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This column is dedicated to the memory of Dr John Garratt (1935–2015), biological chemist and founding editor of Chemistry review.

Jean Whittingham is a protein crystallographer in the Department of Chemistry at the University of York. She has used X-ray 
crystallography as a tool for drug development in the control of diseases, including diabetes mellitus and malaria. During her PhD 
training, John Garratt was an invaluable mentor for Jean. He always had time to talk through a scientific paper or an experiment, and 
his enthusiasm for science was infectious.

1912 Discovery of X-ray diffraction
Whose idea was it to pass X-rays through a 
salt crystal and see what happened? In 1912, 
Max von Laue and his colleagues at Munich 
University did just that. The effect was 
astonishing. An image, projected onto X-ray 
film, contained several dark spots (Figure 1a). 
This pattern could be deciphered to reveal 
the shape of the molecule (in this case copper 
sulfate, see Figure 1b and background image) 
inside the crystal. Thus, the technique of 
X-ray crystallography was born. It did not 
take long for scientists to realise the power 
of this method, and throughout the twentieth 
century it became possible to visualise the 
shapes and structures of many different types 
of molecules using X-ray crystallography.

Figure 1a First X-ray diffraction 
pattern obtained by Laue and his 
collaborators
Figure 1b Structure of copper 
sulfate

Figure 3 Protein X-ray diffraction pattern

Figure 5 3D computer-generated image of the protein 
N-myristoyltransferase

Figure 6 A ribosome, showing just how complex a structure 
has now been solved
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Being able to ‘see’ a molecule 
helps us to understand how it 
works. In 1953 James Watson, 
Francis Crick and colleagues 
interpreted by eye the unusual 
X-ray diffraction pattern (Figure 2a) 
produced by fibres of DNA 
(deoxyribonucleic acid). They built 
a three-dimensional model showing 
that DNA formed a double helix, 
with two spiral sugar-phosphate 
backbones supporting a ladder of 
nucleotide base pairs.
The beauty and stability of this 
molecule was striking (Figure 2b). 
But what did it mean? How did it 
work? The structure of DNA was 
the cornerstone from which, in 
the years that followed, scientists 
began to understand how the 
information contained in the 
genetic code is used to make the 
molecules of life, proteins. 

Figure 2a Diffraction pattern produced by Rosalind 
Franklin and interpreted by Watson and Crick to 
work out the double-helical structure of DNA

Figure 4 Protein crystals of two enzymes: (a) mannanase and (b) arabinase
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1991– The Chemistry review years
The 1990s was an exciting time for biological chemistry. Using the 
new science of genetic engineering, it became possible to study all 
sorts of proteins from plants, animals and microorganisms. In X-ray 
crystallography, complex diffraction patterns (Figure 3) recorded from 
protein crystals (Figure 4) were interpreted using supercomputers 
to produce three-dimensional graphical protein models (Figure 5). 
Information about protein structure impacted on areas as diverse as 
medicine and agriculture. It also impacted on our understanding of 

fundamental biology. In 1991, the first year of CHEMISTRY REVIEW, the 
first crystals of the ribosome were produced. This giant, multi-tasking 
protein–RNA complex uses the instructions originating from the DNA 
code to make proteins. To find out how it worked, a crystal structure 
was needed, but such was the enormity of this problem that it took 
another 20 years sort it out (Figure 6). There are still many proteins 
to study and much to discover — enough to keep scientists busy for 
many years to come.
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Structure 
of DNA

1953 The DNA double helix
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