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Abstract

Glycinergic transmission shapes the coding properties of the lateral superior olivary nucleus (LSO). We investigated intracellular pH
responses in the LSO to glycine using BCECF-AM in brain slices. With extracellular bicarbonate, glycine produced an alkalinization
followed by an acidification while, in the nominal absence of bicarbonate, glycine produced acidifications. Separately, in whole-cell
recordings from LSO neurons, glycine caused hyperpolarization followed by long-lasting depolarization. While the bicarbonate-dependent
intracellular alkalinization could be related to chloride/bicarbonate exchange, bicarbonate-independent acidification may be triggered by
depolarization.

0 2003 Elsevier B.V. All rights reserved.

Theme: Neurotransmitters, transporters and receptors

Topic: Other neurotransmitters

Keywords: Inhibition; Glycine; pH; Auditory

Neural activity modulating functional properties often the dark for 45 min. The aCSF contained (mM): 123 NacCl,
involves ligand- or voltage-gated conductance. Neurotrans- 4 KCl, 1.2 Kl PO , 1.3 MgSO , 28 NaHCO , 15 glucose,
mitters can affect pH7] leading to modified ion channel 2.4 CaCl , and Q-4scorbic acid (pH 7.3). Slices were
or receptor and intracellular enzyme functipfh19]. The kept at 231 °C throughout all experiments. Slices were
present study examined the effect of glycine on intracellu- superfused at 7 ml/min with aCSF (95% O -5% CO
lar pH. The LSO receives inhibitory afferents from the bubbling). Dye efficacy was verified by fluorescence ratio

medial nucleus of the trapezoid body (MNTR),4,20,24]. changes following acidic (5.1 0.1 M acetate) or alkaline
Although this innervation is glycinergic and GABAergic (0 0.1 M NaOH) challenges. All glycine superfusions

[16], we focused on glycine because unlike GABA were 5 mM for 1 min. In three experiments, HEPES was
[9,16,17],it binds only to ionotropic receptofd]. Further- substituted for bicarbonate (100% O bubbling) and after a
more, glycine receptors are primarily postsynaptic, with 10—-30 min equilibration period, glycine was superfused
one exceptiori3,30]. during HEPES—aCSF treatment. To investigate GABA
Gerbils Meriones unguiculatus) aged 7—-13 days post- receptor involvement, muscimol (b0 was used.
natal were anaesthetized with chloral hydrate (350 mg/kg Presumptive neurons were distinguished morphological-
body weight), and 30Q.m brainstem slices were incubated [93]. Excitation wavelengths were 440 and 495 nm
for 20 min and treated with the acetoxymethoxy ester of while images were collected at 0.016-0.33 Hz. The
2',7'-bis(carboxyethyl)-5,6-carboxyfluorescein  (BCECF- fluorescent signal was obtained at 530 nm using a
AM; Molecular Probes, 10Qug in 20% pluronic acid— GenSysll intensifier and a CCD72 camera (Dage-MTI).
dimethylsulfoxide in aCSF: dye concentration gM) in acquisiTion software (Ratiotool, Inovision) was used to

collect and store data. Off-line analyses were performed

usingoricin (MicroCal). Averaged responses were plotted
*Corresponding author. Tel.: 1-212-098-3924: fax: + 1-212-995- against time and durations were obtained from this plot as
4348. the time from when pH changed from the baseline to the
E-mail address: sanes@cns.nyu.edid.H. Sanes). beginning of recovery. Response magnitudes extracted
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from the average response were analyzed as the percentage ance. The internal recording solution contained (mM)
change from baseline rati¢  F,/F,). 127.5 potassium gluconate, 0.6 EGTA, 10 HEPES, 2

For electrophysiology experiments, P9—-13 gerbils were MgCl , 5 KCI, 2 ATP, and 0.3 GTP (pH 7.2). Tonic effects
used to make 30Q.M slices through the LSO. The aCSF of glycine (5 mM) were assessed by bath perfusion for 50
(pH 7.3 when bubbled with 95% 0O -5% GO ) was rs=@) and its focal effect by 100 ms duration puffs
superfused at 4 ml/min (Z&). Whole-cell current-clamp nE3). Data were recorded and analyzed on Axotape

recordings were obtained from LSO neurofid]. Hy- (Axon). All animal experiments were in accord with NIH

perpolarizing current (50 pA, 300 ms) at 0.5 Hz was guidelines.

injected during glycine treatments to obtain input resist- In 31/43 slices, glycine superfusion for 1 min produced
A NaOH ~ i0sec
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Fig. 1. Effect of glycine on intracellular pH. (A) Response of nine neurons (average at bottom) in the presence of bicarbonate shows an allethization

acidification. Inset: NaOH (0.1 M) increases the ratiometric response. Calibration bars are in units of ratiometric dye response at 495 nmt/#&€ponse a
nm. (B) Muscimol (50u.M, 50 s) elicited a biphasic response: an alkalinization followed by acidification.
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a biphasic response; an alkalinization followed by acidifi- Mann—Whitney rank sum test) but the durations of al-
cation (no change in 2/43 slices). Of 41 responsive slices, kalinizations did not significantly Bif&x.§5, Wilcox-
39 exhibited acidification and 33 showed alkalinization on—Mann-Whitney rank sum test). The absence of an
(Fig. 1). Eight slices showed acidification only and two uptake mechanism for muscimol may impede recovery to
responded only with alkalinization. The average response baseline pH.
durations were 5436 s for alkalinization (meahS.D.; To assess whether these pH transients were dependent
n=33) and 2195 s for acidification (meahS.D.; n= upon trans-membrane flux of bicarbonate, we superfused
23; sixteen acidifications were nonreversible, one experi- glycine in nominally bicarbonate-free aCSF. In all cases,
ment was interrupted during acidification). Muscimol this abolished the alkalinizatier §lices;Fig. 2) while
superfusion resulted in alkalinizations in 5/8 slices acidification persisted; the difference from slices in normal
(4422 s; meartS.D.), acidifications in 7/8 slices aCSF was significat=0.02, Fisher's exact test). Re-
(29774 s meartS.D.; n=5 slices in which minimal sponses in these slices always had alkalinizations when
recovery permitted duration calculation), or both in 5/8 treated in normal a@SR €lices tested before switch-
slices; alkalinization preceded the acidificatidrig 1B). ing to bicarbonate-free mediunm=2 slices tested after
Muscimol evoked acidifications were significantly longer restoring bicarbonate). The durations of acidification in
than glycine evoked acidificationd®€0.02, Wilcoxon— bicarbonate-free buffer were 554 s and 111 s (one acidifi-

Slice 1 HCO, buffered ACSF Hepes-bufered ACSF

0025%
(495/440)
5mM Gly 5mM Gly
Slice 2 Hepes-bufered ACSF HCO, buffered ACSF
0.020
(495/440)
5mM Gly 5mM Gly 50 sec

Fig. 2. Intracellular change in pH is bicarbonate dependent. Top: glycine elicits a biphasic response in the presence of bicarbonate (lef§ but cause
acidification in nominally bicarbonate-free buffer (right; average responses). Bottom: in nominally bicarbonate-free buffer (left), acidiff=atbserved.
The alkaline response returned when bicarbonate was restored (right).
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cation interrupted by an early return to bicarbonate 10 min). In contrast to hyperpolarization, depolarization

medium). was accompanied by a significant drop in input resistance
Application of glycine (50 s) evoked a biphasic mem- (up to 90%; input resistance before glycine treatment:

brane potential responsEi¢. 3). A hyperpolarization (1-5 32832 MQ); vs. during peak depolarization: 24 MQ;

mV, 2—-15 s) was accompanied by up to 25% decreased neanM.; pairwise comparison of mean by Student’s

membrane resistance; this was not significant because oft-test; P<<0.001, n=8). However, focal application of

high baseline varianceR|,,, before glycine treatment: glycine (50 ms) via a pipette close to the recording site

328+32 MQ); vs. during peak hyperpolarization: 2622 (200 M) produced only hyperpolarizations (9:8.4 mV,
MQ; (meantS.E.M.); pairwise comparison of means by n=3).

Student’s t-test: P>0.05, n=8)]. This response was Glycine elicited a biphasic pH response in LSO neurons;
followed by a reversible depolarization (up to 15 mV, up to an initial bicarbonate-dependent alkalinization was fol-
-55 mV
glycine

52mV -

T min

A

glycine

glycine

Fig. 3. Glycine induces a biphasic chang&/jn Top: whole cell recording from an LSO neuron showed that tonic application of glycine (5 mM, 50 s, gray
bar) produced hyperpolarization followed by reversible depolarization. Resting potentials appear on left. Middle: another recording stases decre
membrane resistance during both phases. Bottom: whole cell recording showing focal application of glycine (5 mM, 50 ms) by a puffer pipette elicited a
brief hyperpolarization. In this, physiological levels of intracellular chloride may be altered by chloride in the internal recording solution.
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