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Abstract. Three characteristics have been demon- 
strated by the chemical analysis of bovine brain 
coated vesicles following removal of the coat pro- 
teins: a high protein content, a high cholesterol/lipid 
ratio and a high percentage of phosphatidylethanol- 
amine amongst the phospholipids. 

The study of lipid bilayer organization and 
dynamics has been performed using the fluorescent 
probes pyrene and parinaric acid (cis and trans).  This 
has allowed the study of both lateral mobility and 
rotational motion in the lipid bilayer of the coated 
and uncoated vesicles. 

Lateral mobility in the fluid phase of the lipid is 
slightly reduced by the presence of the clathrin coat, 
as indicated by the lower diffusion coefficient of 
pyrene in coated compared with uncoated vesicles. 

At all temperatures from 6 ° to 30 ° C, solid-phase 
domains, probed by trans parinaric acid, coexist with 
fluid-phase domains in the lipid bilayer. The tem- 
perature dependence of the parinaric acid lifetimes 
and of their amplitudes strongly suggests that the 
solid phase domains decrease in size with tempera- 
ture, both in coated and uncoated vesicles. 

However, the difference in the value of the 
anisotropy at long times (r~), between coated and 
uncoated vesicles (a difference which is more pro- 
nounced for cis than for trans parinaric acid), 
indicates that the presence of the clathrin coat 
introduces disorder in the surrounding lipids, thus 
suggesting a possible role of the clathrin in the 
formation of the pits on the plasma membrane. 

* To whom offprint requests should be sent 
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CVs coated vesicles; UVs uncoated vesicles; TLC thin layer 
chromatography; DMSO dimethylsulfoxide; DPPC dipalmitoyl- 
phosphatidylcholine; cis Pna cis parinaric acid; ct (9,11,13,15- 
cis-trans-trans-cis) octadecatetraenoic acid; Trans Pna Trans 
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Introduction 

Coated vesicles are distinct organelles occurring in all 
eukaryotic cells whose function is the transfer of 
metabolites (or even membranes) either across or 
between cellular membranes (Pearse and Bretscher 
1981; Roth and Woods 1982). Their formation is part 
of the normal cellular processes of endocytosis 
(Goldstein et al. 1979), exocytosis (Rothman et al. 
1980) and membrane recycling (Heuser and Reese 
1973). They are readily obtainable in their native 
form, and represent a good model for the study of 
biological membrane structure and dynamics. 
Recently developed procedures for their preparation 
(Nandi et al. 1982; Pearse 1982; Dickson et al. 1983) 
allow the isolation of homogeneous preparations of 
coated vesicles (Nossal et al. 1983). This is in 
contrast with the preparation of other biological 
membranes, e.g., plasma membranes, endoplasmic 
reticulum, mitochondria, which involve the disrup- 
tion of cellular membranes by homogenization, 
sonication or other procedures in order to release the 
desired particulate (vesicular) membrane. The 
absence of contamination by other types of mem- 
brane is often questionable and, in addition, the 
reformed vesicles obtained from the native mem- 
brane represent only fragments of the original 
structure. 

The aim of the present work is to describe the 
organization and dynamics of the membrane of 
coated vesicles and to study the influence of the 
protein coat on the properties of the membrane. 
Indeed, the polymerization of clathrin in certain areas 
of the plasma membrane, where ligands bind to 
clustered receptors, appears to be one of the first 
steps in the formation of coated pits (Salisbury et al. 
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1980; Pearse and Bretscher 1981). A better under- 
standing of the interaction of the coat with the 
membrane lipids could shed light on the mechanism 
of pit formation, which involves a reorganization of 
the lipids, especially cholesterol (Montesano et al. 
1980), possibly changing the radius of curvature of 
the lipid bilayer. For this purpose fluorescent probes, 
which partition mainly in the lipids, have been used to 
study the dynamics of the membrane. 

Materials and methods 

Chemicals 

Pyrene was purchased from Aldrich. The fluores- 
cence emission spectrum of this product, recorded in 
DMSO, exhibits the characteristic fine structure in 
the pyrene monomer peak. Parinaric acid (cis and 
trans) was from Molecular Probes (Oregon). The 
molar extinction coefficients reported by Sklar et al. 
(1977a) were used to determine the concentration of 
the parinaric acid isomers. 

Preparation of  uncoated vesicles 

The methods for the preparation of coated vesicles 
(CVs) and for the dissociation of the coat proteins to 
obtain uncoated vesicles (UVs) have previously been 
described (Nandi et al. 1982). They are modifications 
of existing methods (Pearse 1975; Keen et al. 1979; 
Woodward and Roth 1978). The uncoated vesicles 
were free of clathrin as demonstrated by SDS gel 
electrophoresis and by the measurement of pro- 
tein/phospholipid molar ratio. 

Chemical analysis of uncoated vesicles 

Protein was determined by a modification of the 
Lowry procedure (Markwek et al. 1978). Phospho- 
lipid was determined by the measurement of phos- 
phorus concentration, using the method of Ames and 
Dubin (1960). A chloroform-methanol procedure 
was used for the extraction and partition of phos- 
pholipids; the different phospholipids were separated 
by TLC according to Hess and Talheimer (1965). 
Gangliosides were determined by fluorimetric titra- 
tion of the sialic acid (Hess and Rolde 1964), and 
cholesterol was determined by an enzymatic assay in 
the presence of Triton ×100 (Ott et al. 1982). 

Incorporation of the fluorescent labels 

To give a molar ratio of probe/lipid in the range 
0.01-0.08, 1-10 ~tl of 1 mM pyrene in DMSO was 
added to the vesicle suspension. The parinaric acids 

were dissolved in ethanol and added to vesicle 
suspensions under nitrogen or argon; all solutions 
were maintained in a nitrogen or argon atmosphere. 
The probe/lipid molar ratio for the parinaric acids was 
of the order of 1/300. With both pyrene and parinaric 
acid, controls were performed to check that no 
fluorescence arose from binding of the probe to the 
clathrin coat. 

Fluorescence intensity measurements" 

Fluorescence intensity measurements were made on 
Perkin-Elmer MPF3 (NIH, USA) and Jobin Yvon 
JY3C (ELM, France) fluorimeters. Pyrene monomer 
and excimer emission were measured at 390 and 
470 nm, respectively, with excitation at 346 nm. The 
emission of cis and transparinaric acids was measured 
at 410 nm with an excitation wavelength of 320 nm. 

Lifetime measurements 

Fluorescence lifetimes for pyrene (monomer and 
excimer) and the parinaric acids were determined 
using a single-photon counting fluorometer equipped 
with an RCA photomultiplier (ELM, France). The 
electronic devices were an Ortec System 9200 coupled 
with an Ortec 6240 multichannel analyser interfaced 
with a PDP 10 computer. The optical system 
(Applied Photophysics, SP7) was equipped with two 
f/4 monochromators for excitation and emission 
wavelength. The temperature was controlled by 
circulating water from a thermostatted bath through a 
compartment surrounding the cell. This equipment 
and the methods of data analysis employed have been 
described elsewhere (Gallay et al. 1981). The lifetime 
for the pyrene excimer was measured using concen- 
trated pyrene solutions in which the dimer is the 
predominant form. 

Steady-state anisotropy 

Parinaric acids. Fluorescence polarization measure- 
ments were performed with an SLM fluorimeter. 
Excitation and emission wavelengths were 320 and 
410 nm, respectively. Fluorescence anisotropy (r) 
was obtained by making intensity measurements of 
the parallel and perpendicular components of the 
fluorescence emission, and using the equation 

r = (I~VG - LH)/(I~VG + 2 LH) 

where G is an instrumental correction factor. The 
absorbance of the suspensions was always less than 
0.15 and a blank was used for light-scattering 
corrections. 
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Anisotropy decay measurements 

Time-resolved emission anisotropy was obtained with 
the Applied Photophysics system described above 
and elsewhere (Gallay et al. 1981; de Paillerets et al. 
1981). The emission decay curves IvV(t) and IvH(t) of 
the sample, from which a blank was subtracted when 
needed, were collected successively for time periods 
in the range of 5 -10  min, depending on sample 
intensity. Methods of calculation were as previously 
described (Vincent et al. 1982). 

A series of measurement was also performed at 
Oregon State University, (Corvallis, USA) in colla- 
boration with R. Ludescher. The equipment used 
similar electronics (ORTEC);  the flash was a pico- 
second dye laser, coupled to an Apple II computer. 
Data analysis was performed by standard, non-linear 
least-squares regression techniques, or by the method 
of moments as described by Isenberg and Small 
(1982). A PDP 11 computer was used. 

Pyrene diffusion measurements 

According to Galla and Luisetti (1980) the formation 
of excited complexes (excimers) by a collision 
between an excited and an unexcited pyrene mon- 
omer is a diffusion-controlled process in the fluid 
state of the membrane. The intensity ratio, I'/I, 
(excimer intensity (19 at 470 nm and monomer 
intensity (I) at 390 nm) is then a measure of the 
collision rate of the pyrene molecules, i.e., of the 
lateral mobility of the probe within the membrane. 
The collision frequency is given by Galla and 
Hartmann (1980) 

'l~co I ~--" F/Ix × kj/k'f x 1/T' 

where kfand k~are the rate constants for the radiative 
decay of the excited monomer and excimer, respec- 
tively. We have used a value of 0.10 for the ratio 
kf/k~, as given by Galla and Sackmann (1974). r' is 
the lifetime of the excited state dimer, x was obtained 
from the ratio of intensities to quantum yields (I/Q) 
determined at low and high pyrene concentrations for 
the monomer and excimer, respectively. 

= I'/I / Q'/Q 

Using a two-dimensional random walk model for the 
diffusion process, the jump frequency in a lipid 
membrane has been given (Galla et al. 1979) as 

vi  = (n , , )  v~o, 

where (ns} is the average step number between 
collisions and is given by 

(n,.) = 2/zcZ~ x ln2/Xta 

where XIa is the mole fraction of pyrene in the 
phospholipid. The lateral diffusion coefficient is 
related to wj by the equation 

D = I/4 × Vi,~ 2 

where A, the jump length, was taken to be 8A from 
the work of Galla and Sackmann (1974) on artificial 
membranes. We have calculated values of D for CVs 
and UVs from measurements of I', /, Q', and r ' .  

Results  

1. Chemical composition 

The protein and lipid composition of UVs are given in 
Table 1. The high percentage of phosphatidyl etha- 
nolamine, i.e., 25%, is noteworthy since it suggests 
that the membrane bilayer may be relatively rich in 
unsaturated fatty acyl chains (Trewehella and Collins 
1973). The cholesterol/lipid molar ratio is relatively 
high, in agreement with the data of McGookey et al. 
(1983) on filipin-cholesterol complexes. 

2. Pyrene emission fluorescence 

a) Spectra. The emission spectrum of pyrene incor- 
porated into the membrane of CVs is very similar to 
that found for UVs (inset Fig. 1). The spectrum is 
characterized by two well-separated maxima, at 388 
and 468 nm, indicative of monomer and excimer 
emission, respectively (Galla and Sackmann 1974). It 
should be emphasized that the spectrum of the pyrene 
embedded in the vesicle suspension progressively 
loses its fine structure when the concentration of 
material is high and the monomer concentration is 
low because of extensive dimer formation. 

Table 1. Protein and lipid composition of UVs (g/100 g) 

Protein 60 _+ 2 
Phospholipid 14.0 _+ 0.2 
Glycolipid 4.00 _+ 0.08 
Cholesterol 4.0 _+ 0.2 
Undetermined 18 

Molar ratio cholesterol/lipid = 0.57 

Lipid composition of UVs (excluding cholesterol) 

Phosphatidylcholine 40.0 +_ 2 
Phosphatidylethanolamine 25.0 + 1.2 
Phosphatidylinositol and serine 21 + 1 
Sphingomyelin 10.0 _+ 0.5 
Cerebrosides 3.00 _+ 0.5 
Gangliosides 1.00 _+ 0.02 
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b) Effect of  temperature. The temperature depen- 
dence of the ratio of excimer to monomer emission 
intensities, I'/I, has been measured from 5 ° to 55 ° C in 
both CVs and UVs (Fig. 1). There was a significant 
difference between the I'/I plot for CVs and that for 
UVs in the temperature range studied; the ratio of 
pyrene to lipid was the same for both types of vesicle. 
The change in slope from positive to negative, which 
occurs near 45 ° C in both UVs and CVs, indicates that 
an important structural transition of the membrane 
occurs at this temperature. The process was not 
reversible since a distinct hysteresis effect was 
observed when cooling solutions of UVs. Solutions of 
CVs became turbid above 50°C due to the denatu- 
ration of clathrin. 

c) Effect of  pyrene concentration. It has been shown 
with DPPC vesicles that a linear relationship between 
I'/I, and pyrene concentration is observed only in the 

0.4 A 

O.2 

390 470 n m 

2~0 4~0 6~0 o C ' 
T E M P E R A T U R E  

Fig. 1. Temperature dependence of the excimer to monomer  
fluorescence intensity ratio (1'/1) for pyrene incorporated into CVs 
O and UVs • (heating curves), A (cooling curve) the pyrene / lipid 
molar ratio was 0.03 for both types of vesicle. Inset: Emission 
spectrum of pyrene in CVs (2 ~tM) 

fluid phase of the membrane. Below the transition 
temperature, linearity is no longer observed due to 
phase separation or pyrene clustering. A linear 
relationship therefore indicates a diffusion-controlled 
process and implies a fluid phase for the membrane 
structure (Galla and Sackmann 1974). Plots of I'/I vs 
pyrene concentration were found to be linear at both 
25 ° and 45 °C, for both CVs and UVs (Fig. 2). 
Measurements of the quantum yield of the excimer 
and of the monomer allows the determination of ~, 
the proportionality constant between fluorescence 
intensity (at the maximum wavelength) and the 
quantum yield, from the equation 

I ' /I  = ~tQ'/Q 

A value of 0.7 was obtained. 

d) Pyrene lifetimes. The lifetimes of the excited states 
of pyrene monomer and excimer at different tem- 
peratures (in CVs and UVs) are given in Table 2. The 
decay curves fit a single exponential. It is interesting 
to note that the lifetimes obtained for both monomer 
and excimer were shorter in coated than in uncoated 
vesicles, suggesting different interactions between the 
probe and the bilayer in the two types of vesicles. 

e) Diffusion coefficient. The collision frequency cal- 
culated as described above is given in Table 3. The 
diffusion coefficient for the probe is smaller in the 
lipids of CVs than it is in the lipids of UVs. 

3. Parinaric acid emission 

The cis and trans isomers of Pna are convenient 
probes to monitor membrane behaviour since they 
are naturally fluorescent, long-chain, unsaturated 
fatty acids which insert readily into membranes. 
Furthermore, they allow precise discrimination 
between solid and fluid phases of the lipid bilayer, 
since trans Pna partitions preferentially in the gel 
domains of the lipid, whereas cis Pna partitions 
equally in the gel and fluid domains (Sklar et al. 
1977b). 

Table 2. Lifetime (ns) of pyrene monomer  and excimer fluore- 
scence 

Monomer  [ns] Excimer [ns] 

T (°C) CVs UVs T (°C) CVs UVs 

5.5 223 289 4.5' 140 178 
17.5 145 199 16.5 110 138 

25.0 92 121 
29.5 109 132 30.0 86 116 
37.0 96 112 37.0 72 99 
45.0 83 97 45.0 58 82 

Table 3. Jump frequencies and diffusion coefficients of pyrene in 
coated and uncoated vesicles a 

T (°C) CVs UVs 

vj D vj D 

25 0.19 3.04 0.24 3.84 
30 0.23 3.68 0.28 4.48 
40 0.30 4.80 0.36 5.76 
45 0.37 5.92 0.44 7.04 

a vj in units of 108/s D in units of 10 -8 • cm2/s 
D = vj22/4 = vj 16 x 10 -16 cm 2 
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T h e  exc i t a t ion  and  emiss ion  spec t r a  of  trans Pna  
in CVs  are  shown in Fig.  3. S imi la r  spec t r a  were  
o b s e r v e d  for  UVs .  I t  a p p e a r s  tha t  the  two p r o b e s  are  
e m b e d d e d  in the  l ip id  b i l aye r  in b o t h  types  of  vesicle  
in a s imi lar  way,  s ince t h e r e  a re  only  m i n o r  
d i f fe rences  in the i r  spec t ra .  

a) F l u o r e s c e n c e  l i f e t ime  

Trans  par inar i c  acid:  T h e  f luo rescence  decay  of  trans 
Pna  in U V s  and  CVs is nea r ly  iden t ica l  and  
h e t e r o g e n e o u s .  Two  l i fe t imes  we re  f o u n d  wi th  the  
n a n o s e c o n d  f lash and  t h r e e  wi th  the  laser  p i c o s e c o n d  
flash,  r ang ing  f rom 6 to 60 ns at  6 ° C for  bo th  types  of  
vesic le  (Tab l e  4). T h e  t e m p e r a t u r e  d e p e n d e n c e  of  the  
l i fe t imes  and  a m p l i t u d e s  is nea r ly  l inea r  (Fig.  4). 

Cis Par inar ic  acid:  T h e  f luo rescence  decay  of  this 
i somer  differs  s l ight ly  for  the  two vesicle  types  but  is 
also h e t e r o g e n e o u s  wi th  at leas t  two l i fe t imes  b e l o w  
20 ° C. A t  6 ° C, a long l i fe t ime  (31 for  CVs and  39 for  
UVs)  is p r e s e n t  in b o t h  types  of  vesic le ,  wi th  an 
a m p l i t u d e  of  a b o u t  20% (Tab le  4). T h e  a m p l i t u d e  of  
the  shor t  l i fe t ime  increases  wi th  t e m p e r a t u r e .  A t  
30 ° C the  a m p l i t u d e s  a re  s imi lar  for  CVs  and  UVs .  A t  
6 ° C, U V s  exhib i t  a l a rge r  a m p l i t u d e  for  the  shor t  
l i fe t ime c o m p o n e n t  and  a sma l l e r  a m p l i t u d e  for  the  
long one ,  c o m p a r e d  to CVs.  

T h e r e f o r e ,  for  b o t h  i somers ,  the  l ip id  b i l aye r  of  
CVs and  U V s  is in an h e t e r o g e n e o u s  s ta te  at all 
t e m p e r a t u r e s  m e a s u r e d .  T h e  p r e s e n c e  of  la rge  f r ac -  
t ions of  shor t  and  long l i fe t imes  at  6 ° C  and  b e l o w  
c lear ly  ind ica tes  the  p r e s e n c e  of  bo th  sol id  and  f luid 
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U V 4 5  ° U V 2 5 *  C V  45 ° 

C V 2 5  ° 

U V  . - ,  
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p y r ~ n e /  l ip id  m o l a r  r a t i o  ' 

Fig. 2. Dependence of excimer to monomer fluorescence intensity 
ratio (I'//) on pyrene/lipid molar ratio in CVs at 25 ° C • and 45 ° C 
© and in UVs at 25°C • and 45°C /x 

o. 

l a .  

E X C I T A T I O N  EM SSION 

320 ' 410 
W A V E L E N G T H  nm 

Fig. 3. Excitation and emission spectra of trans Pna in CVs and 
UVs. For excitation spectra, emission was at 410 nm. For emission 
spectra, excitation was at 320 nm. CVs, transPna ( ) UVs, 
trans Pna ( - - - )  

Table 4. Lifetimes (T) of the excited state of cis and trans Pna in CVs and UVs at different temperatures 

T (°C) r (ns) c/s Pna r (ns) trans Pna 

CVs UVs CVs UVs 

T1 T2 T3 T1 T2 T3 T1 ~2 T3 T1 T2 T3 

6 31.5 16.4 5.9 39.0 18.1 6.0 53.8 22.0 6.8 56.5 21.4 6.0 
18 20.0 9.1 2.5 18.5 4.7 0.2 33.0 12.2 3.75 35.0 13.0 3.5 
30 11.5 4.0 0.1 12.5 4.1 0.2 23.0 8.2 2.4 23.6 8.8 2.3 

a The numbers are averages from three series of experiments made with different preparations of CVs and UVs 
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lipid domains at this temperature; this is also true at 
30 ° C as probed by the trans Pna. The cis Pna does not 
see the solid phase, which is in agreement with the 
fact that the trans isomer partitions preferentially in 
the gel phase. The linearity of the temperature 
dependence of In ~1 (long life time) for trans Pna 
suggests that the lipids are organized in separate solid 
domains, which decrease in size with increasing 
temperature. The lifetimes and amplitudes of both 

o.~ 
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t i i 
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! 

,'0 2o 3; °c 
T E M P E R A T U R E  

Fig. 4. Variation in lifetime amplitudes for trans and cis Pna in CVs 
and UVs as a function of temperature. CVs cis Pna O; CVs trans 

Pna e ;  UVs cis Pna A; UVs trans Pna • 

isomers are insensitive to the presence of the clathrin 
coat. 

b) Anisotropy decays. The analysis of the decay 
curves (Fig. 5 and Table 5) for the anisotropy is made 
very difficult, for both isomers, due to the presence of 
more than two components in the exponential term. 
However, the short time behaviour of the probes in 
both CVs and UVs is very similar, with a very fast 
decay. At all temperatures studied the amplitude of 
this fast decay is larger in CVs than in UVs. This 
leads, at long times, to a significantly lower aniso- 
tropy (r~) for the CVs than for the UVs. The cis 
isomer is even more sensitive to the presence of the 
clathrin coat around the lipid vesicle with a lower 
value or r~. Both probes therefore indicate that the 
clathrin coat introduces more disorder in the lipid 
bilayer. 

Discussion 

The chemical analysis of UVs prepared by dissocia- 
tion of the coat proteins of the CVs (mainly clathrin 
and the "light chains") indicates that 60% of the 

Table 5. Limit anisotropy values (r=) of CVs and UVs at different 
temperatures 

T°C CVs UVs 

cis Pna Trans  Pna c/s Pna Trans Pna 

6 0.140 0.220 0.190 0.240 
18 0.150 0.220 0.200 0.240 
30 0.140 0.200 0.190 0.230 

.25 

> t  

0 

e" 

.05 

~ UV TransPna 

k) C V T r a n s  Pna 

V C=s Pna 

CVCis Pna 

I , ;  I | ! 

2 4 8 1'0 1'2 14 16 ns 

Fig. 5. Experimental anisotropy decay 
curves for cis and trans Pna in CVs 
and UVs at 18°C 
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weight of the UVs is due to the proteins. The 
phospholipid composition is similar to that reported 
previously for bovine brain CVs (Altstiel and Bran- 
ton 1983; Pearse 1976) except that the ratio of 
cholesterol to phospholipid is considerably larger, 
i.e., 0.57, compared to 0.34 found by Altstiel and 
Branton, and 0.1 by Pearse. The cerebroside and 
ganglioside levels are reported for the first time. The 
cholesterol content is lower than that of either bovine 
myelin (Norton and Autiliot 1966) or guinea-pig brain 
synaptic vesicles (Eichberg et al. 1964), but is high 
compared to that of organelles from non-neural 
organs, such as the adrenal cortex (Gallay et al. 1981). 
It has been shown by Montesano et al. (1980) that 
the coated pit regions of 3T3 cells have a much lower 
content of cholesterol than surrounding areas of the 
plasma membrane. However, it was subsequently 
reported that uncoated vesicles contain cholesterol 
(McGookey et al. 1983). The redistribution of chol- 
esterol during the formation of CVs could play an 
important role in coated vesicle formation. 

Pyrene is a fluorescent molecule which forms 
excimers in membranes. The emission bands of the 
monomer and the dimer are well separated, allowing 
the simultaneous measurement of the two fluorescent 
species. Since it has been shown (Galla and Hart- 
mann 1980) that the variation in the ratio of the 
fluorescence intensities of the monomer and excimer, 
as a function of probe concentration in the lipid, is a 
measure of the jump frequency and therefore of the 
lateral diffusion of the probe, this parameter has been 
measured in both CVs and UVs. The values obtained 
for the diffusion coefficient at several temperatures 
indicate that the coat perturbs the membrane and 
decreases the lateral mobility of pyrene. If we 
compare our data with that obtained with model 
vesicles of pure DPPC or DPPC containing different 
amounts of cholesterol (Galla and Sackmann 1974), 
the decrease in D corresponds to the addiditon of 
about 5% cholesterol. Furthermore the D values 
obtained for CVs are near that of a membrane with a 
relatively high cholesterol content, e.g. erythrocyte 
membranes. In membranes of low cholesterol con- 
tent, such as sarcoplasmic reticulum, the D value is 
near that of UVs (Vanderkooi and Collis 1974). 

Since the data for the lifetime of the excited state 
of the monomer and the dimer are best fitted by a 
single exponential, the distribution of the probe 
appears to be homogeneous in both types of vesicle. 
The values obtained correspond to a distinctly 
non-polar environment (T > 100 ns until 37 ° C). 

The lifetimes of the excited state of the pyrene 
dimer as well as that of the monomer are significantly 
smaller for the CVs than for the UVs. This suggests 
that the presence of the coat proteins changes the 
organization of lipid and gives rise to a more polar 

environment for the probe, perhaps involving the 
membrane proteins. 

The data obtained with the two isomers of 
parinaric acid shed further light on the lipid orga- 
nization of CVs and UVs. As previously reported, the 
trans Pna partitions preferentially in the solid state 
domains, while cis Pna partitions equally in the fluid 
and solid domains of the lipids in systems where such 
domains coexist (Sklar et al., 1977b). The cis isomer 
exhibits also a preferential localization in the lipids 
surrounding the proteins (Kimmelman et al. 1979). 
Therefore, the lifetime analyses indicate the presence 
of coexisting solid and fluid lipid domains from 6 ° to 
36 ° C, the solid phase decreasing in size with temper- 
ature. It should be noted that such a lipid organization 
is quite insensitive to the presence of the clathrin coat. 

The anisotropy decay analysis confirms that the 
dynamics of the probes is not modified by the coat 
since the short time behaviour (fast decay) is the same 
in CVs and UVs. On the other hand, the amplitude of 
this fast decay is larger in CVs and about twice as high 
for cis as for trans Pna, leading to a lower anisotropy 
value at long time (r~) in the whole temperature 
range studied. This result indicates a disordering 
effect of the coat on the lipid bilayer. This effect is 
more important when probed by the cis than by the 
trans Pna, in agreement with a disordering effect due 
to protein, since the cis isomer partitions more in the 
lipids surrounding the proteins. According to Tecoma 
et al. (1977), in their study with Escherichia coli 
membranes, 50% by weight of proteins does not 
affect the ability of the probe to monitor lipid 
dynamics. Therefore, the effect of the coat is not due 
to the interaction of the probe with the coat proteins, 
but actually to modifications in the state of the lipids. 

The data reported here can be understood if 
clathrin, when bound as a coat, interacts with one (or 
more) membrane-bound proteins to immobilize them 
and thereby reduce the lateral mobility of adjacent 
lipids in the fluid phase of the membrane. This can be 
seen in the reduced diffusion coefficient of pyrene. 
Furthermore, the interaction of the clathrin basket 
around the vesicle with one of the membrane proteins 
(Unanue et al. 1981) introduces more disorder in the 
surrounding lipid, as shown by the anisotropy value at 
long time. 

In such lipids domains, probed mainly by cis Pna, 
the coat appears to slow down the decay rate, 
possibly by introducing a new component in the 
anisotropy decay. Due to the short time of residence 
of each lipid around a protein, the disordering effect 
of this molecule can only be measured with short time 
scale (nanosecond) methods, such as fluorescence. 
These data are in good agreement with the results 
obtained by Wolber and Hudson (1981) in experi- 
ments on the incorporation of the M13 coat protein 
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into dimyristoyl phosphatidylcholine vesicles. The 
observed influence of the clathrin coat upon lipid 
domains might allow some form of selection to take 
place in coated pits. 
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