Benefits of High Energy Data Collection in Macromolecular Crystallography
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Already decades ago, it has been postulated that increasing the X-ray energy beyond the typical 10-15 keV range would be advantageous in macromolecular crystallography (MX). The resulting benefits of using higher energies were predicted to be twofold. Firstly, the number of elastically scattered photons per unit absorbed dose, or diffraction efficiency (DE), would increase, implying an increase in the amount of information that can be obtained per unit absorbed dose [1-3].  Secondly, it was predicted that at higher energies photoelectrons can leave the protein crystal, depending on its volume, further reducing the absorbed dose [4]. Consequently, radiation damage could be reduced by going to higher energies and fewer microcrystals would be needed to get a complete data set. 
With advances in detector technology, it recently became possible to efficiently detect high energy diffraction (>20 keV). This technology allowed to experimentally verify both the increased diffraction efficiency and photoelectron escape at Diamond’s Microfocus Beamline I24 [5, 6]. The comparison of thermolysin data collected at 25 keV instead of 12.4 keV showed that the diffraction efficiency is increased in average by a factor of 2.3. 
Furthermore, it could be demonstrated that data collected at higher energies typically extend to higher resolution. An additional gain of using high energies is the possibility to collect data from huge protein complexes up to unprecedented resolution by using a Eiger2 CdTe 16 M at EMBL’s beamline P14. These include 1) a primitive orthorhombic crystal system with an asymmetric unit of 560´000 Da, of which we were able to collect a 0.98 Å resolution dataset with almost 100 million reflections and 2.75 million unique reflections; 2) a C-centered orthorhombic crystal system with an asymmetric unit of 280´000 Da, of which a 0.96 Å resolution dataset with over 40 million reflections and 1.375 million unique reflections could be collected. All in all, these results point to a high energy future for synchrotron-based MX.
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