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Inositol hexakisphosphate (InsP6) levels rise and fall with neuronal
excitation and silence, respectively, in the hippocampus, suggest-
ing potential signaling functions of this inositol polyphosphate
in hippocampal neurons. We now demonstrate that intracellular
application of InsP6 caused a concentration-dependent inhibition
of autaptic excitatory postsynaptic currents (EPSCs) in cultured
hippocampal neurons. The treatment did not alter the size and
replenishment rate of the readily releasable pool in autaptic
neurons. Intracellular exposure to InsP6 did not affect spontane-
ous EPSCs or excitatory amino acid-activated currents in neurons
lacking autapses. The InsP6-induced inhibition of autaptic EPSCs
was effectively abolished by coapplication of an antibody to
synaptotagmin-1 C2B domain. Importantly, preabsorption of
the antibody with a GST-WT synaptotagmin-1 C2B domain frag-
ment but not with a GST-mutant synaptotagmin-1 C2B domain
fragment that poorly reacted with the antibody impaired the
activity of the antibody on the InsP6-induced inhibition of autap-
tic EPSCs. Furthermore, K+ depolarization significantly elevated
endogenous levels of InsP6 and occluded the inhibition of
autaptic EPSCs by exogenous InsP6. These data reveal that InsP6
suppresses excitatory neurotransmission via inhibition of the
presynaptic synaptotagmin-1 C2B domain-mediated fusion via
an interaction with the synaptotagmin Ca2+-binding sites rather
than via interference with presynaptic Ca2+ levels, synaptic vesicle
trafficking, or inactivation of postsynaptic ionotropic glutamate
receptors. Therefore, elevated InsP6 in activated neurons serves
as a unique negative feedback signal to control hippocampal
excitatory neurotransmission.

Ca2+ sensor | exocytosis | synaptic signal transduction |
whole cell patch clamp recording

Inositol hexakisphosphate (InsP6) is the most abundant inositol
polyphosphate in cells and targets a number of specific InsP6-

binding proteins (1–5). Therefore, this inositol polyphosphate
acts as a multifaceted player in cell signaling (1–10). The hip-
pocampal neuron displays a higher rate of synthesis of InsP6 and
is equipped with more abundant InsP6-binding proteins com-
pared with other neurons (11, 12). InsP6 levels rise and fall with
neuronal excitation and silence, respectively, in the hippocampus
(13). However, we do not know if this inositol polyphosphate
is involved in hippocampal neurotransmission. The present
work shows that intracellular InsP6 inhibits excitatory neuro-
transmission via inhibition of Ca2+ triggering of presynaptic
membrane fusion mediated by the synaptotagmin-1 C2B domain
rather than by interference with synaptic vesicle trafficking or
inactivation of postsynaptic ionotropic glutamate receptors.
Such an InsP6-mediated mechanism most likely functions as
unique negative feedback machinery to control hippocampal
excitatory neurotransmission.

Results
InsP6 Inhibits Autaptic Excitatory Postsynaptic Currents in a
Concentration-Dependent Manner. To determine if intracellular
InsP6 regulates excitatory neurotransmission, we examined changes
in autaptic excitatory postsynaptic currents (EPSCs) in cultured
hippocampal neurons following intracellular application of InsP6
at concentrations ranging from 3 to 50 μM. These cultured hip-
pocampal neurons form direct synaptic connections on them-
selves (i.e., autapses) (14). They serve as a simplified synaptic
model allowing us to record EPSCs and introduce InsP6 into
presynaptic terminals in the same neuron by the same whole-cell
patch-clamp electrode. As shown in Fig. 1, intracellular dialysis
of standard intracellular solution in the absence of InsP6 as a con-
trol (n = 6) did not significantly alter autaptic EPSCs evoked by
low-frequency stimulation (once per minute) during 20 min.
Intracellularly applied InsP6 concentration-dependently inhibi-
ted autaptic EPSCs (Fig. 1). The effect became statistically sig-
nificant when InsP6 concentration reached 20 μM and higher
(n = 6 at 20 μM and n = 6 at 50 μM; P < 0.01 vs. control) (Fig. 1).
The IC50 value of InsP6 was estimated to be 14.4 μM. Moreover,
neurons internally exposed to 50 μM inositol hexasulfate hex-
apotassium (InsS6; n = 8), a structural analog of InsP6, did not
exhibit a significant reduction in autaptic EPSCs in comparison
to control neurons (Fig. 1). This verifies that the inhibitory effect
of InsP6 on autaptic EPSCs is specific.

InsP6 Reduces Autaptic EPSCs but Does Not Vary Readily Releasable
Pool Size and Replenishment Rate. To localize where InsP6 acted to
reduce autaptic EPSCs, we evaluated if intracellular InsP6 varies
the size and replenishment rate of the readily releasable pool
(RRP). These two important indexes were quantified by puffing
500 mM sucrose in excitatory autaptic hippocampal neurons.
Fig. 2 A and B shows that intracellular application of 20 μM
InsP6 (n = 16) for 20 min significantly reduced autaptic EPSCs
in comparison to that of standard intracellular solution (n = 16;
P < 0.01). However, the treatment did not alter EPSC responses
to hypertonic sucrose. There is no significant difference in the
synaptic charge transfer integrated over the transient phase of
sucrose-induced responses, reflecting RRP size (15, 16), between
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control neurons and neurons internally exposed to 20 μM InsP6
(Fig. 2 C and D). Furthermore, intracellular exposure to this
inositol polyphosphate induced no significant change in cumula-
tive charge transfer integrated over 1-s bins in response to a 15-s
challenge with hypertonic sucrose compared with that to standard
intracellular solution (Fig. 2E). The initial fast decay phase and
very slow second decay phase reflect the release rate and re-
plenishment rate of the RRP, respectively (16, 17). Both are
similar between control neurons and InsP6-exposed neurons
(Fig. 2E). These data reveal that intracellular InsP6 reduces
autaptic EPSCs by bypassing regulatory processes of RRP size
and replenishment rate, and suggest that it may act at post-
synaptic ionotropic glutamate receptors and/or the final step of
exocytosis, namely, fusion at presynaptic terminals.

InsP6 Alters Neither Spontaneous EPSCs Nor Excitatory Amino Acid-
Activated Currents. To discriminate between the postsynaptic and
presynaptic effect of InsP6 in autapses, spontaneous EPSCs in
neurons lacking autapses were analyzed in the presence (n = 10)
or absence (n = 9) of 20 μM InsP6. Spontaneous EPSCs recorded
in neurons filled with InsP6 resembled those in control neurons
(Fig. 3A). Detailed quantitative analysis of spontaneous EPSCs
showed that profiles of the cumulative charge transfer integrated
over 1-min bins during 20 min were similar between control
neurons and InsP6-treated neurons (Fig. 3A). The data suggest
that intracellular InsP6 does not act on postsynaptic ionotropic
glutamate receptors to inhibit EPSCs.
To confirm the absence of a postsynaptic action of InsP6 on

EPSCs, effects of this inositol polyphosphate on the excitatory
amino acid-activated currents were examined in neurons without
autapses. As shown in Fig. 3 B–E, the density of whole-cell
currents evoked by the nonselective glutamate receptor agonist
glutamate (Fig. 3B) and the selective ionotropic glutamate re-
ceptor agonists AMPA (Fig. 3C), NMDA (Fig. 3D), and kainate
(Fig. 3E) did not differ in the presence or absence of intracellular
InsP6. These data exclude the possibility for intracellular InsP6
to suppress EPSCs via inhibition of postsynaptic ionotropic
glutamate receptors and verify that InsP6 applied in the hippo-
campal neuron with autapses acts at presynaptic components to
suppress excitatory neurotransmitter release.

InsP6 Suppresses Autaptic EPSCs via the Synaptotagmin-1 C2B
Domain. The above data allowed us to narrow down InsP6 target
candidates to the final step of exocytosis, namely, fusion. We de-
cided to investigate if the C2B domain of synaptotagmin-1, the

major Ca2+ sensor for fast synaptic vesicle exocytosis (18), medi-
ates InsP6 inhibition on autaptic EPSCs. To do so, we examined
effects of intracellular application of a polyclonal rabbit anti-
body to synaptotagmin-1 C2B domain fragment (Anti-C2B; serum
Y940) and GST–synaptotagmin-1 C2B domain fragment (19, 20)
on the InsP6-induced inhibition of autaptic EPSCs. Fig. 4 shows
that Anti-C2B coapplied with InsP6 (20 μM InsP6/Anti-C2B, n = 9)
significantly diminished the InsP6-induced inhibition of autaptic
EPSCs in comparison to InsP6 plus nonimmune IgG (20 μM InsP6/
IgG, n = 7; P < 0.01). It is noteworthy that Anti-C2B (n = 10) only
marginally reduced autaptic EPSCs in the absence of InsP6 com-
pared with nonimmune IgG (n = 9; P = 0.054) (Fig. 4). Importantly,
preabsorption of Anti-C2B with GST-WT synaptotagmin-1
C2B domain fragment (GST-C2Bw) but not with GST-mutant

Fig. 1. Intracellular application of InsP6 concentration-dependently reduces
autaptic EPSCs (aEPSCs). The concentration–response curve for the InsP6-
induced inhibition of autaptic EPSCs shows that InsP6 at concentrations of
20 and 50 μM (n = 6 for both) significantly reduces autaptic EPSCs compared
with vehicle control (n = 6). However, InsS6, a structural analog of InsP6,
produces a slight decrease in autaptic EPSCs at a concentration of 50 μM
(n = 8) but without statistical significance. The IC50 value of InsP6 is 14.4 μM.
(Insets) Sample autaptic EPSC traces recorded in a control neuron (Upper)
and a neuron internally exposed to 50 μM InsP6 (Lower) are shown. Numbers
indicate the time (min) when autaptic EPSCs are registered after forming the
whole-cell configuration. **P < 0.01 vs. control. pA, picoampere.

Fig. 2. Intracellular administration of InsP6 decreases autaptic EPSCs but
does not change the size and replenishment rate of the RRP. (A) Sample
autaptic EPSC traces are registered in a control neuron (Upper) and in
a neuron dialyzed with 20 μM InsP6 (Lower). Numbers indicate the time (min)
when autaptic EPSCs are registered after forming the whole-cell configu-
ration. (B) Summary graph shows that neurons dialyzed with 20 μM InsP6
(n = 16) exhibit a significant reduction in autaptic EPSCs in comparison
to control neurons (n = 16). **P < 0.01 vs. control. (C) Sample EPSC traces
evoked by puffing 500 mM sucrose in a control autaptic neuron (Upper) and
an autaptic neuron internally exposed to 20 μM InsP6 (Lower) are shown.
(D) Summary graph illustrates that the synaptic charge transfer integrated
over the transient phase of sucrose-induced responses, reflecting RRP size,
is similar in the absence (n = 16) and presence (n = 16) of 20 μM InsP6. (E)
Summary graph shows that there is no significant difference in cumulative
charge transfer integrated over 1-s bins in response to a 15-s challenge with
hypertonic sucrose between control autaptic neurons (n = 16) and InsP6-
exposed autaptic neurons (n = 16). The initial fast decay phase and very slow
second decay phase reflect the release rate and replenishment rate of the
RRP, respectively. pA, picoampere; pC, picocoulomb.
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synaptotagmin-1 C2B domain fragment (GST-C2Bm) signifi-
cantly ablated the effect of the antibody on the InsP6-induced
inhibition of autaptic EPSCs. As shown in Fig. 4, a similar re-
duction in autaptic EPSCs occurred to 20 μM InsP6/Anti-C2B
and 20 μM InsP6/Anti-C2B/GST-C2Bm (n = 7), but it is sig-
nificantly less than that observed with 20 μM InsP6/Anti-C2B/
GST-C2Bw (n = 13; P < 0.01). There are no significant dif-
ferences in the InsP6-induced inhibition of autaptic EPSCs
between 20 μM InsP6/Anti-C2B/GST-C2Bw, 20 μM InsP6/IgG,
20 μM InsP6/GST-C2Bm (n = 14), and 20 μM InsP6/GST-C2Bw
(n = 8) (Fig. 4). Fig. 4 shows that a small rundown of autaptic
EPSCs appeared in intracellular dialysis with IgG, GST-C2Bm
(n = 8), GST-C2Bw (n = 8), and Anti-C2B/GST-C2Bw (n = 11), as

it did under internal exposure to standard intracellular solution as
shown in Figs. 1, 2, and 5. These data reveal that intracellular InsP6
inhibits autaptic EPSCs via the synaptotagmin-1 C2B domain.
It is puzzling that the mutant C2B domain was unable to

nullify the mitigating effect of the C2B domain on the antibody’s
inhibition of InsP6 because the C2B domain mutation changes
only a single residue in the peptide epitope for the antibody (Fig.
4C). Thus, we confirmed by quantitative immunoblotting that
the antibody reacts greater than fivefold less strongly with mu-
tant than with WT C2B domain (Figs. 4 D and E). Because the
C2B domain mutation in the Y940 antibody epitope is in the top
Ca2+-binding loop 1 of the C2B domain (21), the antibody must
react specifically with this site, suggesting that InsP6 specifically
acts via this sequence of the C2B domain.

K+ Depolarization Elevates Endogenous Levels of InsP6 and Occludes
Inhibition of Exogenous InsP6 on Autaptic EPSCs. To provide support
for the physiological relevance of the exogenous InsP6-induced
inhibition of EPSCs, we examined if endogenous levels of InsP6
change in cultured hippocampal neurons following depolarization
and also evaluated if endogenously generated InsP6 did the same
as exogenous InsP6. Fig. 5A shows that depolarization with 90 mM
KCl for 1 min (n = 6) significantly elevated [3H]InsP6 levels in
hippocampal cultures labeled with [3H]inositol (30 μCi/mL) for
3 d in comparison to nonstimulated neurons as a control (n = 6;
P < 0.01). As demonstrated above, intracellular exposure to 20 μM
InsP6 (n = 11) induced a significant reduction in autaptic EPSCs
compared with that to standard intracellular solution (n = 11;
P < 0.01) (Fig. 5 B and C). Importantly, prior K+ depolarization
significantly occluded inhibition of exogenous InsP6 on autaptic
EPSCs. The inhibition of exogenous InsP6 on autaptic EPSCs in
neurons subjected to prior K+ depolarization (n = 12) is less
than 50% of that observed in neurons without prior K+ de-
polarization (P < 0.01) (Fig. 5C). Interestingly, an appreciable
increase in autaptic EPSCs appeared in neurons internally di-
alyzed with standard intracellular solution in the absence (n = 14)
and presence (n = 13) of 50 μM InsS6 (Fig. 5C). This reflects that
the endogenous InsP6-induced inhibition of EPSCs was released
during washout of endogenously generated InsP6 and confirms
that intracellular exposure to 50 μM InsS6 did not significantly
influence autaptic EPSCs. These data demonstrate that endog-
enously generated InsP6 does down-regulate EPSCs in the same
way as exogenous InsP6 does.

Discussion
The present study reveals that exogenous InsP6 effectively
inhibited autaptic EPSCs, reflecting excitatory neurotransmis-
sion, in a concentration-dependent manner when dialyzed into
cultured hippocampal neurons. It provides a mechanistic picture
of the InsP6-induced inhibition of hippocampal excitatory neuro-
transmission. It also demonstrates that the hippocampal neuron
can indeed produce such a unique endogenous signaling molecule
to control its excitatory neurotransmission.
The continued neurotransmitter release during prolonged

stimulation relies on not only the sustained operation of synaptic
vesicle exocytosis but the timely replenishment of synaptic vesicle
pools (22–25). Both processes could be affected by InsP6 to in-
hibit autaptic EPSCs evoked by sequential stimulation. The hy-
pertonic sucrose shock is widely used to estimate RRP size and
replenishment rate. This procedure destabilizes the active zone
to release docked and fusion-competent vesicles in a Ca2+-
independent fashion, thereby reflecting the RRP that is regu-
lated by Ca2+ (15, 26). For example, genetic ablation of the Ca2+

sensor synaptagmin I dramatically reduces Ca2+-evoked EPSCs
but does not affect the hypertonic sucrose-induced EPSCs (18).
This useful approach helped us localize InsP6 targets in the
autapse. Interestingly, autaptic neurons did display a significant
reduction in their autaptic EPSCs but did not change their RRP

Fig. 3. Intracellular dialysis of InsP6 causes no change in either spontaneous
EPSCs or excitatory amino acid-activated currents. (A) Summary graph shows
that neurons lacking autapses display similar profiles of the cumulative
charge transfer integrated over 1-min bins, which is used to quantify spon-
taneous EPSCs, when dialyzed with vehicle control (n = 9) or 20 μM InsP6 (n =
10). (Insets) Sample spontaneous EPSC traces recorded in a control neuron
(Left Lower) and a neuron filled with 20 μM InsP6 (Right Lower) are shown,
with both only showing electrical stimulation artifacts (Upper) without
autaptic EPSCs when subjected to depolarizing voltage pulses (2-ms dura-
tion, 80-mV amplitude). (B) There is no significant difference in the density
of whole-cell currents induced by 50 μM glutamate between control (n = 14)
and 20-μM InsP6-treated neurons (n = 14). (C) Density of whole-cell currents
activated by 50 μM AMPA is similar between control neurons (n = 13) and
neurons dialyzed with 20 μM InsP6 (n = 12). (D) Density of whole-cell currents
induced by 50 μM NMDA in control neurons (n = 13) does not significantly
differ from that in 20-μM InsP6-exposed neurons (n = 12). (E) Density of
whole-cell currents activated by 50 μM kainite in control neurons (n = 13)
resembles that in neurons exposed to 20 μM InsP6 (n = 13). (Insets) Sample
glutamate- (B), AMPA- (C), NMDA- (D), and kainite- (E) activated current
traces in a control neuron (Left) and an InsP6-exposed neuron (Right) are
illustrated. pA, picoampere; pC, picocoulomb; pF, picofarad.
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size and replenishment rate, quantified by puffing hypertonic
sucrose, when internally exposed to InsP6. The bypass of reg-

ulatory processes of RRP size and replenishment rate in
InsP6 inhibition on autaptic EPSCs suggests that intracellular
InsP6 may act on postsynaptic ionotropic glutamate receptors
and/or on the final step of exocytosis, namely, fusion at
presynatptic terminals.
The possibility for intracellular InsP6 to inhibit autaptic EPSCs

via postsynaptic ionotropic glutamate receptors has been ruled
out by the following evidence. Whole-cell currents evoked by the
nonselective glutamate receptor agonist glutamate as well as the
selective ionotropic glutamate receptor agonists AMPA, NMDA,
and kainite behave more or less the same in autapse-lacking
neurons either dialyzed or not dialyzed with InsP6. This confirmed
that intracellular InsP6 does not act on postsynaptic ionotropic
glutamate receptors to inhibit EPSCs.
The fact that neither regulatory processes of RRP size and re-

plenishment rate nor postsynaptic ionotropic glutamate receptors
mediated InsP6 inhibition on autaptic EPSCs made us consider
the final step of exocytosis, namely, fusion. The fusion step is
highly regulated by synaptotagmin-1. This abundant synaptic

Fig. 4. Intracellular exposure to InsP6 inhibits autaptic EPSCs (aEPSCs)
via synaptotagmin-1 C2B domain. (A) Sample autaptic EPSC traces acquired
in a neuron dialyzed with 20 μM InsP6 plus nonimmune rabbit IgG (Left),
a neuron subjected to internal exposure to 20 μM InsP6 plus a polyclonal
rabbit antibody against synaptotagmin-1 C2B domain (Anti-C2B) (Center),
and a neuron subjected to dialysis of 20 μM InsP6 in combination with
Anti-C2B and GST-C2Bw (Right). Numbers indicate the time (min) when
autaptic EPSCs were registered after forming the whole-cell configuration.
(B) Summary graph shows that Anti-C2B codialyzed with InsP6 (20 μM InsP6/
Anti-C2B, n = 9) produces significant attenuation of the InsP6-induced
inhibition of autaptic EPSCs compared with InsP6 plus nonimmune IgG
(20 μM InsP6/IgG, n = 7; P < 0.01). Anti-C2B (n = 10) in the absence of InsP6
only marginally reduces autaptic EPSCs compared with IgG (n = 9; P = 0.054).
Importantly, preabsorption of Anti-C2B with GST-C2Bw (20 μM InsP6/Anti-
C2B/GST-C2Bw, n = 13) but not with GST-C2Bm (20 μM InsP6/Anti-C2B/
GST-C2Bm, n = 7) fully masks the effect of Anti-C2B on the InsP6-induced
inhibition of autaptic EPSCs. Anti-C2B preabsorbed with GST-C2Bw (Anti-
C2B/GST-C2Bw, n = 11) produces no significant alteration in autaptic EPSCs
in the absence of InsP6. There is no significant difference in the InsP6-
induced inhibition of autaptic EPSCs between 20 μM InsP6/IgG, 20 μM InsP6/
GST-C2Bm (n = 14), 20 μM InsP6/GST-C2Bw (n = 8), and 20 μM InsP6/Anti-
C2B/GST-C2Bw. Like IgG, GST-C2Bm (n = 8) or GST-C2Bw (n = 8) on its own
only slightly decreases aEPSCs. #P < 0.05 and ##P < 0.01 vs. corresponding
treatments in the absence of InsP6; **P < 0.01 vs. 20 μM InsP6/IgG and 20 μM
InsP6/anti-C2B/GST-C2Bw; ++P < 0.01 vs. 20 μM InsP6/anti-C2B/GST-C2Bw. (C) Se-
quence of the Y940 peptide epitope with underlining of the only residue in the
epitope sequence that is altered in the mutant C2B domain. Thus, the antibody
must primarily react with the exposed top loop 1 of the Ca2+-binding site of
the C2B-domain because a single amino acid substitution in this loop severely
impairs the antibody reactivity. (D) Representative immunoblot of the in-
dicated amounts of purified WT and mutant (Mut) C2B domains probed with
Y940 antibody and visualized with 125I-labeled secondary antibodies and
autoradiography. (E ) Quantification of the reactivity of Y940 antibody
with WT and mutant C2B domains using 125I-labeled secondary anti-
bodies and phosphoimager detection shows that the synaptotagmin-1 C2B
domain antibody Y940 reacts more strongly with WT than Ca2+-binding site
mutant C2B-domain (n = 3 independent experiments). pA, picoampere.

Fig. 5. K+ depolarization increases endogenous levels of InsP6 and dimin-
ishes inhibition of exogenous InsP6 on autaptic EPSCs. (A) Depolarization
with 90 mM KCl for 1 min (n = 6) induces a significant increase in [3H]InsP6
levels in hippocampal cultures labeled with [3H]inositol (30 μCi/mL) for 3 d.
**P < 0.01 vs. control (n = 6). (B) Sample autaptic EPSC (aEPSC) traces are
monitored in a neuron not subjected to prior K+ depolarization with a re-
cording pipette containing 20 μM InsP6 (Top), a neuron subjected to prior K+

depolarization with a pipette containing no InsP6 (Middle Upper), a neuron
following K+ depolarization with a pipette containing 20 μM InsP6 (Middle
Lower), and a neuron exposed to prior K+ depolarization with a pipette
containing 20 μM InsS6 (Bottom). Numbers indicate the time (min) when
autaptic EPSCs were registered after forming the whole-cell configuration.
(C) Summary graph shows that intracellular exposure to 20 μM InsP6 (n = 11)
significantly reduces autaptic EPSCs in comparison to exposure to vehicle
(control) (n = 11; P < 0.01). The InsP6-induced reduction of autaptic EPSCs
in neurons subjected to prior K+ depolarization (n = 12) is significantly less
than that in those without prior K+ depolarization (P < 0.01). Neurons fol-
lowing K+ depolarization even display an appreciable increase in autaptic
EPSCs in the absence (n = 14) and presence (n = 13) of 20 μM InsS6.

#P < 0.05
and ##P < 0.01 vs. control; **P < 0.01 vs. 20 μM InsP6;

++P < 0.01 vs. 90 mM
K+/20 μM InsP6. dpm, disintegrations per minute; pA, picoampere.
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vesicle membrane protein consists of a short N-terminal intra-
vesicular sequence, a single transmembrane region, and two cy-
toplasmic repeats with homology to the C2 domain of protein
kinase C (i.e., the C2A and C2B domains) (27). Both the C2A
and C2B domains are essential in neurotransmission (27). It is
believed that the C2A domain functions as a Ca2+ sensor, whereas
the C2B domain binds to inositol polyphosphates, including
InsP6, with high affinity irrespective of the presence of Ca2+ (27).
Therefore, we concentrated on the C2B domain of synapto-
tagmin-1 to understand the mechanisms whereby InsP6 inhibits
autaptic EPSCs in hippocampal neurons. Our results revealed
that the InsP6-induced inhibition of autaptic EPSCs was signifi-
cantly abrogated by coapplied Anti-C2B. Importantly, Anti-C2B
preabsorbed with GST-C2Bw but not GST-C2Bm fully lost its ca-
pacity to abrogate the InsP6-induced inhibition of autaptic EPSCs.
The mitigation of the effect of InsP6 by the C2B domain

antibody is likely attributable to masking of InsP6-binding sites
on native synaptotamin I C2B domain by Anti-C2B, as shown by
the neutralization of the C2B domain antibody activity by
recombinant C2B domain protein. Strikingly, only WT but not
mutant C2B domain protein was able to neutralize the C2B
domain antibody. Because the mutation is localized to the Ca2+-
binding site of the C2B domain, this result reveals that InsP6 must
act on the Ca2+-binding site of synaptotagmin-1, consistent with
biochemical data that InsP6 inhibits Ca2+-dependent membrane
interactions of synaptotagmin C2 domains (28). GST-C2Bw can
also have a dominant negative activity on the native synapto-
tagmin-1–mediated exocytosis (20). However, such an activity
requires a higher concentration of GST-C2B (20). Therefore,
intracellular application of GST-C2B at a relatively lower con-
centration in the absence and presence of InsP6 in the present
work did not produce an appreciable effect on autaptic EPSCs.
These results, taken together with our aforementioned obser-
vations, demonstrate that InsP6 suppresses excitatory neuro-
transmission via inhibition of presynaptic synaptotagmin-1 C2B
domain-mediated fusion rather than via deceleration of synaptic
vesicle trafficking and inactivation of postsynaptic ionotropic
glutamate receptors. This is consistent with the fact that inositol
polyphosphates act at the C2B domain of synaptotagmin-1 to at-
tenuate neurotransmitter release from squid giant presynaptic
terminals (29).
Obviously, evidence for the physiological relevance of exoge-

nous InsP6-induced inhibition of excitatory neurotransmission
should be acquired. Therefore, we examined endogenous levels

of InsP6 and their effect on exogenous InsP6-induced inhibition
of autaptic EPSCs in cultured hippocampal neurons following
K+ depolarization. Our observation shows that K+ depolarization
significantly elevates endogenous levels of InsP6 and elevated
endogenous InsP6 effectively occludes the inhibition of exogenous
InsP6 on autaptic EPSCs in depolarized neurons. It has been
demonstrated that depolarization with high K+ dramatically
increases InsP6 levels in cerebellar granule neurons (30). Our
previous work has also revealed that electrically evoked convul-
sive seizure significantly increases InsP6 levels in several brain
regions, including hippocampus (13 μM in control hippocampi
and 22 μM in hippocampi subjected to electrically evoked con-
vulsive seizure) (13). Our observations, together with the findings
obtained by others, provide strong evidence that elevated InsP6
in activated neurons serves as a unique negative feedback signal
to inhibit excitatory neurotransmission. The hippocampus relies
on adequate neurotransmission for higher brain functions, such
as learning and memory (31, 32). Abnormal changes in hippo-
campal neurotransmission are associated with a series of neuro-
logical and psychiatric disorders, such as epilepsy, schizophrenia,
and Alzheimer’s disease (33). Therefore, InsP6-mediated negative
feedback control of hippocampal excitatory neurotransmission
plays an important role in maintenance of normal brain function.

Methods
Experimental details are described in SI Methods. Briefly, dissociated hip-
pocampal neurons from 18-d pregnant Sprague–Dawley rats (B & K Uni-
versal AB) were cultured for 11–16 d. Conventional whole-cell patch-clamp
recordings were performed on pyramidal-type cells with an Axopatch 200B
amplifier (Molecular Devices). Hippocampal cultures were labeled with [3H]
inositol (30 μCi/mL) for 3 d. [3H]InsP6 was analyzed using HPLC (34). Data are
presented as means ± SEM. Statistical significance was evaluated by an un-
paired Student t test or one-way ANOVA, followed by a least significant
difference test.
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