New bulk-solvent models improves
model-to-data fit and facilitates map
interpretation
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Bio-macromolecular crystals contain between 10 and
90% of solvent. This solvent is mostly disordered so it
cannot be interpreted in terms of an atomic model. Owing
to its simplicity and yet relatively good modeling power,
flat bulk-solvent model is the most commonly used model
to account for disordered solvent in modern
crystallographic software packages such as CNS, CCP4
or Phenix. This model assumes electron density is
constant anywhere in the unit cell where there is no
atomic model placed. While this may be a reasonable
approximation for some crystal structures or at initial
stages of structure determination, it may be less accurate
at final stages. Major deviations from the assumption of a
flat model include: 1) local concentration of solvent
component of specific types, such as lipid belts in
membrane proteins, 2) unmodeled ligands, 3) partial
occupancy of solvent in small isolated regions (between
or inside macromolecules), and 4) lack of solvent in
certain regions (hydrophobic cores).

These deviations manifest themselves as elevated R
factors in the lowest resolution shells as well as residual
features in difference maps: positive in cases when the
flat solvent model is inadequate in accounting for distinct
features, or negative when solvent model is used in
regions with no solvent.

To overcome the limitations of the existing bulk
solvent model we have proposed a non-uniform
bulk-solvent model that allows for solvent variation
across the unit cell volume. The new model splits initially
binary (0/1) solvent masks into several masks by applying
connectivity analysis. These masks are then split further
into more masks based on analysis of difference maps.
This final set of solvent masks is used to compute the
individual bulk solvent contributions to the total model
structure factor.

Tests on all deposited structures in PDB that have
diffraction data and cross-validation flags available
indicate systematic improvement of model-to-data fit
with no signs of over-fitting as judged by the R _ factor.
Tests on selected models demonstrate notable
improvements in map quality especially for weak features
such as ligands or solvent molecules.

All described tools will be available in Phenix.
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Calculating phases from small geometrically-ideal
protein fragments presents an attractive method for
structure determination when no suitable template
structure for molecular replacement is available. Over 15
years ago ACORN could solve the structure of lysozyme
by locating a 10-residue poly-alanine a-helix (3.4% of the
contents of the unit cell) and improving phases from this
fragment through density modification [1]. More recently
several approaches have been developed which use
Phaser [2] to place either ideal a-helices [3] or fragments
from ab initio modeling [4,5] followed by multiple
iterations of density modification and auto-building for
each fragment to identify correctly placed fragments. The
main drawback of this methodis obvious — the vast
majority of CPU time is spent attempting model building
with phases from incorrectly placed fragments.

We have implemented a novel approach — Fragon — that
also uses Phaser to place fragments (ideal a-helices,
B-strands or even single atoms) but tests solutions by
artificial extension of the data to 1.0 A resolution
followed by density modification with ACORN. In many
cases this can rapidly identify correctly placed fragments.
Subsequent chain tracing with SHELXE into the
density-modified maps provides a robust measure of
success and enables comparison with previous
approaches [3-6].

We generated a challenging test set (103 structures) of
mixed o/f folds at resolutions between 1.0 and 1.7 A.
Fragon solved 62% of the test cases searching for one or
two ideal a-helices of 7-14 residues. One further structure
was solved from a single S atom to bring the final success
rate to 63%. Fragon was also benchmarked against the
test set used in previous approaches [4-6]. Fragon’s
success rate of 61% compares favourably with that of
previous approaches of 54% [5] and 49% [6].

We will also describe application of Fragon to solve a
previously unknown structure starting from ideal
B-strands and a 54.5 kDa structure solved from a single P
atom.
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