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Awards: Sigma Xi Proctor Prize, Raleigh, NC (2001); Bower Award and Prize, the Franklin Institute,
Philadelphia, PA (2000); National Medal of Science, Washington, DC (1995); Linus Pauling Medal, American
Chemical Society, Northwest Sections (1995); Lewis S. Rosenstiel Award in Basic Biomedical Research,
Brandeis Univ., Waltham, MA (1983); James R. Killian Faculty Achievement Award, Massachusetts Institute
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Fellow, American Association for the Advancement of Science, Washington, DC (1965); Fellow, Guggenheim
Foundation (1963); Fellow, American Academy of Arts and Sciences, Boston, MA (1959); Fellow, National
Research Council, Washington, DC (1949-51).

Summary of scientific research

The central thrust of my research has been an attempt to understand the relationship between molecular
structure and biological function especially of nucleic acids and proteins. While working as a postdoctoral
fellow with Linus Pauling at Caltech, | was strongly impressed with the power of x-ray diffraction analysis in
defining structure. Some of my earlier work at the time concerned the then unknown structure and function of
ribonucleic acid. In the mid 50s, | studied the structure of natural and synthetic polynucleotides using fiber x-
ray diffraction. A variety of different helical molecules were discovered containing two, three or four strands.
These studies were later complemented by using single crystal x-ray diffraction analysis with purine-pyramidine
intermolecular complexes. These demonstrated the wide variety of hydrogen bonding interactions of nucleic
acid bases. Some of my earlier work concerned the structure of polypeptides. We determined the structure of
polyglycine-1l, a molecule which contains a unique hydrogen bonding system. This served as a clue for our
discovering the structure of collagen, the fibrous protein of skin and connective tissue. In the early 1960s great
interest was associated with the role of messenger RNA in protein synthesis. By its length, it seemed apparent
to me that messenger RNA was long enough to associate simultaneously with several ribosomes while it was
being translated. Out of this we discovered polyribosomes and carried out a series of studies dealing with the
nature of the polyribosomal protein synthetic system. This led to a detailed analysis of events in the ribosome
and the role of transfer RNA. In the late 60s we discovered we could crystallize pure species of transfer RNA.
Solution of its three-dimensional structure by x-ray diffraction would produce information to help understand
its mode of action in protein synthesis. Crystals were discovered that diffracted to high resolution and by 1973
we had traced the chain of yeast phenylalanine tRNA. In 1974 at 3 A resolution we could discern the entire
structure. It was an unusual structure, bent so that one end interacts with the messenger RNA during protein
synthesis while the other end 75 A away has the amino acid attached. We continue to address the problem
of how this molecule works. In 1979 we solved the structure of a fragment of RNA that was found to be in a



novel left-handed form. This conformation of the double helix, called Z-DNA, is a high energy form of the more
familiar right-handed helix. For several years we have studied both its chemistry and biology. We now know
which forces inside the cell act to stabilize Z-DNA and we understand a great deal about its conformation. A
class of proteins were discovered that bind specifically to Z-DNA, many in regulatory regions. Co-crystallization
of these proteins with Z-DNA has led to an understanding of how Z-DNA is recognized. In turn, this has led
to other biological activities.
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