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“Western Blotting": Electrophoretic Transfer of Proteins from Sodium Dodecyl Sulfate— Polyacrylamide Gels to Unmodified Nitrocellulose and Radiographic Detection with
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A simple and efficient procedure was employed for the electrophoretic transfer of proteins from sodium dodecyl sulfate-polyacrylamide gels to sheets of pure, unmodified nitrocellu- lose. Immobilised proteins could then be radiographically visualized in situ by reaction with specific antibody and the subsequent binding of radioiodinated Staphylococcus protein A to the immune complexes. The detection of murine leukemia virus antigens in complex cellular lysates was used to demonstrate the efficacy of this technique.



A powerful tool in molecular genetics has been the blotting technique of Southern (1) in which electrophoretically fractionated DNA can be immobilized onto nitrocellu- lose filters and used to examine comple- mentary sequences by hybridization in situ. An adaptation of the “Southern” blot is the covalent attachment of fractionated RNA (or DNA) to diazobenzyloxymethyl paper (DBM paper)° in order to probe for comple- mentary DNA sequences (“Northern” blotting) (2). Although various proteins have been detected after fractionation on polyacrylamide gels using enzyme sub- strates (3) or specific antibody (4), only re- cently have attempts been made to immobi- lize gel-fractionated proteins on a solid phase (5—7). These techniques involve ei-

' Present address: Tumor Virology Laboratory, The Salk Institute, Post Office Box 85800, San Diego, Calif. 92138.
· Abbreviations used: DBM paper, diazobenzyloxy- methyl paper; MuLV, murine leukemia virus; SDS, sodium dodecyl sulfate; IPA, radioiodinated Staphylo- coccus protein A; NP-40, Nonidet P-40; 2-DGE, two- dimensional gel electrophoresis; BSA, bovine serum albumin; lgG, immunoglobulin G.
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ther passive diffusion or the preparation and activation of DBM paper to achieve co- valent immobilization.
Our laboratory has been interested in finding a simple yet reproducible transfer technique for use in the immunological de- tection and characterization of the products encoded by murine leukemia virus (MuLV) genomes. In this regard, Towbin et al. (8) recently described an elegant and straight- forward method for the electrophoretic transfer of ribosomal proteins from polyac- rylamide—urea gels to sheets of unmodified nitrocellulose and the radioautographic de- tection of specific antigens on such gel rep- licas with radiolabeled antibodies. Most types of biochemical and immunochemical analyses, however, make use of sodium do- decyl sulfate (SDS)—polyacrylamide gel electrophoresis to identify and characterize proteins by their relative molecular weights. As described below, it was found that the rate of electrophoretic elution of proteins from SDS-containing gels was it- self molecular weight dependent. By mak- ing certain adaptations to the transfer method of Towbin et al. (8), it was possible
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to achieve essentially complete and quan- titative elution of most proteins from SDS—gels to nitrocellulose with no loss in electrophoretic resolution. The use of ra-
dioiodinated StOR!¥! C • Cus pr otein A (IPA), instead of radiolabeled primary or secondary antibodies, greatly simplified and enhanced the radioautographic detection of
immune complexes on blots reacted with specific immune sera.
In addition to the general technique of electrophoretic transfer and immunological detection, various applications of the method are discussed.  Certain  problems are also identified, particularly those re- garding the reuse of the gel blots, replica distortion, and antigen denaturation. With due respect to Southern (1), the established tradition of “geographic” naming of trans- fer  techniques  (“Southern,”   “Northern”) is continued; the method described in this manuscript is referred to as “Western” blotting.

 (Elkhart, Ind.); only the electrophoresis chamber and plate electrodes (sold sepa- rately) are necessary for the transfer tech- nique. Gel electrophoretic apparatuses were manufactured to speeificationi by Biocraft (Peekskill, N. Y.). Rabbit anti-p30 sera were generously provided by H. Fan of the Salk Institute and by J. Ihle of the Frederick Cancer Research Center.
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