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Summary 

The intracellular distribution of several hydrophobic fluorescent probes 
(1,6-diphenyl-l,3,5-hexatriene (DPH), perylene, and 2-p-toluidinyl-6-naphtha- 
lene sulfonate (TNS)) in mouse lymphocytes and a fibroblast cell line was 
examined using radiolabeled fluorescent probes and the technique of high 
resolution EM autoradiography. Following a short term incubation, DPH and 
perylene were found largely internalized in cells, while TNS was localized 
predominantly at the cell surface. These findings suggest that fluorescence 
polarization studies using such probes with intact cells do not necessarily 
monitor only the cell surface membrane and must be interpreted with cau- 
tion. 

The use of small lipophilic fluorescent molecules for probing the physi- 
cal state of lipid membranes has been a subject of recent intensive investiga- 
tion by membranologists. Such probes partition to varying degrees into the 
hydrophobic phase of the lipid bilayer and can be used to detect, by fluores- 
cence, subtle changes in the molecular dynamics and physical state of the 
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lipid molecules in the vicinity of  the probe.  This approach has been par- 
ticularly fruitful using model  lipid dispersions or l iposome systems [1--8] .  
Recently these probes have also been used with intact cells, including 
erythrocytes ,  cultured fibroblasts, lymphocytes ,  and plant cells [7, 9--16] .  
It is frequently assumed in such studies that  the fluorescent molecules do 
not  penetrate the intact cell, but  are localized at the cell surface, and thus 
report  on the " f lu id i ty"  or "microviscosi ty" of  the plasma membrane lipid 
bilayer. Since a partitioning of such probes into internal compartments  of  
the cell would greatly complicate the interpretation of these fluorescence 
measurements, it is essential that  this assumption be rigorously tested. In 
the present s tudy we examine the location of  several lipophilic fluorescent 
probes in whole cells using EM autoradiographic methods.  

1,6-Diphenyl-l ,3,5-hexatriene (DPH), perylene, and 2-p-toluidinyl- 
6-naphthalene sulfonate (TNS) were obtained from commercial sources, 
and radiolabeled by exposure to pure tritium gas in an ionizing electric 
field [17] .  The tritiated samples were purified by crystallization (4 times) 
from the appropriate organic solvents and had specific activities of  approx- 
imately 50 #Ci/mg (DPH), 600 ~Ci/mg (perylene) and 100 uCi/mg (TNS). 
Fluorescence spectra of the radiolabeled and unlabeled probe species were 
indistinguishable. Mouse thymocytes  were prepared using 4--8-week-old 
CBA male mice (Jackson Laboratory,  Bar Harbor, Maine) as described 
[18] ; about  1% of the cells in the isolated thymocy te  populat ion were 
erythrocytes.  The latter were also analyzed and served as an internal control 
(see below). Chinese hamster V79 fibroblasts were maintained in culture 
[19,20] and dissociated into single cell suspensions using a Ca2+and Mg 2+ 
free saline containing 1 mM EDTA. One volume of cell suspension (0 .5 .107-  
2.107 cells/ml balanced salt solution) was added to one volume of a 2 .10  -6 
M solution of 3H-labeled fluorescent probe in 0.15 M KCI, and the mixture 
incubated at 25°C for 30 min. These incubation conditions did not  impair 
the viability of the treated cells as assessed by trypan blue staining. The 
labeled cells were then washed twice in a balanced salt solution, fixed in 
glutaraldehyde, postf ixed in OsO4, and processed for EM autoradiography 
using Ilford L-4 emulsion as previously described [20,21] .  In separate grids 
containing no sectioned material, background grains were random and less 
than 5 grains per grid square (200 mesh). 

Fig. l a  shows a typical autoradiogram obtained for mouse thymocytes  
treated with [3HI DPH. A large fraction of the silver grains appear to be 
localized in both  cytoplasmic and nuclear regions of the cell. A similar 
grain distribution was seen using [3H] perylene. In contrast, t hymocy tes  
treated with [3HI TNS (Fig. l b )  showed heavy labeling of the cell surface 
with relatively little internalized probe. These observations were quanti tated 
as follows. Micrographs of  thymocytes  treated with the radioactive fluores- 
cent probes were taken at 14 000 ×, and the outline of individual cells and 
location of grains traced on paper, as indicated in Fig. lc .  Each traced cell 
was then divided into two compartments  and the number  of silver grains in 
each compar tment  determined. A cell surface compar tment  was defined by 
a zone 0.3 pm wide and centered over the cell surface membrane contour.  
The remaining port ion of the cell defined the internal compartment .  Grain 
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Fig.  I .  E l e c t r o n  m i c r o s c o p e  a u t o r a d i o g r a m s  o f  m o u s e  t h y m o c y t e s  t r e a t e d  w i t h  (a) [3H]  D P H  a n d  
(b)  [3H]  TNS,  Bar  is 1 ~ m .  Q u a n t i t a t i v e  a n a l y s i s  o f  t h e  a u t o r a d i o g r a m s  was  m a d e  b y  trac ing  t h e  
o u t l i n e  o f  e a c h  cel l  a n d  div id ing  it i n t o  a cel l  s u r f a c e  a n d  i n t e r i o r  c o m p a r t m e n t  as s h o w n  in (c).  The  
p o s i t i o n  o f  s i lver  g r a i n s  (x ' s )  in e a c h  c o m p a r t m e n t  was  t h e n  s c o r e d  a n d  t h e  grain d e n s i t i e s  c a l c u l a t e d  
(see t e x t ) .  

densities were obtained by dividing the number of grains in each compart- 
ment  by the area of that  compartment.  The ratio of surface grain density 
to interior grain density was then calculated, and the average + S.E.M. cal- 
culated. The results of  such measurements are summarized in Table I. It is 
readily seen, both from the percentage of silver grains found in the surface 
compartment ,  as well as the ratio of surface to internal compar tment  grain 
densities, that  DPH and perylene are largely internalized in the treated 
cells, while TNS is confined mostly to the cell surface. 

Although our quantitative analysis of the intracellular distribution of 
fluorescent probes is limited to mouse thymocytes ,  qualitatively similar 
distributions were seen using Chinese hamster V79 fibroblasts. A typical 
EM autoradiogram of a V79 cell treated with [3H] DPH is shown in Fig. 2. 
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T A B L E  I 

D I S T R I B U T I O N  O F  A U T O R A D I O G R A P H I C  G R A I N S  O V E R  M O U S E  T H Y M O C Y T E S  T R E A T E D  
WITH 3 H - L A B E L E D  F L U O R E S C E N T  P R O B E S  

P r o b e  T o t a l  Gra in s  G r a i n s  in  ( S u r f a c e  Gra i  n D e n s i t y ) /  
C o u n t e d  S u r f a c e  C o m p a r t m e n t  ( Inter ior  Grain D e n s i t y )  

(%) ± S.E.M.  

[ 3 H ] T N S  3 0 2  69  1 1 . 4  ± 1 .3  
[3H]  D P H  9 9 0  16  2 .0  +- 0 .3  
[3H]  P e r y l e n e  9 1 8  27 2 .4  ± 0 .1  

Fig.  2,  E l e c t r o n  m i c r o s c o p e  a u t o r a d i o g r a m  of  a Chinese  h a m s t e r  V 7 9  f ibroblast  i n c u b a t e d  w i t h  
[SH] D P H .  Bar  is 5 Din. 

As for thymocytes ,  most  of the radiolabeled probe was found internalized 
in the cell. 

Analysis of autoradiograms obtained for mouse erythrocytes treated 
with trit ium labeled DPH, perylene, or TNS demonstrated that  the radio- 
active probes were symmetrically distributed about the red cell membrane, 
with approximately 50% of the silver grains found within about  +- 0.15 ~m 
of the membrane surface (Fig. 3). This distribution demonstrates that,  
within the resolution of the EM autoradiographic technique (~ 0.15 ~m; 
ref. 22), the radiolabeled fluorescent probes are localized in the erythrocyte 
surface membrane. Furthermore,  these data argue against a significant non- 
random redistribution of the probes during fixation and embedding for 
EM, since this would likely result in a skewed distribution of silver grains, 
as well as a high background outside the cell. 

Our autoradiographic findings show that  the more hydrophobic pro- 
bes, DPH and perylene, when incubated with intact lymphocytes  or fibro- 
blasts, partit ion not  only into the cell surface membrane but  also into 
cytoplasmic and nuclear regions of the cell. Presumably this partitioning 
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Fig. 3. Dis tr ibut ion  o f  s i lver grains in autoradiograrns o f  m o u s e  e r y t h r o c y t e s  treated  with [3HI DPH, 
N u m b e r  o f  s i lver grains is p l o t t e d  vs. the ir  d i s tance  f r o m  the  p lasma m e m b r a n e  (+, outs ide ;  - - ,  ins ide) .  
Quant i ta t ive ly  s imilar d i s tr ibut ions  w e r e  o b t a i n e d  using [3HI TNS and [ 3 HI pery lene .  

represents a rapid equilibration of the probes between the cell surface and 
hydrophobic elements within the cell, e.g. intracellular membranes. Such 
an equilibration is readily observed with DPH when two populations of  
artificial membranes are mixed with one another [6 ] .  In contrast, TNS was 
found to be localized predominantly at the cell surface. This finding is con- 
sistent with the studies of  model  lipid dispersions using TNS, which suggest 
that this probe resides at the interface between the lipid polar head groups 
and the aqueous phase [23 ] .  Our findings raise serious questions about the 
validity of  using probes such as DPH with intact cells to estimate the 
"microviscosity" or "fluidity" of  the cell surface membrane. Since large 
quantities of  the fluorescent probe are internalized by treated cells, it seems 
quite likely that fluorescence polarization measurements represent some 
complicated average of  fluorescence signals from various regions of  the cell 
rather than from the cell surface alone. Thus, a rigorous interpretation of  
such data must  await a determination of  the relative amounts  (and degrees 
of  quenching) of  a given probe in each of these regions. 
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