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Image Seeking Functions (ISFs) were originally designed to deconvolute
Patterson maps automatically by making use of the following property: Rirect Methods are able (at times) to drive random sets of phases to the correct
Patterson map can be considered as a sum of images of the molecules irottes, provided the resolution of the diffraction data is not worse than 1.2 A
crystal unit cell. These functions also appeared to perform well as rotatidhe density of the favorable trials is quite small, and decreases with the
functions in molecular replacement, because of their ability to detect a vecstructural complexity, therefore making thé-initio procedure a potentially
set from the search model in the Patterson map of the target structure. Véry time consuming technique. In case of failure, the structural information is
basis of these functions is that the Patterson synthesis is strictly the vectorodin hidden in electron density distribution, which roughly corresponds to a
of the electron density of the crystal. Actually, a Patterson map differs frotranslated model. A new procedure, named RELAX, has been implemented in
being a set of discrete points, rather it is a continuously variable function, wi#iR2001 in order to overcome such a problem. Real space techniques are used
multiple overlapping peaks. However, these maps tend to have a discrietéranslate the model in the correct position. This procedure is able to increase
behavior as the resolution of the data used for computing them increases. gesolution density of SIR2001 at least by a factor of 2-3.
performance of ISFs when used as rotation functions benefit from the
availability of high-resolution data. Nowadays, it is almost routine - at least féiteywords: PROBABILITY THEORY DIRECT METHODS PROTEINS
small proteins - to obtain data up to atomic resolution in synchrotron sources.
This has made possible a new application of a vector search rotation function
program (OVIONE)(1): the determination of the correct orientation of
molecular fragments representing only a small percentage of the total scattering
matter in the unit cell (less than 10%). This allows the use of secondary
structure motifs (like an ideal-helix) as search models. Potential applications
of this methodology are connected with the idea that there is a list of structural
fragments from which all proteins can be assembled.
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New phasing procedure DMAD, which combines direct methods (D) arldSA
multi-wavelength anomalous diffraction (MAD), has been proposed and tested.
Encouraging results were obtained. The main points are as follows. @t S and T be a pair of isomorphous structures. In the SIRAS case, normal
Conventional MAD phasing is first performed and, only the MAD phases witlliffraction data are available for S and single wavelength anomalous
a figure of merit greater than a certain limit, say 0.99, are accepted as the ingiifftaction data are available for T. One example of the SIRAS case is that S is
to the following step. (ii) The MAD data are divided into n-sets (n equals the sulfur containing native protein and T is obtained from S by replacing some
number of wavelengths used) of SAD (Single wavelength Anomalouysr all) of the sulfur atomsin S by selenium atoms. Another example is the case
Diffraction) data, each set of which is treated by direct methods separatelythat S is a known heavy-atom substructure of T in which case our theory would
break the phase ambiguity with starting phases from step (i). (iii) Direciead to a method for going from a known substructure (S) of T to the whole
method phases of different sets of SAD data are combined to give a uniquessetcture T when anomalous data are available only for T. The realization of
of phases. (iv) Resultant phases from step (iii) are further combined with thhts goal is particularly important since a method for determining the heavy
of step (i) to give the final set of phases. Extensive test calculations have baémm substructure of a macromolecule by combining Shake-and-Bake phasing
made with the experimental four-wavelength MAD data from a known proteifil] with single wavelength anomalous diffraction data, even at a resolution of
the yeast Hsp40 protein Sisl (residues 171-352). It turned out that, even &2 A, has recently been elucidated [2].
wavelength DMAD phasing could lead to evidently better results than that the SIRAS case there are three normalized structure factors associated with

from a 4-wavelength conventional MAD phasing. each reciprocal lattice vector and three related two-phase structure invariants
(doublets). The joint probability distribution of the three structure factors leads
Keywords: DIRECT-METHODS MAD PHASING directly to the major results of this paper: 1. the conditional probability

distributions of the doublets, given selected magnitudes and 2. the conditional
probability distribution of a single phase, given selected magnitudes, when a
heavy-atom substructure is known. The accompanying paper [3] describes the
first applications.
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