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Hydrogen atoms represent a large fraction of the total atomic content of macromolecules. They often play critical roles in enzyme ca-
talysis, ligand recognition processes, and protein-protein interactions. However, their direct visualisation by diffraction techniques is 
challenging. Macromolecular X-ray crystallography affords the localisation of only the most ordered hydrogen atoms at (sub-)atomic 
resolution (around 1.2 Å or higher). However, many hydrogen atoms of biochemical significance remain undetectable by this method. 
Differently, neutron diffraction methods enable the visualisation of most hydrogen atoms, typically in the form of deuterium (2H) atoms 
at much more common resolution values (better than 2.5 Å). Thus, neutron crystallography, although technically demanding, is often 
the method of choice when direct information on protonation states is sought.  

Novel refinement protocols have been implemented in the macromolecular refinement software REFMAC5 [1], one of the flagship 
packages of the Collaborative Computational Project Number 4 (CCP4) suite of programs [2]. One new feature for neutron data analysis 
in REFMAC5 is refinement of the protium/deuterium (1H/2H) fraction [3]. This parameter describes the relative 1H/2H contribution to 
neutron scattering for hydrogen isotopes. Additionally, stereochemical restraints, including accurate covalent bond distances between 
the hydrogen atom and parent atom nuclei suitable for neutron refinement, are now included in the CCP4 Monomer Library, the source 
of prior chemical information used by REFMAC5 [3-4]. The newly developed REFMAC5 algorithms were tested by performing the 
(re-) refinement of several entries available in the PDB and of one novel structure (FutA) [5] using either (i) neutron data only or (ii) 
neutron data supplemented by external restraints to a reference X-ray crystallographic structure. Furthermore, the refinement process of 
urate oxidase (UOX) in complex to a C5(S)-peroxo derivative of 9-methyl uric acid (MUA), a co-factor free enzyme that catalyses the 
degradation of uric acid (UA) to 5-hydroxyisourate is discussed. The varying protonation states of the catalytic residues provide insights 
into the enzyme mechanism. 
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