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Ca2+ sources for the exocytotic 
glutamate release from astrocytes
Vladimir Parpura
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Astrocytes can exocytotically release the gliotransmitter 
glutamate. Increased cytosolic Ca2+ concentration is neces-
sary and sufficient in this process. The source of  Ca2+ for 
the Ca2+-dependent exocytotic release of  glutamate from 
astrocytes predominately comes from endoplasmic reticu-
lum (ER) stores; both inositol trisphoshphate (IP3)- and 
ryanodine-sensitive receptors are involved. An additional 
source of  Ca2+ in this process comes from the extracel-
lular space; canonical transient receptor potential 1 protein, 
which forms channels that are activated by depletion of  
internal Ca2+ stores, allows Ca2+ entry from the extracellular 
space. Mitochondria can modulate cytosolic Ca2+ levels by 
affecting two aspects of  the cytosolic Ca2+ kinetics in astro-
cytes. They play a role in immediate sequestration of  Ca2+ 
during the cytosolic Ca2+ increase in stimulated astrocytes. 
As cytosolic Ca2+declines due to activity of  pumps, such as 
the smooth ER Ca2+-ATPase, free Ca2+ is slowly released 
by mitochondria into cytosol. Taken together, ER, extracel-
lular space and mitochondria, can vary concentration of  
cytosolic Ca2+ which in turn can regulate Ca2+-dependent 
vesicular glutamate release from astrocytes.
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Calcium signals provide the 
substrate for glial excitability
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Integration in the nervous system is achieved by signal 
processing within dynamic functional ensembles formed 
by highly complex neuronal-glial cellular circuits. The in-
teractions between electrically excitable neuronal networks 
and electrically non-excitable glial syncytium occur through 
either chemical transmission, which involves the release of  
transmitters from presynaptic terminals of  astroglial cells, 
or via direct intercellular contacts, gap junctions. Calcium 
ions act as a universal intracellular signalling system, which 
controls many aspects of  neuronal-glial communications. 
In neurones, calcium signalling events regulate the exocy-
tosis of  neurotransmitters and establish the link between 
excitation of  postsynaptic cells and integrative intracellu-
lar events, which control synaptic strength, expression of  
genes and memory function. In glial cells metabotropic re-
ceptor mediated release of  calcium ions from the intracel-
lular endoplasmic reticulum calcium store provide specific 
form of  glial excitability. Glial calcium signals ultimately 
result in vesicular secretion of  “glio”transmitters, which af-
fect neuronal networks thus closing the glial-neuronal cir-
cuits. Cellular signalling through calcium ions therefore can 
be regarded as a molecular mechanism of  integration in the 
nervous system.
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Activation of small conductance  
KCa2 channels prevents neuronal death 
induced by delayed calcium deregulation
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In various acute and chronic neurological diseases, such 
as ischemic stroke and Alzheimer’s disease, the underlying 
progressive neuronal cell death is attributed to increased in-
tracellular Ca2+ concentration ([Ca2+]i) and oxidative stress. 
In neurons, prolonged [Ca2+]i increase is mainly caused 
by glutamate-induced NMDA-receptor activation. Small 
conductance calcium-activated potassium (KCa2) channels 
co-localize with NMDA-receptors and their activation in-
duces membrane afterhyperpolarization thereby reducing 
neuronal excitability. In the present study, we investigated 
the role of  KCa2 channels in a model of  glutamate-induced 
excitotoxicity in primary neurons and in a model of  oxi-
dative stress in immortalized mouse hippocampal HT-22 
neurons. In cortical neurons, NMDA increased [Ca2+]i 
and induced delayed calcium deregulation. Activation of  
KCa2 channels prevented [Ca2+]i deregulation and mediated 
neuroprotection against glutamate and NMDA-induced 
excitotoxicity. Interestingly, primary neurons were also 
protected when KCa2 channel activators were applied af-
ter the onset of  [Ca2+]i deregulation. In HT-22 cells lacking 
NMDA-receptors, glutamate induces cell death by elevat-
ing oxidative stress. In HT-22 cells activation of  KCa2 chan-
nels prevented mitochondrial fragmentation and attenuated 
glutamate-induced cell death. In addition, we also investi-
gated the protective effects of  KCa2 channel activators on 
ATP levels and lipid peroxidation in HT-22 cells. We con-
clude that KCa2 channel openers contribute to neuropro-
tection by preventing sustained [Ca2+]i increase in cortical 
neurons and by rescuing mitochondrial function in HT-22 
cells. Our data strongly suggest that KCa2 channel activa-
tion serves as a feedback control mechanism for glutamate-
induced [Ca2+]i deregulation, and propose their activation 
as potential therapeutic strategy for the treatment of  neu-
rodegenerative disorders linked to [Ca2+]i deregulation and 
oxidative stress.
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Endoplasmic reticulum (ER) is a major calcium storage 
organelle. It also plays an essential role in the proper fold-
ing, maturation and quality control of  newly synthesized 
membrane and secretory proteins. The ER contains cal-
cium buffering molecular chaperones that assist in protein 
folding as well as contains unique enzymes that maintain 
an oxidizing environment relative to the cytoplasm and 
catalyze co- and post-translational modifications. The two 
homologous ER chaperones, calnexin (CNX) and calre-
ticulin (CRT), are at the center of  the folding cycle and 
are key components of  the quality control in the secretory 
pathway. These proteins also mediate interactions between 
newly synthesized proteins and ERp57, a thiol-disulfide 
oxidoreductase that is known to assist disulfide bond for-
mation. Deletion of  CRT or ERp57 in mice leads to an 
early death in utero, surprisingly deficiency in CNX is not 
embryonic lethal and results in a phenotype of  peripheral 
neuropathy that includes alterations in morphology of  the 
myelin. Myelin is a structure surrounding nerve fibers that 
ensures efficient propagation of  electrical signals along 
nerves. Two important glycoproteins of  compact periph-
eral myelin involved in its formation, maintenance and de-
generation are myelin protein zero (P0) and PMP22. Their 
adhesive function is essential for formation of  functional 
myelin. Many of  the mutations within P0 and PMP22 gens 
are associated with human hereditary neuropathies. Here 
we have generated CRT-, ERp57- and CNX-deficient cell 
lines and used them to investigate the role of  ER chaper-
ones CNX, CRT and ERp57 in expression, cellular traf-
ficking, proper folding and function of  myelin specific 
glycoproteins. PMP22-GFP and P0-GFP fusion proteins 
were expressed in wild-type and chaperones-deficient cells 
to examine their intracellular trafficking. Both P0-GFP and 
PMP22-GFP proteins localized the plasma membrane in 
all cell types tested. However, the adhesive function of  P0 
and PMP22 was compromised in the absence of  CNX or 
ERp57 but was not affected in CRT-deficient cells. Limited 
trypsin digestion of  PMP22-GFP and P0-GFP revealed 
that the cell surface targeted myelin proteins were misfold-
ed when expressed in CNX- and ERp57-deficient cells but 
they were correctly folded and function in cells deficient in 
CRT. We concluded that CNX and ERp57 but not CRT are 
critical for folding and function of  myelin glycoproteins P0 
and PMP22.
References:
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In vivo labeling of T-Type Ca2+ 
channel with ephluorin
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T-Type Cav3.2 Ca2+ channels are expressed in dorsal root 
neurons where they play an important role in nociception. 
Specific knock-down of  Cav3.2 channels in these neu-
rons results in anti-allodynic and anti-hyperalgesic effects 
(Bourinet et al. (2005) EMBO J. 24: 315-324). Compara-
bly, Cav3.2 knock-out mice are less sensitive to noxious 
stimuli like heat and certain chemicals (Choi et al. (2007) 
Gen Brain Beh 6: 425–431). The previous studies lead to the 
hypothesis that Cav3.2 Ca2+ channel activity is involved in 
the regulation of  nociceptive sensitivity and that desensi-
tization is correlated with a decrease of  Cav3.2 Ca2+ chan-
nel density in the plasma membrane. In order to directly 
correlate changes in nociceptive sensitivity and Cav3.2 Ca2+ 
channel density in dorsal root neurons we have inserted 
into the mouse Cav3.2 Ca2+ channel gene ephluorin to ob-
tain a Ceph mouse line, where the T-Type channel residing 
within the plasma membrane fluoresces, and the one resid-
ing in intracellular compartments does not. Homozygous 
Ceph mice are normal in appearance and show no obvious 
anomalous behavior. T-type Cav3.2 Ca2+ channel currents 
recorded from Ceph dorsal root neurons display proper-
ties in terms of  amplitude, voltage dependence and kinet-
ics like wild type controls. The pH-dependent fluorescence 
properties of  the T-type Cav3.2 Ca2+ channel in Ceph mice 
allow us to directly visualize the T-type Cav3.2 Ca2+ chan-
nel in the plasma membrane. Our results show an exquisite 
temperature sensitivity of  Cav3.2 Ca2+ channel density in 
the plasma membrane of  dorsal root neurons that may be 
correlated with the sensitivity of  nociceptive neurons to 
thermal insults. Our data suggest that T-type Cav3.2 Ca2+ 
channel density directly influences the response of  nocic-
eptive neurons to noxious stimuli.

Posters

P2.1

Neuronal Calcium Sensor-1 (NCS-1) is 
upregulated by Calcineurin to inactivate 
the Yam8p Ca2+ channel in fission yeast
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Neuronal calcium sensor (NCS) proteins regulate ion chan-
nel function in signal transduction, and are highly conserved 
from yeast to humans. NCS homolog in fission yeast (Nc-
s1p) is essential for cell growth under extreme Ca2+ condi-
tions. Ncs1p expression increases ~100-fold when fission 
yeast grows in high extracellular Ca2+ (> 0.1 M). Here, we 
show that Ca2+-induced expression of  Ncs1p is controlled 
at the level of  transcription. Transcriptional reporter assays 
show that ncs1 promoter activity increased 30-fold when 
extracellular Ca2+ was raised to 0.1 M. Ca2+-dependent tran-
scription of  ncs1 is abolished by the calcineurin inhibitor 
(FK506) and by knocking out the calcineurin target, prz1. 
Thus, Ca2+-induced expression of  Ncs1p is linked to the 
calcineurin/prz1 stress response. The Ca2+ responsive ncs1 
promoter region consists of  130 nucleotides directly up-
stream from the start codon and contains tandem repeats 
of  the sequence, 5’-caact-3’ that binds to Prz1p. The Ca2+ 
sensitive ncs1Δ phenotype is rescued by a yam8 null muta-
tion, suggesting a possible interaction between Ncs1p and 
the Ca2+ channel, Yam8p. Ca2+ uptake and Ncs1p binding 
to yeast membranes are both decreased in yam8Δ, sug-
gesting Ca2+-induced binding of  Ncs1p to Yam8p results 
in channel closure. NMR structures of  Ncs1p reveal the 
N-terminal myristoyl group is sequestered inside a protein 
cavity near the C-terminus, allowing the Ca2+-free protein 
to be cytosolic. Ca2+-induced extrusion of  the myristoyl 
group promotes translocation of  Ncs1p to the cell mem-
brane where it interacts with Yam8p. Site-specific mutagen-
esis of  C-terminal residues (V132, F153, I179 and L182) 
reveals an exposed hydrophobic crevice in Ca2+-bound 
Ncs1p that might interact with Yam8p. We propose that 
Ncs1p promotes Ca2+ tolerance in fission yeast, in part by 
cytosolic Ca2+ buffering and by negatively regulating the 
Yam8p Ca2+ channel. 
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Mechanisms underlying the changes in 
depolarization-evoked Ca2+-dependent 
release of glutamate from the presynapse 
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Depolarization-evoked Ca2+-dependent release (exocytot-
ic) and Ca2+-independent release (transporter-mediated) 
of  l-[14C]glutamate were assessed in rat brain synapto-
somes using different methodological approaches of  the 
application of  the cholesterol-depleting agent methyl-b-cy-
clodextrin (MCD). The addition of  MCD to synaptosomes 
(the acute treatment, AT) immediately resulted in the ex-
traction of  cholesterol and in a two times increase in the 
extracellular l-[14C]glutamate level. When MCD was ap-
plied to synaptosomes for half  an hour followed by wash-
ing of  the acceptor (the long-term treatment, LT), this level 
was only one-third higher than in the control. Depolari-
zation-evoked Ca2+-dependent release of  l-[14C]glutamate 
was completely lost in AT, whereas when this procedure 
followed by washing of  MCD from the incubation me-
dia in LT, it was decreased by half  in comparison with the 
control. Ca2+-independent release of  l-[14C]glutamate was 
increased several times in AT, but attenuated in LT. The 
presence of  MCD in the incubation media in AT caused 
dramatic dissipation of  the proton gradient of  synaptic 
vesicles that was shown with the pH-sensitive dye acridine 
orange, whereas after LT, no statistically significant changes 
were registered in synaptic vesicle acidification. We suggest 
that acute cholesterol depletion of  the plasma membrane 
with MCD induces the removal of  cholesterol from the 
membrane of  synaptic vesicles resulting in immediate dis-
sipation of  synaptic vesicle proton gradient and redistri-
bution of  the neurotransmitter between the vesicular and 
cytosolic pools. The latter appears to be the main cause of  
a dramatic decrease in exocytotic and considerable increase 
in transporter-mediated release of  glutamate during AT. It 
was concluded that the diverse changes in depolarization-
evoked Ca2+-dependent and Ca2+-independent release of  
glutamate in AT and LT were associated with the differ-
ence in the functional state of  synaptic vesicles. The results 
obtained in the presence of  the acceptor may be of  interest 
for medicine and pharmacology because MCD is widely 
used for the saturation of  hydrophobic drugs. Synapto-
somes after LT related to the modeling of  plasma mem-
brane cholesterol deficiency that accompanied: (1) several 
neurodegenerative disorders, such as Alzheimer diseases 
and Niemann-Pick type C1, as well as (2) the treatment 
with some drugs, e.g. statins, which reduced the membrane 
cholesterol level in the brain.
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Calcium-regulated binding of Calmyrin1 
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Calmyrin 1 (CaMy1, known also as CIB1 or KIP1) is a 
member of  the novel calmyrin subfamily of  EF-hand 
Ca2+-binding proteins. CaMy1 is expressed in neurons and 
was implicated in brain development, however CaMy1 neu-
ronal function has not been fully elucidated. Here we re-
port identification of  a novel CaMy1 interacting partner, 
the microtubule destabilizing factor SCG10 (Stathmin2), a 
neuron-specific protein involved in neuronal growth. Im-
munolocalization studies in primary hippocampal neurons 
have shown colocalization of  CaMy1 and SCG10 in cell 
soma, dendrites and neuronal growth cones. Pull-down 
and coimmunoprecipitation approaches demonstrated that 
CaMy1/SCG10 interaction is Ca2+-dependent, requires 
C-terminal domain of  CaMy1, and N-terminal domain 
of  SCG10. CaMy1 did not interact with Stathmin1, the 
protein lacking the N-terminal domain characteristic for 
SCG10. Using a proximity ligation assay (PLA) in trans-
fected HeLa cells, we directly show Ca2+-regulated forma-
tion of  CaMy1/SCG10 complexes predominantly at the 
points of  microtubule end reorganization (lamellipodia). 
In search for a putative role of  CaMy1/SCG10 interac-
tion, we found that CaMy1 interferes with the microtubule 
depolimerization activity of  SCG10 in vitro. The potential 
role of  CaMy1/SCG10 complex activity at the microtubule 
end dynamics is further supported by the demonstration 
that CaMy1 inhibits SCG10-induced neurite outgrowth in 
PC12 cells. This study unveils physical and functional Ca2+-
dependent interaction of  CaMy1/SCG10. We suggest that 
CaMy1 transmits Ca2+ signals to SCG10 and in this way can 
modulate microtubule dynamics in neuronal growth.
References:
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L-type calcium channels dominate 
the quantal catecholamine release in 
rat embryo cromafín cells stimulated 
with potassium or hypoxia
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Few studies have addressed the question of  what subtypes 
of  voltage-dependent calcium channels (VDCCs) are in-
volved in the control of  catecholamine release from ad-
renal chromaffin cells during foetal life. In a recent study 
(Fernández Morales et al., 2009, Am J Physiol) we found that 
in E18 rat embryo chromaffin cells (ECCs) stimulated with 
brief  K+ pulses, quantal secretion was fully controlled by L 
channels, N and PQ channels playing no role. In contrasts 
L, N and PQ channels, are involved in the control of  quan-
tal secretion in the embryo’s mothers. In ECCs challenged 
with 1- min hypoxia pulses, 3 µM nimodipine blocked 
quantal release by 82%; at 1 µM ω-conotoxin GVIA or 
ω-agatoxin IVA decreased hypoxia-evoked release by only 
10-20%. Thus, the control of  quantal catecholamine re-
lease response seemed also dominated by L VDCCs when 
ECCs were subjected to hypoxic conditions. T-type VDCC 
blocker NNC55-0396 (50 µM) depressed hypoxia-elicited 
secretion by 73%. In conclusion, with the limitation of  
the pharmacological selectivity for VDCC subtypes of  the 
blockers used here, it seems that the control of  quantal re-
lease of  catecholamine in E18 ECCs subjected to hypoxia 
is clearly dominated by L VDCCs; a contribution of  T-type 
channels seems also plausible. During foetal life, chromaf-
fin cells are the sensors of  hypoxic stress which produces 
catecholamine release. The control of  such response by 
VDCC subtypes is relevant in the context of  drug develop-
ment to treat the sudden infant death syndrome.
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L-type voltage-gated calcium channels 
regulate hippocampal excitability in an 
excitation pattern-dependent manner
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Introduction: Despite the availability of  a plethora of  data 
related to the molecular functioning of  L-type voltage-
gated calcium channels (LTCCs), little is known about the 
actual role of  these channels in cellular electrical excitation. 
We set out in this study to investigate how neuronal LTCCs 
affect depolarising events.
Methods: Current-clamp experiments were performed 
on primary hippocampal neurons in the perforated patch 
mode. LTCC activity was modulated by application of  
BayK 8644 (LTCC agonist) and isradipine (antagonist), all 
in the continuous presence of  TTX. Electrical excitation 
was evoked by stepwise depolarisation beyond the LTCC 
activation threshold using pulsed, up to 8 s-long current-
injections.
Results: In isradipine, evoked depolarisations remained 
largely passive. With BayK, prominent active responses 
were triggered and were coarsely classified as bumps 
(=enhanced depolarisations), oscillations or hyperpolaris-
ing sags (=transient depolarisations). The neurons could 
be distinguished by the predominant LTCC effect mode. 
However, it was not uncommon to observe all three effect 
modes in one cell, provided that depolarisations covered 
a sufficiently broad range: then, bumps occurred at lower 
depolarised voltages, oscillations at medium and hyperpo-
larising sags at the strongest levels of  depolarisation. Us-
ing ion channel blockers and ion-exchange experiments we 
provide evidence that LTCCs couple to both (depolarising) 
CAN channels and (hyperpolarising) KCa2.x channels and 
that these couplings underlie the various LTCC-mediated 
effects, which show up as after-depolarisations (ADPs) or 
after-hyperpolarisations (AHPs), respectively, following 
the current pulse. The coupling modes operate in paral-
lel, because blocking one type of  afterpotential uncovered 
the other. Varying pulse length and current strength we ob-
tained evidence that ADPs are activated at a lower level of  
LTCC activity than AHPs.
Conclusion: Instantaneous regulation of  membrane ex-
citability by LTCCs involves synchronous activity of  both 
excitatory and inhibitory Ca2+-activated ion channels. The 
overall enhancing or damping effect of  LTCC stimulation 
on excitability does not only depend on the presence of  
the respective coupling partner, but also on the stimulus in-
tensity. These findings have important implications for the 
usability of  LTCC inhibitors in the treatment of  various 
forms of  abnormal neuronal electrical activities.
References:
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Ischemic brain injuries are among the most common and 
important causes of  disability and death worldwide. Sub-
lethal ischemia, ischemic preconditioning (IPC), triggers 
endogenous responses that protect the brain against a sub-
sequent severe ischemic insult, a phenomenon known as 
tolerance. These treatments can initiate and amplify the en-
dogenous adaptive/restorative processes in brain.
The aim of  this study was to determine whether altered 
interplay between intracellular Ca2+ stores resulting in the 
apoptotic and unfolded protein response is linked with the 
neuronal adapation induced by ischemic preconditioning. 
We refer here that ischemic/reperfusion injury (IRI) is 
manifested by: i) supression of  mitochondrial respiratory 
complexes function, ii) altered gene expression and transla-
tion of  endoplasmic reticular (ER) key UPR proteins. Tis-
sue response to ischemic preconditioning includes changes 
in the: i) level of  initiation and execution of  mitochondrial 
apoptosis ii) activation of  inhibition of  p53 translocation 
to mitochondria, iii) changes of  endoplasmic reticular 
(ER) expression of  Ca2+ binding GRP78 and ATF6 pro-
teins, and iv) effects on Secretory Pathways Calcium Pump 
(SPCA) gene expression and partial recovery of  depressed 
SPCA activity.
The results suggest that adaptation process /ischemic tol-
erance induced by preischemic challenge includes interplay 
between intracellular Ca2+ stores, mitochondria, ER and 
Golgi apparatus, and have potential to translate into novel 
strategies for the treatment of  ischemic stroke.
References:
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protein parvalbumin modifies the 
electroresponsiveness of striatal 
fast-spiking interneurons from 
parvalbumin knock-out mice
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Calcium binding proteins (CBP) play a key role in regu-
lation of  intracellular calcium dynamics. Distribution of  
these proteins in specific neurons of  brain circuits is re-
lated to particular electrophysiological phenotype profiles. 
To test the potential impact of  CBP-buffering on neural 
spiking we studied a subset of  GABAergic interneurons 
that selectively express Parvalbumin (PV), an EF-hand 
CBP. These so-called “fast-spiking interneurons” (FSI) 
maintain high frequency trains of  action potentials and 
represent a powerful feedforward inhibition on striatal pro-
jection neurons, orchestrating their fine spike timing. Inter-
estingly, recent studies have provided evidence on possible 
implications of  FSI in a human neurodegenerative disease 
(Tourette syndrome) and Parkinsonism. We investigated 
the role of  PV on the electroresponsiveness of  FSI by us-
ing the amphotericin-perforated patch configuration of  the 
patch-clamp technique. We performed current clamp re-
cordings of  single FSI from coronal striatal slices of  wild 
type mice (WT) and PV-knock-out mice (PVKO), aged 
between 18-25 days-old. Voltage responses obtained by in-
creasing injected current intensities generated slopes of  the 
linear part of  current-frequency plots. These slopes reflect 
the intrinsic FSI excitability. A significant increase (p<0.05) 
has been found in excitability slopes for PVKO mice (0.81 
± 0.1 Hz.pA–1, n=6) vs. WT mice (0.51 ± 0.05 Hz.pA–1, 
n=6). Furthermore, maximal spiking frequencies are higher 
in PVKO mice (135.71 ± 9.38 Hz, n=6) compared to WT 
mice (102.66 ± 12.44 Hz, n=6, p<0.05). Finally, we pro-
pose a mathematical model providing a link between our 
experimental observations about the electrical activity of  
FSI and a decrease in cytosolic calcium buffering capacity 
induced by the PV deletion.
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Calcium release and generation of 
reactive oxygen species of astrocytes 
and neurons upon thrombin–induced 
PAR activation specifically depends on 
status of ERK1/2 phosphorylation 
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Serine proteases activate protease-activated receptors, a 
family of  G protein-coupled receptors, and thus orches-
trate diverse cellular functions, including apoptosis and sur-
vival. PAR activation induces increase of  intracellular Ca2+ 
([Ca2+]i), activation of  MAPK and ROS formation. In or-
der to further investigate the neuroprotective potential of  
thrombin we detected in situ the kinetics of  the thrombin-
induced rise in [Ca2+]i and ROS formation in astrocytes 
and neurons. The responses of  single identified cells were 
correlated with the subsequent detection of  ERK1/2 
phosphorylation by immunofluorescence. In astrocytes, 
thrombin induced a transient average rise of  [Ca2+]i with 
a concentration-dependent increase in both amplitude and 
acceleration of  extrusion rate. On closer inspectation of  
the single cell responsess within the entirety of  all astro-
cytes, different types of  patterns of  responses concerning 
amplitude and extrusion of  intracellular Ca2+ are distin-
guishable. The difference in Ca2+ signals correlates with 
different spatial distribution of  phosphoERK1/2 in nu-
cleus or cytosol in astrocytes. In neurons, varying patterns 
of  ERK1/2 phosphorylation are detectable, before any 
thrombin challenge. Furthermore, we found that thrombin 
induced an immediate, transient increase of  extracellular 
hydroethidine fluorescence which was interpreted as an 
NADPH oxidase-mediated release of  O2

•– into the extra-
cellular milieu, since it was decreased by preincubation with 
the inhibitor apocynin. Similarly, a second phase was seen 
as a sustained slope of  intracellular rise in hydroethidine 
fluoresecence lasting over minutes, which can be assigned 
to single neurons and positively correlated with increase in 
ERK1/2 phosphorylation level. Thus, we show that hy-
droethidine is suitable for detection of  both intracellular 
and extracellular ROS formation. Furthermore, we estab-
lish that the thrombin-induced release of  intracellular Ca2+ 
in astrocytes and ROS generation in neurons specifically 
coincides with distribution and extent of  phosphoryla-
tion of  ERK1/2. In conclusion, we hypothesize that the 
phosphorylation status of  ERK1/2 determines both the 
the cellular vulnerability and the neuroprotective effect of  
thrombin stimulation in astrocytes and neurons.
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Intracellular calcium elevation 
caused by TRPV1 activity in rat 
dorsal root ganglion neurons
Sergii Romanenko1
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The functioning features of  TRPV1 channels, which are 
expressed in dorsal root ganglion neurons somas of  small 
(25 mkm and less) and medium (35–25 mkm) sizes as well 
to their influence on free calcium intracellular concentra-
tion oscillations in these neurons at their excitation, was 
investigated.
All calcium transients were measured with calcium sensitive 
fluorescent dye Fura 2/AM.
The blockage of  TRPV1 channels by capsazepine lead to 
the alteration in amplitude of  calcium transient caused by 
depolarization of  neuron’s membrane. Transient amplitude 
decreases on the average on 21% among neurons with a 
middle size somas, and on 17.5% — for neurons with a 
small size somas as compared to respect control transients. 
Comparative analysis of  control transients and those ob-
tained in neurons treated with capsazepine discovered con-
siderable changes in the rapid phase of  calcium transients 
under condition of  blockage of  TRPV1 channels.
The changes of  calcium transients caused by activation 
of  TRPV1 channels by its selective agonist capsaicin in 
populations of  medium and small sized dorsal root gan-
glion neurons on a background development of  calcium 
transient caused previous depolarization of  neuronal 
membrane were investigated. In both groups of  neurons 
the amplitudes of  calcium responses caused by application 
of  capsaicin in 3, 7 and 10 sec after previous cell depo-
larization were decreased in comparison to independent 
capsaicin evoked calcium transient on the average on: 26.8, 
22.1 and 4.5% respectively in case of  medium size neu-
rons; 35.3, 21.1 and 22.4% — in case of  small size neu-
rons. Moreover, it was found nonlinear delays of  capsai-
cin evoked responses, on a background development of  
calcium transient caused previous depolarization, relatively 
to the moment of  its application. In addition to these the 
alterations in intracellular free calcium level the capsaicin 
evoked transients were begun from decreased intracellular 
calcium values in comparison to those observed in inde-
pendent transient caused by depolarization. It is suggested 
that TRPV1 channels acts as a supervisory and protective 
element in the processes of  regulation of  intracellular cal-
cium level and рН.
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Dissecting the neuronal domains of IP3R, 
STIM and Orai function in Drosophila flight
Sufia Sadaf, Gaiti Hasan

National Centre for Biological Sciences, Neurobiology Group, India
e-mail: Sufia Sadaf <ssufia@ncbs.res.in>

Animal behavior is a stimulus- driven complex process, 
controlled by specific neural circuits. The neural circuits 
are shaped and modulated during different developmental 
stages and ionic calcium (Ca2+) signals play an important 
role in their development and modulation. Inositol 1,4,5-tri-
phosphate (IP3) signaling pathway is one such important 
pathway which modulates the Ca2+ levels. Activation of  
IP3 signaling occurs in response to extracellular ligands and 
leads to production of  a diffusible ligand, IP3, which binds 
to its cognate receptor (IP3R) present on the endoplasmic 
reticulum (ER) Ca2+ stores and causes the release of  Ca2+ 
into the cytosol. Ca2+ depletion of  ER stores is sensed by 
STIM which oligomerises, translocates to the plasma mem-
brane and organizes the Orai channel into clusters to bring 
about store-operated Ca2+ entry (SOCE) [1, 2]. Orai and 
STIM act in conjunction with sarco-endoplasmic reticular- 
Ca2+ATPase (SERCA), which pumps Ca2+ in the ER, to 
maintain ER store Ca2+ and basal cytosolic Ca2+.
To understand the physiological significance of  IP3 medi-
ated Ca2+ release, mutant alleles in the IP3R gene of  Dro-
sophila (itpr) have been generated [3]. Certain heterozy-
gote mutants exhibit altered wing posture, flight defects, 
increased spontaneous firing in the Dorso-longitudinal 
muscles (DLMs) and loss of  rhythmic flight patterns (both 
initiation and maintenance) in response to air-puff  stimu-
lation. These phenotypes are rescued when wild-type itpr, 
UAS itpr+, is expressed in aminergic neurons [4]. Pan-
neuronal depletion of  IP3R, Orai and STIM by siRNA ex-
pression results in altered wing posture and loss of  flight 
[1, 5]. To dissect out the neuronal domains which require 
IP3R, STIM and Orai functions for flight, we have carried 
out neuron specific siRNA depletion of  these molecules 
in serotonergic, dopaminergic and serotonin receptor 1b 
(5HT1b) expressing neurons. The data obtained from these 
sets of  experiments will be presented. From our data, we 
understand that wing posture and flight ability are two in-
dependent phenomena and are governed by distinct sets of  
neurons. Further experiments are being carried out to de-
fine the time during development when the flight circuit is 
formed and the role of  IP3 signaling and SOCE in neurons 
during adult flight.
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NMDA, but not K+ depolarization, induces 
Ca2+ dependent excitotoxic cell death 
in cerebellar granule cell neurons
Avi Ring1, Lasse K. Bak2, Andrea Domazet1, Anne B. Walls2, 
Rita Tansø1, Arne Schousboe2, Helle S. Waagepetersen2

1Department of Protection, Norwegian Defense Research 
Establishment, Kjeller, Norway; 2Department of Pharmacology and 
Pharmacotherapy, Faculty of Pharmaceutical Sciences, University of 
Copenhagen, Copenhagen, Denmark
e-mail: Avi Ring <Avi.Ring@ffi.no>

High extracellular glutamate levels, the most abundant ex-
citatory neurotransmitter in the brain, correlates with brain 
trauma and with many neurological diseases. Glutamate 
stimulates neurotransmitter release and neural activity in 
cerebellar granule neurons but is also a major threat to cell 
viability. The resulting “excitotoxic” cell death is thought 
to be related to cytosolic Ca2+ overloading. To manage 
homeostasis of  cytosolic Ca2+ and to uphold neurotrans-
mitter secretion neurons use glucose.  They can, however, 
also metabolize extracellular lactate and it has been sug-
gested that this fuels neuronal activity. The metabolic roles 
of  lactate, puryvate and glucose during NMDA stimulated 
Ca2+ pulses are not clear. We show that the resilience of  rat 
cerebellar granule neurons in culture to a challenge from 
the specific NMDA-receptor glutamate analog NMDA 
(500 µM) is dependent on extracellular Ca2+ and ion in-
flux through the NMDA receptor. This contrasts with 
Ca2+ overloading from K+ depolarization (25–50 mM) with 
high extracellular Ca2+  (3–10 mM) and/or ionomycin (0.5–
1 µM), neither of  which compromised cell viability. The 
NMDA toxicity was not dependent on glucose, puryvate or 
lactate consumption during the challenge. Taken together, 
these results imply that Ca2+ homeostasis is not crucial for 
the resilience to excitoxicity. Contrasting with these results, 
we found that utilization of  glucose, but not lactate, corre-
lates with NMDA-induced transmitter glutamate release in 
cultured cerebellar neurons from mice. Pulses of  NMDA 
at 30, 100, and 300 mM, leading to a progressive increase 
in both cytosolic Ca2+ and release of  glutamate, increased 
uptake and metabolism of  glucose, but not that of  lactate, 
as evidenced by mass spectrometric measurement of  13C 
incorporation into intracellular glutamate. Both results, i.e. 
the lack of  effects of  glucose metabolism on survival of  
cerebellar granule cells challenged with an NMDA induced 
high cytosolic Ca2+, as well as the effects of  glucose/lactate 
on neurotransmitter release, are compatible with our cur-
rent understanding of  the effects of  NMDA stimulation. 
We suggest a scheme of  a cascade of  events which explains 
the preferential neuronal utilization of  glucose during neu-
rotransmission.
References:
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