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Oliver Meissnet and Hanns Haerlein*8

Department of Pharmaceutical Biology, Philipps-Weisity, Marburg, Germany, and Department of Physiological Chemistry,
Rheinische Friedrich-Wilhelms Usgrsity, Bonn, Germany

Receied June 20, 2002; Resed Manuscript Receéd Naember 20, 2002

ABSTRACT: The binding behavior of a fluorescently labeled muscimol derivative to the GARAeptor

was analyzed at rat hippocampal neurons by fluorescence correlation spectroscopy. After muscimol had
been labeled with the fluorophore Alexa Fluor 532, specific binding constants for binding of the dye-
labeled ligand (Mu-Alexa) to the GABAreceptor were determined. We found a high specific binding
affinity of Mu-Alexa with aKp value of 3.4+ 0.5 nM and a rate constant of ligandeceptor dissociation

(kais9 Of (5.374 0.95) x 1072 s7L. A rate constant of ligandreceptor associatiork{sd of (1.57 & 0.28)

x 10’ L mol~1 s7! was calculated. The following diffusion coefficients were observiegse = 2334 20

um?/s (n = 66) for free diffusing Mu-AlexaDpound1= 2.8 = 0.9 um?/s (n = 64) for the lateral mobility,

and Dpoungz = 0.14 + 0.05um?s (n = 56) for the hindered mobility of the GABAreceptor-ligand
complex in the cell membrane. Saturation of Mu-Alexa binding was observed at a concentration of 50
nM. A maximum number of binding site8f.x= 18.44+ —0.4 nM (h = 5)] was found. SimilaK; values

of 4.5+ 1.0 nM for nonlabeled muscimol and 848 1.8 nM for Mu-Alexa were found by RRAs using
[BH]muscimol as a radioligand. A concentration-dependent increase in the level of specific Mu-Alexa
binding was demonstrated by the positive cooperative activity of co-incubated midazolam, which was
selectively found in GABA receptor-ligand complexes with hindered mobility.

GABA, receptor binding studies have been performed cence intensity of singly dye-labeled molecules, which are
mainly by radioreceptor assays (RRAghich need radio-  excited by a sharply focused laser beam. Several receptor
actively labeled ligandslj, such asJH]GABA (2) and FH]- binding studies have been carried out directly on the
muscimol @). To study the binding affinity of pharmaco- membrane surface of cells without any separation procedures
logically active compounds by RRAs, a separation of free (5—8). Besides binding and kinetic properties of a particular
from bound radioligand is required. Interactions of ligands molecular interaction, the mobility of recepteligand
with rapid binding kinetics are often not detectable, because complexes in the cell membrane can be studied simulta-
the half-life of the recepterligand complex is shorter or  neously in real time. Like other transmembrane proteins,
analogous to the time required for the separation process.receptors can move freely through the fluid bilaygrX0),
Thus, separation by, for example, filtration works only for are associated via proteiprotein interactions with the
ligand—receptor binding processes wikp values of ap- cytoskeleton 11, 12), or are clustered in the cell membrane
proximately <1078 nM (1). Furthermore, cell membrane for a following internalization proces43—15). Additionally,
preparations are mainly used in the RRA technique and notreceptor proteins can be associated with functional entities
receptors which are embedded in their native environmentof a higher order, so-called “lipid rafts”, which float within
of living cells. This may lead to altered receptdigand the cell membranel@).
interactions. Using fluorescence correlation spectroscopy Neurotransmitters (e.g., GABA) or drugs which bind to
(FCS), one can study receptdigand interactions at the  CNS receptors are often nonfluorescent structures with low
molecular level on living cells4). The FCS technique, which  molecular masses. Due to the prerequisite of fluorescently
allows the illumination of a very small open volume element labeled ligands for FCS, the influence of the coupled dye
(0.12-2 fL), measures statistical fluctuations in the fluores- on the binding behavior of small ligands has to be weak. In

this study, we describe a GABAreceptor binding assay at
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1 Abbreviations: FCS, fluorescence correlation spectroscopy; RRA,  Materials. Alexa Fluor 532 carboxylic acid, succinimidyl

radioreceptor assay; Mu-Alexa, muscimol-bound Alexa Fluor 532; ester was purchased from Molecular Probes (Leiden, The

HPLC, high-performance liquid chromatography; HRMS, high-resolu- ; ; ; indi _
tion mass spectrometry; EDTA, ethylenediaminetetraacetic acid,; HEPES,NetherlandS)' Midazolam, bicuculline methiodide, and mus

4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid; Mu-Bodipy, mus- ¢imol hydrobromide were obtained by Sigma (Taufkirchen,
cimol-bound bodipy TMR-X. Germany).
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Ficure 1: Molecular structure of the Alexa 532-labeled muscimol
derivative (Mu-Alexa).

Synthesis of Mu-Alex@ he Alexa 532-labeled muscimol
derivative (Mu-Alexa) (Figure 1) was obtained from the
reaction of muscimol with Alexa Fluor 532 carboxylic acid,
succinimidyl ester in DMSO at room temperature. The
fluorescently labeled ligand was purified by HPLC on a
LiChrospher 60 RP-select B column (81, 4 mm x 125
mm, Merck) using the bD/ACCN/CHOH/H;PO, (64/27/
8/1) mixture as the eluent, at a flow rate of 1 mL/min, and
with detection wavelengths of 240 and 525 nm.

Preparation of Brain Membraned hree-month-old adult

Meissner and Haerlein

was used in the extracellular solution above the cells. From
the determined diffusion time constant of rhodamine 6G and
the diffusion coefficienD of 280 um?s, the radiiwo (0.20
um) andz, (0.82um) of the volume element were deter-
mined.

Volume element positioning to the upper membrane of
the cell soma was performed both by viewing in thand
y directions (resolution of Zm) and by motor-aided scanning
through the neuron in thedirection (optoelectronical DC-
servodrives, resolution of 04m).

Data Evaluation The autocorrelation functio@(z) for j
different diffusing components in a three-dimensional Gauss-
ian volume element is given by the following equatidi){

n

QN
£ 1
1+ r/rDj
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(1)

with

Sprague-Dawley rats were decapitated, and the cerebral

cortexes were dissected and frozen. The cortical tissues of 2
two rats were pooled and homogenized with a Polytron
homogenizer in 50 mL of ice-cold 50 mM Tris-citrate buffer i
(pH 7.4) supplemented with 1 mM EDTA. The homogenate

&)

was centrifuged at 200@C0for 20 min, and the pellets were

resuspended in the same buffer and then recentrifuged five
times. The final suspension was prepared in 50 mM Tris-

citrate buffer (pH 7.4), divided into aliquots, and stored at
—80 °C.
Radioreceptor AssayFrozen membranes were thawed,

and
3)

whereN; is the average number of molecules of spegies
the volume elementzp, is the diffusion time constant of
specieg, wy is the radius of the observation volume in the

Q = 9y,

resuspended, and centrifuged once before final resuspensio%cm planez is the radius of the observation volume in the

in 50 mM Tris-citrate buffer. The final membrane suspension

(300uL) was used with 10@L of [*H]muscimol (DuPont
de Nemours) at a concentration of 6 nM and 1000f Mu-

zdirection,D is the translational diffusion coefficien®; is
the quantum yield correction factar, is the absorption cross
section,y; is the fluorescence quantum yield, agds the

Alexa or muscimol hydrobromide at varying concentrations f,orescence detection efficiency of specjes

in the range of 0.01 nM to 10M. After a 60 min incubation

period at 0°C, bound and free ligands were separated by

rapid filtration of the membranes onto Schleicher & Schuell

no. 52 glass fiber filters. The samples were rinsed twice with

5 mL of 10 mM ice-cold Tris-HCI (pH 7.4). The filters were
immersed in 4 mL of scintillation fluid (Packard Ultima

Gold), and the amount of radioactivity was determined in a

Beckmann scintillation counter. All experiments were per-
formed in triplicate. Origin 6.1G software (OriginLab Corp.,
Northampton, MA) was used for the data evaluation.

FCS InstrumentatiorFCS measurements were performed
via confocal illumination of a volume element of 0.20 fL in

If it is assumed that the recepteligand complex diffuses
in a two-dimensional mannee (—~ «) and all fluorescent
componentg show the same count rate per molecule, i.e.,
all Q; values are the same, eq 1 can be simplified to

G(r)=1 g 4)
)=1+-) ——

n=l+ r/rDi

wherey; is the fraction of specief of the autocorrelation
amplitude andN is the average number of molecules in the
detection volume element. Equation 4 was used for the data

a ConfoCor instrument (Zeiss/Evotec). A water immersion evaluation of all FCS experiments, because the difference

objective (C-Apochromat, 63, NA 1.2, Zeiss) was used for

between the three- and two-dimensional autocorrelation

the optics. A dichroic filter and a band-pass filter separated functions was <6% for the calculated diffusion time
the excitation light from the emitted fluorescence. Sample constants ane 1% for the calculation of the corresponding
excitation was performed with the 514 nm line of an argon particle numbers.

laser (550W50 interference filter). The power of the laser

beam entering the sample was between 32 and/Y00The

For parametrization and fitting of the autocorrelation
function G(r), a nonlinear least-squares minimization was

intensity fluctuations were detected by an avalanche photo- performed according to the Marquardt algorithix8)(

diode (SPCM-AQ Series, EG&G Optoelectronics) and were

correlated with a digital hardware correlator (ALV-5000,
ALV). To calibrate the volume element of observation for

Cell Culture and Binding StudiesHippocampal rat
neurons were prepared on embryonic day 18 by microdis-
section (9). The cells were trituated and seeded at a density

the experiments, a defined concentration of rhodamine 6G of approximately 2.5< 10° on 18 mm polye-lysine-coated
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coverslips. The coverslips were placed in a Nunclon multi-
well (12 wells) plate, and the cells were cultured for 8 days
in Start V Medium (Biochrom, Berlin, Germany). Cells in

culture were used for experiments from day 9 until day 14.

Prior to the FCS measurements, cells were washed three

times with Locke’s solution [5 mM HEPES, 154 mM NacCl,
5.6 mM KCI, 1 mM MgC}, 3.6 mM NaCQO;, 20 mM
glucose, and 2.3 mM CaglpH 7.4)] at 37°C. For the
binding studies, the coverslips were mounted on a coverslip
carrier and the cells were incubated for 15 min with 200

of Locke’s solution containing different concentrations of
ligand (1, 2.5, 5, 10, 20, 50, and 100 nM Mu-Algx@he
concentration of bound ligand ([L¥ungd can be calculated
with the following equation:

[L*] bound:
[L*] o+ B + Ko £ /(IL*] o + B+ Kp)? — 4[L*] By
2

()

where [L*]o is the total amount of ligand in the sampB;ax
is the total number of binding sites in the sample, &ads
the dissociation constant of the dye-labeled ligand.

By plotting [L*] bound VErsus [L*h, we could obtain the
parameterKp and Bnax for each cell by nonlinear curve
fitting to eq 5.

To determine the level of nonspecific binding, 7.5 nM Mu-
Alexa was added to cells which had been preincubated with
10 uM muscimol hydrobromide or 10&M bicuculline
methiodide for 30 min. A time-dependent displacement
experiment was performed using 401 muscimol hydro-
bromide and cells preincubated with 7.5 nM Mu-Alexa for
10 min. The decrease in the fraction of bound Mu-Alexa
was plotted against time, as shown in the following model:

[L] bound — yO + aeitkdiss

(6)
where [LhounaiS the amount of the recepteligand complex
in percent,a is the amplitude,y, denotes the level of
nonspecific binding of Mu-Alexa, anissis the rate constant
of dissociation of the receptetigand complex.

To measure the allosteric modulatory influence of the
benzodiazepine agonist, midazolam, on the binding propertie
of Mu-Alexa, the hippocampal neurons were preincubated
with 7.5 nM Mu-Alexa for 15 min followed by a 15 min
incubation with increasing amounts of midazolam (0.75 nM,
7.5 nM, 75 nM, 750 nM, 7.%M, and 75uM).

RESULTS

The ligand Mu-Alexa was obtained by labeling muscimol
with Alexa 532 carboxylic acid, succinimidyl ester (Figure
1). The structure of Mu-Alexa was confirmed by HRMS:
[M*] = 722.6162 (observed), 722.6150 (calculated). The
purity of Mu-Alexa was 96%, as demonstrated by HPLC
analysis.

TheK; values of nonlabeled muscimol and Mu-Alexa were
45 + 1.0 and 8.8+ 1.8 nM (n = 6), respectively, as
analyzed by RRAs usingfijmuscimol as the radioligand
and a rat cortex preparation containing the GAB#&ceptor
(Figure 2). Thus, the bulky dye did not significantly influence
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Ficure 2: Displacement offH]muscimol from rat cortex prepara-
tions by muscimol hydrobromiddm) and Mu-Alexa Q).

the specific binding behavior for binding of Mu-Alexa to
the GABA, receptor.

The diffusion time constant and particle number of endo-
genous cellular components varied between 0.37 and 40.1
ms and between 9.12 and 99.6 particles, respectively, for
different hippocampal neurons. In the example depicted in
Figure 3A, a diffusion time constant of the fluorescent cell
componentsp) of 35.6 ms and a particle numbeX)( of
41 were obtained by fitting the fluorescence fluctuation to
eq 4. The average count rate was 0.97 kHz, which results in
a count rate of 0.024 kHz/molecule. In the presence of 2.5
nM Mu-Alexa (N = 0.49), a count rate of 6.585 kHz/mole-
cule was obtained. Amplitude autocorrelation signal-to-back-
ground ratios of 7, 10, 16, 25, 51, 113, and 185 were ob-
served in the presence of 1, 2.5, 5, 10, 20, 50, and 100 nM
Mu-Alexa, respectively.

The illuminated volume element was positioned on the
upper membrane of the cell soma of hippocampal neurons.
Fifteen minutes after addition of 7.5 nM Mu-Alexa, two
diffusion time constants of 3.98 m$yfung) and 74.0 ms
(tvoundd Were measured for different states of lateral mobility
of the receptorligand complex in the cell membrane (Figure
3B). The diffusion time constantsee of 42 us for free
diffusing Mu-Alexa in solution was measured in independent
experiments and was kept constant in all fitting procedures.
Incubation of the cells with pure Alexa 532 carboxylic acid,
succinimidyl ester did not show any binding of the dye to
the cell membrane. Diffusion coefficients were calculated

Sfrom the diffusion time constants using eq 2 (Table D)ee

= 233+ 20 um?s (n = 66) for free diffusing Mu-Alexa,
Dbound1= 2.8 + 0.9 um?/s (n = 64), andDyoundz= 0.14 +
0.05um?s (n = 56) for different states of mobility of the
receptor-ligand complex. Saturation of Mu-Alexa binding
was observed at a concentration of approximately 50 nM.
The dissociation constaidy [3.4 + 0.5 nM (h = 5)] and
the maximum number of binding Sit8&.x[18.4+ 0.4 nM
(n = 5)] were obtained from a plot of the bound ligand versus
the total amount of the ligand by nonlinear curve fitting
(Figure 4). The maximum concentration of bound ligand
(Bmay is the same as the maximum number of binding sites
in the sample and corresponds to receptor density in the cell
membrane. For an average observed membrane area of
0.122un7?, a receptor density in hippocampal neuronsof
16.3+ 2.7 receptorg/m? (n = 7) was found.

Following incubation of 7.5 nM Mu-Alexa, 5.78 nM (77%)
of the ligand was bound to hippocampal neurons. While 79%
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Ficure 3: Fluorescence time course and corresponding autocorrelation functions for autofluorescence of the cell membrane (A) and in the
presence of 7.5 nM Mu-Alexa (B). The autocorrelation functions were fitted by a diffusional model (eq 4). (A) Autofluorescence:
35.6 ms andN = 40.58. (B) Mu-Alexa (7.5 nM):t; = 42 us (19%),7, = 2.9 ms (66%)7z3 = 39 ms (15%), andN = 1.27.

Table 1: Binding Characteristics of Mu-Alexa

Mu-Alexa or GABAx diffusion time diffusion binding to the occurrence of lateral mobility of
receptor-Mu-Alexa complex  constant (ms) coefficient um?/s)  GABAa receptor (%) GABAA receptor-Mu-Alexa complexes (%)
free 0.042 233t 20 23 -
free lateral mobility 3.98 2.80.9 77 79
hindered lateral mobility 74.0 0.1 0.05 21

of the bound ligand showed a rapid mobility, represented :
by Dpounas 21% were slow diffusing receptetigand com- 20
plexes, represented Wyoundz

Levels of nonspecific binding of approximately 11 and
13%, respectively, were determined by displacement experi- l
ments using a 1000-fold excess of muscimol hydrobromide £ 45 |
and a 10000-fold excess of bicuculline methiodide. The &
diffusion time constants of nonspecifically bound Mu-Alexas & 8]
were 4.25 and 3.40 ms, respectively. <

A time-dependent displacement experiment using musci- 2, | |
mol hydrobromide led to a recepteligand dissociation rate
constantkyss of (5.37 £ 0.95) x 1072 s (n = 4) (Figure

, . S o—————

5). A delay time of 40 min was observeq. By_d|y|d|ng the 0 20 40 0 20 100

rate constant of receptetigand complex dissociatiorkdsd

by the dissociation constang), we calculated a rate [Mu-Alexa], (nM)

constant of receptetligand complex associatiorksy of FIGURE 4: Mu-Alexa binding to hippocampal neurons. Averaged

(1.57+ 0.28) x 10° L mol~t s (n = 4). The count rate  bound Mu-Alexa concentration vs the total Mu-Alexa concentration

did not decrease during the measurements, thus verifyingand fitted line according to eq 5. The bound Mu-Alexa fraction
that photobleaching did not influence the displacement was determined from the autocorrelation function for different Mu-
experiment Alexa concentrationsn(= 5).

To confirm the allosteric increase in the level of GABA  for the binding of Mu-Alexa to hippocampal neurons was
receptor binding mediated by benzodiazepines, the behaviorstudied by co-incubating the cells with varying concentrations



GABAA Receptor Binding Studies on Living Cells Biochemistry, Vol. 42, No. 6, 2003671

] 532 fulfills the physical and chemical criteria, we used this
120 dye to lable muscimol, a specific GABAagonist 20). When
100;‘ using 7.5 nM Mu-Alexa, the signal-to-background ratio was
™ e, 25 and, therefore, the background fluorescence did not
S 80 significantly influence the FCS measurements.
B ] A bodipy TMR-X-labeled muscimol derivative (Mu-Bo-
g‘g 60 - dipy) has previously been used to localize GAB#&ceptors
g . in the salamander retin21). The detection of Mu-Bodipy
5 40 binding on eyecup preparations was evaluated with single-
= 1 frame images. In our receptor binding studies, we did not
20+ use Mu-Bodipy because of the high rate of nonspecific bind-
0' ing of the lipophilic dye moiety to cell membranes. Our re-

0 20 40 60 80 100 120 140 sults demonstrate specific binding of Mu-Alexa to the GA-

BA receptors of hippocampal neurons. The evaluation of a
saturation experiment by nonlinear curve fitting yielded a
Ficure 5: Time-dependent displacement of 7.5 nM Mu-Alexa from  dissociation constarp of 3.4 + 0.5 nM (0 = 5) and a

hippocampal neurons by XM muscimol hydrobromide. The line ; PR ;
reflects a monoexponential fit through the experimental data ( maximum number of binding siteBnay of 18.4+ 0.4 nM.

time (min)

4). Similar results were obtained in binding experiments with
[H]muscimol and crude synaptic membranes of rat brain
80 T by RRAs. Dissociation constant&y) in the range of 1.75
2 I 5.1 nM were found forJH]muscimol @, 3, 22). Bernasconi
< 70+ et al. @3) investigated the binding oftH]muscimol to crude
E 60 synaptic membranes of mouse brain after treatment with Tri-
= ! ton X-100, and they found a dissociation consténbf 1.88
5 504 nM (23).
E 40 In FCS experiments using a 1000-fold excess of muscimol
§ . hydrobromide, a amount of nonspecific binding of 11% was
g 301 found for Mu-Alexa, which is similar to the amount of
E 20 I nonspecific binding observed fotH]muscimol when mea-
2 = sured with an RRA (17%) 3). It is well-known that
S 107 —I—‘ muscimol binds to both GABA and GABA: receptors,
0 , ; I_I_ which are mainly found in the retin&4, 25), but also in
hippocampal region2¢). For this reason, we performed a
Dl'rce Dbnumll Dbnun(lz

displacement experiment using the specific GABstago-
Eguur?)isﬁiogﬁﬁégcgeg'?%ge %:}?&23} St'\ljltlijieASIeg Ee;prigfeargpal nist bicuculline methiodide to calculate the level of Mu-Alexa
mobility (Dyoundp), @and hindered mobility%Qbound;) of thg I’e’C€pt01L b!ndlng. to GAB.Aclreceptors 20). After treatl_”r!ent with
ligand complex (white bars) in the presence of 7.5 nM Mu-Alexa Picuculline methiodide, the amount of nonspecific Mu-Alexa
and (gray bars) in the presence of 7.5 nM Mu-Alexa and 7.5 nM binding was in the same order of magnitude as found by the
midazolam. displacement with muscimol hydrobromide. Although we

i ) . . . cannot exclude the possibility of minor binding activity of
of midazolam. The maximal positive cooperative activity of \;,-Alexa to GABA. receptors, one can assume that GABA
midazolam was observed at a concentration of 7.5 nM and receptor binding studies on hippocampal neurons were not
a corresponding Mu-Alexa binding capacity ©1.18% { significantly influenced by interactions between Mu-Alexa
< 0.01, two-tailed: test). A detailed data evaluation of the 414 the other binding site. A time-dependent displacement
modulated Mu-Alexa binding properties revealed a selective of \y-Alexa, achieved by using an excessive amount of

increase in the number of receptdigand complexes with  3,scimol hydrobromide, revealed a receptigand dis-
hindered mobility (from 4 to 16%), whereas the free lateral gqciation rate constarksss of (5.37 + 0.95) x 102 s,
mobility of the receptorligand complex (from 74 to 76%)  Remarkably, the displacement was observed with a delay
was negligibly influenced by midazolam (Figure 6). time period of 40 min, which can be explained by the
hindered dissociation of the bound ligand from the receptor
DISCUSSION caused, for example, by clustering and internalization of the
We have established a homogeneous GABAceptor receptor-ligand complex 14, 27). Delay time periods of
assay for hippocampal neurons based on FCS using theapproximately 25 and 10 min were also found in displace-
fluorescently labeled ligand Mu-Alexa. To measure fluores- ment experiments with the EGF receptor and benzodiazepine
cence intensities at the molecular level, an important receptor 28, 29). The rate constant of complex association
parameter is the signal-to-background ratio, especially for (ka9 was calculated with thkys/Kp ratio to be (1.5A 0.28)
experiments with living cells. Background noise may result x 10’ L mol~! s™1. Binding studies on crude synaptic
from scattered laser light, Raman scattering, and spuriusmembranes of the rat brain revealed both the rate constants
fluorescence from the solvent, the optics, and cellular (kass= 1.10x 10° L mol~t st andkgiss= 1.78 x 1073 s7Y)
components. FCS binding studies with living cells require a for [*H]muscimol @2).
water soluble, fluorescently labeled ligand with a high  The interactions of Mu-Alexa with hippocampal neurons
quantum yield and a high photostability. Because Alexa Fluor can be characterized by three different diffusion coefficients.
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Because of the monoexponential curve fitting of the time- REFERENCES

dependent displacement experiment, only one dissociation
constant was observed for one distinct GABBinding site.
Besides the free diffusing ligan®fee = 233 4= 20 um?/s)

in the extracellular solution, two diffusion coefficients
(Dpound1= 2.8+ 0.91um?/s andDyoundz= 0.14+ 0.05um?/

s) were found for different states of receptdigand
complexes localized in the cell membrarm®,ounqg: can be
assigned to the free lateral mobility of the receptiigand
complex, because similar diffusion coefficients for the
movement of transmembrane proteins within the cell mem-
brane have been previously reported by oth&rsl(, 30).
DuoungzCan be assigned to several recepliand complexes,
which may exist in different states of mobility, e.g., in a
hindered state of mobility. This may be caused by an
association with cytoskeleton proteins possessing diffusion
coefficients between 0.19 and 441072 um?/s (11, 12), a
clustered localization in clathrin-coated pits3( 14, 27),
internalization via clathrin-dependent endocytos$)( or

an association with lipid rafts with B of 1 um?s (9, 10),

as well as with a reduced mobility inside the lipid rafts
(maximumD < 5 x 1072 um?s) (9). “Immobile fractions”

for proteins in cell membrans, often detected during FRAP  13.
experiments, cannot be detected by FCS, and therefore, we
cannot exclude the presence of an immobile receptor moiety. 14-

The allosteric modulation of the Mu-Alexa binding proper-
ties by the benzodiazepine agonist, midazolam, is shown to 15
verify the binding behavior of Mu-Alexa, which was obvi-
ously not influenced significantly by the bulky dye. Mida-
zolam was used in the FCS experiments because of its high
water solubility and a low intrinsic fluorescence in compar-
ison to those of other benzodiazepines. In the presence of 18
7.5 nM midazolam, the amount of Mu-Alexa binding increas-
ed by~118.4%, which is in accordance with the results pro-
vided by RRA studies investigating benzodiazepine-modu- 20.
lated binding of GABA receptor radioligands. Using brain 21
homogenates, 44 and 30% enhancements ofHIGRABA
binding mediated by diazepam and quazepam were observed?22-
(32, 33). Bristow and Martin 84) showed an increase of 23
~20% in the amount offH]JGABA binding to rat brain by
co-incubation with 1M flunitrazepam 84). Remarkably,
midazolam selectively increases the number of receptor
ligand complexes with hindered mobility. It may be assumed
that one of these complexes is part of the chloride channel,
which shows an increased influx of chloride ions mediated
by midazolam.

In this study, we demonstrate the potential of the FCS
technique as a highly sensitive and noninvasive method for
investigating receptetligand binding properties on living
cells. In addition, this technique is suitable for measuring
the lateral mobility of cellular components, e.g., receptors.
The simultaneous discrimination of different states of mobil-
ity of the receptorligand complex in the cell membrane,
as provided by FCS, creates a new approach to comparing 31.
the mobility of such receptetligand complexes with sub-
cellular mechanisms of receptor regulation and signaling.
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