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Visualization of Lipid-Receptor Interactions on Single Cells 
by Time-Resolved Imaging Fluorescence Microscopy 

T. W.  J. Gadel la ,  Jr.,  ~,3 D. J. Arndt -Jov in ,  ~ and T. M.  Jov in  I 

Received October 18, 1993 

The physical interaction between plasma-membrane lipids and the epidermal growth factor (EGF)- 
receptor was investigated on single A431 human epidermoid carcinoma cells by monitoring fluo- 
rescence resonance energy transfer (FRET) between exogeneously added fluorescein-EGF (donor) 
and 2-(4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-diaza-s-indacene-3-pentanoyl)- 1-hexadecanoybsn- 
glycero-3-phosphocholine ('Bodipy-PC, aceeptor) using donor-photobleaching FRET-microscopy. 
The measured mean FRET-efficiency of 13% is indicative of such a physical interaction and 
exemplifies the great potential and sensitivity of time-resolved imaging fluorescence microscopy 
techniques for the study of lipid-receptor interactions on single ceUs. 
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INTRODUCTION 

Digital imaging optical microscopy offers a vehicle 
for adapting the classical "cuvette" methods of spectro- 
scopic analysis to the needs of the cell biologist. We 
have undertaken the systematic implementation of spec- 
tral and temporal resolution in the light emission micro- 
scope [1-8] and are currently able to image living and 
fixed cells and subcellular structures on the basis of the 
following photophysical modalities: phosphorescence 
and delayed fluorescence using a CCD camera-based 
system and synchronized mechanical excitation and 
emission choppers [1]; fluorescence resonance energy 
transfer (FRET) by the usual donor-aceeptor emission 
combinations and by a new technique, donor photo- 
bleaching kinetics (pb-FRET-mieroscopy) [2-6]; pho- 
tobleaehing kinetics of intrinsic and extrinsic probes [2- 
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6]; and fluorescence lifetimes, one of the most recent 
developments [7,8]. 

Numerous chemical and biochemical processes tak- 
ing place in living cells are reflected in changes per- 
ceived by time-resolved processes. The determinations 
of rates and lifetimes are unique in that they provide 
quantitative measures that are transferable from one sys- 
tem to another, unlike signals and parameters based on 
absolute or even relative light intensities. 

These microscope techniques can be readily applied 
to the study of lipid distribution and metabolism in cells 
[9]. Our most recent efforts in this area have been based 
on pb-FRET and fluorescence lifetime-imaging micros- 
copy (FLINI) [8]. FLIM has proven to be very useful for 
obtaining images of lipid distributions on boar spermat- 
ozoa corrected for dynamic quenching [8]. In this report 
we focus on the use of pb-FRET-microseopy for moni- 
toting the interaction between the epidermal growth fac- 
tor (EGF) receptor and plasma membrane phospholipids 
on single A431 human epidermoid carcinoma cells. Re- 
ceptor-lipid interactions are of great interest in view of 
their possible intervention in signal transduction. Most 
studies in this area have been based on partially purified 
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reconstituted systems. Here we demonstrate that by im- 
plementation of  photophysical techniques in the micro- 
scope these interactions can be visualized on single cells 
as well. 

RESULTS AND DISCUSSION 

The interaction of  lipids with the EGF receptor was 
assessed by FRET using EGF labeled with fluorescein 
isothiocyanate (F1-EGF) as the donor and phospholipid 
phosphatidylcholine (PC) labeled with a Bodipy moiety 
in the sn-2 acyt chain (Bodipy-PC) as the accepter. The 
F1-EGF was bound to the receptor on A431 cells and 
the Bodipy-PC was incorporated into the plasma mem- 
brane by simultaneous incubation with ethanol-injected 
Bodipy-PC vesicles. In the pb-FRET technique, use is 
made of  the fact that the photobleaching time constant 
(%0 is inversely correlated with the lifetime of  the ex- 
cited state ('r) of  a fluorophore [3]. Since FRET shortens 
the "r o f  the donor, measuring the %1 of  the donor in the 
absence and presence of  the accepter provides a means 
for determining FRET. The results of  a pb-FRET ex- 
periment using the above donor-accepter pair on ,4.431- 
cells are given in Fig. 1. The two separate photobleach 
experiments, with F1-EGF alone or in the presence of  
Bodipy-PC, are merged together in the top and bottom 
parts, respectively, of  all the subimages shown. The 
composite image shows the original bleach data (row I); 
the thresholded original data (row 2); the calculated data 
based on a singie-exponential pixel-by-pixel fit (row 3); 
the difference between calculated and observed data 
(row 4); and in row 5 the images of  the bleachable and 
nonbleachable part of  the initial fluorescence image 
(Ampl and Const), the %1 image (Tau), its relative stan- 
dard error [Tau (s.e.)], the temporal histogram of  Tan, 
and a two-dimensional histogram with the correlation 
between Tan and Ampl. The Tan subimage clearly 
shows that the ~'b~ of  FI-EGF is increased upon the ad- 
dition of  Bodipy-PC. The change in photobleaching ki- 
netics is also apparent from the temporal and 

two-dimensional %, histograms. The increase in %, is 
indicative of  FRET from fluorescein to Bodipy and is 
correlated to the transfer efficiency E by the relation E 
= 1 - %/'r'b, , where %1 and x'b~ are the photobleaching 
time constants o f  the donor (fluorescein) in the absence 
and presence of  the accepter (Bodipy) [2-6]. From this 
relationship, an average E = 13% was determined for 
the experiment in Fig. 1. Together with the Re for the 
fluorescein-Bodipy pair of  5.5 nm, this implies an av- 
erage distance between FI-EGF and Bodipy-PC of  ~ 7-  
8 nm, assuming a l : l  complex. This study reveals a 
direct physical interaction between plasma membrane 
phospholipids (PC) and the EGF receptor on single cells 
and exemplifies the great potential use of  time-resolved 
fluorescence microscope techniques. The latter have also 
been applied to the study of  ligand (EGF)-induced re- 
ceptor aggregation, an essential step in the signal trans- 
duction pathway. 
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