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Molecular Characterization of Human Clathrinf 
Harold T. Pretorius, Pradip K. Nandi, Roland E. Lippoldt, Michael L. Johnson,* James H. Keen, Ira Pastan, 
and Harold Edelhoch* 

ABSTRACT: Clathrin extracted from coated vesicles at pH 8.0 
sediments as a single boundary with 8 .1s  sedimentation con- 
stant (si0,J of 8.1 f 0.1 S. Sedimentation equilibrium gave 
a molecular weight (M,) of 610000 f 30000. The clathrin 
frictional ratio (pH 7.5) computed from s$o,w and M, is very 
large, i.e., 3.06 f 0.18. Analysis of the circular dichroic 
spectrum in the far-ultraviolet showed that about half of the 
peptide residues are in a a-helical conformation. The mo- 
lecular weight of a preparation of clathrin purified to homo- 
geneity on a Sepharose CL-4B column in 6 M guanidine 
hydrochloride was 170 000 f 26 000 by sedimentation equi- 
librium, which is in agreement with the values we and others 
obtained by sodium dodecyl sulfate gel electrophoresis. The 
8.1s clathrin species may be regarded as the “native” promoter 
since (1) it is extracted from coated vesicles by an extremely 
mild procedure, (2) it is stable over considerable ranges of pH, 

C o a t e d  pits are specialized regions of the plasma membrane 
that are characterized by an invagination of the cytoplasmic 
surface. Such regions have been recognized in many euka- 
ryotic cells (Roth & Porter, 1964; Fawcett, 1965; Friend & 
Farquhar, 1967; Palade & Burns, 1968; Heuser & Reese, 
1973; Pearse, 1975, 1976; Ockleford & Whyte, 1977; Gold- 
stein et al., 1979) and have been referred to also as bristle coat 
areas. The bristle coat is believed to be the same coat observed 
in intracellular coated vesicles (Franke et al., 1976) which are 
thought to form by endocytosis of coated pits. Current evi- 
dence suggests numerous functions for coated pits and coated 
vesicles, including receptor-mediated endocytosis (Pearse, 1976; 
Ockleford & Whyte, 1977; Goldstein et al., 1979; Anderson 
et al., 1977; Gorden et al., 1978), specific exocytosis of newly 
synthesized protein (Ericsson, 1965; Dumont, 1969; Franke 
et al., 1976), and transfer of proteins (Maxfield et al., 1978; 
Roth et al., 1976) and hormones (Rodewald, 1973; Bradshaw, 
1978; Hemmaplardh & Morgan, 1976; Anderson et al., 1978) 
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temperature, and ionic strength, and (3) it readily polymerizes 
into characteristic closed lattice structures resembling those 
observed in coated vesicles in the electron microscope. The 
8.1s  clathrin molecule self-associates at pH 6.3 to form two 
very high molecular weight species with average sedimentation 
coefficients of 150 and 300 S. The sedimenting boundaries 
of both of these species have been analyzed to reveal their 
molecular heterogeneity. The two species observed by sedi- 
mentation velocity may correspond to the two sizes of coated 
vesicles previously reported to be present in some cells when 
observed by electron microscopy. Analysis of the sedimen- 
tation pattern in the ultracentrifuge also gives the amount of 
unreacted 8.1s clathrin from which the yield of polymerizable 
clathrin is obtainable. This methodology can therefore be 
employed to estimate the quality of the 8.1s  preparation of 
clathrin and thereby affords an assay of its activity. 

among certain cellular organelles. 
Evidence of the dynamic cellular physiology occurring at 

the coated pit and/or bristle coat areas has understandably 
led to much interest in these regions of membranes. Immu- 
nochemical and electron microscopic methods suggest the 
presence of clathrin in the coat of coated pits (Goldstein et 
al., 1979; Hemmaplardh & Morgan, 1976). Coated vesicles 
purified from tissue homogenates by differential centrifugation 
and sedimentation in sucrose gradients contain one major 
protein which is clathrin (Pearse, 1976) and several minor 
protein components (Goldstein et al., 1979; Blitz et al., 1977; 
Woods et al., 1978; Woodward & Roth, 1978; Keen et al., 
1979). 

The major protein present in the coated vesicle, and the one 
responsible for its coat structure, has been identified as clathrin 
by Pearse (1975, 1976) and verified by other investigators 
(Ockleford & Whyte, 1977; Blitz et al., 1977; Woods et al., 
1978). Although the preparations of clathrin have been an- 
alyzed extensively by sodium dodecyl sulfate (NaDodSO,)’ 
gel electrophoresis, almost no description is available con- 

’ Abbreviations used: Gdn-HC1, guanidine hydrochloride; NaDodSO,, 
sodium dodecyl sulfate; NaMES, sodium 2-(Wmorpholino)ethane- 
sulfonic acid; EDTA, disodium ethylenediaminetetraacetate; Ag-Ab, 
antigen-antibody . 
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