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1. Introduction 

The lateral mobility of membrane receptors and 

their clustering upon binding of ligands play an essen- 
tial role in the process of transmembrane signaling in 
various biological systems [l-7]. 

Physicochemical techniques were developed for 

the quantitative study of membrane receptor lateral 
movements at the molecular level. Fluorescence 

photobleaching recovery [8,9] allows the calculation. 
of diffusion coefficients and of the fraction of immo- 
bilized receptors. Fluorescence resonance energy 
transfer (RET) was applied for evaluating the prox- 
imity of lectin receptors on cell surface [lO,ll]. Both 
techniques focused on single cells and their results 
were correlated with the qualitative observations of 
fluorescence microscopy. 

We reported the use of RET for a large number of 
cells as a statistical approach for the study of the 
redistribution of lentil lectin membrane receptors 
[12]. Using this approach, the kinetics of the redis- 
tribution of lentil lectin receptors on HeLa cells are 
presented here. At 20°C and 37”C, redistribution 
equilibria are rapidly reached and do not correspond 

to receptor patching observed by fluorescence micros- 
copy. At lower temperatures, different equilibria are 
reached more slowly. The receptor-receptor interac- 
tion is initially reversible but becomes irreversible 
when redistribution is allowed to proceed over longer 
incubation periods. 

2. Materials and methods 

Hel_a cells were grown in modified Eagle’s medium 
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supplemented with calf serum 5% in spinner bottles 
[ 131. Cells were pre-washed 4 times with phosphate- 
buffered saline-bovine serum albumin 0.1% (PBS- 

BSA). 
Fluorescein isothiocyanate (FITC) and rhodamin 

fl-isothiocyanate (RITC) were purchased from British 
Drug Houses. Lentil lectin (LL), FITC-LL and 
RITC-LL were prepared as in [ 141. The dye/protein 
ratio was calculated as 1.32 for FITC-LL and as 
1.37 for RITC-LL from absorbance measurements. 
Stock solutions of LL, FITC-LL and RITC-LL were 
divided in aliquots, thawed once and centrifuged before 
use. Binding assays and inhibition studies were per- 
formed by quantitative fluorometry as in [ 141. 

For fluorescence resonance energy transfer (RET) 
studies, 5 X lo5 cells were added to a series of 
Eppendorf tubes in which a mixture of LL or 
RITC-LL and FITC-LL 9 : 1 was made in 0.5 ml 
final vol. PBSA-BSA; the total lectin cont. was 
10T6 M. After incubation for various times and at dif- 
ferent temperatures (0, lo,20 and 37°C) with con- 
stant shaking, cells were fixed with lY0 paraformal- 
dehyde in PBS, centrifuged for 15 s in an Eppendorf 
table centrifuge, washed once with PBS-BSA and 
resuspended in 1 ml PBS before spectroscopic mea- 
surements. 

In some experiments, cells were pretreated with 
10 mM methylamine for 40 min at 37°C or prefixed 
with 1% paraformaldehyde before LL binding. The 
reversibility of the energy transfer process was studied 
in the following way: cells were incubated with the 
lectin mixtures for various times at 37°C as above, 

spun down, resuspended in 0.5 ml cold PBS-BSA 
and further incubated at O”C, before fixation. 
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The turbidity of the cell suspensions was mea- 
sured at 480 run in a Zeiss DM4 spectrophotometer. 
Fluorescence spectra were recorded on a Jobin-Yvon 
JY3D spectrofluorometer. The excitation wavelength 
was 480 nm and scanning was performed from 
500-600 nm. Slits were 10 nm for lamp and photo- 
multiplier and 4 nm for excitation and emission. 

Fluorescence microscopic observations were per- 
formed on a Zeiss Universal model microscope. 

3. Results 

Fluorescence values were corrected for light scat- 
tering due to the presence of cells (525% of the 
signal) and for the variation in no. cells/sample. As 
both light scattering and turbidity varied in a linear 
relationship with the number of cells in the used con- 
ditions (5 X 10’ cells, Ads0 = 0.20 f 0.02) the cor- 
rected fluorescence value, F,,,, in arbitrary units, 
was calculated as: 

F corr = 
F Fo obs 

[ 1 ---- 

‘4 A0 obs 

WereFobs andAob, are, respectively, the fluorescence 
and absorbance measured for a given sample and F, 
and A, the fluorescence and the absorbance measured 
for a blank (cells incubated without lectin). 

The binding of LL to HeLa cells was essayed by 
quantitative fluorometry [14]. The specific binding 
was saturable and revealed 8 X lo7 sites/cell with 

K, 10’ M-r, with no significant change for different 
temperatures. Equilibrium was reached after -3 min 
incubation and non-specific binding was <IO% of 
the specific binding. Lectin binding was calculated 
to be essentially monovalent [ 141. Unconjugated and 
conjugated lectin preparations had the same binding 
characteristics, as measured by inhibition of FITC- 
LL binding. 

RET could be followed by quenching of the donor 
(FITC-LL) fluorescence and sensitization of the 
receptor (RITC-LL) fluorescence. As the former gave 
a higher and thus more reliable signal, we chose to 
express the value of RET as % quenching of the 
donor fluorescence at 520 nm (Q) with: 

_I01 P 
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Fig.1. Evolution of the donor fluorescence quenching Q (see 

text) in function of the incubation time at different tempera- 
tures. (o) 0°C; (e) 10°C; (v) 20°C; (I) 37°C; (b) prefixed cells 

at 37°C. 

where Fcorr (RITC-LL) is the corrected fluorescence 
value of the sample with the mixture of RITC-LL 

and FITC-LLand F,,,, (LL) the value for the sample 
with LL and FITC-LL in the same incubation condi- 

tions. 
In fig.1, the evolution of Q is plotted in function 

of the incubation time at different temperatures. At 

20°C and 37°C plateaus of 38.3 + 1 .l% and 
46.5 + 1.9%, respectively, were reached even at 30 s 
incubation. At 0°C and lO”C, lower plateaus of 
26.9 t 1.2% and 33.0 * 1.4% were reached more 
slowly, after -8 min incubation. No significant RET 
was observed for prefixed cells although the amount 
of bound lectin was the same as for non-fixed cells. 

At the total LL concentration used (10e6 M), 91% 
of the binding sites are occupied, but even at 
3 X 10e8 M LL when 17% of the sites are occupied, 
the values for Q remained identical; this observation 
rules out the possibility that the lower Q values at 0°C 
and 10°C for short incubation periods are due to a 
lower receptor occupancy. 

Fluorescence microscopy revealed patching of LL 
membrane receptors at 20°C and 37°C for incubations 
of k8 min. With shorter incubation periods, at lower 
temperatures, or with prefixed cells, a diffuse staining 
of the cell membranes was observed. Patching was 
totally inhibited when cells were pretreated with 
10 mM methylamine but the binding of LL and the 
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Fig.2. Time evolution of the donor fluorescence quenching 
Q (see text) at 0°C after preincubation at 37°C for different 
time periods ((0) 0.5 min; (0) 1 min; (P) 2 min; (w) 4 min; 
(A) 8 min; (A) 16 min preincubation). Results are the mean 
of at least 3 independent expt. 

value of Q remained unchanged in comparison with 
untreated cells. 

The reversibility of the RET process was assayed 
by LL binding to cells at 37°C for various incubation 
times and further incubation at 0°C. Results are 
shown in fig.2. After 28 min incubation at 37”C, the 
value of Q did not change significantly. For shorter 
incubation periods, a progressive decrease to the 
equilibrium value of Q at 0°C was observed; the rate 
of decrease was inversely correlated with incubation 
time at 37°C. 

4. Discussion 

Visible aggregation of cell membrane receptors 

in patches and caps upon binding of specific ligands 
has been correlated with the triggering of biological 
activity [3,4]. There is, however, an increasing body 
of evidence [5-7,151, that microclustering, the initial 
aggregation of a few receptor molecules, is of major 
importance in transmembrane signaling. This putative 
microclustering of receptors was postulated to be a 
fast and reversible process [ 161. 

RET provides an ideal biophysical tool for probing 
the early events of membrane receptor redistribution. 
Changes in RET correspond to variations of the relative 
distances separating donor and acceptor molecules 

and it has to be emphasized that these are O-100 A. 
RET has thus been widely used as ‘spectroscopic ruler’ 
for intra- and intermolecular distances (reviewed [ 171) 
and was recently applied to measure the proximity 
of con A receptors on single cells [lO,ll]. Here, the 
dynamics of cell surface redistribution of LL receptors 
was approached by the study of the temporal varia- 
tion of RET between FITC-LLand RITC-LL bound 
on a large number of HeLa cells. 

No significant RET occured when cells were pre- 
fixed, confirming the absence of receptor mobility 
in this conditions. This observation also indicates that 

the average separation between LL receptors on HeLa 
cells is larger than the distance allowing RET. 

At 20°C and 37°C plateaus of RET are reached 
rapidly (<30 s incubation). At lower temperatures, 
different equilibria were reached more slowly. The 
redistribution evidenced by RET is clearly not what 
was observed by fluorescence microscopy as visible 
patching only appeared at 20°C and 37’C, after 
28 min incubation. This point was further confirmed 
by the study of methylamine-treated cells. Methyl- 
amine was shown to inhibit clustering of epidermal 
growth factor [ 151 and enkephalin membrane recep- 

tors [ 181 and also inhibited the patching of LL recep- 
tors on HeLa cells; RET values remained however 
identical to those of untreated cells. 

The redistribution equilibrium at 37°C is initially 
reversible. The rate of ‘dissociation’ was inversely 
related to the time lapse during which receptors were 
allowed to redistribute at 37°C. It is interesting to 
note that irreversibility is reached concomitantly with 
the formation of visible patches. 

We propose that our results indicate the existence 
of reversible microclustering of LL membrane recep- 
tors on HeLa cells. The kinetics of this process are 
fast and temperature-dependent. The microclustering 
does not necessitate bivalent linking of the receptors 
as LL binding was calculated to be essentially mono- 
valent. The different RET equilibria obtained suggest 
a difference in size and/or in no. receptors of the 
microclusters as a function of temperature. At 37°C 
the redistribution process becomes irreversible as 
microclusters further aggregate resulting in visible 

patches. 
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