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10.4: Molecular Replacement
An approach to solving the phase problem by concentrating on phase relationships that arise through X-ray diffraction from similar
molecular components. The components can be molecular fragments related through noncrystallographic symmetry (e.g.
icosahedral subunits of a virus) or a similar molecule such as a homologous protein with high sequence identity.

Discussion 
The technique is most commonly used in biological crystallography. Typically, an attempt is made to fit the structure under
investigation (the 'target' structure) to a previously solved ('probe') structure. The probe may be a different crystal form of the same
protein; or it may be a different protein with a high level of sequence identity, which correlates well with structural resemblance. As
a rule of thumb, molecular replacement is often straightforward if the probe is well characterized and shares at least 40% sequence
identity with the target. Rotation and transformation matrices must be applied. Patterson methods are suitable for determining the
rotation function R, since intramolecular vectors are all shifted to the origin of a Patterson map. The orientational fit (i.e. the
quality of the calculated rotation function) has usually been assessed by monitoring R factors or real-space correlation coefficients.
Increasingly, modern programs use maximum likelihood based algorithms.

The translation function T is then determined to shift the now correctly orientated probe model to the correct coordinates within the
asymmetric unit. Space-group symmetries can be used to help reduce the computationally intense calculations required.

History 
Early applications of the technique concentrated on large virus structures with icosahedral symmetry. In the 1960s the early
development of the molecular replacement technique was aimed primarily at ab initio phase determination. It was only in the
1970s, when more structures became available, that it was possible to use the technique to solve homologous structures with
suitable search models .
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