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Abstract 

A new procedure for combining direct methods with the 
solvent-flattening technique is proposed for phasing single 
isomorphous replacement (SIR) or one-wavelength anomalous 
scattering (OAS) data of proteins. The new procedure differs 
from the previous one [Zheng, Zheng, Gu, Mo, Fan & Hao 
(1997). Acta Cryst. D53, 49-55] in that the direct method not 
only provides input phases to but also accepts feedback phases 
from solvent flattening, thus forming an iterative process for 
breaking the ambiguities and refining the values of phases. The 
new procedure was tested with the experimental SIR data of the 
known structure ribonuclease Sa. For the strongest 1000 of the 
total 7264 refelctions, the mean Fobs-weighted phase error is 7.5 
and 9.4 ° lower than that of the previous procedure and that of 
solvent flattening alone, respectively. 

I. Introduction 

Solving a mcromolecular structure by using single isomorphous 
replacement (SIR) or one-wavelength anomalous scattering 
(OAS) data is important when it is difficult to prepare multiple 
isomorphous derivatives and to collect multiwavelength 
anomalous diffraction data. However, the phase ambiguity 
intrinsic to SIR or OAS data obstructs their use. The solvent- 
flattening technique (Wang, 1981, 1985) has been used 
successfully for resolving the phase ambiguity. Alternatively, 
various kinds of direct methods have been proposed to solve the 
same problem (Coulter, 1965; Fan, 1965a,b; Karle, 1966; 
Hendrickson, 1971, Hauptman, 1982a,b; Giacovazzo, 1983; 
Fan & Gu, 1985; Fortier, Moore & Fraser, 1985; Klop. 
Krabbenham & Kroon, 1987; Giacovazzo, Cascarano & Zheng, 
1988; Kyriakidis, Peshar & Schenk, 1993). Some of them have 
been tested sucessfully with experimental protein diffraction 
data (Fan, Hao, Gu, Qian, Zheng & Ke, 1990; Giacovazzo, 
Siliqi, & Zanotti, 1995; Langs, Guo & Hauptman, 1995). The 
combination of direct methods with solvent flattening for 
breaking the phase ambiguity has shown its advantage over 
direct methods or solvent flattening alone (Sha, Liu, Gu, Fan, 
Ke, Yao & Woolfson, 1995; Zheng, Zheng, Gu, Mo, Fan & 
Hao, 1997; Zheng, Gu, Zheng, Mo, Fan & Hao, 1997). The 
philosophy is that, while direct methods are good at deriving 
starting phases from SIR or OAS data, the solvent-flattening 
technique is powerful in the subsequent phase refinement. In 
our previous procedures, direct methods were simply used to 
provide solvent flattening with a set of starting phases and then 
the phases were improved by solvent flattening. However, as 
pointed out by Fan, Woolfson & Yao (1993) in the OAS case, 
Bijvoet differences usually have magnitudes comparable with 
those of the experimental errors and thus a considerable number 
of the observed Bijvoet differences will be incorrect not only in 
their magnitudes but also in their signs, which can in some 

circumstances have a very large effect on the estimate of the 
phase angle. This situation also happens in the SIR case. When 
direct methods are used in such a case, large errors, usually not 
randomly distributed, will then be transferred to the solvent 
flattening and affect significantly the result. In this paper we 
report a new procedure, in which the direct method provides 
initial phases to the solvent flattening and then the phases 
improved by the solvent flattening are fed back to the direct 
method. The iteration is carried on until a convergence is 
reached. 

2. Method 

Since the principle of our method is the same in both SIR and 
OAS cases, for reasons of simplicity, in the following 
discussion only the SIR case is considered. The phase of the 
reflections from the native protein can be expressed as 

(Ph = (Dh.R -'~ m(ph.R, (1) 

where ~Ph denotes the phase of structure factors from the native 
protein, ~Ph.R iS the phase contributed from the isomorphously 
replaced atoms and Aqgh. R is the phase difference between ~Ph 
and qgh. R. The magnitude of A~ph.R can be calculated as 

IACPh.R[ ---- COS-' [([Fh.D[ 2 -- [Fh.,,~'] 2 -- Fh.8 2)/2 Fh RFh.x I], 

(2) 

where Fh.t), Fh. N and Fh. e are the structure factors of the heavy- 
atom derivative, the native protein and the partial structure of 
the replacing atoms, respectively. Values of [Aq~h.R[ are input to 
the direct methods to derive their signs. A set of starting phases 
is then obtained through (1). In practice, owing to experimental 
errors, values of cos(AcPh. R) from (2) may be outside the range 
of 1 to +1. In most cases such a set of Cos(Aqgh.R) are not used 
in the direct method. Instead they are first sorted in descending 
order and then modified to fit into a uniform distribution 
between +1 and 1. New values of Cos(A~ph.R) SO obtained are 
used in the subsequent calculation. We described previously a 
simple procedure of combining direct methods with solvent 
flattening (Zheng, Zheng, Gu, Mo, Fan & Hao, 1997), where 
the direct method is used only to provide initial phases, while 
the solvent flattening is used to improve them. Here we describe 
an iterative procedure, in which the resultant phases from 
solvent flattening are used to calculate new values of IA~ph.RI, 
and then they are fed back to the direct method. 

3. Test data 

Data used in the present test were experimental X-ray 
diffraction data from the native and the platinum derivative of 
ribonuclease Sa (RNase Sa) at 2.5A resolution (Dodson, 
Sevcik, Dodson & Zelinka, 1987; Sevcik, Dodson & Dodson, 
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Table 1. Mean phase errors from different phasing procedures 

The total 7264 reflections were sorted in descending order of the observed structure-factor magnitude and then cumulated into eight groups. 
Values of the mean phase error were calculated against the final structure model. 

Fob.,-weighted mean phase error (°) 
Solvent flattening based Simple 'direct method Iterative "direct method 

Number of reflections Averaged SIR phases on averaged SIR phases + solvent flattening' + solvent flattening' 

1000 64.26 47.27 45.34 37.86 
2000 63.86 48.61 47.39 40.87 
3000 64.38 50.64 49.90 43.77 
4000 65.07 52.51 51.74 46.29 
5000 65.96 54.06 53.59 48.67 
6000 66.69 55.56 55.14 50.39 
7000 67.30 56.52 56.22 5 i .62 
7264 67.39 56.66 56.36 5 I. 77 

1991). The data were collected with CuK~ radiation by a 
routine protein crystallography method. The crystals belong to 
space group P212121 with unit-cell parameters a = 6 4 . 9 0 ,  
b--78.32 and c = 3 8 . 7 9 A .  There are two molecules in the 
asymmetric unit, each with 96 amino-acid residues. Five 
platinum positions were found in the asymmetric unit but they 
are only partially occupied and the sum of  the partial 
occupancies gives approximately six Pt atoms in the whole 
unit cell. 

4. Results and discussion 

Table 1 lists the Fobs-weighted mean phase error for cumulative 
reflection groups resulting from five cycles o f  iterative direct 
method + solvent flattening. Within each cycle, two masks were 
used. The first mask was calculated with the direct-method 

phases. After two cycles of  iterative solvent flattening the 
improved phases were used to calculate a new mask and then 
followed by two more cycles o f  solvent flattening before the 
phases were fed back to the direct-method processing. For a 
comparison, results from other procedures (see Zheng, Zheng, 
Gu, Mo, Fan & Hao, 1997) are also listed in Table 1. It is seen 
that the present method yielded results better than other 
methods in all eight cumulative reflection groups. For all 
7264 reflections at 2.5 ,~ resolution, the present method gave a 
phase error of  51.77 °. This is about 5 ~> better then that of  our 
previous method or that o f  solvent flattening alone, and is about 
16" better than that o f  the SIR phases. For the strongest 1000 
reflections the improvement is even more significant, it is about 
7, 9 and 26 ° better than that of  our previous method, the solvent 
flattening and the SIR phases, respectively. Map correlation 
coefficients of  individual amino-acid residues were calculated 

(a) (b) 
Fig. 1. Comparison of Fourier maps on two different portions (a) and (b). Maps from the simple direct method + solvent flattening are shown on 

the upper part, while the corresponding maps from the iterative direct method + solvent flattening are shown on the lower part. All maps are 
contoured at la. 
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for molecule A and B. In the calculation we use Fobs and the 
resultant phases to calculate the experimental Fourier map and 
use Feat (including both magnitude and phase) from the final 
structure model to calculate the theoretical Fourier map. For 
molecule A, great improvement can be found with residues 1-2, 
22-25, 30--33 and 86--89. Meanwhile a serious drawback 
appears with residues 40-41. For molecule B, great improve- 
ment is found with residues 6-12, 24-31, 34-37, 53-59, 64-71, 
83-86 and 89-96 while a serious drawback is found with 
residues: 3-5, 18-19, 39-41 and 61-62. On average, the 
iterative direct method + solvent flattening brought the mean 
correlation coefficient to 0.51 and 0.48, respectively, for 
molecules A and B. These values are 0.05 and 0.08 better than 
the corresponding ones from the simple direct method + solvent 
flattening. In addition, the iterative procedure brought the two 
mean correlation coefficients of  molecules A and B closer 
together by 0.03. Figs. l(a) and l(b) compare portions of  the 
Fourier maps phased by the present procedure and the previous 
one. All the above results showed that the iterative direct 
method + solvent flattening is a powerful tool for breaking the 
phase ambiguity in protein crystallography. 
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