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Molecular Properties of the Reassembled Coat Protein of Coated Vesiclest 

Pradip K. Nandi, Harold T. Pretorius, Roland E. Lippoldt, Michael L. Johnson,$ and Harold Edelhoch* 

ABSTRACT: Clathrin has been prepared from human and bo- 
vine brains by a rapid technique which does not require sucrose 
gradient centrifugation. The protomer molecule which is 
obtained has the ability to polymerize and form protein coats, 
i.e., so-called cages or baskets, which resemble the structures 
observed in coated vesicles. The polymerization of clathrin 
to form cage structures in 0.2 M ammonium acetate, pH 6.8, 
results in two distributions of sedimenting particles in the 
ultracentrifuge, one centered near 300s and the other near 

Interest  in clathrin has been stimulated since its identification 
as the major coat protein of coated pits and coated vesicles 
(Pearse, 1975, 1976; Goldstein et al., 1979). These structures 
were noted long ago in electron micrographs (Roth & Porter, 
1964). Coated vesicles appear to arise from the coated pit and 
bristle coat regions of cellular membranes. It is only recently 
that a whole new area of dynamic cellular physiology which 
involves coated pits and coated vesicles as the principal or- 
ganelles has developed to help explain such processes as in- 
tracellular protein translocation (Ockleford & Whyte, 1977), 
specific exocytosis (Franke et al., 1976), membrane recycling 
(Heuser & Reese, 1973), and receptor-mediated endocytosis 
(Goldstein et al., 1979; Brown & Goldstein, 1979). While the 
coated vesicles possess a bilayer membrane composed of 
phospholipids (Pearse, 1975), current evidence favors the 
protein coat as the major determinant of their size and 
structure (Pearse, 1978; Schook et al., 1979; Keen et al., 1979). 

It is now clear that clathrin is the major protein in the coat 
structure. We have shown that mild extraction of coated 
vesicles results in a preparation of clathrin, Le., 8 s  (H. T. 
Pretorius, P. K. Nandi, R. E. Lippoldt, M. L. Johnson, J. H.  
Keen, I. Pastan, and H. Edelhoch, unpublished results), that 
is quite stable near physiological values of pH, temperature, 
and ionic strength. Moreover, this material is fully competent 
to polymerize to form characteristic basket-like molecules very 
similar in structure to those seen in coated vesicles. This report 
presents the results of equilibrium ultracentrifugation and 
turbidity studies of the two polymerized species obtained from 
the stable form of clathrin. 

Materials and Methods 

Chemicals. Tris-HC1, GdmC1,' and ammonium sulfate 
were Ultrapure grade from Schwarz-Mann. NaDodSO, was 
specially pure grade from BDH Poole Ltd. Coomassie Blue 
R250 was electrophoresis grade from Bio-Rad, as were the 
ammonium persulfate, bisacrylamide, and acrylamide used for 
gel electrophoresis. Deuterium oxide of 99.7% isotopic purity 
was from Merck Sharp & Dohme. Phenylmethylsulfonyl 
fluoride (PMSF) was the Boehringer-Mannheim crystallized 
product. Dithiothreitol and dithioerythreitol from Sigma were 
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150s. Equilibrium sedimentation gives molecular weights of 
the 150s and 300s particles near 25 million and 100 million, 
respectively. The turbidities of the two species have been 
measured during centrifugation in the ultracentrifuge. When 
the turbidity values are combined with the molecular weight 
values, the radii of the 150s and 300s species can be obtained, 
assuming a hollow sphere as a model for the clathrin poly- 
hedral molecules. 

used interchangeably and gave within 5% of theoretical thiol 
content, as measured with 5,5'-dithiobis(2-nitrobenzoic acid), 
also from Sigma. All other chemicals were reagent grade. 

Buffers. Three buffers were routinely used and are desig- 
nated with letters for ease of reference. 

Buffer A contained 0.10 M NaMES, 1.0 mM MgC12, 0.5 
mM sodium ethylene glycol bis(Saminoethy1 ether)-N,N'- 
tetraacetic acid, 3 mM NaN3, 1.5 mM PMSF, and 0.1 1 M 
ethanol (0.5%), pH 6.5. Buffer B contained 50 mM Tris-HC1, 
1 mM EDTA, and 3 mM NaN3, pH 8.0. Buffer C contained 
0.25 M NaC1, 10 mM Tris-HC1, and 3 mM NaN3, pH 7.5. 

In some cases the dithiothreitol was also included in buffer 
A and the PMSF and EDTA were included in buffer C. 
While the inclusion of these reagents seemed to improve the 
stability of clathrin isolated as outlined below, we found no 
essential differences when they were omitted, provided that 
fresh (less than 3 days at room temperature or 7 days at 4 "C) 
samples were compared. 

Computations. Most calculations were done on the National 
Institutes of Health DEC 10 system, taking particular ad- 
vantage of the system's capacity for nonlinear least-squares 
analysis (Knott & Reese, 1972). The uncertainties obtained 
with this system correspond approximately to standard errors. 

NaDodS04-Gel Electrophoresis. This procedure was the 
same as described by Laemmli (1970) and already reported 
(H. T. Pretorius, P. K. Nandi, R. E. Lippoldt, M. L. Johnson, 
J. H. Keen, I. Pastan, and H. Edelhoch, unpublished results). 

Absorbance. Ultraviolet absorbance was measured on a 
Cary 14 (double beam) spectrophotometer, which was 
equipped with an expanded slide wire for measurements of 
optical density differences less than 0.2. 

Absorbance was also measured on the analytical ultracen- 
trifuge, and the spectral properties of this instrument were 
compared to the Cary 14. At the slit widths used, the ratios 
of protein absorbance at 280 and 288 nm agreed to within 3% 
in the two instruments and the peak absorbance values agreed 
to within 1%. 

Fluorescence. Emission spectra were recorded on a Per- 
kin-Elmer MPF3 spectrofluorometer equipped with a Hitachi 
QPD 33 recorder. Temperature was controlled at 25 "C by 
circulating water from a controlled water bath through a jacket 
around the fluorescence cell. 

Abbreviations used: GdmCI, guanidinium chloride; NaDodSO,, 
sodium dodecyl sulfate; NaMES, sodium 2-(N-morpholino)ethane- 
sulfonic acid; EDTA, disodium ethylenediaminetetraacetate. 
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