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Structural biologists utilise crystallography to determine the three-dimensional structures of
large biologically interesting macromolecules. Advances in dealing with radiation damage in this
field are intimately intertwined with the development of cryotechniques in the 1990s in which data
collection is performed with the crystal in an open flow 100 K nitrogen stream which significantly
reduces secondary damage allowing much more data to be obtained from each crystal. The loop
mounting innovation of Teng (1) made the cryo-method much more straightforward and gave
impetus to many laboratories to experiment with it.

However, it was not long before high flux density synchrotron beams were observed to
cause radiation damage even for cryocooled crystals. Researchers started to try to understand the
physical and chemical processes involved in this damage (reviewed in 2), which manifests itself in a
number of different ways, including: changes in crystal colour, decreasing diffraction power with
dose, noticeable first in decreasing values of 1/c(l) for the highest resolution reflections, a small
linear increase in unit cell volume, and specific structural damage to covalent bonds in the protein
in a reproducible order (3-5). This specific structural damage can lead to incorrect conclusions on
biological mechanisms being drawn from structures, especially as enzyme active sites and metal
binding sites seem particularly sensitive to change by X-ray irradiation. Thus the issue of radiation
damage has recently come to the fore as a concern for all structural biologists.

This contribution will summarise the current state of our understanding of radiation damage
in macromolecular cryocrystallography, including putative mitigation strategies and the
experimental determination of an upper dose limit of 3 x10’Gy for the biological veracity of the
information obtained from 3-D structures to be maintained (6).
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