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Protein-ligand complexes are often consulted for the
understanding of binding modes and mechanisms of
action as well as the development of novel drugs. Unfor-
tunately the resolution of most x-ray structures is too
low to resolve hydrogen atoms. However, hydrogen
positions play a major role in the analysis of important
interaction types as hydrogen bonding or metal interac-
tions. Therefore, it is important to predict the orienta-
tion of hydrogen containing rotatable groups as well as
sensible protonation and tautomeric states of both pro-
tein and ligand. While in most cases these degrees of
freedom are still manageable for the protein and there-
fore incorporated in the models of the most common
prediction tools for hydrogen placement [1-3], the con-
sideration of different protonation states and tautomers
of the ligand and their relative frequency can, due to
chemical multiplicity and the physicochemical complex-
ity of protonation and tautomeric equilibria, easily
become a complicated problem.
We present a new method for the prediction of hydro-

gen positions in protein-ligand complexes that considers
tautomeric variability of the ligand in addition to com-
mon degrees of freedom. Beginning with a random tau-
tomeric state, different reasonable tautomers of the
ligand are enumerated and their relative stability is esti-
mated on the basis of a heuristic scoring scheme. This
tautomerism model is integrated in the hydrogen place-
ment application Protoss [3].
Our approach permits an enhanced automatic predic-

tion of hydrogen positions, especially for ligands that
exhibit tautomers with similar stability but different
interaction facilities. Furthermore we were able to repro-
duce the ligand tautomers that were proposed in several

studies of tautomerism preferences in protein-ligand
complexes.
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