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Pure coated vesicles have been prepared from the bovine adrenal cortex and two homogeneous populations 
have been separated, one of large diameter (100 nm) and one of small diameter (70 nm). The chemical 
composition in lipids and proteins of coated vesicles has been compared with that of partially purified plasma 
membranes and evidences a higher protein/l ipid ratio and a higher concentration m phosphatidylethanola- 
mine and unsaturated fatty acids. Evaluation of the lateral diffusion of pyrene in the lipid bilayer of coated 
vesicles as compared to uncoated vesicles evidences a slowing-down effect of clathrin. Measurements of 
lipids' rotational diffusion by time-resolved fluorescence indicate a decrease in the order parameter of the 
lipids in the coated vesicles due to clathrin. A hypothesis is proposed for a possible role of the clathrin coat 
in the concerted motion of lipids and proteins toward coated pits and in the mechanism of formation of 
coated vesicles. Separation of the large from the small coated vesicles made it possible to reveal different 
protein components in the two types of vesicle by electrophoresis and autoradiograms of the [~,-3Zp]adeno- 
sine triphosphate- (ATP-) treated vesicles. Visualisaaon of the low-density lipoprotein receptor by iigand 
blotting and enzyme-linked immunosorbent assay (ELISA) techniques indicates an increased low-density 
lipoprotein receptor binding capacity in small coated vesicles as compared to large ones and plasma 
membranes. 

Introduction 

Stero~dogenes~s constitutes the main function 
of mammahan adrenocortlcal cells with cholesterol 
as the first substrate of the cort~costerold b~osyn- 

* To whom correspondence should be addressed 
Abbreviations SDS, sodium dodecyl sulfate, Surarmn, hexa- 
sodlum-bis(m-ammobenzoyl-N-anuno-p-methylbenzoyl-l-naph 
thylanuno-3,6,8-tnsulfonate) carbarmde, LDL, low-density 
hpoprotems. Mes. 4-morphohneethanesulfomc aod. EGTA, 
ethylene glycol bls(fl-aminoethyl ether)-N,N.N',N'-tetraacetlc 
acid. DMSO, dlmethylsulfoxlde, Pna, (9,11,13,15)-octadeca- 
tetraenolc acid, ELISA, enzyme-hnked lmmunosorbent assay 

thet~c pathway Tlus whole process is therefore 
dependent on two membrane processes a long- 
range hormonal stimulation by the adrenocortlco- 
tropic pltmtary hormone (ACTH) and a short 
range process, the mternahsat~on of cholesterol 
carried by the plasmatic low-density hpoprotem 
[1] 

Since tt has been shown that all the stero~do- 
gemc enzymes in adrenocortlcal cells are mem- 
brane proteins [2] dependent on mltochondrlal 
and endoplasm~c retlculum membrane structure 
and dynamics [3], tt was of interest to analyse 
further the plasma membrane processes related to 
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the entry into the cell of LDL carrying the 
cholesterol the formation ot the coated pits where 
the LDL receptors cluster and their transforma- 
tion into coated vesicles under the influence of the 
specific coat protein clathrin 

In the current study we have isolated these 
vesicles from the adrenocomcal  cells, have 
analysed their chemical composmon in compari- 
son with the whole plasma membrane and have 
given more mslght into the role of the clathrm 
network in the lipid bIlayer structure and dy- 
namics For the first time we have separated two 
different types of coated ~,eslcle which could cor- 
respond to those described cytochemlcally as 
originating from the plasma membranes and the 
Golgl apparatus [4] The presence of the LDL 
receptor has been evidenced In these different 
membrane materials representing different steps 
of the lnternalisation process of LDL and ItS 
receptor 

Experimental procedures 

Materials 
Suramin (Germanm) is a Bayer 205 product 

Triton X-100, Amldo black 10B, bovine serum 
albumin and a high molecular weight SDS kit 
were from Sigma SDS was obtained from BDH 
Pyrene was from Aldrich Parinaric acids (cts and 
trans) were purchased from Molecular Probes 
(Oregon) DC kiesel gel platten 60 were from 
Merck /3-D-Octylglucopyranoside came from 
Raedel Rouge Ponceau S was obtained from Sebla 
3,Y-DlamlnobenzldIne tetrachloride was from In- 
terchlm N~trocellulose paper, 0 45 ~m pore size, 
was obtained from Bio-Rad All other chemicals 
were analytical grade Merck products 

LDL and rabbit LDL antibo&es were kindly 
provided by M Ayrault-JarrIer Goat  anti-rabbit 
antibody horseradish peroxldase conjugate was 
from Pasteur Production 

Methods 
Biological material preparaUons were carried 

out at 4°C The cortical part of bowne adrenal 
glands was carefully dissected 

Plasma membrane preparations The extraction 
step giving the crude membrane fraction was car- 
ned out as described by Sehlegel and Schwyzer [5] 

This crude fraction obtained in 1 mM N a H C O ~ /  
0 25 M sucrose (pH 7 4) was layered on the top of 
a sucrose density discontinuous gradient (15%, 
19%, 225%, 26%, 35%, 45% 50%, w /w)  and 
centrifuged at 9 0 0 0 0 × g  for 1 5 h The mem- 
branes were collected at the 22 5-26% sucrose 
interface and extensively dialyzed against 1 mM 
NaHCO~ (pH 7 4) or buffer A 100 mM Mes (pH 
6 5 ) / 1  mM E G T A / 0 5  mM M g C l J 2 0 0  mM 
N a C I / 3  mM NaN~ 

Purification of coated veslHes Coated vesicles 
were isolated according to Nandl et al [6] with 
some minor modifications Briefly, a typical pre- 
paration was made with 10-12 adrenal glands 
corresponding to 50-60 g wet weight of cortex 
tissue Homogenlsation was done in 150 ml of 
buffer A with a Warlng Blendor (1 mln, 3 × 15 s 
on, 15 s off) The suspension was centrifuged at 
15000 × g for 45 rain The pellet was discarded 
and the supernatant centrifuged at 105 000 × g for 
1 h The supernatant was discarded and the pellet 
homogenxsed in 150 ml of buffer A with a Dounce 
(pestle B) The homogenate was centrifuged at 
10000 x g for 10 rain The pellet was discarded 
The 1 0 5 0 0 0 x g  and 1 0 0 0 0 × g  steps were re- 
peated twice Aliquots of 2 5 ml of the last 10000 
x g supernatant were layered on the top of a 31 
ml discontinuous gradient made with buffer A m 
2HzO and sucrose at (w/w)  0% (5 ml), 5% (6 ml), 
12% (7 ml), 16% (7 ml) and 24% (6 ml) Gradients 
were centrifuged at 90000 × g for 1 5 h Two 
fractions were collected, at the 12-16% interface 
(1 15-1 18 density range) and at the 16-24% inter- 
face (1 18 1 21 density range) The fractions were 
extensively dialysed against buffer A In some 
cases the 12-16% fraction was layered on a second 
2H ~O sucrose gradient identical to the first 

Electron microscopy A drop of the sample was 
placed on a 200-mesh Formwar carbon coated 
grid and allowed to air-dry Samples were nega- 
nvely stained with 2% uranyl acetate Micrographs 
were taken on a JEOL 100 CX electron micro- 
scope 

Protem content The protein content was de- 
termined according to Peterson [7] 

Lipid analysts of plasma membranes and coated 
vestHes The extraction of phosphohpids was done 
using ch loroform/methanol  according to Folch et 
al [8] as modified by Rouser and Flelscher [9] 



The phosphorus content of total lipid extract was 
deterrmned usmg the method of Ames and Dubm 
[10] Phosphohpids were separated by ttun-layer 
chromatography according to Hess and Ta lhomer  
[11] using a silica-gel 60 plate The areas of the 
different phosphohpids revealed by iodine stain- 
mg were scraped off and the phosphorus content 
was determined using the method of Chen et al 
[12] modified by Rouser et al [13] Cholesterol 
was determined on the ch loroform/methanol  ex- 
tract by an enzymatic assay according to Ott et al 
[14] The analysis of the different classes of fatty 
acids was made on the same hpld extract after 
separation by gas column chromatography accord- 
ing to van Wl.lngaarden [15] 

SDS-polvacrylamMe gel electrophorests Slab gel 
electrophoreses (14 × 8 5 × 0 15 cm) on either 6 or 
7 5% polyacrylamlde were carried out according to 
Laemmh [16] Plasma membrane or coated vesicle 
samples were solubdlsed in the Laemmh buffer 
and boiled for 3 rain in the presence of a reducing 
agent (2-fl-mercaptoethanol) 60-150 /zg of pro- 
tein were applied at the bot tom of each slot Gels 
were calibrated with a high molecular weight SDS 
kit Electrophoreses were run for 4-5  h at 15°C 
and 35-50 m A / s l a b  gel Proteins were stained 
with Coomassle brllhant blue R 250 (0 2%) and 
destalned with a methanol /ace t ic  a o d  solution 
(10 10, v / v )  

Ltgand blotting For further transfer of proteins 
from slab gels to nitrocellulose paper, SDS-gel 
electrophoresis samples were solubdised in 
Laemmh buffer containing 40 mM octylglu- 
copyranoslde and incubated for 1 h at 37°C 
without reducing agent Amounts of proteins 
layered on top of the gel varied from 20 to 80 ~g 
Electrophoreses were run under conditions identi- 
cal to those described above Electrophoretic 
transfer of proteins from slab gels to nitrocellulose 
paper  was carried out at 20 V for 16 h or at 35 V 
for 7 h, according to Towbm et al [17] and 
Burnette [18] To control protein transfer, nitrocel- 
lulose paper was transiently stained with a Rouge 
Ponceau solution The nitrocellulose paper was 
incubated in buffer B (50 mM Tris HCl (pH 
8 0 ) / 1 5 0  mM NaC1/2  mM Ca 2+ and bovine 
serum albumin 5%) and then with the LDL at 
various concentrations in the same buffer for 1 h 
(as Indicated in the figures) The vIsuahsatlon of 
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LDL binding was done using the ELISA tech- 
nique After extensive washing nitrocellulose 
paper was further incubated with LDL-rabbit  
antibodies in buffer B After washing, a second 
incubation was made with goat antirabblt anti- 
bodies conjugated with peroxldase and washed 
again extensively All the washings were per- 
formed m buffer B containing 0 2% Triton X-100 
The substrate used was 3,3'-diarmnobenzldme te- 
trachlonde, resulting m staining of the specific 
component  

Fluorescence mtensttv measurements Fluores- 
cence intensity measurements were made on a 
Jobln Yvon JY3C fluorimeter Pyrene monomer 
and exclmer ermss~ons were measured at 390 and 
470 nm, respectively, with excitation at 346 nm 
The emission of cts- and trans-parmaric acids was 

measured at 410 nm with an excitation wavelength 
of 320 nm 

Ltfettme measurements Fluorescence lifetimes 
of pyrene (monomer and excimer) and parlnanc 
acids were determined using a single-photon 
counting fluonmeter equipped with an RCA pho- 
tomultIpher The electronic devices were an Ortec 
System 9200 coupled with an Ortec 6240 mul- 
tlchannel analyzer interfaced with a PDP 10 com- 
puter The flash was obtained from a 9352 ns light 
pulser (Edinburgh Instruments) The optical sys- 
tem (Apphed Photophyslcs, PS7) was equipped 
with two f / 4  monochromators for excitation and 
emission wavelengths The temperature was con- 
trolled by circulating water from a thermostati- 
cally controlled bath through a compartment  sur- 
rounding the cell This equipment and the method 
of data analysis employed have been described 
elsewhere [19] The lifetime of pyrene exclmer was 
measured using concentrated pyrene solutions in 
which the dlmer is the predominant form 

Stead)'-~tate amsotropv of parmarl~ a~M Fluo- 
rescence polarization measurements were per- 
formed with a SLM E450 fluorlmeter Excitation 
and emission wavelengths were 320 and 410 nm 
respectively Fluorescence anlsotropy ( r )  was ob- 
tained by measuring intensity of the parallel and 
perpendicular components of the fluorescence 
emission, and using the equation 

r=(lvv G--lvH)/(lvv G+21vH) 



lg 

where G ~s an instrumental correction factor The 
absorbance of the suspension was always less than 
0 15 and a blank was used for hght-scattermg 
corrections 

Amsotrop) decay measurements Time-resolved 
emission amsotropy was obtained with the Ap- 
phed Photophystcs system described above and 
elsewhere [19,20] The emission decay curves 
Ivy( t )  and IvH(t) of the sample, from which a 
blank was subtracted when needed, were collected 
successtvely for time periods m the range of 5-10 
mm, depending on sample intensity Methods of 
calculation were as previously described [21] 

A senes of measurements was also performed 
at Oregon State Umvers~ty (Corvallis, U S A ) 
~Ihe eqmpment used was s~rmlar for electronics 
(ORTEC), the flash was a picosecond dye laser, 
coupled to an Apple II computer Data analysis 
was performed by standard, non-hnear least- 
squares regression techmque, or by the method of 
moments as described by Isenberg and Small [22] 
A PDP 11 computer was used 

Incorporation of the fluorescence labels 1-10 ~1 
of I mM pyrene m dlmethyl sulfoxlde (DMSO) 
were added to the vestcle suspension and in- 
cubated for 1 h at room temperature to gwe a 
molar ratio of p robe /hp ld  m the range 0 01-0 08 
The parmartc acids were dissolved m ethanol and 
added to vesicle suspensions under mtrogen or 
argon, all solutions were mamtamed m a mtrogen 
or argon atmosphere The p r o b e / h D d  molar rano 
for the parmanc acids was of the order of 1 300 
W~th both pyrene and parmartc acid, controls 
were performed to check that no fluorescence 
arose from binding of the probe to the clathrm 
coat Both probes are hydrophoblc molecules 
which penetrate but do not cross the hpld btlayer 
Moreover, parinaric acids remain attached to the 
hpld polar heads by their charged carboxyl group 

Pvrene dtffuston measurements The formation 
of an excited complex (exclmer) by a colhslon 
between an excited and an unexcited pyrene 
monomer Is a diffusion-controlled process m the 
fired state of the membrane [23] Expenments 
were performed above 25°C only and hneanty 
between pyrene concentration and I ' / I  rauo was 
controlled for all expenments The mtenstty ratio, 
I ' / I ,  (exc~mer intensity ( I ' )  at 470 nm and mono- 
mer intensity ( I )  at 390) xs a measurement of the 

colhslon rate of the pyrene molecules, l e ,  of the 
lateral mobility of the probe wtthm the mem- 
brane 

The method for calculation of the lateral diffu- 
sion coefficient (D) has been descnbed previously 
[24] 

Results 

Characterlsatton of adrenocortlcal coated vestcles 
and comparlson with plasma membranes 

Fig 1 shows an electron mlcrograph of a mtx- 
ture of coated vesicles different m s~ze, obtamed 
at the 1 15-1 18 density range interface after the 
ftrst 2HzO sucrose gradient The charactertstlc 
polygonal structure of the clathrm latttce sur- 
rounding the hpid vesicles ts observed Coated 
vesicle dtameter ranges from 70 to 120 nm The 
chemical composition of coated vesicles and par- 
trolly punfied plasma membrane preparations is 
gwen m Table I An increase in the protein weight 
percent ~s observed from plasma membranes to 
coated vesicles Among the hDds, an enrichment 
in phosphatidylethanolarrune is accompamed by 
an increase m arachldonic acid (20 to 26% and 20 
to 24%, respectwely) from plasma membranes to 
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Fig 1 Electron mlcrograph of a maxture of coated vesicles 
obtmned at the 1 15-1 18 density range interface after the first 
2H20 gradient Negative staining with 2% uranyl acetate Bar 
represents 100 nm 



TABLE I 

CHEMICAL COMPOSITION OF PARTIALLY PURIFIED 
PLASMA MEMBRANES AND COATED VESICLES EX- 
PRESSED IN WEIGHT% 

Data are mean values of five different preparaUons each 
determlnataon made m duphcate 

Standard Plasma Coated 
deviation membrane~ vesicles 

Proteins __+ 1 46 73 79 

Llplds + 0 6 27 21 

Phosphohplds 
sphmgomyehn _+ 0 1 4 7 6 3 
phosphatldylchohne + 0 8 50 6 42 6 
phosphatldyl- 

ethanolamme + 0 3 20 2 26 2 
phosphatldyhnosltol- 

phosphatldylserme + 0 2 16 6 20 2 

Cardlohpm +__0 1 2 3 3 25 

Cholesterol _+ 0 5 8 10 4 

Arachldonic acid __+ 0 9 20 24 

c o a t e d  vesicles  A h ighe r  p e r c e n t a g e  of  cho les t e ro l  

~s o b s e r v e d  m the  c o a t e d  vesic les  as c o m p a r e d  to 

the  p l a s m a  m e m b r a n e s  A low c l a t h r m  o v e r  to ta l  

p r o t e i n  ra t io  ( w / w )  a p p e a r s  cha rac te r i s t i c  o f  the  

b o v i n e  ad rena l  c o a t e d  vesicles,  m a g r e e m e n t  w~th 

p r e v i o u s  d a t a  [25] 

Polypepttde components of coated and uncoated 
vestcles 

S D S - p o l y a c r y l a m l d e  gel  e l e c t r o p h o r e s l s  o f  

p l a s m a  m e m b r a n e s ,  c o a t e d  vesicles and  c l a t h n n  

a re  shown  m F ig  2 O n  the c l a t h r m  and  c o a t e d  

ves ic le  lanes,  p o l y p e p t l d e  c o m p o n e n t s  a l r e ady  de-  

sc r ibed  for  the c l a t h n n  coa t  o f  vesic les  f r o m  dif-  

f e ren t  o rgans  [26] are  o b s e r v e d  the m a j o r  180 

k D a  c o m p o n e n t  a n d  the  110, 36 a n d  33 k D a  

c o m p o n e n t s  T h e  55 a n d  53 k D a  p e p u d e s ,  Ident i -  

f ied as a-  a n d  f l - t u b u h n s  [27], a re  a lso  p re sen t  

F o r  the  first  t~me, on  these  ad rena l  c o a t e d  

ves tc le  p r epa raUons ,  a 190 k D a  p e p t l d e  d t s tmc t  

f r o m  the 180 k D a  c o m p o n e n t  ~s r evea led  on  the 

c o a t e d  ves ic le  l ane  A 160 k D a  c o m p o n e n t ,  wh ich  

c o u l d  be  the  L D L  r e c e p t o r  u n d e r  L a e m m h  reduc-  

ing  c o n d a l o n s ,  as de sc r ibed  p r ev ious ly  [28], is a lso 

o b s e r v e d  on  the  c o a t e d  vesicle  l ane  

U n c o a t e d  vesicles  h a v e  been  p r e p a r e d  f r o m  the  
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Fig 2 7 5% SDS-polyacrylamlde gel electrophoresls of plasma 
membranes (M), mixture of coated vesicles (CV) and clathrm 
(CI) Coated vesicles are &alyzed overmght against 100 mM 
Mes buffer (pH 6 5), pelleted at 105000× g for 1 h The pellet 
was &ssolved in Laemmh buffer Clathrm was prepared by 
dialys~s overmght of a mixture of coated vestcles against 2 M 
urea/10 mM Tns-HC1 (pH 8 5) After centrlfugatlon at 
105000×g for 1 h the supernatant (clathrm) was dlalysed 
against the same buffer and treated according to Laemmh In 
all cases, the Laemmh buffer contained 2-fl-mercaptoethanol 
Gels ~,ere stained with Coomassle bnlhant blue R 250 
Arrow-heads are M r (×10 -3) 

Fig 3 6% SDS-polyacrylanude gel electrophoresis of uncoated 
vesicles (UV) prepared from the mixture of coated vesicles 
Lane u stripping has been obtained by dialysis against 2 M 
urea/10 mM Tns-HCI (pH 8 5) followed by sedimentaUon at 
105000×g for 1 h Pellet containing uncoated vesicles was 
resuspended m 10 mM Trls-HCl (pH 8 5) and dialysed against 
the same buffer Lane o stripping has been obtained by 
dmlysls against 500 mM Tns-HCI (pH 8 5) without urea 
followed by sedimentation at 105000× g for 1 h Pellet con- 
taming uncoated vesicles ~s resuspended m 10 mM Tns-HCI 
(pH 8 5) Arrowheads are M~ (×10 -3) 

c o a t e d  vesicles  o b t a i n e d  af te r  the first  sucrose  

g r a & e n t  A c o m p a r i s o n  has been  m a d e  b e t w e e n  

u n c o a t e d  vesicles  s t r ipped  of f  e i the r  w~th 2 M 

u r e a / 1 0  m M  T n s - H C 1  ( p H  8 5), o r  wi th  500 m M  

Tr l s -HC1 bu f f e r  ( p H  8 5) SDS-ge l  e l ec t rophores l s  

o f  b o t h  p r e p a r a t t o n s  is s h o w n  m F i g  3 It  appea r s  
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that at pH 8 5, 2 M urea strips off more protems 
from coated vesicles than 500 mM Tns-HCl does 
The 180 kDa clathrln component is the main 
polypeptlde removed from the vesicles by urea 
Indeed, as can be seen on lane u, the 180 kDa 
component has completely disappeared, whale the 
190 kDa ~s still present 

Lipid dynamics wtthm coated and uncoated vesicles 
and the role of clathrm 

Lateral diffusion of pyrene These studies have 
been performed with coated vesicles obtained after 
the first 2H20-sucrose gradient and with uncoated 
vesicles stripped off in the presence of 2 M urea to 
avoid any side-effect of the clathrm remaining on 
the uncoated vesicles 

D UV cm/s b / 
J 0-3 8 

6 C~~=~V 
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I00  
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10 20 30 40 "C 

T e  m p e r a t  u r e  
Fig 4 Pyrene hfeume (a) and lateral diffusion coefficxent (b) 
m plasma membranes (M O), coated vesicles (CV, O) and 
uncoated vesicles (UV O) prepared with 2 M urea as de- 
scribed m Experimental procedures 

The lateral diffusion coefftcxent calculated from 
the rate of pyrene excimer formation as a function 
of pyrene/hpid  ratio [29] indicates a decrease in 
the rate of ltplds lateral diffusion m the presence 
of clathrin around coated vesicles as compared 
with uncoated vesicles Furthermore, it is 
worthwl'ule noticing that the llfeume of the pyrene 
excimer is longer m the uncoated vesicles than in 
the coated vesicles (Fig 4), m agreement with the 
data obtained with bovme brain coated vesicles 
[24] The presence of the clathrm lattice m interac- 
tion with its hook protein, the 110 kDa compo- 
nent [30], embedded m the vesicles lipid bdayer 
induces a slowing down of the hpad lateral diffu- 
sion 

Rotational diffusion of the parmartc acid tsomerv 
T~me-resolved fluorescence measurements carried 
out with cts- and tran~-parlnartc acid isomers (ct~- 
Pna-tran~-Pna) as probes, allow evaluation of the 
rotauonal motion and constraints in the different 
phase domains of the hpid bdayer, since the trans 
isomer partitions preferentially m the gel phase 
and the ClS ~somer partmons mainly in the hquid 
crystal phase and around the proteins The mea- 
surements of the antsotropy decay of Pna isomers 
m coated and uncoated vesicles at different tem- 
peratures demonstrate that the clathrln coat m 
interaction w~th membrane proteins, decreases the 
long-term residual amsotropy (r~) and therefore 
the order parameter of the hptds mamly around 
the proteins as probed by the us-Pna (Table I1) 

Separation of large and small coated veswle+ 
Two different populations of vesicles have been 
described m the cell the large one generated from 
the plasma membrane coated pits, and the small 
one locahsed around the Golgl ctsternae [4] For 
the first time, the large vesicles have been sep- 

TABLE 11 

LIMIT ANISOTROPY VALUES (r~)  OF ADRENAL 
COATED VESICLES (CV) AND UNCOATED VESICLES 

(UV) MEASURED WITH ctr- AND trans-Pna, AT DIFFER-  
ENT TEMPERATURES 

T cts-Pns trans-Pna 

( ° C) CV UV CV UV 

10 0 04 0 21 0 15 0 20 
27 0 07 0 19 0 18 0 19 
36 0 03 0 18 0 17 0 1l 
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LCV 

O 

J SCV 

Fig 5 Electron mmrographs of large (LCV) 
and small (SCV) coated vesicles negatively 
stained with 2% uranyl acetate The two types 
of vesicle were obtained after a second 
2H20-sucrose gradmnt large coated vesicles 
at the 1 17-1 21 interface and small coated 
vesicles at the 1 15-1 17 interface Quantita- 
tive estimation over a large number of pre- 
parations of the contamination by large 
coated vesicles (over 90 nm) of the small 
coated vesicles preparation m&cates a value 
of 3 2% Bars represent 100 nm 

arated from the small ones (Fig 5) using a second 
density gradient (see Experimental procedures) A 
symmetric pattern is observed for the size &strl- 
bution of each population with a maximum at 
90-110 nm in diameter for large coated vesicles 
and at 70 -80  nm for small coated vesicles (Fig  6) 

A quant i ta t ive  es t imat ion over a large number  of 

prepara t ions  of  the conta tmnat lon  by large coated 

vesicles (over 90 nm) of  the small coated vesicles 

prepara t ion  leads to a value of  3 2%, which sup- 

ports  a high homogene i ty  of  the prepara t ion Elec- 

t rophoresis  of  these two types of  vesicle with the 

same total amoun t  of  protein layered on the gel 

(Fig  7) evidences a difference m the staining 

intensi ty of  the 180 kDa  component ,  much 

s tronger  in the small coated vesicles than m the 

/ 
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O~ _5\  
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S C V  

80 90 lO0 110 120 130 em 

L C V  
Fig 6 Size distribution pattern of the two types of vestcle 
large and small coated vesicles (LCV SCV) 

large ones The staining intensity of the 190 kDa 
component  is identical m both types of vesicle A 
88 kDa peptide appears to be characteristic of the 
large coated vesicles as well as two high-molecu- 

/ 

L_] 

i m  ,180  

. 8 8  

SCV LOV 
Fig 7 7 5% SDS-polyacrylarmde gel electrophoresls of large 
(LCV) and small (SCV) coated vesicles obtained after the 
second 2 H 20 sucrose gradient Arrowheads are M r ( × 10- 3) 
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Fig 8 7 5% SDS-polyacrylamlde gel electrophoresls of mixed 
coated vesicles (CV) large (LCV) and small (SCV) coated 
vesicles [~,-~2P]ATP treated either Coomass~e blue stained 
(lanes A, B C respectively) or revealed b~ autoradlographv 
(lanes A' B' C' respectwel~) Arrowheads are M r t×10 ~) 

la r -mass  species, of 210 and  230 kDa,  which could  
be  pept tdes  f rom the degraded  L D L  
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Auto rad ]og rams  pe r fo rmed  on the two differ-  
ent  popu la t ions  of  vesicles, e i ther  mixed coa ted  
vesicles or those separa ted  by  the second 2H20-  
sucrose gradient  (large and  small  coa ted  vesicles) 
t rea ted  with [3,-32p]ATP to detect  the previously  

descr ibed  p h o s p h o k m a s e  ac twl ty  [31] are shown in 
F ig  8 m compar i son  with the original  Coomass le  
b lue-s ta ined  SDS gel e lec t rophores ls  of  the same 
mate r ia l  Analys is  of  the d]fferent  lanes indicates  
that  a s t rongly phospho ry l a t ed  p e p u d e  with an 
appa ren t  mass  of 58 k D a  Is present  in bo th  large 
( lane B')  and  small  coa ted  vesicles ( lane C ' )  This 
result  conf i rms the presence in vesicles from 
adrenocor t l ca l  cells of  a p h o s p h o p r o t e m  kmase  
acUwty, as has been descr ibed in b ra in  coated  
vesicles [31,32] A 52 k D a  componen t  is also phos-  
pho ry l a t ed  in bo th  types  of vesicle, but  appears  
much  weaker  Only  in small  coa ted  vesicles can a 
fa int ly  phosphory l a t ed  pep t lde  of 50 k D a  be re- 
vealed All  these componen t s  are revealed by  a 
very short  exposure  of the fdm under  c o n d m o n s  
where  no unspecif ic  background  is present  N o n e  
of these phosphory la t ]on  appears  Ca 2+- o r / a n d  
c A M P - d e p e n d e n t  (da ta  not  shown) This is in 
agreement  with the da t a  of Puszkm et al [32] on 
the bra in  coated  vesicle kmase  

Identtftcanon of LDL receptor 
E L I S A - h g a n d  b lo t t ing  of adrenal  large coated  

vesicles, small  coa ted  vesicles and  p la sma  mem- 
b rane  p repa ra t ions  have been pe r fo rmed  as al- 
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Fig 9 ELISA hgand blotting of plasma 
membranes (1) large coated vesicles (2) and 
small coated vesicles (3) m all lanes, A-F 
After electrophoreUc transfer of proteins from 
slab gels to mtrocellulose paper, the paper 
was incubated with LDL at different con- 
centratlons for 1 h Lane A, left, molecular 
weight markers, and (1, 2 3) blots with 4 4 
~g/ml LDL and either 7 mM Suramm or 10 
mM EDTA The same patterns are obtained 
with both mh]bltors LDL concentrations 
(/~g/ml) In lanes as follows B none C 
0045 D, 045 E 44, F 12 



ready described [33] m order to charactense the 
LDL receptor in these fractions As shown in Fig 
9, under the Laemmh electrophoresls conditions 
but in the absence of 2-fl-mercaptoethanol, the 
LDL receptor appears as a 130 kDa component  
The speoficlty of binding to the LDL receptor is 
demonstrated with large coated vesicles, small 
coated vesicles and the plasma membranes by (1) 
the absence of binding in the presence of EDTA, 
chelating agent of Ca 2+ required for the binding, 
and (n) the inhibition of the LDL binding by 
Suramln Visual inspection of LDL binding under 
saturating conditions evidences an increase in the 
LDL-receptor  actwlty from the whole membrane 
preparations to large coated vesicles and then to 
small coated vesicles (lanes E, 1.2,  3) Urea treat- 
ment of coated vesicles giving uncoated vesicles 
does not decrease the receptor binding capaoty.  
indicating that clathrln does not play any role in 
the binding of LDL (data not shown) 

Discussion 

The present work is a step in the study of 
steroldogenesls regulation by ACTH in bovine 
adrenal cortex In steroidogenesls, mternahsatlon 
of cholesterol via LDL, its carrier through recep- 
tor-medmted endocytosls, represents an ~mportant 
step initiated at the plasma-membrane level It 
was therefore essential to gain a detailed under- 
standing at the molecular level of the plasma 
membrane structure and dynamics leading to the 
formation of the coated vesicles and endosomes, 
organelles involved in the LDL endocytosls and 
receptor cycle 

The clustering of the receptor in the coated pits 
is a prerequisite for the endocytosis of LDL in 
adrenal cortex, as demonstrated by Lehrman et al 
[34] with molecular biology experiments on the 
LDL receptor genes, the coated pits acting as 
molecular filters [35] 

In the plasma membrane the coated pits account 
for only 2% of the total area Therefore, a physi- 
cal-chemical study of an homogeneous coated ves- 
icle preparation derived from coated pits in 
comparison with a preparation of the whole plasma 
membrane could shed some light on lipid bllayer 
dynamics involving lipid and protein segregation 
Such a study could suggest a possible mechamsm 
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for the role of the coated pits as molecular filters 
in the plasma membrane 

The data presented here indicate that the clus- 
tering ol the LDL receptor in the coated vesicles 
formed by the pinching off of the coated pits is 
accompanied by a segregation of hpids namely 
phosphatidylethanolanune This phosphohpld is 
present in a higher amount in coated vesicles than 
in plasma membrane, leading to a higher propor- 
tion of arachldonic acid in coated vesicles Other 
differences are observed between plasma mem- 
branes and coated vesicle llplds, namely phos- 
phatidylserlne and inosltol and sphyngomyehn, 
which are also in a higher percentage in the coated 
vesicles, while phosphatidylchohne is present in a 
lower percent in coated vesicles than in the whole 
plasma membrane It is worth noting that such a 
difference controlled over five different prepara- 
tions cannot be ascribed to the presence of LDL 
in different amounts in the lipid extract of coated 
vesicles and membrane Indeed, since the LDL 
cluster with their receptors into the coated pits 
and coated vesicles, they should represent a higher 
percentage among the hplds of coated vesicles 
than among those of the membrane According to 
Skipskl [36], the human LDL phosphohpid com- 
position is characterized by a very low level of 
PI-PS and PE (2-10%) and a very high PC and 
sphingomyehn (75 and 20%, respectively) A higher 
amount of LDL in coated vesicles would produce 
a result opposite to the one actually obtained for 
the phosphohpid composition of coated vesicles as 
compared to the membranes Therefore, it can be 
inferred that the global percentage of hplds from 
LDL extracted and measured is about the same in 
the membranes and in the coated vesicles Also, 
the higher proportion of cholesterol found in the 
coated vesicles cannot be due to the presence of 
LDL, either Therefore an actual segregation 
should occur among the hplds In the coated pits 
and if it is hmited to one of the lipid layer in the 
membrane it would initiate an asymmetry induc- 
ing plasma membrane lnvagination [37] and lead- 
ing to coated pit formation 

According to Lehrman et al [34] the selective 
migration of the LDL receptor towards coated 
pits is a function of its cytoplasmic domain This 
part of the receptor would bind to one of the 
proteins covering the cytoplasmic part of the 
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coated p~ts and coated vesicles 
The data obtained in the present work by com- 

paring the lateral and rotational diffusion m the 
lipid bdayer of coated and uncoated vesicles mdl- 
cate that clathrm slows down the lateral diffusion 
and decreases the order parameter for the rota- 
tional dtffuslon of the acyl chains, In agreement 
with previous results obtained with bovine brain 
coated vesicles [24] These data strongly support 
the hypothests that the cytoplasmic domain of the 
LDL receptor interacts w~th the clathrm network 
bound to the plasma membrane by the 110 kDa 
hook protein, leading to clusters of the LDL re- 
ceptors m the coated ptts 

Identlficatton of the proteins in the coated 
vesicles as compared with those of the plasma 
membranes indicates in coated vesicles a segrega- 
tton of a protem kmase and ~ts substrates, of the 
110 kDa component  which serves as clathrln hook, 
of the a- and /3-tubuhns, in addmon to the LDL 
receptor, while many of the membrane proteins 
are absent in these organelles 

Numerous histologtcal observations [4] have in- 
dicated the existence in the animal cells of two 
different populations of coated vesicles, the larger 
near the plasma membrane and the smaller around 
the Golgl ctsternae The purification method used 
m the present work has allowed us to separate a 
population of large coated vesicles with a size 
distribution m which 75% are of 90-110 nm m 
diameter from a population of small coated vestcles 
with a sharp maximum of 48% at 70-80 nm in 
diameter 

The differences between these two populations 
lie not only m their size but also in their protein 
composmon,  as demonstrated by Coomassle blue 
stained SDS-polyacrylarmde gel electrophoresls 
and autoradlograms performed with [7-32p]ATP 
to study the protein klnase actwlty If the phos- 
phorylated pepttdes are not those described com- 
monly m the brain coated vesicles [31], the pres- 
ence of a strongly phosphorylated pepude of 58 
kDa  m both types of coated vesicle confirms the 
presence m the adrenocortlcal cell coated vestcles 
of a kmase activity, Ca 2 ÷- a n d / o r  cAMP-indepen- 
dent The presence of a 50 kDa phosphorylated 
peptlde only m small coated vesicles further sup- 
ports the difference between the two populations 
of coated vesicles Whether the difference xs only 

m the substrates of the kanase or m the nature of 
the enzyme itself cannot be answered at present, 
but work is m progress to solve this problem 

The vlsuahsatlon and quantification of the LDL 
receptor binding actlwty m the plasma membrane, 
large and small coated vesicles indicate a higher 
actlwty of the receptor m small than m large 
coated vesicles and m the plasma membranes The 
presence of mternahsed LDL in large coated 
vesicles and their apparent absence m small coated 
vesicles suggest that large coated vesicles could 
actually be involved in the LDL receptor mter- 
nahsation process and small coated vesicles m the 
transport of neosyntheslsed receptor and its recy- 
cling from the endosomes to the plasma mem- 
branes 

These data open the way for a systematic study 
of the two isolated populations of coated vesicles 
from adrenocortical cells and their role in the 
membrane cellular traffic 
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