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16. DIRECT METHODS
dumbbells rather than single atoms in the peak-search part of the
dual-space recycling (Debreczeni et al., 2003); this dramatically
improves the quality of the higher-resolution starting phases.
Because the weak anomalous signal is swamped by the noise at
higher resolution in such SAD experiments, it is often essential to
truncate the resolution of the anomalous difference data before
searching for the substructure. For MAD experiments, it is
customary to truncate the data to the resolution at which the
correlation coefﬁcient between the signed anomalous differences
falls below 30% (Schneider & Sheldrick, 2002). The same
criterion can be used for SAD experiments if two independent
data sets (e.g. from two different crystals) are available. As a
compromise, the signed anomalous differences can be divided
randomly into two sets, and then the correlation coefﬁcient
between them can be calculated. However, since these sets are
not completely independent, a higher threshold (say 40%) might
be advisable. An alternative criterion is to truncate the data at
the point where the ratio of the mean absolute anomalous
difference to its mean standard deviation falls below ~1.3, but this
requires rather precise estimates of the standard deviations. In
borderline cases, especially when multiple CPUs are available, it
is probably safer simply to run the substructure solution for a
range of different resolution cutoffs in parallel, and this is already
implemented in several of the automated phasing pipelines.
Sometimes good solutions are only obtained in a rather limited
resolution cutoff range. A good starting value for sulfur SAD is
the diffraction limit plus 0.5 Å.

Figure 16.1.11.1
Relative occupancy against peak number for SHELXD substructure
solutions of elastase. (a) Sulfur-SAD experiment showing the presence
of the 12 expected sulfur atoms. (b) Iodide soak. Subsequent analysis
showed that the peaks with relative occupancies less than 0.2 are mainly
noise. These ﬁgures were made with HKL2MAP (Pape & Schneider,
2004).

16.1.12. Computer programs for dual-space phasing
Macromolecular crystallography is well served with free, highquality, open-source software. Programs that provide directmethods phasing for macromolecular problems will now be
outlined. Although they all (except CRUNCH2) implement
procedures that can be described more-or-less as dual-space
methods, there are also appreciable differences from the three
programs discussed so far. In this section, we have attempted to
highlight these differences.

2003). The success of these approaches is also made possible by
the ability of modern, dual-space, substructure-solution programs
to locate correctly a large number of sites, possibly with varying
occupancies, using the SAD and SIRAS approaches.
In selenomethionine SAD and MAD phasing and in sulfur
SAD phasing, the variation of the occupancies (reﬁned in the
ﬁnal two cycles in the case of SHELXD) provides a very good
indication as to whether the structure has been solved. Fig.
16.1.11.1(a) shows the phasing of elastase with sulfur SAD; a
sharp drop in the relative occupancy after the 12th site conﬁrms
the expected presence of 12 sulfur atoms. For an iodide soak of
the same protein (Fig. 16.1.11.1b), the relative occupancies show
a gradual fall with peak number. Since the number of sites is
difﬁcult to estimate in advance for a halide soak and SHELXD
needs to know this number approximately (within say 20%), it
may be necessary to make several trials with different numbers of
expected sites. From experience, the best number to use is the
one that causes the occupancies to fall to about 0.2 relative to the
strongest peak. Usually, subsequent reﬁnements of the occupancies show that all the sites are partially occupied for halide
soaks.
When the anomalous signal does not extend beyond about
2.0 Å, the two sulfur atoms of a disulﬁde bridge coalesce to a
single maximum, often referred to as a supersulfur atom. At low
resolution, this increases the signal-to-noise ratio for such sites in
the dual-space procedure, but tends to impede phase extension to
higher resolution (e.g. when density modiﬁcation is applied to the
native data with the starting phases estimated using these
supersulfur atoms). An efﬁcient way around this problem is to ﬁt
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16.1.12.1. ACORN
ACORN (Yao et al., 2006) and its successor ACORN2 (Dodson
& Woolfson, 2009) start with a fragment. This fragment can be
very small: 1–8% in ACORN, and as little as 0.25% of the scattering is reported for ACORN2. Strictly speaking, these are not
direct-methods programs, since they solve and reﬁne crystal
structures from poor starting phase sets that are usually derived
from a known fragment. However, since this fragment can be
very small, and since for P1 structures a single heavy atom at the
origin sufﬁces as a useable starting point, they are included here.
The data are normalized to give E magnitudes and partitioned
into three sets: (1) large observed normalized magnitudes, (2)
small magnitudes (typically < 0.2), and (3) the unobserved
reﬂections (which are given values of unity) for a resolution
range. A fragment is used to generate a set of phases, and this is
followed by a sophisticated density-modiﬁcation procedure:
ðnþ1Þ ¼ 0 if ðnÞ  L;
ðnþ1Þ ¼ ðnÞ tanh½0:2ððnÞ =Þ  if ðnÞ > L;
ðnþ1Þ



¼ T if 

ðnþ1Þ

ð16:1:12:1Þ

> T;

where  is the standard deviation of the map density and
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