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We have studied GABAergic synaptic transmission in retinal gan-
glion cells and hippocampal pyramidal cells to determine, at a
cellular level, what is the effect of the targeted disruption of the
gene encoding the synthetic enzyme GAD65 on the synaptic
release of g-aminobutyric acid (GABA). Neither the size nor the
frequency of GABA-mediated spontaneous inhibitory postsynaptic
currents (IPSCs) were reduced in retina or hippocampus in
GAD652y2 mice. However, the release of GABA during sustained
synaptic activation was substantially reduced. In the retina both
electrical- and K1-induced increases in IPSC frequency were de-
pressed without a change in IPSC amplitude. In the hippocampus
the transient increase in the probability of inhibitory transmitter
release associated with posttetanic potentiation was absent in the
GAD652y2 mice. These results indicate that during and immedi-
ately after sustained stimulation the increase in the probability of
transmitter release is not maintained in GAD652y2 mice. Such a
finding suggests a decrease in the size or refilling kinetics of the
releasable pool of vesicles, and various mechanisms are discussed
that could account for such a defect.

The major inhibitory neurotransmitter in the mammalian
brain, g-aminobutyric acid (GABA), is synthesized by two

glutamic acid decarboxylase (GAD) isoforms, GAD65 and
GAD67. Several studies suggest that these two enzymes may
have distinct roles in neuronal function (1–3). For instance,
GAD67 is a cytosolic enzyme and is distributed throughout the
cell, whereas GAD65 is localized to the nerve terminal and is
reversibly bound to the membrane of synaptic vesicles (2, 4–6).
These findings suggest that GAD65 may play a specific role in the
control of the synaptic release of GABA (7). Indeed, mice in
which GAD65 has been disrupted are susceptible to seizures (8,
9) and anxiety (10), and the K1-induced release of GABA from
the visual cortex is reduced (11). Furthermore, recent behavioral
studies have found an increased anxiety and altered responses to
anxiolytics in mice deficient in GAD65 (10). However, nothing
is known about the role of GAD65 in controlling the vesicular
contents andyor the release of vesicles.

To investigate the role of GAD65 in synaptic transmission at
the cellular level we have examined GABAergic synaptic cur-
rents in the retina and hippocampus of mice in which GAD65
was disrupted. We find that both the quantal size and frequency
of GABA-mediated miniature inhibitory postsynaptic currents
(IPSCs) appear to be normal in GAD652y2 mice, but that the
release of GABA is reduced during sustained stimulation. This
reduction involves a decrease in the probability of synaptic
vesicle release, rather than any change in quantal size, suggesting
that the number of vesicles available for release is deficient in the
GAD652y2 mice.

Materials and Methods
Animals. GAD652y2 mice were generated as described (9). Both
C57BLy6 and NODyLtJ backgrounds were used without any
obvious differences being noted.

Retinal Slice Recordings. The mouse retinal slice preparation has
been described in detail (12). Briefly, the eyes were enucleated

and hemisected at the ora serata immediately after cervical
dislocation. The retina was detached from the hemisected
eyecup mechanically and put into oxygenated saline on a piece
of Millipore filter paper with photoreceptors facing the filter
paper. The retina was cut into 250-mm-thick slices. Single slices
were mounted in a recording chamber for each experiment and
continuously perfused during the experiments. All of the pro-
cedures were performed at room temperature (23°C) and in
normal room light. The recording chamber was mounted on the
stage of an upright microscope (Zeiss Axioskop). A 403 water
immersion objective lens was used for visualizing the retina and
the recording pipettes by using Nomarski differential interfer-
ence contrast optics.

The extracellular solution contained 137 mM NaCl, 5 mM
KCl, 2.5 mM CaCl2, 1 mM MgCl2, 28 mM glucose, and 10 mM
Hepes (pH 7.4). The neurotransmitter antagonists (-)-
bicuculline methiodide (bicuculline), gabazine, and strychnine
were dissolved into the extracellular solution when required
and bath-applied by perfusion from a multibottle array to the
recording chamber by a gravity superfusion system at a rate of
1 mlymin. The pipette solution contained 120 mM CsCl, 5 mM
CaCl2, 3 mM MgCl2, 20 mM Hepes, and 28 mM glucose (pH
7.2 by using CsOH). Perforated patch recording were made by
adding gramicidin to the pipette solution to give a final
concentration of 100 mgyml (0.2% of DMSO). The electrodes
were tip-filled with a small volume of gramicidin-free pipette
solution and then back-filled with pipette solution containing
gramicidin to avoid interference of gramicidin with seal for-
mation.

Access resistance and cell conductance were monitored
every 5–10 min during the entire course of each experiment.
Recordings began after the access resistance reached a stable
plateau, which generally took 20–30 min. Membrane currents
were recorded with an Axopatch 1D amplifier, and data were
collected by using a Macintosh-based interface (ITC-16 Mac
computer interface, Instrutech, Great Neck, NY) run by
HEKA software (PULSE1PULSEFIT, HEKA Elektronics, Lam-
brechtyPfalz, Germany). The signals were filtered at 1 kHz.

Hippocampal Slice Recordings. Transverse hippocampal slices were
cut (400 mm) and incubated at room temperature in the standard
extracellular medium containing 119 mM NaCl, 26 mM
NaHCO3, 10 mM glucose, 2.5 mM KCl, 2.5 mM CaCl2, 1.3 mM
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MgCl2, and 1 mM NaH2PO4, equilibrated with 95% O2 and 5%
CO2. Slices then were transferred to an immersion-type record-
ing chamber superfused with the standard extracellular medium
with the addition of 10 mM 6-nitro-7-sulfamoylbenzoquin-
oxaline-2,3-dione (NBQX), 100 mM D(-)-2-amino-5-phosphono-
valeric acid, and 500 mM p-(3-aminopropyl)-p-diethoxymethyl-
phosphinic acid. Experiments were done at room temperature.
Whole-cell patch-clamp recordings were made from CA1 neu-
rons with the ‘‘blind’’ recording technique (30). Pipette solution
contained 120 mM Cs-gluconate, 15 mM CsCl, 10 mM Hepes, 5
mM NaCl, 2 mM Mg3ATP2, 0.3 mM Na3GTP, and 0.2 mM
Cs-EGTA (pH 7.2 using CsOH). Bipolar stainless steel elec-
trodes were placed close to the cell body layer and stimulating
strength was adjusted to give a mean evoked IPSC (eIPSC) of
around 150 pA recorded at a membrane potential of 0 mV. Data
were collected with an Axopatch 1D amplifier, filtered at 1 kHz,
sampled at 5 kHz, and analyzed off-line.

Data Analysis. Off-line data analysis was carried out by using IGOR
(WaveMetrics, Lake Oswego, OR) with custom-written routines
and as described (12). The Kolmogorov–Smirnov test was used
to quantify the statistical significance of the differences among
the distributions of spontaneous synaptic event amplitudes (31–
35). The Student’s t test was used to examine the difference
between means.

Results
The Amplitude of GABAA-Mediated Spontaneous Synaptic Events
Are Similar in Control and GAD652y2 Mice. We initially examined
the effects of deleting GAD65 on spontaneous GABAergic
synaptic transmission in retinal ganglion cells (RGCs) and
hippocampal pyramidal cells. Fig. 1A shows spontaneous out-
ward currents obtained with perforated patch recording from a

RGC held at 0 mV. In this paper we will refer to spontaneous
IPSCs recorded in the absence of the sodium channel blocker
tetrodotoxin (TTX) as spontaneous IPSCs (sIPSCs). Previously
we found that the average size of events recorded in the presence
of TTX was only slightly smaller ('85%) than the events
recorded in control conditions and thus in the absence of TTX
the large majority of events represent the response to a single
quantum (12). Therefore TTX was not routinely used in the rest
of the experiments on the RGCs. These events were blocked by
the GABAA receptor antagonist gabazine, but not by strychnine
(Fig. 1 A), which blocks the glycinergic spontaneous currents that
are seen in approximately 50% of the cells. The amplitude of the
sIPSCs either displayed as a cumulative probability distribution
(Fig. 1C) or as the mean amplitude (Fig. 1D) was unaltered in
the GAD652y2 mice. A similar result was obtained from
hippocampal pyramidal cells. Because a high proportion of
sIPSCs in the hippocampus are multiquantal, TTX was present
in these experiments. No difference in the cumulative probability
distribution (Fig. 1E) or the mean amplitude of these quantal
IPSCs (Fig. 1F) was detected. These results indicate that deleting
GAD65 has no effect on the GABA content of spontaneously
released synaptic vesicles.

The Frequency of GABA-Mediated IPSCs in RGCs During Stimulation Is
Reduced in GAD652y2 Mice. Previous biochemical studies have
suggested that GAD65 might function to provide GABA during
periods of stimulated GABA release (7, 11). We therefore
examined whether deleting GAD65 had any effect on the evoked
release of GABA measured electrophysiologically. In the mouse
retina depolarization of RGCs from 270 mV to 0 mV causes a
marked increase in the frequency of sIPSCs (Fig. 2A), which is
thought to occur by a depolarization of GABAergic amacrine
nerve terminals via gap junctions that exist between these two

Fig. 1. The amplitude of GABA-mediated spontaneous synaptic events are similar in WT and GAD652y2 mice. (A) One-minute recordings of membrane current
from a RGC of a GAD652y2 mouse at a holding potential of 0 mV in control saline, 10 mM gabazine (SR95531), and 1 mM strychnine, respectively. (Inset) A single
sIPSC event. In this cell the outward events were completely blocked by the GABAA receptor antagonist gabazine but not by strychnine. (B) Histograms of the
amplitude of spontaneous synaptic events (open bars) and an all-point plot of event-free recording (filled bars) from a RGC to show the baseline noise and event
detection threshold. (C) Cumulative distributions of the amplitudes of GABA-mediated sIPSCs recorded from RGCs of WT (n 5 781, four cells) and GAD652y2
mice (n 5 2,233, 11 cells). (D) Average amplitude of GABA-mediated sIPSCs from events used to calculate the cumulative distribution curves shown in C (mean 6
SE 5 6.32 6 0.09 pA for WT, mean 6 SE 6.08 6 0.05 pA for GAD652y2 mice). (E) Cumulative distributions of the amplitudes of GABA-mediated IPSCs recorded
in TTX from hippocampal pyramidal cells of WT (n 5 2,330, six cells) and GAD652y2 mice (n 5 3,442, six cells). (F) Average amplitude of IPSCs from events used
to calculate the cumulative distribution curves shown in E (mean 6 SE 5 9.34 6 0.45 pA for WT, mean 6 SE 5 10.26 6 0.56 pA for GAD652y2 mice).

12912 u www.pnas.org Tian et al.



cell types (13–16). The depolarization induced increase in
sIPSCs was approximately 7-fold in control mice (Fig. 2 A) (P ,
0.05), whereas in GAD652y2 mice there was no significant
difference in the frequency recorded at 270 mV and 0 mV (Fig.
2B). The sIPSCs can clearly be separated from the excitatory
glutamatergic events, both by their much slower kinetics (12) and
by their more negative reversal potential (Fig. 2C). However, to
ensure that the sIPSC frequency increase recorded at 0 mV was
not attributable to a change in either the time course of the
events or to an increase in driving force that simply enabled us
to detect more events at this potential, we measured the current-
voltage characteristics of the sIPSCs (Fig. 2 C and D). The plot
of the average sIPSC amplitude against the holding potentials
indicates that at the holding potential of 270 mV the average size
of the IPSC (216.3 pA) is very close to that recorded at 0 mV
(15.8 pA). The sIPSC amplitude distribution is fitted with a
linear distribution with a correlation coefficient of 0.978. The
fitted line crosses the voltage axes near 233 mV, indicating a
reversal potential of 233 mV in this particular cell. Similar
results were obtained in 17 cells tested in control animals
(mean 6 SD 5 237 6 12 mV) and three cells in GAD652y2
mice (mean 6 SD 5 235 6 10 mV). These results rule out the
possibility that the increased sIPSC frequency at 0 mV is caused
by the change of driving force or voltage-dependent properties
of the GABA channels. Therefore, the increased frequency at 0
mV is indicative of a depolarization-evoked increase in sIPSC

frequency. The absence of a similar increase in the GAD652y2
mice indicates that, in response to depolarization, the probability
of GABA release is reduced.

A more direct approach for studying the evoked release of
transmitter is to depolarize the terminals directly with high K1.
eIPSCs were produced by applying puffs of K1 (60 mM) on the
amacrine somata located at the proximal edge of the inner
nuclear layer, the site where the amacrine cells are localized. As
shown in Fig. 3A the frequency of eIPSCs recorded from a
wild-type (WT) RGC (Upper) is increased by puffing K1 and as
the duration of the puff is increased the frequency of events also
increases. In the GAD652y2 mouse (Fig. 3A, Lower) applica-
tion of K1 was considerably less effective in increasing the
frequency. The effect of increasing puff duration on the fre-
quency of eIPSCs is summarized for a number of control (n 5
5) and GAD652y2 (n 5 7) cells in Fig. 3B. The frequency is
reduced at all puff durations. Replotting this data as the total
charge carried by the eIPSCs also showed a dramatic reduction
in the K1-induced release of GABA in the GAD652y2 mice
(Fig. 3C). The reduced frequency and total charge transfer are
statistically significant at all of the durations in the GAD652y2
mice (P , 0.05). The mean amplitude of the individual IPSCs
during K1 stimulation also was recorded in these experiments
(Fig. 3D). The mean amplitudes of IPSCs evoked in WT and
GAD652y2 mice by K1 puffs were statistically indistinguish-
able. These results, as well as the results obtained by depolarizing
the RGC, indicate that in the absence of GAD65 the probability
of releasing IPSCs in response to depolarization is greatly
reduced. However, the postsynaptic GABAA receptor-mediated
response is unchanged.

The Release of GABA in the Hippocampus Is Decreased in GAD652y2
Mice. We also examined the release of GABA from inhibitory
interneurons in the hippocampus. In contrast to the experi-
ments in RGCs where release was induced by relatively
prolonged depolarizations, release in the hippocampus was
induced by action potentials. Monosynaptic IPSCs were
evoked in the presence of the glutamate receptor blockers
NBQX (6-nitro-7-sulfamoylbenzoquinoxaline-2,3-dione) and
2-amino-5-phosphonovaleric acid. Although difficult to quan-
tify across slices, the response to single, low-frequency elec-
trical stimulation appeared to be normal. In WT, when the
frequency of stimulation of inhibitory synapses is increased
from 0.1 Hz to 1 Hz, the amplitude of the IPSC is reduced to
0.56 6 0.04 (n 5 10) of control. This depression was unaltered
in the GAD652y2 mice (0.58 6 0.05, n 5 9) (not illustrated).
However, high-frequency stimulation revealed two abnormal-
ities in the GAD652y2 mice. First, during high-frequency
stimulation (100 Hz) an envelope of GABA current is gener-
ated, consisting of a combination of synchronous and asyn-
chronous events. The envelopes from a number of experiments
were averaged together by normalizing with respect to the
amplitude of the previous 10 stimuli evoked at 0.1 Hz. (Fig.
4A1). In control cells the envelope continued to increase
during the 100-Hz stimulation and then slowly returned to
baseline. In contrast, in the GAD652y2 mice the envelope
remained nearly constant and returned rapidly to baseline. A
comparison in the envelope measured at the end of the 100-Hz
stimulus (see arrows in Fig. 4A1) is shown in Fig. 4A2. The
second defect was observed after high-frequency stimulation.
In control mice IPSCs are potentiated for approximately a
minute after 100-Hz stimulation for 10 sec (Fig. 4B1, F). This
posttetanic potentiation (PTP) is absent in GAD652y2 mice,
and a transient depression immediately after the tetanus is
observed. To address the mechanism underlying this defect we
measured the 1yCV2 (Fig. 4B2) and paired pulse modulation
(Fig. 4 C1 and C2). PTP in WT mice was associated with an
increase in 1yCV2 (Fig. 4B2), as would be expected for an

Fig. 2. Current-induced depolarization elevates sIPSC frequency in WT but
not in GAD652y2 mice. (A) Frequency of sIPSCs recorded at holding potentials
of 270 mV and 0 mV from RGCs of WT mice (n 5 24). The sIPSC frequency was
obtained from 10-min recordings of membrane current at each holding
potential. The average sIPSC frequency is almost 7-fold higher at 0 mV versus
270 mV (mean 6 SE 5 111 6 52 eventsymin at 0 mV, mean 6 SE 5 16 6 4
eventsymin at 270 mV) for WT animals. The difference is significant statisti-
cally (P , 0.05). (B) Frequency of sIPSCs recorded at holding potentials of 270
mV and 0 mV from RGCs of GAD652y2 mice (mean 6 SE 5 24 6 6 eventsymin
at 0 mV, mean 6 SE 5 43 6 11 eventsymin at 270 mV) (n 5 21). The difference
is not significant statistically (P . 0.1). (C) Average spontaneous events re-
corded at 230 mV and 240 mV. (D) Plot of amplitude-voltage relationship of
sIPSCs. The average amplitudes were obtained from 1-min segments at 10-mV
intervals of holding potential between 270 mV and 0 mV. These results
demonstrate that the average amplitude of sIPSCs was comparable at 270 mV
and 0 mV, ruling out the possibility that observed frequency changes reflected
a higher detectability of sIPSCs at 0 mV.
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increase in the probability of release or in the number of
release sites. In contrast, no change in 1yCV2 was detected in
the GAD652y2 mice. PTP also was associated with a de-
crease in the paired pulse ratio (Fig. 4 C1 and C2), which
supports the notion that the PTP is caused by an increase in
the probability of release, because it is well established that the
paired pulse ratio is altered by a variety of manipulations
known to change the probability of transmitter release at both
excitatory and inhibitory synapses. In contrast, in the
GAD652y2 mice no change in the paired pulse ratio was
observed, supporting the notion that the transient increase in
the probability of transmitter release is absent in the
GAD652y2 mice.

Discussion
The hallmark of chemical synaptic transmission is that the
transmitter is packaged into synaptic vesicles and released as
packets, or quanta, upon stimulation. The integrated amount of
transmitter released when a synapse is activated for a period of
time normally is determined by the total number of vesicles
released. However, there are a number of instances in which
alterations in the filling of synaptic vesicles can change the total
amount of transmitter released (17). The factors controlling the
packaging and release of GABA are not well understood.
However, it is known that two enzymes are responsible for the
synthesis of GABA, GAD65 and GAD67. The specific anchoring
of GAD65 to the membrane of synaptic vesicles (2, 5, 6) suggests
that it may play an important role in the packaging andyor
release of GABA. GAD67 appears to be primarily responsible
for the synthesis of GABA, because the brains of mice lacking
GAD67 contain approximately 10% of the normal levels of
GABA (18, 19), whereas in mice lacking GAD65 there is only a
small and variable decrease in total GABA content (8, 9, 11).
Despite this small defect in GABA content, GAD652y2 mice

are prone to seizures (8, 9), have altered visual cortical plasticity
during the critical period (11), and have reduced release of
GABA in the visual cortex in response to high K1 (11). These
results suggest that GAD65 plays an important role in GABAer-
gic synaptic transmission. We have, therefore, investigated at a
cellular level the consequences of deleting GAD65 on synaptic
transmission.

The results in both the retina and hippocampus suggest that
there is a very selective defect at GABA synapses in
GAD652y2 mice. Basal synaptic transmission appears to be
essentially normal in that there is no significant decrease in the
frequency and amplitude of miniature IPSCs recorded in the
absence of stimulation in GAD652y2 mice compared with the
WT mice. Furthermore, in the hippocampus there was no
obvious impairment in the response to low-frequency stimu-
lation of inhibitory interneurons. However, during sustained
stimulation a marked defect in transmitter release is revealed.
In the retina this defect is observed as a decrease in the
frequency of sIPSCs without a change in their amplitude. In
the hippocampus the release during a tetanus is reduced and
the transient potentiation that occurs after the tetanus is
absent in the GAD652y2. This transient potentiation, re-
ferred to as PTP, is observed as an increase in the probability
of transmitter release, because it is associated with an increase
in 1yCV2 and a decrease in the paired pulse ratio, two
parameters that are sensitive to changes in the probability of
transmitter release. Thus in the hippocampus, as well as in the
retina, an impairment in the ability to release synaptic vesicles
during sustained stimulation appears to be the primary defect
present in GAD652y2 mice.

These findings presumably indicate that the mobilization of
vesicles andyor replenishment of vesicles at release sites that
normally occurs during the sustained activation of a synapse is
impaired in the GAD652y2 mice. This defect is, at least on

Fig. 3. Potassium-evoked GABA-mediated IPSCs are much reduced in GAD652y2 mice. (A) (Top) GABA-mediated, K1-eIPSCs recorded from a RGC of a WT mouse
at a holding potential of 0 mV. The GABA release was evoked by puffing 60 mM K1 on the cell body layer of the amacrine cells. Puff durations varied from 20
msec to 200 msec. The puffing was repeated three times at each duration. (Middle) GABA-mediated eIPSCs recorded from a RGC of a GAD652y2 mouse. (Bottom)
The puffing durations. (B) Frequency of GABA-mediated eIPSCs recorded from RGCs of WT (n 5 5) and GAD652y2 mice (n 5 7) at various puff durations.
Frequency was derived as the number of IPSCs recorded over a 1-sec period after the puff. (C) The total charge carried by the GABA-mediated eIPSCs recorded
from RGCs of WT and GAD652y2 mice at various puff durations. (D) Average amplitude of GABA-mediated eIPSCs recorded from RGCs of WT and GAD652y2
mice at various puff durations.
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the surface, similar to that found when synapsins are either
deleted genetically (20) or inactivated by the injection of

antibodies into the presynaptic terminal (21). In these studies
it was found that whereas synaptic transmission was normal for
low-frequency stimulation, release was markedly impaired
during repetitive stimulation. There are a number of possible
explanations for such a defect in the GAD652y2 mice. First,
the number of vesicles in the presynaptic terminal could be
reduced and, indeed, this appears to be the case when syn-
apsins are either deleted (20) or inactivated (21). There is no
electronmicroscopic data of inhibitory synapses available for
GAD652y2 mice. However, it recently has been reported that
deletion of GAD in Caenorhabditis elegans, if anything, causes
a slight increase in the number of synaptic vesicles in GABAer-
gic terminals (22). Second, it is possible that GAD65, which is
bound to the membrane of synaptic vesicles, facilitates the
movement of the vesicles to the release site or facilitates the
docking of vesicles, although there is no experimental evidence
that addresses this possibility. Finally, an intriguing possibility
is that in the absence of GAD65 the filling of vesicles with
GABA is defective and that a mechanism exists that allows
only fully filled vesicles to be released. A great deal of work has
been carried out on the effects of altering vesicle filling on the
release of transmitter. In many cases changing the transmitter
content of synaptic vesicles does change quantal size, indicat-
ing that the release mechanism can allow vesicles with altered
content to be released (17, 23, 24). However, there are also a
number of reports that suggest that there may be a change in
the probability of release associated with changes in vesicle
filling (24–28). A more direct approach for determining
whether changes in the transmitter content of vesicles affects
exocytosis is to monitor vesicle recycling with FM1–43. It has
been reported that bafilomycin A1, a drug that is known to
deplete synaptic vesicles of GABA and glutamate, has little
effect on the activity-dependent destaining of cerebellar gran-
ule cell synapses of the dye FM1–43 (29). Although it was
shown in this study that the release of radioactive aspartate was
reduced by bafilomycin A1, biophysical measurements of
quantal size and frequency were not performed. Further
studies on the possible interactions between the process of
vesicle filling and vesicle release would be of considerable
interest.
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Fig. 4. GAD652y2 mouse shows reduced release of GABA in response to
high-frequency stimulation in the hippocampus. (A1) IPSCs are recorded in a
hippocampal CA1 pyramidal cell in response to extracellular stimulation.
Upon stimulation at 100 Hz for 1 sec, the IPSCs add onto each other because
of their slow time course, and an envelope is recorded. The amplitude of the
envelope is normalized to the amplitude of the responses to the previous 10
stimuli evoked at low frequency (0.1 Hz), allowing an average envelope to be
calculated from the different experiments. In GAD652y2 mice less GABA
appears to be released during the tetanic stimulation (WT, n 5 8; GAD652y2,
n 5 13). (A2) Average amplitude of the last 100 ms of the envelope in response
to 100-Hz stimulation indicates that there is a significant reduction in GABA
release (WT, n 5 8; GAD652y2, n 5 13, P , 0.05). (B1) PTP also is reduced in
GAD652y2 mice after 10 sec of 100-Hz stimulation (WT, n 5 10; GAD652y2,
n 5 7). (B2) Variance analysis was carried out on the four shaded regions of the
data around the 100-Hz stimulation. Using one baseline period to normalize
the 1yCV2 we have three regions of variance measurements. 1yCV2 increases
during PTP for the WT mice, suggesting that the probability of release has
increased, but no such increase is apparent in the GAD652y2 mice (P , 0.05).
(C1 and C2) During PTP, the paired pulse ratio for WT mice decreased,
suggesting that the release probability increased. No such change is observed
in the GAD652y2 mice (WT, n 5 8; GAD652y2, n 5 13: different set of cells
to those used for the 1yCV2 analysis).
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