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Primary Structure Specifies Tertiary Structure

Introduction
After the tertiary structures of proteins were first shown to be highly specific, the question arose as to
how the order of amino acids determined the three-dimensional structure. The second protein whose
structure was determined was ribonuclease A, an enzyme from cows that was readily available from
pancreases at slaughterhouses. Because it works in the highly acidic environment of the cow stomach,
RNase A was stable compared to most proteins and easy to purify. RNase A has 124 amino acids,
among which are eight cysteine residues which form four disulfide bridges. Were these covalent links
between amino acids essential for the three dimensional structure? Christian Anfinsen and his colleagues
set out to answer this question by first destroying these links by reducing the S-S bonds to SH and SH.
With the links destroyed, they measured the three-dimensional structure of the protein (was it
denatured?) as well as the effect of denaturation, the loss of enzyme activity. They then removed the
mercaptoethanol and allowed the S-S bonds to reform by bubbling in oxygen gas and looked again at the
structure and function of the enzyme. They found that indeed, the disulfide bonds between amino acids
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(primary structure) were essential for protein structure and function. Anfinsen was awarded the Nobel
Prize in chemistry in 1973.
Original Papers
Anfinsen, C.B., E. Haber, M. Sela, and F. White, Jr. 1961. The kinetics of formation of native
ribonuclease during oxidation of the reduced polypeptide chain. Proceedings of the National Academy of
Sciences 47: 1309–1314.
http://www.pnas.org/content/47/9/1309.full.pdf+html
White, Jr., F. 1961. Regeneration of native secondary and tertiary structures by air oxidation of reduced
ribonuclease. Journal of Biological Chemistry 236: 1353–1360.
http://www.jbc.org/content/236/5/1353.full.pdf+html?sid=2029c980-04c6-4246-8f21-9b9674fff1c6
Links
(For additional links on this topic, refer to the Chapter 3 Investigation Links.)
Nobel Prize lecture by Christian Anfinsen
http://nobelprize.org/nobel_prizes/chemistry/laureates/1972/anfinsen-lecture.pdf
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Analyze the Data
Question 1
Initially, disulfide bonds (S—S) in RNase A were eliminated because the sulfur atoms in cysteine were
reduced (—SH). At time 0, reoxidation began and at various times, the amount of disulfide bond reformation (blue circles) and the function of ribonuclease (enzyme activity; red circles) were measured
by chemical methods. Here are the data:

A. At what time did disulfide bonds begin to form?
B. At what time did enzyme activity begin to appear?
C. Explain the difference between your answers for the
times of (A) and (B).
Question 2
The three-dimensional structure of RNase A was examined
by ultraviolet spectroscopy. In this technique, the protein
was exposed to different wavelengths of ultraviolet light
(measured in Angstroms [1 A = 10 nm]) and the amount of
light absorbed by the protein at each wavelength was
measured (E). Here are the results:

A. Look carefully at the graphs. What was the difference
between the peak absorbance of native and reduced (denatured) RNase A?
B. When reduced RNase A was reoxidized (renatured), what did its observed spectrum most closely
match, that of native RNase A or reduced RNase A?
C. What can you conclude about the structure of RNase A in these experiments from the data?
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