and a low-velocity region below the deep
discontinuity were checked in FD wave
form modeling. Processed data and FD syn-
thetics obtained assuming a sharp increase
in P-wave (and S-wave) velocity (6.0 to 6.8
km/s) and a sharp velocity decrease (6.0 to
2.7 km/s) at the 10-km discontinuity (Fig.
3) indicate that a velocity decrease as
strong as that assumed is needed to generate
large-amplitude P-to-S converted phases.
Synthetics produced by this model repro-
duce the amplitude ratios of PS phases and
other secondary energetic arrivals that in-
terfere with them in the analyzed distance
and time windows.

The occurrence of such mid-crustal
high- to low-velocity discontinuities at
depths of 10 to 20 km has been observed in
several volcanic areas (19), where it is con-
sidered an indicator of large magmatic res-
ervoirs. From our modeling, P-wave veloc-
ity in the low-velocity zone is lower than
2.5 to 3 km/s, which is consistent with the
occurrence of magmatic melt within a
high-permeability host rock. Fluid inclu-
sions in Mount Vesuvius clinopyroxenes
have been trapped at pressure correspond-
ing to depths between 4 and 10 km. Seis-
mic activity appears to be shallower than 6
to 8 km, indicating that the brittle-ductile
transition zone is deeper. These data sug-
gest that a .melting zone can exist at a
depth of 9 to 11 km, as inferred from the
analysis of LALA phase.
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Presynaptic Calcium Current Modulation by a
Metabotropic Glutamate Receptor

Tomoyuki Takahashi,* lan D. Forsythe, Tetsuhiro Tsujimoto,
“Margaret Barnes-Davies, Kayoko Onodera

Metabotropic glutamate receptors (mGluRs) regulate transmitter release at mammalian
central synapses. However, because of the difficulty of recording from mammalian
presynaptic terminals, the mechanism underlying mGluR-mediated presynaptic inhibi-
tion is not known. Here, simultaneous recordings from a giant presynaptic terminal, the
calyx of Held, and its postsynaptic target in the medial nucleus of the trapezoid body were
obtained in rat brainstem slices. Agonists of mGIuRs suppressed a high voltage-acti-
vated P/Q-type calcium conductance in the presynaptic terminal, thereby inhibiting
transmitter release at this glutamatergic synapse. Because several forms of presynaptic
modulation and plasticity are mediated by mGIuRs, this identification of a target ion
channel is a first step toward elucidation of their molecular mechanism.

Presynaptic inhibition mediated by the
mGluR family (1) has been implicated in
autoreceptor inhibition at mammalian glu-
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tamatergic synapses (2) and in lateral inhi-
bition at dendrodendritic synapses (3), and
more generally in reducing transmitter de-
pletion (4). Presynaptic mGluRs are also
crucially involved in the induction of long-
term depression at hippocampal mossy fi-
ber-CA3 synapses (5). Pharmacological
studies with type-specific agonists indicate
that mGIluR subtypes 2 and 3 (3, 5) or
subtypes 4, 6, 7, and 8 (2, 6) may mediate
presynaptic inhibition. Several potential
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Records (top) are Ca®* currents evoked by depolarization from -80 mV to —45 to
-15 mV. [Ca®*], was 1 mM. (C) Block of the presynaptic Ca®* current by
w-agatoxin IVA [200 nM with cytochrome ¢ (1 mg/ml)]. The residual current (8%)
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agatoxin and Cd?* exposure, respectively. Records (top) show superimposed
Ca®* currents for the different conditions (a through d). (D) Relation between
Ca?* current amplitude and [Ca?*],. Records (top) show Ca?* currents evoked
by a 50-ms pulse from —80 to 20 mV (O) or a 1-ms pulse from =70 to +30 mV
(A). The peak amplitude of Ca®* currents was normalized to that at 1 mM (x).
Except for 2 mM [Ca2*], (two calyces), data represent means and SEMs (merged
in symbols) derived from four calyces each (for both long- and short-pulse pro-
tocols). The solid line indicates a one-to-one linear relation.

mechanisms have been suggested to ac-
count for this mGluR effect; these include
suppression of a presynaptic calcium con-
ductance (7),augmentation of a potassium
conductance (4, 8, 9), or inhibition of the
exocytotic machinery downstream of cal-
cium influx (10, I1). Any investigation of
these possibilities requires direct access to
both the presynaptic and postsynaptic
sites of a mammalian synapse, as has pre-
viously been conducted at invertebrate
synapses (12) and chick autonomic gan-
glia (13).

We made simultaneous whole-cell re-
cordings of the presynaptic Ca’* current
and the excitatory postsynaptic current
(EPSC) using a rat brainstem slice prepara-
tion containing a giant synapse called the
calyx of Held (14, 15). This glutamatergic
synapse forms on the cell bodies of neurons
in the medial nucleus of the trapezoid body
(MNTB), and mGluR agonists are known
to inhibit transmitter release at this site
(10). Transmitter release was induced by
voltage-dependent Ca?* currents elicited
in the presynaptic terminal under voltage
clamp (16).

When presynaptic Ca’* currents were
evoked by a long depolarizing pulse, sus-
tained EPSCs resulting from asynchronous
transmitter release were recorded from a
postsynaptic neuron (Fig. 1A). Short Ca?*
currents produced fast EPSCs (see below)
that were comparable in time course with
those evoked by nerve stimulation (10).
The presynaptic Ca?* current was activated
on depolarization positive to —40 mV and
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Fig. 2. L-AP4 suppressed the presynaptic Ca®* current but had no effect on the potassium current. (A)
Suppression of the presynaptic Ca®* current by L-AP4 (100 uM, applied from a local puffer pipette). Upper
panel: Ca2* currents before and after L-AP4 application, superimposed. Lower panel: The Ca®™* current-
voltage relation before and after L-AP4 application. [Ca®*], was 1 mM. (B). L-AP4 had no effect on the
presynaptic potassium current. Upper panel: The outward potassium currents were evoked by 20-mV

" incremental depolarizing steps from =80 mV holding potential in the presence of TTX (1 wM). Potassium

currents before (left) and after L-AP4 application (50 puM, center) were completely superimposed when
overlaid (right). Lower panel: The potassium current-voltage relations before (O) and after L-AP4 application
(A) were indistinguishable. Means and SEMs derived from four calyces are normalized to those at 0 mV; line
drawn by eye. '

was largely blocked by the P-type Ca’”"
channel blocker w-agatoxin IVA (200 nM,
Fig. 1C); it was depressed by 96 = 1.7%

reached a peak at =20 to —10 mV (Fig. 1B),
which indicated that it is a high voltage—
activated (HVA) type. The Ca?* current
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(mean = SEM, n = 7). A small residual
component was abolished by 100 pM Cd**.
As at other central synapses (17), the L-
type Ca?* channel blocker nicardipine (or
nimodipine; 10 wM) had no effect (n = 3).
Unexpectedly, however, the N-type Ca’™*
channel blocker w-conotoxin GVIA (2
M) also had little or no effect on the Ca?™*
current at this synapse (n = 5) (18). As at
the squid giant synapse (19), the amplitude
of the presynaptic Ca?* current decreased
with reduced external Ca’?" concentration
([Ca”*])) (Fig. 1D) or with increased
[Mg?*], (18). The relation between the
peak amplitude of the Ca®* current and
[Ca’*], was approximately linear below 1
mM (Fig. 1D).

To clarify the mechanism by which
mGIuR agonists depress transmitter release,
we first examined whether they might mod-
ulate the presynaptic Ca’* current. When
|-2-amino-4-phosphonobutyrate (L-AP4, 50
to 100 M), an agonist of mGIuR subtypes
4, 6, 7, and 8, was added to the bathing
solution, the presynaptic Ca®* current was
clearly suppressed, particularly at an early
phase around the peak (Figs. 2A and 3A) by
25.2 = 4.2% (n = 21 calyces, evoked by step
depolarizations 1 to 50 ms). This effect was
reversible after washout of the agonist (Fig.
3B). A similar effect was observed for a
broader-spectrum mGluR agonist, (1S,35)-1-
aminocyclopentane-1,3-dicarboxylic  acid
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(1S,3S-ACPD, 100 uM),  whereas
(2S,1'R,2'R,3'R)-2-(2,3-dicarboxycyclopro-
pyl)glycine (DCG-1V, 3 uM) (3), a specific
agonist of mGIuR subtypes 2 and 3, had no
effect (n = 3). Thus, one or more of mGIuR
subtypes 4, 6, 7, and 8 may be involved in
this effect. This mGluR-mediated depression
was not accompanied by a shift in the volt-
age dependence of the Ca’* current, as
shown by a constant current-voltage relation
before and after L-AP4 application (Fig.
2A).

We next examined whether L-AP4
might act by potentiation of a presynaptic
potassium current. An outward potassium
current was evoked by depolarization of a
calyx voltage-clamped at —80 mV in the
presence of tetrodotoxin (TTX, 1 puM)
(14). The potassium current was activated
on depolarization positive to —60 mV and
its magnitude increased steeply on further
depolarization (Fig. 2B). In all four calyces
examined, L-AP4 (50 M) had no effect on
the potassium current (Fig. 2B).

Paired recordings from a presynaptic ter-
minal and its postsynaptic target showed a
concurrent suppression of presynaptic Ca?™*
current and EPSC during L-AP4 applica-
tion (Fig. 3A). The inhibition was 24.3 *
6.2% for the Ca’™ currents (evoked by a
1-ms pulse) and 40.0 = 4.7% for the EPSCs
(n = 9 pairs). To determine whether the
suppression of Ca’?" current could account
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Fig. 3. Suppression of presynaptic Ca®* currents and EPSCs by L-AP4 and reduced [Ca?*]  in a paired
recording from a calyx-MNTB synapse. (A) Presynaptic Ca® " currents (evoked by a 1-ms pulse from =70
to +30 mV) and the resultant EPSCs (at =70 mV) after 2 mM [Ca? "], was replaced by 5 mM Mg2* (left)
or after L-AP4 application (50 M, right), superimposed. (B) Time plots of presynaptic Ca" currents and
EPSCs. Open bars indicate the period of [Ca®*], reduction and L-AP4 application, respectively. (C)
Peak amplitude of the presynaptic Ca®* current plotted against the amplitude of EPSCs in double
logarithmic coordinates. O, Data points obtained from the period of [Ca®*], reduction; @, data points
from the period of L-AP4 application. Data points include those at both onset and recovery but exclude
those at the baseline (>10% change of EPSC amplitude) and peak (>90%). The linear regression slopes
for [Ca®*], reduction and L-AP4 application were 2.06 and 1.82, respectively, in this experiment.
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for the reduction in the EPSC, we exam-
ined the relation between the Ca?™" current
amplitude and the respective EPSCs in the
same recording, first during reduction of
[Ca’*], and subsequently during applica-
tion of L-AP4. When [Ca’*] was reduced
by replacement with Mg?*, the presynaptic
Ca’" currents and EPSCs were diminished
in parallel (Fig. 3B). When the Ca’* cur-
rent—EPSC relations were plotted from data
points derived from the reduction of
[Ca?*], and application of L-AP4, a similar
slope was observed (Fig. 3C). The mean
slopes of the regression lines were 2.10 =
0.37 and 1.93 = 0.30, respectively, for the
[Ca?*], reduction data and the L-AP4 ap-
plication data (n = 6 pairs, not significantly
different by Student’s ¢t test). Thus, presyn-
aptic inhibition by mGluR is mediated by
suppression of the presynaptic Ca?™ con-
ductance at the rat calyx-MNTB synapse.

We investigated the ionic basis of
mGluR-mediated presynaptic inhibition by
making patch-clamp recordings from both
the presynaptic and postsynaptic sites of an
identified synapse. The presynaptic Ca**
current at the calyx of Held was of the
HVA type and was mediated predominant-
ly by the P/Q-type Ca’* channels. This
presynaptic Ca?* current was clearly sup-
pressed by the mGluR agonists. Thus, our
finding corresponds to previous results con-
cerning somatic Ca?™ currents that are sup-
pressed by a variety of receptor agonists
(20), including those of mGluRs (7). Re-
cent studies using Ca’ " -sensitive dyes indi-
cate that presynaptic Ca?* entry into a
population of nerve terminals can be sup-
pressed by agonists of mGluRs (9) and other
receptors (21). Suppression of presynaptic
Ca’™ entry can be the result of either sup-
pression of presynaptic Ca’?* channels or
augmentation of potassium channels (4, 8,
9, 22). At the calyx-MNTB synapse, L-AP4
had no effect on the voltage-dependent po-
tassium currents in the preterminal. Thus,
potassium channels do not appear to be
involved in the presynaptic mGIluR modu-
lation ‘at this synapse. Our results also em-
phasize the need for cautious interpretation
of the results from indirect methods when
studying presynaptic mechanisms since pre-
vious work on the EPSCs at the calyx-
MNTB synapse suggested that, on the basis
of paired-pulse experiments, mGluRs had
no effect on the presynaptic Ca?* current
(10).

To examine whether mGluRs may addi-
tionally modulate the exocytotic machinery
downstream of Ca’" entry, we compared
the Ca?* current—EPSC relation under two
conditions: reduction of [Ca®*] and appli-
cation of L-AP4. The close agreement of
these input-output relations suggests that
presynaptic inhibition by mGluRs is largely



caused by the suppression of presynaptic
Ca?* current at the calyx-MNTB synapse.
Direct modulation of the exocytotic ma-
chinery by mGluRs has been suggested from
the reduced frequency of spontaneous min-
iature synaptic current by mGluR agonists
(11); however, miniature frequency does
not always display a direct relation to
evoked transmitter release during presynap-
tic modulation (23). Although the possibil-
ity that washout may influence mechanisms
downstream of Ca’* currents cannot be
excluded from this whole-cell study, our
results strongly suggest that presynaptic
Ca’* channels are the main target for the
mGluR-mediated presynaptic inhibition at
the calyx of Held. Because P/Q-type Ca’*
channels mediate fast synaptic transmission
at a variety of central synapses (17) and
mGluRs are widely distributed in central

presynaptic terminals (24), modification of

the P/Q-type calcium channel may be a
general mechanism underlying presynaptic
modulation by mGluRs.
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Identification of an Asymmetrically Localized
Sensor Histidine Kinase Responsible for
Temporally and Spatially Regulated Transcription

James A. Wingrove and James W. Gober*

Caulobacter crescentus undergoes asymmetric cell division, resulting in a stalked cell
and a motile swarmer cell. The genes encoding external components of the flagellum are
expressed in the swarmer compartment of the predivisional cell through the localized
activation of the transcription factor FibD. The mechanisms responsible for the temporal
and spatial activation of FIbD were determined through identification of FIbE, a histidine
kinase required for FIbD activity. FIbE is asymmetrically distributed in the predivisional
cell. It is located at the pole of the stalked compartment and at the site of cell division
in the swarmer compartment. These findings suggest that FIbE and FIbD are activated
in response to a morphological change in the cell resulting from cell division events.

The generation of asymmetry is a critical
event in the developmental programs of
many organisms, including bacteria, yeast,
and multicellular organisms (1). Asymmet-
rical cell divisions can arise either as a
consequence of external influences on the
cell or as a result of intrinsic signals built
into the architecture of the cell. An intrin-
sically governed asymmetric cell division in
the bacterium Caulobacter crescentus pro-
duces two morphologically distinct progeny
cells: a stalked cell and a motile swarmer
cell with a single polar flagellum (2). Sev-
eral genes encoding external flagellar com-
ponents are preferentially transcribed in the
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swarmer compartment of the late predivi-
sional cell (3). Compartmentalized expres-
sion of late flagellar genes is attributable to
the swarmer pole—specific activation of the
transcriptional regulator protein FIbD (4).
Activated FIbD also functions as a
swarmer pole—specific repressor of the ear-
ly fiF promoter (5, 6). FIbD is homolo-
gous to a large family of two-component
response regulators (6), members of which
are active when phosphorylated on a con-
served aspartate residue (7). The activat-
ing phosphate is typically obtained from
sensor histidine kinases that are capable of
undergoing autophosphorylation, often in
response to an external environmental
cue. Once phosphorylated, histidine ki-
nases serve as phosphodonors for their
cognate response regulators.

A potential candidate histidine kinase
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