mGluRs. This excitatory action is through a mixed
channel which has inward and outward components. This
cation channel has also recently been identified as a tran-
sient receptor potential channel 1 (TRPC1, [5]) which can
apparently be involved in the prolonged PC responses
known as slow EPSPs. This report describes the first effort
to model the kenetic effects of these interactions at cellu-
lar, channel and subcellular biochemical levels in PCs.
This effort is the first stage in constructing an eventual
kinetic model of long term plasticity including LTD based
on experimental data.

Methods

Experiment

Sprague-Dawley rats (14-31 days old, Charles River) were
used to prepare cerebellar cortical slices cut 350 gm thick
in coronal sections. Slices were incubated at either 30°C
or room temperature in oxygenated ACSF following
standard procedures. Stimulation was delivered using
glass electrodes prepared from theta tubes, using a stimu-
lus isolater set to provide stimulation intensity between
5-100 pA and with a 2 ms duration. To generate slow

EPSPs, five pulses of train stimulation at 100 Hz were
given in the molecular layer (ML). In order to study the
slow EPSPs that have been shown to result from stimulat-
ing GC axons, in some experiments, the ionotropic gluta-
mate receptor antagonist, 2,3-dioxo-6-nitro-1,2,3,4-
tetrahydro-benzoquinoxaline-7-sulfonamide (NBQX, 5
4M) was used to block fast EPSPs. After the fast EPSP is
blocked, the amplitude of sEPSPs is stimulation intensity
dependent and saturated after it reaches 30 wA.

Computational simulations

Genesis 2.3 was used to simulate the TRPC1 mediated
SEPSP. The model was implemented using two distinct
parts. The first involved modeling one dendritic segment,
a spine neck, and a spine head. Averaged values from elec-
tron microscopic data were used for the dimension of
each compartment [4]. The second part was created by
Kinetikit under the path/kinetics to model the chemical
reactions between glutamate binding, mGluR receptors
and the Gog-activated TRPC1 channels. The/kinetics
model was modified from Bhalla and Iyengar [1]. The
activation of TRPC1 channels is simulated in the spine
head. Upon stimulation, there is an increase in synaptic
glutamate concentration. This increase in glutamate con-
centration activates mGluR receptors which, in turn,
increases the amount of GTP-bound G protein. These acti-
vated G proteins will activate TRPC1 receptors. In the sec-
ond modeling step, local model was applied to the whole
PC dendritic tree using the whole cell model [2,3].
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Results

Voltage clamp data suggested that the current through the
TRPC1 channel can result in a somatic response as large as
80 pA. The value can be used together with the time course
to guide the simulation in both local and full models. In
the local model, about 10 mV voltage response can be
generated in the dendritic compartment as a consequence
of a 1.5 pA current through the channel of TRPC1. In the
full model, the membrane potential is hyperpolarized
before the synaptic inputs were delivered at 200 ms. How-
ever, a sSEPSP similar with the one in the local model was
evoked. Since the base line shift was not in the local
model, this change must result from the inclusion of the
mGluR related processes in spines. Surprisingly, the
hyperpolarization continues even after the sEPSP ended
around 2 sec. This unexpected phenomenon requires fur-
ther study. Once the base line is stabilized, the channel
kinetics of TRPC1 as tuned so that the somal peak current
and time course matched experimental data.

Conclusion

The TRPC1 mediated sEPSP is successfully simulated in
the local model. An interaction was observed between the
kinetic biochemical models and the electrical response of
the full PC model that was unexpected and is now under
further study. It is likely that a more realistic model is
needed to accurately simulate this sEPSP. The current
work is the first step towards modeling the long term plas-
ticity in PC synapses which have important implications
for cerebellar function.

References

. Bhalla US, lyengar R: Emergent properties of networks of bio-
logical signaling pathways. Science 1999, 283:381-387.

2.  De Schutter E, Bower JM: An active membrane model of the
cerebellar Purkinje cell. I. Simulation of current clamps in
slice. | Neurophysiol 1994, 71:375-400.

3.  De Schutter E, Bower JM: An active membrane model of the
cerebellar Purkinje cell Il. Simulation of synaptic responses.
J Neurophysiol 1994, 71:401-419.

4. Harris KM, Stevens JK: Dendritic spines of rat cerebellar
Purkinje cells: serial electron microscopy with reference to
their biophysical characteristics. | Neurosci 1988, 8:4455-4469.

5. Kim §J, Kim YS, Yaun JP, Petralia RS, Worley PF, Linden DJ: Activa-
tion of the TRPCI cation channel by metabotropic gluta-
mate receptor mGIluRI. Nature 2003, 426:285-291.

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 2 of 2

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9888852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9888852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7512629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7512629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7512629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8158238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8158238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3199186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3199186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3199186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14614461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14614461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14614461
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Background
	Methods
	Results
	Conclusion
	References

