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Two rapid phases of GABA receptor desensitization, which proceeded with a lo-fold difference in rates, 
were detected in two types of experiment with membrane vesicle preparations from rat cerebral cortex. (i) 
The time course of GABA-mediated 36C1- influx progressed in two phases. (ii) The 36C1- influx was de- 
creased, by preincubation with GABA, in two phases. Measurements were made in the time range 10-1000 
ms. The major loss of channel opening activity occurred in the faster phase, which was complete in 100 
ms with saturating GABA concentrations. The remaining activity decreased in a slower phase in a few sec- 
onds with a lo-fold slower rate. The faster phase of desensitization was more than IO-fold faster than pre- 
viously observed and the slower phase was slightly faster than previously reported measurements with 
GABA receptor. Both desensitization processes had a similar dependence on GABA concentration with a 

half response at N 100 PM GABA. 
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1. INTRODUCTION 

A number of channel-forming neurotransmitter 
receptors are desensitized by their neurotransmit- 
ter. During exposure to the neurotransmitter the 
receptor is transformed to a state which does not 
form open channels. This phenomenon, which is 
not well understood, may be of physiological im- 
portance as well as of interest with regard to 
biochemical mechanism. Desensitization of y- 
aminobutyric acid (GABA) receptors from crusta- 
cean muscle [ 1,2], hippocampal neurones [3-51 
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and ganglion cells [6-91 has been observed and a 
single phase of desensitization in the time range of 
several seconds has been reported. 

Desensitization of acetylcholine receptor from 
electric fish has been studied by measuring the 
acetylcholine-mediated cation flux, with mem- 
brane preparations containing vesicles, using 
rapid-mixing kinetic techniques [ 10,111. Such 
studies require a suspension of membrane vesicles 
containing active neurotransmitter receptor, which 
mediates transmembrane ion flux. Transmem- 
brane Cl- flux mediated by GABA receptor has 
been demonstrated with crayfish muscle strips 
[12], rat brain slices [13] and cultured neurones 
from chick brain [14]. Recently membrane pre- 
parations from rat or mouse brain homogenates 
have been shown to exhibit GABA-mediated Cl- 
flux [15-191. The pharmacology of this specific 
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Cl- flux [18] indicated that the receptor was of the 
GABAA type [20-221. 

Here, we report that GABA receptor on native 
membrane vesicles from rat brain is desensitized 
much more rapidly than in previous observations, 
and that the desensitization occurs in two distinct 
phases. Recognition of two desensitization pro- 
cesses is relevant to the interpretation of phar- 
macological measurements of Cl- flux as well as to 
the mechanisms of neuronal signal transmission. 

2. MATERIALS AND METHODS 

Male Sprague-Dawley rats, 4-6 weeks old, were 
killed by decapitation. All manipulations were per- 
formed on ice and solutions were at 0-4°C. The 
cerebral cortex was sliced and homogenized in 0.32 
M sucrose, 10 mM Hepes, pH 7.5 (solution A) (30 
ml) with a Virtis homogenizer for 5 s. An equal 
volume of solution B (145 mM NaCI, 5 mM KCl, 
1 mM MgC12, 1 mM CaClz, 10 mM glucose, 10 
mM Hepes, pH 7.5) was added and the mixture 
was centrifuged for 4 min at 270 x g. The superna- 
tant was centrifuged for 30 min at 23 640 x g. The 
pellet was resuspended in 8 ml solution B using a 
glass-teflon hand homogenizer, layered on a 
4-12070 Ficoll gradient in solution A and centri- 
fuged for 1 h at 110000 x g. The middle band 
(9-10% Ficoll) was diluted with 2 vols solution B 
and centrifuged for 30 min at 35 OOOxg. The 
pellets were resuspended in solution B and ad- 
justed to 750 pg protein/ml. The experiments 
described gave similar results when the Ficoll gra- 
dient separation was omitted. 

Quench-flow experiments were performed as 
described in [23,24]. The quench-flow machine 
was thermostatted at 3O.O”C and the reagent solu- 
tions were preequilibrated at 30°C. The membrane 
vesicle preparation was warmed to 30°C on 
loading into the machine syringe. This thermal 
equilibration was completed within 2 min and the 
preparation was allowed to stand for a further 1 
min before actuation. Experiments were at 30°C 
and pH 7.5. The addition of known inhibitors of 
the sodium-dependent GABA uptake, nipecotic 
acid (1 mM) and guvacine (1 mM), made no dif- 
ference to the ion flux measurements with a con- 
centration as low as 10 PM GABA in the time 
region of these experiments. 36C1- was obtained 
from ICN Radiochemicals (Richmond, CA). 
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2.1. Time course of Cl- flux 
The ion flux reaction was initiated (receptor 

channels opened) by mixing the membrane suspen- 
sion (225 ,ul) with an equal volume of solution B 
containing B and 36C1-(20 &i/ml), and quenched 
(channels closed) by mixing with the same volume 
of either (i) a solution of bicuculline (6OOpM) kept 
at pH 3.0, with no added buffer (solution B 
without Hepes) (which reduces the pH of the reac- 
tion mixture insignificantly), or (ii) a solution of 
bicuculline methiodide (3000 PM) in solution B. 

The quenched reaction mixture was passed im- 
mediately through a filter disc (Whatman glass 
fiber GF/C). The vesicles retained on the filter disc 
were washed with solution B, dried and counted 
with toluene-based scintillation fluid. Unspecific 
flux was determined in the same way but in the 
absence of GABA and was subtracted from the 
total flux to give the GABA-mediated, specific 
flux. At equilibration of the GABA-mediated flux 
the specific measurement was typically 2000-3000 
counts on a background of - 1000 counts. Each 
determination was done in triplicate. M, was 
determined by allowing an incubation time of 6 s 
with 1OOOpM GABA. 

2.2. Time course of desensitization 
The membrane suspension was mixed with 1 vol. 

of a solution containing GABA. After the prein- 
cubation time this mixture was mixed with 1 vol. of 
a solution containing 3 mM GABA and 36C1-, and 
the Cl- influx in 320 ms was measured in a second 
incubation as described above. In control ex- 
periments to check vesicle integrity during the ex- 
periment , GABA was omitted from the 
preincubation at the shortest and longest prein- 
cubation times. A4, was determined by omitting 
GABA from the preincubation and extending the 
second incubation time to 6 s. The unspecific flux 
baseline was determined by omitting GABA from 
both incubations. 

2.3. Treatment of data 
The concentration of open channel of receptor is 

reduced in two phases of desensitization with the 
first-order rate constants cz and ,&. Uptake of the 
36C1- tracer, by isotope exchange through the open 
channel, occurs with the initial first-order flux rate 
constants JA and JB for the fast and slow phases, 
respectively. The 36C1- uptake is given by eqn 1. In 
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the preincubation, the ion flux rate constants, pro- 
portional to the open channel concentration, are 
decreased by desensitization with the rate con- 
stants a,, and &, (eqns 2,3). Combining eqns l-3 
gives eqn 4, which describes the decrease in 36C1- 
uptake due to preincubation with GABA. The 
amplitudes of the two phases are given by A and 
B (eqns 5,6) which are constant since the second 
(assay) incubation has constant conditions and in- 
cubation time. 

M 
M=l-exp- JA m 

( (!+)+JB(+)] (1) 

JA = JA(~,=o)~-~~~Y 

Bt JB = JB(t,=o,e- pp 

(2) 

(3) 

(4) 

(5) 

(6) 

3. RESULTS AND DISCUSSION 

Desensitization of the GABA receptor during a 
preincubation of the membrane preparation with 
GABA was followed by measuring the decrease in 
Cl- exchange in a subsequent incubation (figs 
lA,2). when the desensitization was followed in 
the time range 150-1000 ms it followed a single ex- 
ponential decay of activity over at least an 80% 
drop in ion-influx activity (fig.lB). However, the 
fitted straight lines did not extrapolate to the initial 
activity at zero preincubation time, but the or- 
dinate intercept corresponded to prior inhibition 
of 40% of the Cl- influx. This suggested that the 
desensitization being followed is preceded by a 
much faster desensitization process. This faster 
desensitization process could be followed in the 
time range lo-100 ms (fig.2). A rapid desensitiza- 
tion which was kinetically first order was seen 
decreasing the Cl- uptake by - 60%. This was 
complete before the slower phase was significant. 
Although desensitization rates of this receptor in 
different membrane preparations can vary by as 
much as 2-fold, these results indicate that there are 

s 
to_ A 

.- 
; 
.Z 

stvl 
0) t 

g K 
0.5 . 

It 

E 
z ; 
:: t 0, 0 500 IMO 

time, tp (ms) 

0 500 

time, tp (ms) 

1000 

Fig. 1. Desensitization of the receptor with GABA at 
30°C and pH 7.5; 100 ,zM (o), 500 ,uM (0) and 2000 
pM (0) GABA. M,/M, is the fractional equilibration of 
Cl- influx; Mt denotes the counts in the specific vesicles; 
M, denotes that at equilibration of Cl- exchange into 
the specific vesicles. (A) Decrease of “Cl- uptake in a 
constant assay after preincubation of the membrane 
with GABA for time t,. The zero time t, point (m) was 
obtained with no GABA in the preincubation, and this 
value was independent of t,. (B) First-order plots of the 
data in (A) according to eqn 4 (if (Y and t are relatively 
large, A is constant for a given GABA concentration). 
The desensitization of receptor activity is biphasic. The 
control experiment with zero GABA concentration ( n ) is 
shown. The lines were calculated with values of (~=4.5 
s-‘, ,8=0.7 s-’ (100 pM), a= 12 s-‘, B= 1.0 s-‘, (500 

PM) and (Y= 15 s-‘, p= 1.3 s-l (2000~M GABA). 

two rapid phases of receptor desensitization in this 
preparation, differing in rates by a factor of ten. 

The existence of a rapid desensitization process 
leaving remaining receptor activity which is 
depleted in a slower desensitization process was 
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Fig.2. Desensitization of the receptor with GABA at 
30°C and pH 7.5. Decrease of 36C1- uptake in a constant 
assay incubation after preincubation of the membrane 
with GABA for time t,. The GABA concentrations were 
5OOpM (o), 1OOOpM (0) and 1OOOOrM (0). The zero 
time t, point (m) was obtained with no GABA in the 
preincubation. The line, calculated from eqn 4, 
corresponds to 66% of the desensitization occurring in 

a fast phase with a,=20 s-’ and flp ICY,. 

supported by experiments following the time 
course of the Cl- exchange. The progress of 35C1- 
uptake was much better fitted to a biphasic ion in- 
flux (eqn 1) than to a single phase [ 171. The uptake 
of 36C1- shown in fig.3 is biphasic with a rapid 
phase of ion flux followed by a slower phase. The 
two rates of desensitization required to fit these 
measurements are consistent with those deter- 
mined by the preincubation method. 

According to these data, the GABA receptor is 
almost saturated with 5OOpM GABA and the half- 
response concentration is about 100 ,uM GABA. 
Both phases of desensitization have a similar 
dependence on GABA concentration. These initial 
responses of the receptor are associated with 
binding sites of lower affinity than those 
demonstrated by other studies [20-221. A major 
origin of this discrepancy, in measurements made 
after some exposure of the receptor to GABA, is 
the presence of desensitized receptor which has an 
increased affinity for the ligand. 

The occurrence of two different phases of desen- 
sitization giving rise to two phases of 36C1- influx 
complicates the analysis of ion flux measurements. 
Measurements of the effects of varying conditions 
and of the presence of drugs made with GABA 
receptor should be treated cautiously since the 
relative contributions of the two phases of desen- 
sitization may not be consistent. 
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Fig.3. Biphasic uptake of 35C1- mediated by 100 /IM 
(filled symbols) and 500 PM (open symbols) GABA at 
30°C and pH 7.5. i%ft denotes the counts in the specific 
vesicles at the time t on the abscissa: M, denotes that at 
equilibrium. The lines are calculated from eqn 1 with, 
forl~~M,~~=4.6~-~,~=7.Os-‘,Ja=O.4~-’,~=0.4 
S -‘andfor5~~M,J~=9~-‘,~=13s-~,Ja=3s-’and 

fl= 1.0 s-‘. 

Two phases of desensitization have been seen in 
measurements of ion flux with acetylcholine recep- 
tors [25-271. The fast phase of desensitization 
reported here is the fastest reported rate of desen- 
sitization of a receptor. 

The IO-fold slower, second phase reported here 
is slightly faster than the fastest rates previously 
reported for GABA receptor [l-6]. 
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