
METHODS FOR STRUCTURE DETERMINATION C-57 

but it is also imporLwt in studying DNA replication because it is appar­
ently an homologue to E. coli DNA polymera<;e I which has long been 
used for DNA replication study (Lawyer eta!., 1993). The crystal stnrc­
ture of Tag DNA polymerase could be useful as a substitute for DNA 
replication study of E. coli DNA polymerase I. The structure detemlina­
tion of Tag DNA polymerase was initiated. The crystals of intact Tag 
DNA polymerase were grown at 22°C by the hanging drop method. X­
ray diffraction pattem breaks down a crystal structure into discrete sine 
waves in Fowier series. The original shape of an object in the form of 
electr·on density may be represented as the sum of those sine waves with 
varying amplitudes <md phases in three dimensions. The molecular re­
placement is sometimes utilized to provide phase information. This re­
port will describe phase determination to solve the crystal str1.1ctme of 
Tag DNA polymerase by the molecul<u· replacement. 
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Multiwavelem:th anomalous data collected at ESRF, BL- 19, were 
used to solve the str1.~cture of desulfoferrodoxin (DFX), isolated from the 
sulphate reducing bacteria D. desu!fiu·icans ATCC 2777 4. This non-heme 
iron protein is a 13.4 kDa monomer with 125 residues a.11d two iron centr·es. 
The two midpoint redox potentials for tl1is protein ( 4 and 240m V) pem1it 
its separation in three oxidation states. The crystals of tl1e fully oxidized 
fom1 belong to space group R32 (a=ll2.5A. e=63.2A, Z=l ). The lVlAD 
metl1od was tried due do tl1e failme in finding suitable heavy atom de­
rivatives to be used witl1 tl1e MIR metl1od. The crystal used for data 
collection was frozen and mounted witl1 ilie c axis perpendicuJm· to tl1e 
spindle. Data were collected at 3 wavelengtl1s nem·_ilie iron absorption 
edge <md scaled against a data set collected at L09A. For each data set 
tl1e Rmerge is less tl1an 4%, tl1e multiplicity is m·ound 4.5 a.11d tl1e com­
pleteness is greater tl1an 96%. The iron atom positions were determined 
from an anomalous difference map and used for phase refrnement, giv­
ing a figure of merit of 0.7 at 2.8 A. The electr·on density maps obtained 
were improved by solvent flattening before model building. Refinement 
is in progress. 

PS02.04.11 MULTIPLE ANOi\!L4.LOUS DISPERSION AT THE 
K-ABSORPTIONEDGEOFSULFUR W1THB0'\11NE TR1'PSIN. 
Sig~id Stulmnann, Klaus S. Bartels, Heinrich B. Stuhm1mm, GKSS-Re­
search Center, D-21502 Geestl1acht, Gennany 

Bovine trypsin is a serine protease which has SL'\ cystines and two 
metl1ior1ines. The biochen1istr-y a.11d t!1e structure of tl1e protease is well 
known. It is tl1erefore a good candidate for a first more rigomous appli­
cation of lVlAD at tl1e K -absorption edge of sulf11r. The diffraction data 
were collected at iliree different wavelengtl1s near ilie K-absorption egde 
of the sulfur containing an1inoacids (5.02A) at ilie beamline A1 of 
HAS\'LAB (Han1burg). The anomalous dispersion is not obscured by 
ilie absorption due tl1e sulfate ions oftl1e mother liquor. The feasibility of 
protein crystallographic studies at wavelengtl1s near tl1e K-absorption 
edge of sulfw had first been shown with hen egg white lysozyme by lVL 
Lelm1ann in 1991 [1]. 

TI1e crystallization metl10d adapted fi·om Bmtunik et al. [2] was 
further improved for cr-yocooling under special conditions. TI1e best 
cr-yoprotectcwt for tl1e trypsin crystal was a buffer containing 80% of a 
synilietic sugm· (Phytohistol) and 10% eiliylenglycoL A special SaJ11ple 

holder was developed for mainL'lining tl1e humid atmosphere of ilie pro­
tein cr-ysL1l at temperature of -80" C in a.11 evacuated envirom11ent. 

TI1e bovine tr·ypsin cr-ysL1ls have tl1e ortl10rhombic unit cell a=54.9 
A, b=58.5 A. c=67.6 A and tl1e space group P2 12121 [3]. The complete­
ness of tl1e data set is 90% at 5 A resolution a.11d 15% in tl1e resolution 
shell of 5 to 3 A. Considerable chm1ges had to be made in tl1e prog~·an1 
FILM in order to index reflections collected on four mea detectors. TI1e 
difference patterson map based on l 000 unique reflections shows many 
of the vectors connecting the sulfm atoms. In tl1e first step towards phas­
ing the Bragg reflections it was observed that a.11omalous dispersion of 
tl1e disulfide bridges is a.11isotr·ophic. 

[I] M.S. Lehmann. H.-H. MUller, H.B. StlJimmmn. Acta Ciyst. D49, 308-310 
(1993) 
[2] H. D. Bartunik. LT. Summers. H.H. Bm1sch, J Mol. Bioi. 210, 813-828 (1989) 
[3] M. Mmquardt. J. Walter, J. Deisenhofer, W. Bode, R Huber. Acta Ci}'sl. 
B39,480490 (1983) 

PS02.04.12 ENVELOPE DETERlvllNATION IN MACRO-MO­
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The Multiple wavelengtl1Anomalous Solvent Contr·ast (MASC) is 
a way to produce a physical contr·ast vmiation in a macromoleculm cr-ys­
tal. TI1is vmiation is obtained by tuning ilie X -ray wavelengtl1 near an 
absorption edge of a.11 a.11omalous scattering species rm1domly dispersed 
in tl1e moilier liquor. MASC is, in principle, applicable to the detetmi­
nation of tl1e moleculm envelope a.11d low resolution pha<>es [Fowme et 
al. (1995) 1. Sync!zrotlvn Rad. 2, 36-48] 

Ammonium selenate was added to ilie motl1er liquor of cr-ystals of 
two proteins (P64k fi·om tl1e outer membra.11e of Neisseria meningitidis) 
and xylose isomerase).Data at 3-4 wavelengtl1s nem tl1e seleniwn K­
edge were collected fi·om cr-yocooled cr-ystals, using undulator radiation 
at tl1e ESRF ('Troika' beam line) m1d a.11 imaging plate detector. Results 
regardim: tl1e extr·action of tl1e moduli of tl1e Fomier coefficients of ilie 
m~crom;lecular envelope { IG(h)l} a.11d tl1eir phasing will be presented. 
Problems encountered dming tl1e set up of tl1is new metl1od will be 
discussed. 

PS02.04.13 IMPROVED PHASES, PHASE ERROR ESTI­
MATES AND ANOMALOUS SCATTERING MODELS 
FROM THE MULTIWAVELENGTH ANOMALOUS DIF­
FRACTION (MAD) OF NATIVE PROTEIN METAL CLUS­
TERS. Brian R. Crane and Elizabeth D. Getzoff, Department of 
Moleculm· Biology, The Scripps Research Institiute, La Jolla Cal­
ifornia, 92037 

A strategy is presented for refining anomalous scattering 
models and calculating macromolecular phases from multi wave­
length anomalous diffraction (MAD) of native protein metal clus­
ters. This procedure, incorporated in the program MADPHSREF, 
refines an anomalous scattering model directly against Bijvoet and 
dispersive differences while making likelihood estimates of er­
rors, applying stereochemical restraints, taking into account more 
than one type of anomalous scatterer, and partly compensating for 
inherent conelations between lack-of-closure expressions. Prob­
abilistic rejection of aberrant observations, re-evaluated before each 
refinement cycle, improved refinement convergence and accura­
cy compared to other less flexible rejection criteria. MADPHSREF 
allows the facile combination of MAD phase information with 
phase information from other sources. For the sulfite reductase 
hemoprotein (SiRHP), relative weights for MAD and multiple iso-
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morphous replacement (MIR) phases were determined by match­
ing histograms of electron density. Accurate metal cluster geom­
etries and the associated en-ors in atomic positions can be deter­
mined from refinement against anomalous differences using nor­
mal scatte1ing phases hom a refined structure. When applied to 
MAD data collected on SiRHP, these methods confirmed the 4Fe-
4S cluster asymmetry initially observed in the refined 1.6 A reso­
lution structure and resulted in a MAD-phased, expe1imental, elec­
tron-density map that is of better quality than the combined MAD/ 
MIR map originally used to solve the structure. 

PS02.04.14 Sll\'IPROT: A PROGR"-M IN DEVELOPMENT 
FOR CRYSTAL STRUCTURE DETERMINATION OF 
PROTEINS. F.R. Seljee, R. Peschar and H. Schenk, Laboratory 
for Crystallography, Amsterdam Institute for Molecular Studies 
(AIMS), University of Amsterdam, Nwe. Achtergracht 166, 1018 
WV Amsterdam, The Netherlands 

An overview will be presented of the Direct Methods program 
SIMPROT that is designed to deliver ab initio an initial model of 
a protein structure if isomorphous data sets me available, e.g. from 
SAS, MAD or SIR experiments. Basically, SIMPROT follows the 
same methodology as employed in the Direct Methods software 
package SIMPEL [1]. However, is has been suitably modified in 
accordance with the difference structure factor fom1alism that has 
been developed recently [2], [3], [4]. 

The latter fonnalism is based on using the difference between 
two isomorphous structure factors as vmiable in the derivation of 
the Joint Probability Dist1ibutions upon which Direct Methods me 
based. It has been shown that this approach leads to accurate 
phasesum invariant estimates. A graphical overview of SllVIPROT 
is given and some preliminary results will be discussed. 
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Structure Determination Using Powder Data 

MS02.05.01 SUPRAMOLECULAR STRUCTURES 
FROM HIGH RESOLUTION POWDER DIFFRACTION. 
R. E. Dinnebier. Lehrstuhl fuer Kristllographie, University of 
Bayreuth, 95440 Bayreuth, Germany 

Over the past few years, the feasibility of determining 
crystal structures ab initio from powder diffraction data has 
been steadily improved. Although a number of complicated 
inorganic crystal structures have been solved by this method, 
very little has been done in the field of supramolecular struc­
ture determination, namely for organic- and organometallic 
compounds. Assuming the material itself is well crystallized, 
the use of Synchrotron radiation is necessary to get a reso­
lution as high as possible over the entire angular range of the 
powder pattern. Besides the higher resolution, advances in 
the computational aspects of the problem are also crucial for 
structure determination. Especially the development of more 
sophisticated grid search techniques of molecular fragments, 
considering geometrical and physical aspects of the crystal, is 
an important step forward in finding the right solution. The 
structure solutions presented here stand for some of the most 
complicated organic and organometallic structures which have 
ever been solved ab inito from high resolution powder data. 
They include the high and the low temperature phase of the 

Ru-sawhorse dimer [Ru2C02PMe2hC0)4]n (1), the industrial 
important (Kolbe-Schmitt-synthesis) phenolates C6HsOA 

(A= K, Rb, Cs) (2), C6HsOK 2(C6Hs0H) (2), C6HsOK 
3(C6Hs0H) (2), Na-Para-Hydroxy-Benzoate NaC7H503 (2), 
base free alkaline-cyclo-pentadienide CsHsA (A=Li,Na,K,Rb) 
and the triclinic low temperature form of C60Br24(Br2h (3). 
In addition to well known techniques such as direct methods, 
difference Fourier synthesis, Patterson maps and Rietveld 
analysis, the newly proposed pseudo-atom method proved to 
be a very efficient tool to solve all structures containing well 
defined molecular fragments. In the case of C6oBr24(Br2h the 
orientation of the well defined C6oBr24 molecules in a triclin­
ic distorted fcc lattice could be found unambiguously by max­
imizing of nearest neighbor distances. The structural motive 
of the high temperature form of the Ru-sawhorse dimer was 
found by conventional direct methods. The similarity crite­
rion for the low temperature phase resulted in a restricted 4-
dimensional grid search. 

lt can be shown that the precision is comparable to that 
achievable with single crystal techniques, and, therefore, al­
lows for the interpretation of binding mechanism and reac­
tions. Nevertheless, much more work is required in develop­
ing these structure solution methods further. 
(I) Dinnebier. R.E. eta!.. NSLS annual report (1994), Beamline X3B I, 
Brookhaven National Laboratory 
(2) Dinnebier. R.E. eta!., NSLS annual report ( 1995), Beamline X3B I, 
Brookhaven National Labomtory 
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MS02.05.02 SOLUTION AND REFINEMENT OF DRUG 
STRUCTURES FROM POWDER DATA. Kenneth Shankland, 
ISIS Facility, Rutherford Appleton Laboratory, Chilton, Didcot, 
Oxon OXll OQX, U.K. 

The vast majority of pharmaceuticals used in everyday life 
are moderately sized organic compounds. Usually, their molecular 
structures are known from single crystal X-ray experiments. 
However, polymorphism (which is frequently found in 
pharmaceuticals) often makes the determination of a pm·ticulm· 
crystal form very difficult. In such cases, obtaining a structure 
solution from powder data is an attractive option, but one which 
presents a considerable challenge given that most of the compounds 
of interest will crystallise in low symmetry space groups with large 
unit cells, leading to complex diffraction patterns with lots of peak 
overlap. Model building is usually precluded due to confom1ational 
flexibility in the molecules, so ab initio methods offer the best 
hope of a solution. 

Computational strategies such as standm-d direct methods, 
combined maximum entropy I log-likelihood gain and optimal 
extraction of structure factors will be discussed, but a particulm 
emphasis will be placed on using sample preparation and data 
collection strategies to l11CL'i:imise the chance of obtaining a structure 
solution. 

MS02.05.03 ZEOLITE STRUCTURE DETERMINATION 
FROM POWDER DATA: COMPUTER-BASED INCORPO­
RATION OF CHEMICAL INFORMATION. R.W. Grosse­
Kunstleve, LB. McCusker &;Ch. Baerlocher, Laboratory of Crys­
tallography, ETH Zentrum, CH-8092 Zurich. 

Many technologically and industrially important matelials, 
including zeolites, me synthesized and used in polycrystalline fonn. 
Since the crystal structures of such phases often determine their 
useful properties, it is essential that methods to study their struc­
tures are available. 

The FOCUS method, which incorporates the use of chemical 
information into the structure determination process, has been de­
veloped. FOCUS combines automatic Fourier recycling (using 


