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Molecular replacement (MR) is the most frequent
approach to solve the phase problem in macromolecular
crystallography, but depends on the availability of a good
enough starting model. Recently, MR is going ab initio in
a number of approaches and as a consequence, its
previous limits are being overcome through extremely
sophisticated methods, targeting the area between purely
ab initio and traditional MR, like AMPLE"
MR_Rosetta®, or the method proposed by Zhang®.
ARCIMBOLDO® and BORGES® methods take the
approach of using very small ideal models or libraries of
local folds. Clustering methods had previous application
in low resolutlon phasing approaches such as the Few
Atoms Method’. More recently, Buehler et al. proposed
the application of cluster analysis to MR phasing®,
pointing out that in cases in which partial or poor models
are used, discrimination of the optimal position is not
straightforward, and often, a number of weak peaks with
partially correct orientations are found. Comparison of
coordinates of partial solutions is not an easy task, as
search models may fit the electron density in different
ways. Instead, maps can be generated and its mean phase
difference measured, producing a phase-combined map
that may model differences and result in a better estimate
of the atomic coordinates. We have applied phase
combination to ARCIMBOLDO partial solutions and
proof of principle has been established by studying
optimal strategies starting with test cases. We have
evaluated the reliability of possible figures of merit and
how to best characterize differences (using mean phase
differences or map correlation coefficients). These
results, just submitted for publication, have been
implemented to increase the radius of convergence and
efficiency of the ARCIMBOLDO methods. The approach
developed has been essential to solve a previously
unknown structure with 430 aminoacids in the
asymmetric unit and data to 1.5A where classical MR
methods had failed.
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Finding and refining suitable crystallographic models of
highly disordered regions of a structure is often a time
consuming and thankless task: the improvement in fit and
model phases gained by carefully fitting molecules to
disordered regions of scattering density makes little
difference to the interpretation of the ‘important’ parts of
a crystal structure. Difficult cases can include: partially
occupied solvent in voids, unidentified mixtures of
disordered solvents, and solvent which is not constrained
by the space group symmetry of the parent structure.

A more convenient option is to apply the bP/pass
algorithm, implemented in PLATON as Squeeze.” The
method adds a reciprocal space correction to the
calculated structure factors based on the Fourier
transform of the difference scattering density in the void
regions of the crystal structure. Iterative improvement of
phases using this scattering contribution can converge on
a solution which gives a reliable correction to the data.
Additional checks, such as the approximate number of
scattering electrons in the solvent volume can help to
rationalise the correction. The form of the scattering
density used in the correction is not constrained, except
that it must lie in the unoccupied regions (solvent
accessible voids) of the structure. The results usually
show an improvement in expected geometry and standard
uncertainties of the remaining structure.

An alternative approach is to make use of computing
power to find a disordered model which gives the best fit
to the data. Such a model can be constructed using an
ensemble of partially occupied molecules placed in the
solvent accessible regions of the structure and optimised
using random sampling of different occupancies,
conformations and positions. The sampling is optimised
by using observed distributions of geometry and
interaction from known structures.

The application of this method to some disordered
structures is presented and shown to give a physically
interpretable description of the scattering from a
disordered solvent (Figure 1). Additional a priori
real-space information, such as satisfying weak
intermolecular interactions can also be used to guide
solutions.



