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Hypothesis

Most macromolecular crystallography (MX) experiments are now performed at synchrotron sources with preferred X-ray wavelengths of around 1 A
~12.4 keV). Increasing the X-ray energy may increase the amount of signal obtained per unit of dose.

Introduction

Structural biologists like to know the structure of proteins so they can better understand how they function‘and can then“design drugs to bind to them and modulate their activity.
The most common way of determining the protein structure Is to fire X-rays at them. However, the X-rays would destroy a single protein before we get enough signal so we grow our
proteins into ordered arrays In crystals to amplify the signal and get a structure before the X-rays have destroyed the proteins.

However, there is a growing desire in the field to use smaller and smaller crystals so allow for serial crystallography, where we soak protein ligands (such as drugs) into the crystal
and watch a movie of the protein changing structure in response, rather than just capturing the final state of the protein. Can higher X-ray energies be better for this?
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during MX data collection at synchrotrons, indicate that there is an approximately ' 4 Mi tal
1.7-fold increase in DE at 35 keV incident X-ray energy compared to at 12.4 keV (a). . VIICrOClyslals
*The shape shown in (a) arises.because the photoelectric absorption cross section . pata collection from microcrystals may benefit further from higher X-ray energies.

falls at a faster rate than does the elastic scattering cross section as incident energy - When a photon is absorbed by an atom, a photoelectron is emitted with kinetic
increases from 2 to 35 keV (b). However, the Compton scattering cross section energy equal to the X-ray energy minus the binding energy of that shell.

Increases with beam energy, accounting for the decrease in DE above ~35 keV.  Photoelectrons are mobile at cryogenic temperatures and deposit energy in the sample
(a) by inelastic collisions before thermalising.
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The Aim:

To write Monte Carlo simulations to investigate the effects of increasing incident X-ray energy on diffraction efficiency and experimentally verify
the results.

Methods Results

 For silicon based detectors, the simulations
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these technically challenging experiments

Conclusions:

The results reveal a sweet spot' at an incident X-ray energy of 26 keV when a CdTe based detector is used, and show a greater than factor of
two improvement in diffraction efficiency at this energy when using microbeams and microcrystals of 5 um or less.
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