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Abstract. Automatic methods have been applied to interpretation of macromolecular 
difference Patterson These methods combined with Fourier recycling can also be used 
for structure determination of organic structures Test calculations with programs XFPM 
and XFPL showed that these methods are useful alternative to traditional methods 

Introduction 

The computer program was born in 1986 (Pavelcik 1986) under the name XFPS as a pro
gram for automated Fourier, Patterson and superposition methods The program was later 
extended by second and third order symmetry minimum function, cross-vector function, 
by a full symmetry minimum translation function (Pavelcik 1988), procedures utilising 
Patterson peaks (Pavelcik et al 1992a) by an expert and graphics routines and released 
as the program for automatic structure determination (Pavelcik et al 1992b) Recently 
the program has been divided into a program for automatic structure determination and 
refinement, XFPA, and to a specialised program for interpretation of protein difference 
Patterson function, XFPM 

Structure determination of organic structures is dominated by direct methods, which 
in 60-ties and early 70-ties replaced Patterson methods Recently (Pavelcik 1988, Pavelcik 
et al 1992a, Pavelcik 1994) powerful Patterson methods for automatic determination of 
heavy atom structures have been developed These methods are combined with Fourier 
recycling methods, which are very powerful tools for phase refinement (Pavelcik 1994, 
1997) In this paper preliminary results of the fully automatic (Patterson based) structure 
determination methods combined with automatic isotropic refinement are described for 
organic structures These methods are of potential use for direct solving of small proteins 
measured at atomic resolution 

The heavy atom replacement method remains the major tool to phase new macro
molecular structures A difference Patterson shows peaks corresponding to the heavy 
atoms plus noise Several algorithms have been developed for automatic interpretation of 
the Patterson map e g HASSP, GROPAT or SHELXS The significant updating of the 
XFPS for analysis of difference Patterson function in the macromolecular crystallography 
represents a new tool for protein structure analysis 
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Methods 

Four strategies for automatic structure determination of organic structures and for au
tomatic interpretation of difference Patterson have been developed Two of strategies for 
structure determination are new, two are modification and extension of strategies A and 
D of Pavelcik (1994) The principal difference with (1994) paper is the change from a 
single-solution to an automatic multi-solution The phase problem is solved by superpo
sition method The full symmetry atomic minimum superposition (Simpson et al 1965, 
Pavelcik 1986) in the crystal space group, or a minimum vector superposition (Buerger 
1959) in the space group PI, are used Starting atoms for the atomic minimum superposi
tion are generated either by symmetry minimum function (Simpson et al 1965, Pavelcik 
1986, 1990) or full symmetry (SMF based) minimum translation function based on one 
Patterson vector (Pavelcik 1988) Shift vectors for vector superposition are either simple 
Patterson vectors, or several vectors resulting from the cross-vector superposition (Iljukhm 
et al 1981, Pavelcik 1994) Peaks from superposition map form input into Fourier recy
cling in crystal or PI space groups Slightly modified computer implementation of Pavelcik 
(1994) is used Number of Fourier cycles depends on number of atoms in the asymmetric 
unit Structure solved in PI space group is shifted to conventional cell origin (Pavelcik 
1994) and further refined in the crystal space group Structure determination is supported 
by an automatic structure expansion and refinement (Pavelcik 1997), but only isotropic 
refinement was used for testing purposes 

Computer program 

For fully automatic Patterson interpretation of protein difference Patterson only following 
instructions are needed 

CELL A, a, b, c, a, fi, 7, sp gr No 
CHEM Z, Hg 3, N 100 
SOLVn 

The most relevant changes with respect to the program XFPS are 
Input of macromolecular reflection data, these data can be prepared e g by CCP4 

program mtz2\anous User oriented input Improved symmetry minimum function for 
atoms in special positions and second order symmetry minimum map Cross-vector su
perposition Minimum vector superposition and the SMF based search for the cell origin 
Modified and more powerful Patterson multi-solution based on fragment generators and 
cross-vector function with combined figure of merit Test for pseudo-symmetry in the 
atomic minimum superposition Fourier recycling Pseudo-Gaussian peak integrals for 
sorting electron-density peaks Fi\e expert routines for Patterson multi-solution 

The program has been written m FORTRAN77(90) and has been tested on an IBM 
compatible PC under MS DOS, Wmdows95 and LINUX, and on SGI under IRIX 6 2 
User's instructions, program description and test structures are supplied as an ASCII 
text file MS WORD document and HTML files are under development The programs 
XFPA and XFPM are available on request from F P and XFPM will be distributed as 
the part of CCP4 program 

Results and Discussion 

Automatic Patterson interpretation of difference Patterson has been tested on structures 
RNase, Hg and Pt dematives, SinIR, Se anomalous derivative, OPAL, U anomalous 



32 Gen Physiol Biophys (1998), 17 , Suppl 1, Pavelcik and Dodson 

Table 1. Crystal data for test structures and results of automatic solution and isotropic refine 
ment SOLV means the strategy 

Code 

FUNG 
BETA 
APAPA 
MEXI 
BL238 
DIAM 
DIOL 
B E D 
N055 
TURIO 
SKN1 
CIME 
AMIDE 
KARB 
L O G 
PnlA 
DCHP 
C \ C L O D 
PROP3 

Sp group 

Pccn 
1C2/C 
P4i2i2 
P 1 
P 1 
P4 2 / c 
I-42d 
14 
Fdd2 
P6322 
P 3 i 
Cc 
Pbc2i 
C2 
P2i2i2i 
P 2 i 
P 6 2 

P 2 i 
P2i /n 

Formula 

r i 7 H 2 2 C l N 2 0 4 P S 2 
C18H29CIN2O5 
C30H49N15O22P2 
CuHigClON 
C u H i 5 N a N 2 0 
C 1 4 H 2 0 O 
C i o H 1 8 0 2 

C 2 6H26N404 

C20H24N4 
Ci5H 2 40 2 

C 7 H i 6 C l N 0 4 

Ci 0 H 1 8 N OS 
Ci 4 H 1 8 N O4 
C22H25N2O4 
G17H26O10 
C6 H 9 iN 1 802 5S4 
Ci 8 H 2 9 N O12 P 
C42Hg2046 
C 28H30O4 

Z 

8 
8 
8 
4 

16 
8 

16 
8 

16 
12 

3 
4 
4 
4 
4 
1 

12 
2 
4 

SOLV 

0 
0 
1 
1 
2 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
3 
4 
4 
1 

R 

15 4 
14 2 
15 8 
11 1 
11 6 
14 5 
14 4 
1 5 2 

10 6 
13 0 
9 3 
7 7 
9 9 

11 7 
9 1 

17 3 
12 0 

8 0 
19 4 

derivative, VALER, Hg derivative HEXS Hg derivative All test s t ruc tures have been 
automatical ly interpreted 

Tests for organic s t ructures were restricted to equal a tom ' s t ruc tu res and to organic 
s t ruc tures not containing a toms heavier than CI Examples of test d a t a and results are 
grven in Table 1 The results show tha t methods de \ eloped can be used for routine s t ruc
tu re determinat ion of small and intermediate organic s t ructures Presence of heavier a tom 
like N a + or P simplifies the process of s t ruc ture determinat ion and in most cases heavy 
a tom strategy can be used T h e cyclodextrine with 88 a toms (no heavy atoms) in the 
asymmetr ic unit of P2i space group is one of t he most difficult s t ruc tures solved 
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Spore formation is an ex t ieme response of some bacteria to adversity In Bacillus 
subtihs t he proteins of the sin, sporulat ion inhibit ion, region form a component of an 
elaborate molecular circuitiy which regulates the commitment to sporulat ion SmR is a 
te t rameric repressor protein which binds to the promoters of genes essential for entry 
into sporulat ion and prevents their t ranscript ion This repression is overcome through the 
activity of Sml which disrupts the SmR te t ramer through the formation of a Sinl-SmR 
heterodimer The interactions go \e rnmg this curious qua ternary t ransi t ion are revealed 
m the crystal s t ruc ture of the Sml-SmR complex The most striking, and unexpected, 
finding is t h a t the ter t iary s t ruc ture of the DNA binding domain of SmR is identical to 
t h a t of the corresponding domains of the repressor proteins (CI and Cro) of bacter iophage 
434 which regulate lvsis/lysogenv This s t ructura l similarity greatly exceeds t h a t between 
SmR and an\ bacterial protein or between the 434 repressor proteins and their homologues 
m the closely related bacteriophage A This close evolutionary relat ionship implied by the 
s t ruc tures of S m R and the 434 repressors provokes comparison bo th of their functions, 
and of the developmental pathways in which the respective proteins par t ic ipa te 
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