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When ribonuclease ‘1) was treated with B-mercaptoethanol in 8 M urea, the product was a

fully reduced, randomly coiled polypeptide chain devoid of enzymatic activity. Anfinsen then
made “the. critical observation that -the ‘denatured ribonuclease, freed of urea  and
B —mercaptoethanol - by dialysis, slowly ‘regained enzymatic activity. He perceived the
significance of this chance finding: the sulfhydryl groups of the denatured enzyme became
oxidized by air, and the enzyme spontaneously refolded into a catalytically active form.
Detailed studies then showed that nearly all the original enzymatic activity was regained
if the sulfhydryl groups were oxidized under suitable conditions. All the measured physical
and chemical properties of the refolded enzyme were virtually identical with those of the
native -enzyme. ‘These -experiments showed that  the information needed to specify the
catalytically active structure of ribonuclease is contained in its amino acid sequence.

A quite different result was obtained when reduced ribonuclease was reoxidized while it
was still in 8 M urea and the preparation was then dialyzed to remove the urea. Ribonuclease
reoxidized in this way had only 1% of the enzymatic activity of the native protein. Why were
the outcomes so different when reduced ribonuclease was reoxidized in the presence and absence
of urea? The reason is that the wrong disulfides formed pairs in urea. There are 105 different
ways of pairing eight cysteine molecules to form four disulfides; only one of these
combinations is enzymatically active. The 104 wrong pairings have been termed scrambled

ribonuclease ‘2) . Anfinsen found that scrambled ribonuclease spontaneously converted into

fully active, native ribonuclease ‘*) when trace amounts of B -mercaptoethanol were added to

an aqueous solution of the protein. The added B -mercaptoethanol catalyzed the rearrangement
of disulfide pairings until the native structure was regained in about 10 hours.

“Berg et al., Biochemistry, 9e, © 2019 W. H. Freeman and Company” X VA, —#BckZs,
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