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The 62nd Annual

Pittsburgh Diffraction Conference

Holiday Inn Select

At University Center

Pittsburgh, PA 15213

October 28-30, 2004

Programs and Abstracts

Symposium to Honor 

Prof. R.F. Stewart
Additional Symposia 

Developments in Neutron Diffraction

Protein Dynamics from Crystallography

Synchrotron Applications and Optics

On the occasion of the 62nd Pittsburgh Diffraction Conference, colleagues, collaborators and friends from around the world meet to celebrate the scientific career of Robert (Bob) Farrell Stewart.
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Robert Farrell Stewart

Bob Stewart was born and raised in Seattle. At a tender age he was sent to a British-type boarding school in Canada, where he was obliged to stay up very late to listen to the Queen’s coronation.  As an American, he objected. It was an early sign that Bob would always be guided by his very strong principles. He returned to the US for his high school years. Surely he was a good scholar, but his boyhood stories center on playing lineman for the football team.  

Bob obtained his A.B. in Chemistry in 1958 at Carleton College in Minnesota.  His classmate Janet became his helpmate and wife. Together they went to Pasadena where Bob obtained his PhD in Chemistry from Caltech in 1963. His mentor was Norman Davidson. Although now well known as a theoretician, Bob began his research as an experimentalist. His dissertation involved preparing very thin sections of crystals of the nucleic acid bases for spectroscopic studies.  

He went to Seattle as an NIH Postdoctoral Fellow intending to take up theoretical studies at the University of Washington.   There he met Lyle Jensen and soon became interested in theoretical aspects of X-ray crystallography.  Because of the very accurate X-ray data being collected in Lyle’s lab, it became apparent that the hydrogen atom scattering factor then in use was inadequate. Bob saw that it would be more appropriate to use the scattering factor for a contracted H-atom derived from the wavefunction for molecular hydrogen. This scattering factor is now universally adopted. The report of this work, [Stewart, Davidson & Simpson, (1965).  J.Chem.Phys., 42, 3175] became one of the most widely quoted papers in the crystallographic literature. 

Bob and Jan Stewart, with children Rob and Annamarie made Pittsburgh their home in 1964.  Bob was first at the Mellon Institute and then Carnegie-Mellon University where he became a full professor in 1975.  He pursued his interest in what has become known as “charge density studies”, namely the study of nuclear and electronic charge distributions in crystals. Bob became an Alfred P. Sloan Fellow in 1971, which enabled him to develop his ideas while visiting the late Ted Maslen in Australia.  Bob, Ted and Phillip Coppens were a close trio with similar interests at that time. In 1976 after his return, Bob published “Electron population analysis with rigid pseudoatoms”, which laid out the multipole model now widely applied in deriving the charge density in crystals from experimental X-ray and neutron diffraction data.  The total electron density was partitioned into pseudoatoms that were assumed to be rigid as they underwent thermal vibrations. Pseudoatoms could be aspherical because of interatomic bonding and could also carry a net electronic charge.  Bob emphasized that the same pseudoatom parameters that describe a molecular charge density distribution can also be used to derive other chemically important properties of molecules in crystals, such as dipole and quadrupole moments, the Laplacian of the charge density and molecular electrostatic potentials.  Bob developed a very extensive system of computer programs called Valray intended for least squares refinement using X-ray data in order to obtain pseudoatom parameters.  These parameters were then used for mapping charge densities and related electrostatic properties. Bob has always used Valray as his research tool for careful calibration of experimental results against those obtained from ab initio theoretical results.

Bob’s publication list is evidence of his many collaborations, including those with Lyle Jensen in Seattle; Don Cromer at Los Alamos; John Pople and former members of his own research group at CMU, especially John Bentley, Joel Epstein and Mark Spackman; Bryan Craven and Peter Trocano and their research groups at the University of Pittsburgh; Sine Larsen and her group at the University of Copenhagen, most notably Claus Flensburg.  Bob has had a strong influence on many other colleagues through his being a valued invitee at all the Gordon and Sagamore Conferences that have been held in the charge density field.

Recently, Bob described his current research interests as being in: “Theories and applications of elastic X-ray scattering. Inelastic and elastic, but coherent, neutron scattering experiments applied to lattice dynamics and crystal structure analysis.  Statistical mechanical foundations for total (electrons and nuclei) charge density analysis from X-ray, neutron and electron scattering experiments.”  He seems set for an active retirement, because the only equipment he needs for carrying on his research will be a pencil sharpener, a supply of yellow pads and a PC. 











Bryan Craven.
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Sponsors of the 

62nd Pittsburgh Diffraction Conference
The Pittsburgh Diffraction Society

gratefully acknowledges the support of:

Blake Industries, Inc.

Bruker - Nonius BV

Hampton Research

Mar Research

Oxford Diffraction

Rigaku MSC

The Sidhu Award

This award is made in memory of Professor Surhain Sidhu who was a founding member of the Pittsburgh Diffraction Conference.  At the time (1942), he was Professor of Physics and Director of the X-ray Laboratory at the University of Pittsburgh.  Later, he moved to Argonne National Laboratory, where he pioneered the use of the null matrix in neutron diffraction.  This involves choosing isotopes of an element in the proportion that gives a zero net coherent scattering factor.  The procedure has been widely used for studying biological materials in which the isotopic ratio of H to D is appropriately adjusted.

 

The Sidhu Award is made to a scientist within five years of the PhD who has made an outstanding contribution to crystallography or diffraction.  The previous Awardees are listed below:

	1967
	A. I. Bienenstock
	1989
	M. Luo

	1968
	R. M. Nicklow
	1990
	L. Brammer

	1969
	T. O. Baldwin
	1992
	R. C. Stevens

	1970
	S.-H. Kim
	1993
	M. Pressprich & T. Yeates

	1971
	L. K. Walford
	1994
	A. Vrielink & J. Wang

	1972
	D. E. Sayers
	1995
	M. Georgiadis

	1974
	B. C. Larson & N. S. Seeman
	1996
	M. J. Regan

	1975
	P. Argos
	1999
	C. Ban & M. Wahl

	1978
	K. Hodgson & G. DeTitta
	2000
	W. R. Wikoff

	1980
	G. Petsko
	2001
	L. Shapiro

	1985
	D. C. Rees
	2002
	Y. Lee

	1986
	D. Agard & J. M. Newsam
	2003
	E. O. Saphire

	1988
	Q. Shen
	
	


Chung Soo Yoo Award


Dr. Chung Soo Yoo, Adjunct Associate Professor in the Department of Medicinal Chemistry and Research Associate in the Department of Crystallography of the University of Pittsburgh, was killed the Korean Airlines Flight 007 disaster of August 31, 1983.  Dr. Yoo came to the U.S. from Korea in 1965, obtained his M.S. degree in Chemistry at Rice University in 1967, his PhD in Crystallography at the University of Pittsburgh in 1971, and became a U.S. citizen. He was a member of the Biocrystallography Laboratory of the Veterans Administration Medical Center in Pittsburgh.


Dr. Yoo was one of the most likeable crystallographers among students and colleagues in Pittsburgh, and was always very enthusiastic about the Pittsburgh Diffraction Conference.


The Chung Soo Yoo Award, established by the Pittsburgh Diffraction Society in his honor, is given to a graduate student presenting the best poster in the annual Conference.
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The 62ND Annual Pittsburgh Diffraction Conference 

Holiday Inn Select

At University Center

Pittsburgh, PA 15213

October 28-30, 2004

Conference Chair:  A. Alan Pinkerton

The University of Toledo
REGISTRATION for the meeting will begin at 12:00 p.m. on Thursday, October 28 in the mezzanine of the Holiday Inn.  The registration desk will also be open on Friday, October 29.

The 62ND Annual Pittsburgh Diffraction Conference
Program Schedule

Thursday, October 28





Oakland Room

1:45 p.m.
Welcoming Remarks and Announcements



Thomas J. Enge, Rutgers, 

The State University of New Jersey

President, Pittsburgh Diffraction Society


1:55 pm
Opening Remarks


B. Leif Hanson


University of Toledo

2:00 p.m.
A1.
“Protein Crystallography with Spallation Neutrons.”



Paul Langan 



Los Alamos National Laboratory

2:30 p.m.
A2.
Protons in Proteins:  Hydrogen Atoms in Biological Function.”



Dean A. A. Myles 



Center for Structural Molecular Biology



Oak Ridge National Laboratory

3:00 p.m.
Coffee Break

3:30 p.m.
A3.
“New Instruments, New Science - Recent Developments and Applications in Single Crystal Neutron Diffraction.”



Chick C. Wilson 



University of Glasgow

4:00 p.m.
A4.
“The New Quasi-Laue Diffractometer at the Australian Replacement Research Reactor”


Wim Klooster


Australian Nuclear Science and Technology Organisation

4:30 p.m.
A5.
“POWGEN3: A High Resolution Third Generation TOF Powder Diffractometer Under Construction at the SNS.”


Jason P. Hodges



Oak Ridge National Laboratory 
5:00 p.m.
Adjournment

Thursday, October 28





Panther Room
8:00 p.m.
Poster Session and Mixer

Posters should be mounted on Thursday afternoon and left on display throughout the Conference.  The formal poster session, including the judging for the Chung Soo Yoo Award, will begin at 8:00 p.m. Thursday evening.  The Chung Soo Yoo Award is made to the graduate student who presents the best poster.  Candidates must be present to meet with the judges.  The Award, consisting of a cash prize of $200, will be made at the Conference Dinner on Friday evening.  All Conference attendees are welcome to the mixer, which also begins at 8:00 p.m.  Soft drinks, wine, beer and snacks will be served.

Friday, October 29






Oakland Room


9:00 a.m.
Opening Remarks


Don  T. Cromer

9:05 a.m.
B1.
“Uracil Revisited: X-ray and Neutron Powder Diffraction Studies.”


Bryan Craven


Indiana University of Pennsylvania
9:30 a.m.
B2.
“Recent Work in Milano at T = 20 K.”



Riccardo Destro 



Universita' degli Studi di Milano 

10:00 a.m.
Coffee Break
10:30 a.m.
B3.
“A Pseudo-Atomic Decomposition of the Density Matrix of Complex Systems. Modelling Solids from a Set of Independent Experiments.”



Pierre Becker


Ecole Centrale Paris

11:00 a.m.
B4.
“Multipole Refinement and Electrostatics: from Molecular Crystals to Proteins.”



Claude Lecomte


Université Henri Poincaré Nancy1

11:30 a.m.
B5.
“Electrostatic Interactions of Halogens - A Guide to Supramolecular Assembly and Crystal Design.”



Lee Brammer 



University of Sheffield

Lunch Break, 12:00 – 1:30 PM

 

1:30 p.m.
Opening Remarks


David Yaron



Carnegie Mellon University
1:35 p.m.
Remarks



Lyle Jensen




University of Washington

Friday, October 29






Oakland Room

1:45 p.m.
B6.
“Reminiscences of Least-Squares.”



Robert F. Stewart


Carnegie Mellon University 
2:30 p.m.
Coffee Break
3:00 p.m.
B7.
“Quantum Software Interfaced with Crystal-Structure Databases: Tools, Results and Perspectives.”



Yvon Le Page 



National Research Council of Canada
3:30 p.m.
B8.
“A comparison of experimental and theoretical bond critical point properties for earth materials.”



G.V. Gibbs



Virginia Polytechnic Institute and State University

4:00 p.m.
B9.
“Structural Studies on the Catalytic Domains of botulinum Neurotoxins.” 



Subramanyam Swaminathan 



Brookhaven National Laboratory
4:30 p.m.
B10.
“Not Merely the Secret of Life:  DNA in Nanotechnology.” 



Nadrian C. Seeman 



New York University 
5:00 p.m.
Adjournment


 

Saturday, October 30





Oakland Room
Saturday, October 30





Oakland Room

9:00 a.m.
Opening Remarks
A. Alan Pinkerton

The University of Toledo

9:05 a.m.
C1.
“Light When You Need it: SER-CAT Synchrotron at the Advanced



Photon Source.”

Bi-Cheng Wang
University of Georgia,

9:30 a.m.
C2.
“The Role of Protein Dynamics in Enzyme Catalysis.”



Gregory A. Petsko


Brandeis University 

10:00 a.m.
Coffee Break
10:30 a.m.
C3.
“Structural Motions During the Catalytic Cycles of Isocitrate Dehydrogenase and Phosphotriesterase Revealed by monochromatic and Laue X-ray Crystallography.”

Andrew Mesecar
University of Illinois at Chicago

11:00 a.m.
C4.
“Signal Transduction by Blue Light Photoreceptors Studied by Time-Resolved Crystallography.”


Keith Moffat 



University of Chicago 

11:30 a.m.
C5.
“Real Time Phase Enhanced Radiography.” 



Wah-Keat Lee


APS, Argonne National Laboratory 
 

12:00 p.m.
PDS General Membership Meeting

Lunch Break, 12:05 – 1:30 PM

Saturday, October 30





Oakland Room


1:30 p.m.
Opening Remarks and Sidhu Award



Tom Emge




Rutgers

1:35 p.m. 
Sidhu Award Lecture

S1.
“Mechanism of tRNA Maturation by CCA-adding Enzyme Without Using an Oligonucleotide Template”


Yong Xiong


Yale University

2:10 p.m.
Remarks


Cora Lind



The University of Toledo
2:15 p.m.
D1.
“Recent Advances in Synchrotron X-ray Optics and Applications.”


Qun Shen


CHESS, Cornell University 

2:45 p.m.
D2.
“Optimizing Monocapillary Optics for Synchrotron X-ray Diffraction, Fluorescence Imaging, and Spectroscopy Applications.”


Donald H. Bilderback


CHESS, Cornell University 

3:15 p.m.
Coffee Break

3:45 p.m.
D3.
“Resonant Scattering and Absorption Experiments Using Variably Polarized Synchrotron X-Rays.”



Jonathan Lang


APS, Argonne National Laboratory 
4:15 p.m.
D4.
“Recent Developments of High Energy Synchrotron Diffraction.”


Ulrich Lienert


APS, Argonne National Laboratory

4:45 p.m.
D5.
“HPCAT at the Advanced Photon Source: An integrated approach to high-pressure research using synchrotron radiation.”



Daniel Häusermann


APS, Argonne National Laboratory, 

5:15 p.m.
Adjournment 
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The 62nd Annual

Pittsburgh Diffraction Conference

ABSTRACTS

OF

PRESENTATIONS
A1.  Protein Crystallography with Spallation Neutrons

Paul Langan and Benno Schoenborn 

Los Alamos National Laboratory

The PCS (Protein Crystallography Station) at Los Alamos Neutron Science Center, is a high performance neutron protein crystallography beam line funded by the Office of Biological and Environmental Research of the U.S. Department of Energy. Beam-time is free to expert and non-expert users and is allocated twice a year through a call for proposals and a peer review process. 

Although most protein structures are determined using X-rays, the position of hydrogen atoms and the coordination, sometimes even the position of water molecules, cannot be directly determined at resolutions typical for most protein crystals. Hydrogen atoms are the primary motive force in most enzymatic processes. Neutron diffraction is a powerful technique for locating hydrogen atoms even at resolutions of 2A-2.5A and can therefore provide unique information about enzyme mechanism, protein hydrogen and hydrogen bonding.

For an experiment on the PCS, protein crystals have to be ~1mm3 in volume. Crystals of perdueterated protein can be significantly smaller. Users of the PCS have free access to neutron beam-time, perdeuration facilities and also support for data reduction and structure analysis. The beam-line exploits the pulsed nature of spallation neutrons and a large electronic detector in order collect wavelength resolved Laue patterns using all available neutrons in the wavelength range 1A to 5A. In this talk the facility and some results from our second year of operation will be described and information about obtaining beam-time will be provided.

For more information about the PCS and experimental requirements, contact Paul Langan (505) 665 8125, langan_paul@lanl.gov or Benno P. Schoenborn (505) 665 2033, schoenborn@lanl.-gov. The PCS is funded by the Office of Science and the Office of Biological and Environmental Research of the U.S. Department of Energy.
A-1

A2.  Protons in Proteins:  Hydrogen Atoms in Biological Function
D.A.A. Myles

Center for Structural Molecular Biology, ORNL,

One Bethel Valley Road, P.O. Box 2008, Oak Ridge, TN 37831.

mylesda@ornl.gov
The location of individual hydrogen atoms in protein crystal structures is of fundamental interest in studies of enzyme mechanism, protein-substrate interactions and protein-protein recognition. Advances in X-ray cryo-crystallography now enable the positions of many hydrogen atoms to be reliably located if atomic resolution (<1.0Å) data can be obtained. In contrast, neutron diffraction can enable the position of hydrogen atoms - and especially the deuterium isotope- to be determined using data at more moderate resolutions (~2.0Å), because the neutron scattering lengths of hydrogen and deuterium are closely similar to those of carbon, nitrogen and oxygen. Neutron protein crystallography can therefore provide a useful complement to X-ray techniques by enabling key and individual hydrogen atoms to be located that cannot be seen by X-ray analysis alone.

The field of neutron protein crystallography has recently undergone significant development with new detector technologies and parallel advances in molecular biology pushing the capabilities towards ever larger protein systems. In Europe, Japan and in the USA dedicated facilities are being constructed that are optimized for data collection to 1.5-2.5Å resolution from medium size proteins (~50kDa), which is sufficient to locate individual hydrogen atoms of special interest, water structures or other small molecules that can be marked with deuterium to be made particularly visible. The availability of fully (per)deuterated protein eliminates the hydrogen incoherent scattering contribution to the background and brings further ~10-fold improvements in the signal to noise ratios. This makes feasible studies of larger biological complexes and smaller crystals than was previously possible. Current studies aim to address specific questions concerning enzymatic mechanism, solvent effects, structure dynamics and their implications. Recent highlights and case studies will be presented. 

A-2

A3.  New Instruments, New Science - Recent Developments and Applications in Single Crystal Neutron Diffraction

Chick C Wilson

Department of Chemistry, University of Glasgow, Glasgow G12 8QQ, UK

There has been a recent quiet but significant revolution in the applications of neutron diffraction in the area of chemical crystallography.  As a result of continuing instrument development at the facilities, along with an appreciation of the developing needs of the chemistry user community, neutron chemical crystallography has responded in a highly successful fashion to modern trends in structural science.

The instrumentation developments include new single crystal facilities at ILL, Grenoble (notably LADI and VIVALDI) and at ISIS, UK (the substantially upgraded SXD) and in both the US and Japan, with upgrades to the SCD at IPNS, the construction and exploitation of PCS at LANSCE, and the continuing evolution of the BIX instruments at JAERI.

We will concentrate here largely in the area of small molecule diffraction, in which some of the areas recently advanced include:

· studying structures on a shorter timescale, either to screen a series of samples or to study a single sample under a range of conditions;

· studying larger unit cell samples;

· studying structures to very high precision to complement, e.g. accurate charge density studies;

· providing a rapid tool for defining the geometry of hydrogen bonds, including weaker HB interactions;

· studying smaller single crystals;

· examining reciprocal space efficiently including studies of magnetic structures, quasicrystals, incommensurate structures and diffuse scattering;

· studying multiple single-crystal samples.

Recent advances in many of these areas will be discussed, with illustrations taken from neutron single crystal experiments at the various facilities, largely in the area of molecular systems.  These will include studies of proton migration, investigations of thermal parameter trends, hydrogen atom disorder, weak hydrogen bonded interactions, solution of small molecule structures and studies of molecular systems under high pressure.

Future developments in science and instrumentation in this area will also be discussed, with particular reference to new sources such as SNS at Oak Ridge, the J-SNS and the ISIS Second Target Station, all currently under construction.
A-3

A4.  The New Quasi-Laue Diffractometer at the Australian Replacement Research Reactor
Wim T. Klooster

Bragg Institute, ANSTO, PMB 1, Menai, NSW 2234, Australia (wim@ansto.gov.au)

The new single-crystal diffractometer for the Replacement Research Reactor in Australia will be a quasi-Laue diffractometer, similar to VIVALDI at ILL, France. It will be competitive with the best instruments currently available. Data collection times for a normal structure determination will be less than a day, a considerable improvement on current data collection times, typically a few weeks at HIFAR. Also, the crystal size needed for an experiment can as small as about 0.1 mm3, opening up new research areas where it has proved difficult to grow crystals sufficiently big (several mm3) which are currently needed. An area of research opening up will be multiple temperature and/or pressure measurements. 

This new instrument will be a useful tool to obtain structural information in a timely fashion, where x-rays do not provide enough detail.

More detailed information on the instrument will be presented.

A-4

A5.  POWGEN3: A High Resolution Third Generation TOF Powder Diffractometer Under Construction at the SNS

J.P. Hodges

Spallation Neutron Source, Oak Ridge National Laboratory, 

P.O. Box 2008, TN 37831 USA

Email: hodgesj@ornl.gov

POWGEN3 is a fundamental departure from previous designs for a time-of-flight powder diffractometer at a spallation neutron source. POWGEN3 may be considered the world’s first third-generation time-of-flight powder diffractometer. The combination of a supermirror neutron guide system with a very large modular detector array means POWGEN3 is a very efficient instrument. The high count rates thus achieved together with high-resolution characteristics present a big leap forward in performance over previous diffractometer designs. POWGEN3 will thus provide unprecedented opportunities for new science in the study of polycrystalline materials. 

A-5

B1.  Uracil Revisited: X-ray and Neutron Powder Diffraction Studies.

Bryan Craven and Charles Lake 

Chemistry Department

Indiana University of Pennsylvania

Indiana, PA 15705.

It is difficult to grow crystals of uracil (C4H4N2O2) large enough for X-ray structure determination. Parry (1) and later Stewart & Jensen (2) were successful using sublimation methods. Even so, the crystals were frequently twinned or disordered.

Parry (1) noted that two differently H-bonded structures might exist having very similar unit cell repeats. The structures are related by a rotation of the molecule by 180o so that a NH…O interaction in one structure becomes CH…O in the other and vice versa.  Parry labeled these structures as (a) and (b) and was able to show that an ordered single crystal had structure (b).  This was confirmed by Stewart & Jensen (2) who carried out a high resolution study with MoK diffractometer data.

Uracil has a layer structure in which each layer is constrained to be ordered by the H-bonding. We have used powder diffraction to test whether the layer stacking is disordered between (a) and (b) or whether microcrystals of (a) and (b) might both be present.

The distinction between (a) and (b) comes down to distinguishing between N and C within the uracil ring. With X-ray data collected on an in-house Bruker D-8 powder diffractometer followed by a Rietveld refinement, our results were inconclusive.

Neutron powder diffraction data were then collected at the NIST Center for Neutron Research.  Data were collected for both protonated and deuterated uracil. The distinction between N and C should be more pronounced than in the X-ray data because of markedly different neutron scattering lengths (0.94 vs 0.66 x 10-12cm for N and C).  Our results confirmed the presence of structure (b), as in the single crystal X-ray studies. No evidence was found for (a). It was of interest that in the deuteration of uracil, only the two NH protons were exchanged.

We are grateful to Dr Brian Toby for assistance with the neutron data collection.

(1) Parry, G.S. (1954) Acta Cryst., 7, 313

(2) Stewart, R.F. & Jensen, L.H. (1967). Acta Cryst., 23, 1102 

B-1

B2.  Recent work in Milano at T = 20 K

Riccardo Destro

Dipartimento di Chimica Fisica ed Elettrochimica

Universita' degli Studi di Milano

Via Golgi 19 - 20133 Milano (Italy)

Results obtained in our laboratory from the analysis of low-temperature single-crystal X-ray diffracted intensities, interpreted by Stewart's pseudoatom formalism, will be presented and discussed.

B-2

B3.  A pseudo-atomic decomposition of the density matrix of complex systems. Modelling solids from a set of independent experiments

Pierre BECKER1, Jean Michel GILLET1, Blandine COURCOT1, Nourrredine GHERMANI1,2

1 Laboratoire Structure, Propriétés, Modélisation des Solides, Ecole Centrale Paris Grande Voie des Vignes, 92295 Chatenay Malabry Cedex, France, 2 Laboratoire Physique Pharmaceutique et Biologique (UMR 8612), CNRS - Université Paris-Sud, Faculté de Pharmacie, 92296 Châtenay-Malabry, France.  becker@spms.ecp.fr
The pseudo-atomic decomposition of the electron charge density, to which R.F.Stewart made major contributions, is now a well established scheme, with many applications from simple materials to proteins. A similar scheme is often applied to model spin density, that can be reached through polarized neutron scattering. Besides high resolution X Ray diffraction (and convergent beam electron diffraction), other experimental techniques allow for observing interesting features related to the electronic behaviour of materials. In particular Compton scattering gives access to the momentum density of electrons. Modelling at the same time charge and momentum density implies a parametrisation of the one particle density matrix (1-RDM); if successful, such a modelling gives access to most properties of the system, at least in the mean field approximation. 

We have shown that the 1RDM can be described as a sum of pseudo-atomic (or pseudo-molecular) contributions. Each term is derived from a cluster centred at the atom or molecule under consideration, taking into account the interaction with its neighbours, up to a given distance. The method has been successfully applied to ionic, covalent and molecular crystals, based on measured structure factors and directional Compton profiles. The expansion contains of course as a particular case the pseudo-atomic charge density decomposition. Once a model has been defined, involving a set of parameters, one has to design a refinement procedure taking simultaneously into account data from different experiments. This is not trivial and a new procedure has been developed in our group, that can be generalized to any refinement of combined sets of data. One advantage of the partitioning scheme we have proposed for the 1RDM lies in the fact that one can overpass strict periodicity rules. The pseudo-atomic or pseudo-molecular contributions are defined through  proximity arguments. The immediate consequence is the possibility to deal with disorder effects; this was the case for ice Ih, where protons are disordered. Moreover, going from bulk to surface can be dealt with through our approach. Finally, systems undergoing geometric distortions (soft modes prior to a phase transition) can be considered.

Another application we have recently considered is related to pharmacology. Bio-active molecules have to be considered in their environment, which means defining the active part of the biological molecule, taking into account the solvent, pH… The total system can hopefully be considered as a superposition of interacting fragments. It turns out possible to estimate the 1RDM contribution to each fragment by simulating its environment. Several examples will be sketched in that direction.

When dealing with such problems, it turns out that many contributions from R.F.Stewart appear to be of strong help. He foresaw many theoretical aspects far beyond the only charge density and most developments are highly sustained by his pioneering work. It is thus a real pleasure to dedicate this presentation to this high class scientist, who always combined scientific achievements with kindness and a strong sense of humour.

B-3

B4.  Multipole Refinement and Electrostatics:

from Molecular Crystals to Proteins

C. Lecomte, A. Lagoutte, V. Pichon-Pesme, C. Jelsch & B. Guillot

Université Henri Poincaré Nancy1 BP 239, F54506 Vandoeuvre-les-Nancy cedex, France
Multipolar analysis and estimation of electrostatic properties have been pioneered and introduced in the crystallographic community by Prof. Robert Stewart in the seventies. Since most and more accurate crystallographic data can be analyzed in order to derive model valence electron density. Some charge density examples in small molecules crystallography and an electron density database will be discussed. Then, this talk will show how multipole analysis can be generalized to macromolecular crystallography as soon as accurate ultra high resolution data are available. Application examples will be given on the following proteins: crambin, aldose reductase and an antifreeze protein.

References

Guillot, B., Viry, L., Guillot, R., Lecomte, C. & Jelsch, C. (2001). J. Appl. Cryst., 34, 214-223.

Jelsch, C., Teeter, M.M., Lamzin, V., Pichon-Pesme, V., Blessing, R.H. & Lecomte, C. (2000) Proc. Natl. Acad. Sci. (USA). 97, 3171-3176

Jelsch, C., Guillot, B., Lagoutte, A. & Lecomte, C. (2004). J. Appl. Cryst. Accepted. 

Muzet, N., Guillot, B., Jelsch, C. & Lecomte, C. (2003). Proc. Nat. Acad. Sci. (USA). 100, 15, 8742-8747. 

Pichon-Pesme, V., Jelsch, C., Guillot, B. & Lecomte, C. (2004).  Acta Cryst. A60, 204-208. 

Stewart, R. (1972). J. Chem. Phys. 58, 1668-1676. 

B-4

B5.  Electrostatic Interactions of Halogens - A Guide to Supramolecular Assembly and Crystal Design

Lee Brammer, Fiorenzo Zordan and Guillermo Mínguez Espallargas

Dept. of Chemistry, University of Sheffield, Sheffield S3 7HF, UK. Email: lee.brammer@sheffield.ac.uk

and

Paul Sherwood

Computational Science and Engineering Department, CCLRC Daresbury Laboratory, Daresbury, Warrington WA4 4AD, UK

Previously we have shown that halogens are effective hydrogen bond acceptors when bound to metal centers (M–X), wherein they serve as Lewis bases in interactions with typical hydrogen bond donors (N–H, O–H, etc.).1-4 By contrast, organic halides (C–X) are extremely poor hydrogen bond acceptors,3 but known to participate in so-called halogen bonds, wherein the C–X group plays a Lewis acidic role in part due to its vacant * orbital, viz. N…X–C, O…X–C. 

At both extremes of halogen behaviour, the electrostatic potential surrounding the halogen can serve as a good guide to the qualitative strength and a predictor of directionality of  intermolecular interactions involving terminal halogens. This information has provided the basis for our research efforts in supramolecular assembly and crystal synthesis based upon halogenated organic and inorganic building blocks.  

More recently, we have explored the possibility of combining the two contrasting but complementary capabilities of "inorganic" and "organic" halogens to provide an effective interaction (M–X…X'–C) that may be applied as supramolecular synthon in the construction of supramolecular assemblies in crystals.5,6 

Our efforts to understand the behaviour of halogens and examples of applications based upon this understanding will be presented.

References:

1. Aullón, G.; Bellamy, D.; Brammer, L.; Bruton, E. A.; Orpen, A. G. Chem. Commun. 1998, 653. 

2. Mareque Rivas, J. C.; Brammer, L. Inorg. Chem. 1998, 37, 4756. 

3. Brammer, L.;. Bruton, E. A; Sherwood, P. Cryst. Growth Des. 2001, 1, 277. 

4.   
Brammer, L.; Swearingen, J. K.; Bruton, E. A.; Sherwood, P. Proc. Nat. Acad. Sci., USA, 2002, 99, 4956.

5. 
Brammer, L.; Minguez Espallargas, G.; Adams, H. CrystEngComm 2003, 5, 343.

6. 
Zordan, F.; Brammer, L. Acta Crystallogr., 2004, A60, in press
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B6.  Reminiscences of Least-Squares

Robert F. Stewart

Chemistry Department

Carnegie Mellon University, 4400 Fifth Avenue

Pittsburgh, PA 15213-2617

Since the invention and applications of the method of least squares by Carl Friedrich Gauss in the early 19th century an extremely useful tool for analysis of scientific data has remained in the scientists' arsenal of analytical methods for the last 200 years.  The present paper will reveal my own experiences with least squares methods applied to a variety of studies in chemical physics.  The earliest study was the determination of the solubility of PbSO4 (s) as a function of [HClO4 (aq)] in mixtures of LiClO4 (aq) or NaClO4 (aq) at an ionic strength of unity.  Least squares was employed to determine the principal values and directions in the polarized absorption spectra of a single crystal of a 1:1 complex of 1-methylthymine and 9-methyladenine (the Hoogsteen dimer).  A functional equation for extracting the H atom form factor from the molecular form factor of H2 was a solution to a least squares problem.  Small gaussian expansions of SCF atomic orbitals and of Slater type orbitals (STO) are an example of highly non-linear least squares equations.  Generalized X-ray scattering factors (gsf's) are a rotationally invariant basis set for projection onto simple functions of measured X-ray crystal structure factors by the method of least squares.  A three-parameter equation of state for strong electrolytes was successfully fit, by least squares, to osmotic pressure measurements at concentrations in excess of 6 M.  A rather accurate construction of the density of phonon states in Si (s) was obtained from a least squares fit of 21 force constants (Born-von Kármán model) to coherent, inelastic neutron scattering data, crystal elastic constants and an optical Raman line. Inclusion of correlation coefficients among the errors of the force constants was essential for reliable error estimates of thermodynamic properties of Silicon.  A final example will illustrate the use of least squares to establish a non-existent surface harmonic in the valence electron structure of a bonded F atom.
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B7.  Quantum Software Interfaced with Crystal-Structure Databases: Tools, Results and Perspectives

Yvon Le Page, ICPET, National Research Council of Canada, Ottawa, Canada

John R. Rodgers, Toth Information Systems Inc., Ottawa, Canada

yvon.le_page@nrc.ca   and  john.rodgers@tothcanada.com

In the spirit of Le Page, Saxe and Rodgers (2002). Acta Cryst. B58, 349-357, we have developed from scratch version 2.0 of Toth’s Materials Toolkit, which runs under Windows and prepares ASCII input files for popular ab initio packages such as ABINIT, VASP, PWscf etc.. Those packages, obtainable from their respective developers, may run in desktop or supercomputer setups with Linux or Windows operating systems. 

The Toolkit input is taken at will from a direct plug into CRYSTMET® with 86,000 crystal-structure entries for metals and inorganic compounds, from CIF files of public-domain crystal-structure databases or even by cut-and-paste from electronic journals followed by minimal free-format editing. 

The collection of fully general and highly graphical tools operates on the structure description stored in an editable screen. A single command screen puts at the user’s fingertips simple utilities like distances and angles or powder-pattern calculations, but also less common interactive modular utilities like editable surface models parallel to any lattice plane; editable content for fully general supercells; adsorption modeling for catalysis studies; epitaxy modeling; push-button derivation of the conventional description within a distance tolerance for any structure model. Additional tools comprise 3D plots of predicted morphology, of Voronoi polyhedra, of voids and channels, of surfaces for selected properties calculable from their tensor expression, like uniaxial compression or shear, or the three speeds of sound, cluster modeling and interference calculation, listing of possible twin laws, an aid for indexing of convergent-beam electron diffraction patterns, easy storage and retrieval of multi-model files etc..

After the model has been searched, modified and evaluated in a few keystrokes with the above tools, its ASCII input files for a selection of popular ab-initio packages get produced by selecting the meaningful flags and run options on a dialog. The tedious structure manipulation or decomposition into multiple simulations is performed in the background. The directories with the ASCII input files for the problem and the command files for running it under either Windows or Linux can be moved with ftp or a diskette to any computer running the target ab-initio package. Upon completion, important output files get moved back to the modeling machine for automated interpretation of the results they contain individually or collectively, and production of a plain-English job report. 

Examples encompassing materials modeling for whole structure types, catalysis on surfaces, epitaxy, optimisation of nanotubes, empty or not, deposited on surfaces, cluster diffraction, calculations of the elastic tensor and related thermo-mechanical properties, compression curves etc.. will be detailed and the perspectives opened will be discussed.

B-7

B8.  A Comparison of Experimental and Theoretical Bond Critical Point Properties for Earth Materials

G.V. Gibbs1, D.F. Cox2, K.M. Rosso3
1Department of Geosciences,  Virginia Tech, Blacksburg, VA 24061; 2Department of Chemical Engineering, Virginia Tech, Blacksburg, VA 24060; 3W.R. Wiley Environmental Molecular Sciences Laboratory, Pacific Northwest National Laboratory, PO Box 999, KB-96, Richland, Washington 99352

The bond critical point, bcp, properties for the MO bonded interactions  (M =  Li, Be, ···, C; Na, Mg, ···, S) for earth materials have been generated, using the local density approximation and Gaussian crystal basis sets, the experimental cell edges and the coordinates of the nonequivalent atoms. The properties each increase in magnitude as the experimental MO bonds decrease in length. Accordingly, the bond lengths decrease as the calculated electron density is localized at the bcp and locally concentrated both perpendicular toward the bond path and parallel to the path in the direction of the bonded pair atoms, thereby enhancing the shielding of the nuclei of the pair. The experimental bcp properties, obtained with conventional lower energy X-ray diffraction data for danburite, bromellite, coesite and three fibrous zeolites were found to be in relatively poor agreement with calculated properties. In contrast, experimental properties generated in recent studies for stishovite, forsterite, fayalite and cuprite with single crystal synchrotron diffraction data  and those recently generated with high resolution diffraction data for coesite and senarmonite were found to be in relatively good agreement with the theoretical properties. High resolution low energy diffraction data, recorded for the molecular sieve AlPO4-15, were also found to yield ρ(rc) values for the AlO and PO bonded interactions that are in good to moderately good agreement with the theoretical values, but the (2ρ(rc) values for the two bonded interactions were found to be in relatively poor agreement. The overall agreement between the theoretical bcp properties generated with computational quantum methods and the experimental properties recorded with synchrotron high energy radiation not only provides a basis for using computational strategies for studying structure and modeling defects and the reactivity of representative structures, but it also provides a basis for improving our understanding of the crystal chemistry and bonded interactions of earth materials.
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B9.  Structural Studies on the Catalytic Domains of Botulinum Neurotoxins
S. Swaminathan 

Biology Department

Brookhaven National Laboratory

 Upton, NY 11973

swami@bnl.gov
Clostridium botulinum neurotoxins (BoNTs), the most potent known toxins to humans, comprise seven (A-G) serologically distinct proteins. All of them are produced as inactive single chains and cleaved by exogenous or endogenous proteases into active dichains, heavy (100 kDa) and light (50 kDa) chains, held together by a disulfide bond. The mechanism of neurotoxin toxification consists of a four-step process, viz., (1) binding of toxin to the cell surface; (2) internalization of the toxin molecule; (3) translocation into the vesicle membrane, and (4) attacking the target molecule in the neuroexocytosis apparatus thereby blocking the release of acetylcholine resulting in paralysis. Toxins bind to the surface through gangliosides and then move laterally to bind to a second receptor, a protein. They are internalized by a temperature and energy-dependent process. After translocation, the disulfide bond is reduced and the light chain which has catalytic zinc bound to it presumably separates and enters the cytosol to attack the target. Each botulinum neurotoxin attacks a specific target in the neuroexocytosis apparatus to cleave a precise peptide bond. For example, both BoNT/A and BoNT/E target SNAP-25, but each cleaves a different peptide bond. Structural studies on the catalytic domains of clostridial neurotoxins and their mutants will be presented. 

Research supported by the U.S Army Medical Research Institute of Infectious Diseases under Prime Contract No. DE-AC02-98CH10886 with Brookhaven National Laboratory.
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B10.  Not Merely the Secret of Life:  DNA in Nanotechnology
Nadrian C. Seeman

 Department of Chemistry

 New York University

 New York, NY 10003, USA

Structural DNA nanotechnology uses reciprocal exchange between DNA double helices  to produce unusual DNA motifs; these include Holliday junctions, or related structures, such as double crossover (DX), triple crossover (TX), paranemic crossover (PX) and DNA parallelograms. We combine DNA motifs build target objects, arrangements and devices by using sticky-ended cohesion.  The strength of sticky-ended cohesion is that it produces predictable adhesion combined with known structure A variety of individual DNA species have been developed, including polyhedra, single-stranded knots, Borromean rings and nanomechanical devices.

We have used two DX molecules to construct a DNA nanomechanical device by linking them with a segment that can be switched between left-handed Z-DNA with right-handed B-DNA. A sequence-dependent device has been made from PX DNA and one of its variants, using hybridization topology as the driving force for the motion.  Recently, we have made a DNA nanorobotic device that walks on a DNA sidewalk.

Many of the key goals of structural DNA nanotechnology entail the use of periodic or aperiodic arrays.  These goals were stimulated in part by conversations with Bob Stewart in the late 1960's.  Crystalline 2D DNA arrays have been produced with tunable patterns visible in the atomic force microscope.  A central goal is the extension of this system from 2D to 3D for biological, nanoelectronic and nanorobotic goals.  We have several 3D motifs that form three independent 2D crystalline motifs when one direction is inactivated.  X-ray diffraction patterns support the designed cell dimensions and symmetries of 3D crystals.

This research has been supported by grants from NIH, ONR, NSF, DARPA/AFOSR.
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C1.  Light When YOU Need It: SER-CAT’s Synchrotron at the 

Advanced Photon Source

Bi-Cheng Wang and John Chrzas

SER-CAT, Advanced Photon Source, Argonne National Laboratory, Argonne, IL, 60439 and Department of Biochemistry and Molecular Biology, University of Georgia, Athens, GA 30602

The Southeast Collaborative Access Team (SER-CAT) was formed in 1997 to establish a state of the art synchrotron research facility at the Advanced Photon Source of the Argonne National Laboratory.  It currently consists of 23 participating institutions across 11 states and has both an insertion device and bending magnet beamline (now in the commissioning stage) for macromolecular crystallography.  Its goal is to provide members with direct and immediate access to a high brilliant synchrotron “light” source for data collection activities by integrating new technologies and methodologies such as automated sample placement through robotics, intelligent data collection systems, remote access from the home laboratory, mail-in crystallography and single-wavelength anomalous scattering techniques.  Since being dedicated in October 2002, SER-CAT’s ID Beamline has now hosted more than 410 investigators collecting over 7000 data sets and has contributed to 55 publications, 78 PDB entries and 79 solved structures as of 9/20/04.  The General User’s Program for the ID beamline is currently scheduled to begin in January 2005.  

SER-CAT is supported by the following member institutions: Duke University, Emory University, Georgia State University, Georgia Tech Research Corporation, Medical University of South Carolina, NASA George C. Marshall Space Flight Center, National Institutes of Health Intramural Research Program, North Carolina State University, The Procter and Gamble Company, Rosalind Franklin University of Medicine and Science, St. Jude Children’s Research Hospital, University of Alabama at Birmingham, University of Alabama at Huntsville, University of Georgia, University of Kentucky, University of Illinois at Chicago, University of Missouri at Kansas City, University of North Carolina at Chapel Hill, University of South Carolina, University of Virginia, Vanderbilt University and Vanderbilt University Medical Center.  Membership information is available by contacting the SER-CAT Administrative Office at 706-542-3384 or by email at SER-CAT.BCL4.bmb.uga.edu.   SER-CAT’s website is www.ser-cat.org.
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C2.  The Role of Protein Dynamics in Enzyme Catalysis

Gregory A. Petsko, Mark A. Wilson and Dagmar Ringe

Rosenstiel Center, Brandeis University, 

Waltham, MA 02454-910  USA
It has long been appreciated that proteins are dynamic systems, capable of sampling a wide range of motions in terms of both amplitudes and time-scales.  Ligand-induced conformational changes play a major role in the biological activity of many proteins, including enzymes, but the functional consequences of fast, low amplitude atomic fluctuations are less clear.  Many years ago we suggested that some enzymes might have evolved so that atomic vibrations along the reaction coordinate occurred more often than vibrations orthogonal to the direction of reaction.  This hypothesis has now become fashionable in various modified forms, but direct evidence is still very hard to come by.  We present such evidence from X-ray crystallographic studies for several systems, including the reactions catalyzed by dihidrofolate reductase, elastase and cytochrome P450.  The possible magnitude of this contribution to the overall rate acceleration of enzymes will also be discussed.
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C3.  Structural Motions During the Catalytic Cycles of Isocitrate Dehydrogenase and Phosphotriesterase Revealed by Monochromatic and Polychromatic Laue X-ray Crystallography

Andrew Mesecar.  Center for Pharmaceutical Biotechnology, and the Department of Medicinal Chemistry and Pharmacognosy. The University of Illinois at Chicago.  Chicago, IL 60607.


One of the remaining and great unsolved questions in chemistry and biology from the twentieth century is "How do enzymes accelerate the rates of chemical reactions over 1017-times faster than their corresponding uncatalyzed reactions, and how do they achieve such high degrees of substrate specificity?  The central hypothesis of our laboratory is that enzymes achieve these remarkable properties, not by some unconventional "Enzymagical" property or theory, but by combining general physical-chemical and structural properties with dynamic processes. We are attempting to elucidate the contribution of these properties to a variety of enzyme systems including the isocitrate dehydrogenase (IDH) and phosphotriesterase catalyzed reactions.  We are attempting to construct three-dimensional, atomic resolution molecular movies of enzyme catalysis based on experimental data from both static and time-resolved x-ray crystal structures.  Because of the complex nature of these multi-step enzyme reaction coordinates, we are integrating a variety of approaches including steady-state and time-resolved crystallography, enzyme kinetics and isotope effects, synthetic organic chemistry, computational chemistry, and molecular biology, to reach our goals.  The first part of this presentation will focus on our current molecular movie of the reaction coordinate of isocitrate dehydrogenase which is based on a series of x-ray structures derived from both monochromatic and Laue x-ray data. Our most recent studies on IDH catalysis reveal large structural changes during the decarboxylation and enolization steps of the reaction that were previously unobserved.  The second part of this presentation will focus on our most recent monochromatic and Laue structural studies of a new purple colored phosphotriesterase that degrades the chemical warfare agent Soman.  We have collected and analyzed Laue data at three time points (T=0, 30 and 60 minutes) on a single crystal of phosphotriesterase that was presented with a slow-reacting substrate in a flow cell. Our experimental approaches and data analysis including electron density map interpretation will be presented. Monochromatic and Laue x-ray data were collected at BioCARS beamlines 14-BM-C and 14-ID-B at the APS at Argonne National Laboratory.  This research is supported in part by grants from the U.S. Department of Energy and the Office of Naval Research (N000140210956).
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C4.  Signal Transduction by Blue Light Photoreceptors Studied by Time-Resolved Crystallography

Keith Moffat, Spencer Anderson, Hyotcherl Ihee, Sudarshan Rajagopal, Vukica Srajer and Reinhard Pahl

Department of Biochemistry & Molecular Biology, and BioCARS,

The University of Chicago, Chicago, IL 60637, USA

Photoreceptors involved in signaling have to harness the energy derived from absorbing a photon and direct it into the formation of a structural signal, manifested either as atomic motion or as altered atomic mobility or both.  Further, they have to achieve this with high quantum efficiency, which means that the quantum yields for competing processes such as fluorescence or thermal de-excitation have to be rapidly suppressed.  

How is this achieved, at the structural level?  We address this question by time-resolved crystallographic studies [1] of the “simple” bacterial blue light photoreceptor, photoactive yellow protein (PYP), over the ns to s time range during which PYP executes a fully-reversible photocycle.  PYP is the structural paradigm for the PAS domain family of proteins, which also includes the LOV domain family [2,3].  We study both wild type PYP and its E46Q mutant, in which a key hydrogen bond between the 4-hydroxycinnamic acid chromophore and residue 46 in the surrounding protein is modified; and apply singular value decomposition [4-6] to analyze our time-resolved results.  We combine these with static, very high resolution (~1A) [7] and  cryotrapping experiments [8] to identify the chemical kinetic mechanism and time course of the structural changes during the photocycles [9,10].  These turn out not to be “simple”; rather, they involve the generation of a structural signal in an initially highly-strained chromophore, which progressively relaxes as tertiary structural changes propagate through the protein and ultimately destabilize the N-terminus, ~25A distant from the chromophore.

1. Moffat, K.  Chem. Revs. 101, 1569-1581 (2001).

2. Hellingwerf, K., Hendriks, J. & Gensch, T. J. Phys. Chem. A107, 1082-1094 (2003).

3. Crosson, S., Rajagopal, S. & Moffat, K.  Biochemistry 42, 2-10 (2003).

4. Schmidt, M. et al., Biophys. J. 84, 2112-2129 (2003).

5. Schmidt., M. et al., PNAS 101, 4799-4804 (2004).

6. Rajagopal, S. et al., Acta Cryst. D60, 860-871 (2004).

7. Anderson, S., Crosson, S. & Moffat, K. Acta Cryst. D60, 1008-1016 (2004).

8. Anderson, S., Srajer, V. & Moffat, K. Photochem. Photobiol., in press (2004).

9. Anderson, S. et al., Structure 12, 1039-1045 (2004).

10. Rajagopal, S. et al., mss. submitted (2004).
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C5.  Real Time Phase Enhanced Radiography

Wah-Keat Lee 

Advanced Photon Source

Argonne National Laboratory

9700 S. Cass Avenue

Argonne, IL 60439, USA.

Conventional x-ray imaging relies on the differences in the absorption of the sample to provide image contrast.  However, with the advent of x-ray sources with small source sizes, such as micro-focus x-ray tubes and synchrotrons, an additional contrast mechanism can come into play, namely, phase contrast.  Phase contrast, which includes refraction and diffraction effects, can greatly enhance the image quality.  Phase contrast is particularly useful in cases where the absorption contrast is weak.  We present comparisons of conventional absorption based images with phase-enhanced images in a variety of samples at different x-ray energies.  We will discuss some examples of the applications and demonstrate the technique with x-ray movies of living insects taken at video rates, and x-ray movies of fuel injectors taken with micro-second exposures. 

The Advanced Photon Source is supported by the U. S. Department of Energy, Office of Science, Office of Basic Energy Sciences, under Contract No. W-31-109-Eng-38.
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D1.  Recent Advances in Synchrotron X-ray Optics and Applications
Qun Shen

CHESS, Cornell University, Ithaca, New York 14853.
I will present an overview of several advances in recent years in the area of synchrotron x-ray optics and their applications with regards to protein crystallography and biological imaging.  These advances include high-resolution and wide-bandpass multilayers for high-flux and Laue data collection, focusing optics for micro-crystallography and imaging, and high-energy-resolution optics for resonant and inelastic scattering experiments.  Experimental examples will be given to illustrate the advantages of these new developments, with an outlook towards future applications.
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D2.  Optimizing Monocapillary Optics for Synchrotron X-ray Diffraction, Fluorescence Imaging, and Spectroscopy Applications.

Donald H. Bilderback

281 Wilson Laboratory, Cornell University, Ithaca, New York 14850

A number of synchrotron x-ray applications (powder diffraction in diamond anvil cells, microbeam protein crystallography, x-ray fluorescence imaging, etc.) can benefit from using hollow glass monocapillary optics to improve the experimental conditions.  These in-line optics are easy to add to existing beamlines and can be aligned quite simply in a few minutes of time.

Our capillary optics group at CHESS has been successfully pioneering these methods for a number of years.  I’ll give an overview of the state of the art in our capillary making and discuss the good agreement between simulation and actual practice.  A simple Matlab program is now available to plug in source size, distance from source to optics, maximum divergence allowed and working distance (distance from the capillary tip to the focus), and the expected errors from fabrication.

We currently draw glass tubing into the desired elliptical shape so that only one-bounce under total reflection conditions is needed to bring the x-ray beam to a focus.  We have been able to achieve figure errors of 1 to 2 microns and slope errors of 60 to 140 microradians.  This is not bad for freely drawn glass and we are in the process of making the third generation puller to try to do even better.  So for modest focal spot sizes of 10 to 20 microns, we can increase the intensity per square micron by factors of 10 to 1000, depending on the divergence allowed with working lengths beyond the tip of capillary of typically from 25 to 50 mm (for diamond cells).  I’ll show some of the results obtained at CHESS and Hasylab with capillaries focusing 5 to 50 keV radiation, their properties, and how much better results could be if even more perfect capillaries were fabricated in the future.
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D3.  Resonant Scattering and Absorption Experiments Using Variably

Polarized Synchrotron X-Rays.

Jonathan Lang, 

Advanced Photon Source, Argonne National Laboratory

9700 S. Cass Avenue, Argonne, IL 60439, USA.
The 4-ID-D beam line at the Advanced Photon Source has been designed to perform experiments which utilize the polarization properties of the x-ray beam for energies between 2.5 and 45 keV.  This ability is particularly useful for measurements that probe a sample¹s magnetic properties.  This talk will describe the beam line optics used for manipulating the incident polarization and analyzing the scattered polarization of the x-ray beam.  Examples of resonant magnetic scattering and x-ray magnetic x-ray dichroism experiments will be presented.
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D4.  Recent Developments of High-Energy Synchrotron Diffraction
Ulrich Lienert, 

Argonne National Laboratory Advanced Photon Source, 

9700 South Cass Av., Argonne, IL 60439

The field of diffraction using high-energy synchrotron radiation (40-100 keV) has recently seen two major advances. First, optics have been tailored to the particular properties of high energy x-rays, i.e. high penetration power and small Bragg angles. These features enable powerful optics when used properly but cannot be exploited by conventional optics designs. Monochromator and focussing schemes are discussed. Second, area detectors are being used routinely. Due to the small scattering angles, several complete diffraction rings are captured. Applications include powder diffraction, PDF analysis, stress/strain/texture measurements on polycrystalline samples, and the observation of individual bulk grains.
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D5.  HPCAT at the Advanced Photon Source: An integrated approach to high-pressure research using synchrotron radiation

Daniel Häusermann

HPCAT and Carnegie Institution of Washington

Bld 434E, Advanced Photon Source, Argonne National Laboratory

9700 South Cass Avenue

Argonne, IL 60439, USA

The High-Pressure Collaborative Access Team (HPCAT) research facility at the Advanced Photon Source (APS) is dedicated to the study of materials under extreme conditions of pressure and temperature. This sets stringent requirements for very small and extremely well defined micro-beams of x-rays. Furthermore HPCAT uses an integrated approach which requires the use of many experimental techniques in parallel - diffraction, emission and absorption spectroscopy, inelastic scattering, nuclear resonance spectroscopy – so that both insertion device (ID) and bending magnet (BM) beamlines have to be divided into branches to allow independent and simultaneous operation of several experiment stations in parallel. This talk will review how this has been achieved, paying special attention to the design and operation of the novel instrumentation, more particularly:

- The ID side-branch which uses a unique energy-tunable (25 to 35 keV) branching-monochromator (station ID-A) to feed the micro-diffraction station (ID-B),

- The optimum focusing of the resulting distorted wave-front using bimorph mirrors in a Kirkpatrick-Baez (KB) configuration (station ID-B),

- The unique flexible ultra-stable 3m spectrometer in station ID-D,

- The single EDXRD station for single crystal studies on the bending magnet line (station BM-B),

- The current design of the BM-A,C,D stations for sub-micron diffraction using white and monochromatic radiation

A brief overview of selected research highlights will be presented to illustrate the performance of the instrumentation listed above. This will include micro-diffraction from N2 at 145 GPa, the melting curve of Ta measured using double-sided laser heating, new results on the phase diagram of ice, including at very low temperature, and a range of spectroscopy highlights obtained using the techniques currently available in station ID-D: Nuclear Forward Scattering (NFS), Nuclear Resonant Inelastic X-ray Scattering (NRIXS), Inelastic X-ray Scattering (IXS), X-ray Raman Scattering (XRS), X-ray Emission Spectroscopy (XES) and Resonant Inelastic X-ray Scattering (RIXS).

Time allowing, the current plans for dual-mode (white and monochromatic), sub-micro-diffraction - a new technique with a promising future - will be presented (stations BM-C/D).
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P1.  Quantum-Topological Analysis of Bonding in Energetic Materials

Elizabeth A. Zhurova1, Adam I. Stash2, Vladimir G. Tsirelson3 and A. Alan  Pinkerton1

1 Department of Chemistry, University of Toledo, Toledo, OH, USA

2 Karpov Institute of Physical Chemistry, Moscow, Russia

3 Quantum Chemistry Department, Mendeleev University of Chemical Technology, Moscow, Russia 

Based on the multipole analysis of the experimental electron density of four energetic materials {(-form of 5-nitro-2,4-dihydro-3H-1,2,4-triazol-3-one (NTO), biguanidinium dinitramide, (BIGH)(DN), biguanidinium bis-dinitramide, (BIGH2)(DN)2 and pentaerythritol tetranitrate (PETN)} we have obtained important information relevant to the electronic energy distribution previously available only from theoretical calculations. We have demonstrated that the spatial distribution of the local electronic energy can serve as a new 'old' descriptor of chemical bonding. Compared to the deformation electron density and the Laplacian distributions, the local electronic energy has the advantage of being reference-model independent and providing direct information of bond strength in crystals and molecules. The examination of the local kinetic, potential and electronic energy distributions, combined with the integrated atomic energies and the multipole and topological analyses of the electron density, allow us to examine more deeply the nature of atomic and molecular interactions in energetic materials directly from the X-ray diffraction experiment. We confirmed experimentally the likely initial steps in the mechanism of NTO decomposition, as previously predicted theoretically, i.e. the C(5)-N(5) and N-H bonds are most susceptible to break first during the chemical decomposition. PETN and (DN)- in BIGH2)(DN)2 were found the most energetic among the crystals studied. The interactions between the closest negatively charged oxygen atoms, found in dinitramides were characterized as bonding closed-shell type interactions. 

The financial support of Russian Foundation for Basic Research, grant #04-03-33053 (for V.G.T. and A.I.S.) and of the Office of Naval Research through contract # N00014-99-1-0392 and #N00014-03-1-0533 (for E.A.Z. and A.A.P.) is appreciated.  
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P2.  Experimental and Theoretical Charge Density Studies of Beta-1,3,5,7-Tetranitro-1,3,5,7-tetraazacyclooctane (( - HMX)

Yu-Sheng Chen and A. Alan Pinkerton

Department of Chemistry

University of Toledo

Toledo, OH 43606, USA

The electron density and related electronic properties of ( - HMX (space group P21/c or alternatively P21/n) have been determined from a low-temperature [90.0(1) K] X-ray diffraction experiment. The data collection was carried out with a Bruker SMART 2K CCD diffractometer using a Ag-K( source, and with detector distance (from crystal to detector surface) of 4.0 cm. Two detector settings were used (2( = 0 and –55°), and the exposure times were 56 and 160 seconds respectively.  The Rint = 0.036 for 90814 (9740 unique) reflections and (sin(/()max = 1.33 Å-1.  The electron density was modeled using the Hansen-Coppens (1978) multipole model and refined to R = 0.038 for 9740 unique observed reflections.  The electron density, Laplacian and electrostatic potential distributions are reported and discussed.  The properties of the bond (3,-1) critical points are analysed. The comparison of experimental results with those obtained from theoretical calculations in Density Functional Theory (DFT) with the 6-31G* basis set and B3LYP level of theory (CRYSTL98) is also reported.

Hansen, N.; Coppens, P. Acta Cryst. 1978, A34, 909-921

Saunders, V.R.; Dovesi, R.; Roetti, C.; Causà, M.; Harrison, N.M.; Orlando, R.; Zicovich-Wilson, C.M. CRYSTAL98 User's Manual, University of Torino, Torino, 1998.
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P3.  A Robotic System for Crystallizing Membrane and Soluble Proteins in Lipidic Mesophases

<aug><au><fnm>V.</fnm> <snm>Cherezov</snm></au><orf id="a">, <au><fnm>A.</fnm> <snm>Pedd</snm></au>i<orf id="b,"> <au><fnm>L.</fnm> <snm>Muthusubramaniam</snm></au><orf id="c">, <au><fnm>Y.</fnm>F. <snm>Zheng</snm></au><orf id="b"> and <au iucrid="6569"><fnm>M.</fnm> <snm>Caffrey</snm></au><orf id="d"><orf id="e"><cor email="caffrey@chemistry.ohio-state.edu"></cor>*
<aff><oid id="a">Chemistry, b">Electrical and Computer Engineering, c">Biomedical Engineering, d">Chemistry, Biophysics, Biochemistry,  The Ohio State University, Columbus, OH 43210, <cny>USA</cny></aff>, and

<aff><oid id="e">University of Limerick, Limerick, <cny>Ireland</cny></aff></aug>.
A high-throughput robotic system has been developed for crystallizing membrane proteins using lipidic mesophases.  It incorporates commercially available components and is relatively inexpensive.  The crystallization robot uses standard automated liquid handlers and a specially built device for delivering accurately and reproducibly nanoliter volumes of highly viscous protein/lipid mesophases. Under standard conditions the robot uses just 20 nL protein solution, 30 nL lipid, and 1 mL precipitant solution.  96 Wells can be set up using the robot in 13 min.  Trials are performed in specially designed 96-well glass plates. The slim (< 2 mm high) plates have exquisite optical properties and are well suited for detection of microcrystals and for birefringence-free imaging between crossed polarizers. Quantitative evaluation of crystallization progress is done using an automated imaging system. The optics, in combination with the slim crystallization plates, enables in-focus imaging of the entire well volume in a single shot such that a 96-well plate can be imaged in just 4.5 min. The performance characteristics of the robotic system and the versatility of the crystallization robot in performing vapor diffusion, microbatch and bicelle crystallizations of membrane and soluble proteins are described.

The work was supported in part by the National Institutes of Health (GM61070), the National Science Foundation (DIR9016683 and DBI9981990), and Science Foundation Ireland.
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P4.  *Controlling Release from the Lipidic Cubic Phase by Selective Alkylation
J. Clogston*, G. Craciun§, D. J. Hart** and M. Caffrey** #
*Department of Chemical Engineering, §Mathematical Biosciences Institute, **Department of Chemistry, The Ohio State University, Columbus, OH 43210.  USA.  #College of Science, University of Limerick, Limerick, Ireland.
The lipidic cubic phase can be viewed as a molecular sponge consisting of interpenetrating nanochannels filled with water and coated by lipid bilayers.  It has been used as a delivery matrix for low molecular weight drugs.  For those that are water-soluble, release is fast and unregulated.  In this study, we sought to exploit the lipid bilayer compartment as a location within the cubic phase in which to 'hydrophobically' anchor the water-soluble drug.  In so doing, we set out to control partitioning into and thus release from the aqueous compartment of the cubic phase.  Tryptophan was used as a surrogate water-soluble drug and alkylation was implemented to regulate release.  By adjusting alkyl chain length exquisite control was realized.  Without alkylation, 20 % of the tryptophan was released under standard conditions over a period of 30 min (t20).  In the case of derivatives with alkyl chains two and eight carbon atoms long, t20 values of 3 h and 13 d, respectively, were observed.  Eliminating the charge on tryptophan completely by alkylation produced a derivative that became irreversibly lodged in the lipid bilayer.  The release behavior of the short-chain derivatives was mathematically modeled and parameters describing transport have been obtained.  Cubic phase partition coefficients for tryptophan and its derivatives were measured to facilitate modeling. 

Supported in part by the National Institutes of Health (GM61070), the National Science Foundation (DIR9016683 and DBI9981990), and Science Foundation Ireland.
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P5.  *Low Temperature Structure Determination of cocrystallized Benzophenone/Benzpinacol by Single Crystal X-Ray Diffraction

Aaron M. Duckworth, Yu-Sheng Chen, and A. Alan Pinkerton

University of Toledo

Department of Chemistry MS 602

Toledo, Ohio 43606, USA

The low temperature (15 K) structure of cocrystallized benzophenone/benzpinacol was solved in the monoclinic space group P21/c. The data collection was carried out at the Advanced Photon Source, Argonne, Illinois. Synchotron radiation of 0.49594 Å, and a Bruker SMART-6000 CCD detector, were utilized for the data collection. One (1) second frames were collected with SMART. The data were integrated using SAINT, and corrected for oblique incidence, with OBLIQUE (G. Wu, B.L. Rodrigues, P. Coppens. J. Appl. Cryst. 35:356-359, 2002).  The structure was solved with SHELXTL. A monoclinic unit cell with constants a = 10.3838(18), b = 20.530(4), c = 18.011(2) Å, and = 91.443(3)° was found. The unit cell contains two molecules of benzophenone, and one molecule of benzpinacol in the asymmetric unit. An R(int) of 0.0434 for all data and a final R value of 0.0498 was obtained for 3,940 unique reflections.  Comparison of the torsion angles of the two phenyl rings of benzophenone in the P21/c space group reveal an angle of 58.78° as compared to neat crystals of benzophenone in the P212121 space group, with an angle of 54.4° (H. Kutzke, H. Klapper, R. B. Hammond, K. J. Roberts. Acta Cryst. B56:486-496, 2000).
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P6.  A Time-of-Flight Multi-Purpose Single Crystal Diffractometer (Topaz) at the SNS

Christina Hoffmann1, Robert Bau2, Arthur Schultz3, Thomas Koetzle3

1Oak Ridge National Laboratory, P.O. Box 2008, Oak Ridge TN 37831-6474, USA

2University of Southern California, Dept. Of Chemistry, University Park, Los Angeles CA 90089-0744, USA

3Intense Pulsed Neutron Source, Argonne National Laboratory , Argonne IL 60439, USA

A Single Crystal Diffractometer (SCD) is under development for the Spallation Neutron Source (SNS) at the Oak Ridge National Laboratory. The new SCD aims for high speed data collections of samples that will approach sizes of a typical X-ray crystal. Situated on a 15 m flight path with a wavelength bandwidth of 4 Å, the instrument will employ an array of highly pixilated two-dimensional position and time sensitive detectors to utilize the time-of-flight Laue technique. The efficiency of sampling the reciprocal lattice simultaneously in both, direction (area detection) and length (time resolution) of the probe wavevector, is a powerful advantage of a pulsed-source diffractometer [1].  The future instruments will be able to measure a large portion of reciprocal space simultaneously. By utilizing the enhanced flux of the SNS, and increased detector coverage, and employing focusing optics, we expect data collection times will be reduced from days to hours [2].  The ability to measure data on small crystals will permit systematic studies of a series of related compounds, which is expected to have an important impact on chemical crystallography.  With the short data collection times, parametric studies using sample environments for varying temperature and pressure will be feasible.  In addition, polarized neutron and applied magnetic field capabilities are being planned.  Currently, the instrument is scheduled to accept users by 2009.

[1] A.J. Schultz, Trans. AM. Cryst. Assoc. 29,29 (1993)

[2] J.F. Ankner & JK. Zhao, ES-1.1.8.4-6018-RE-A-00 (1999). 

SNS is managed by UT-Battelle, LLC, under contract DE-AC05-00OR22725 for the U.S. Department of Energy.
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P7.  *Membrane Protein Crystallization in Lipidic Mesophases with Tailored Bilayers

 

L.V. Misquitta1, Y. Misquitta2, V. Cherezov1, O. Slattery1,5, J. M. Mohan1, D. Hart1, M. Zhalnina4, W. A. Cramer4, M. Caffrey1-3,5
1 Chemistry, 2 Biophysics, and 3 Biochemistry, The Ohio State University, Columbus, OH

43210, USA, 4 Department of Biological Sciences, Purdue University, West Lafayette, IN 47907, USA, 5 College of Science, University of Limerick, Limerick, Ireland.

Monoacylglycerols have been used as bilayered hosts for growing crystals of membrane proteins. To date, the lipids used have had chains 16 and 18 carbon atoms long. We hypothesized that a shorter chained lipid producing a thinner bilayer would facilitate the so-called in meso crystallization process. A 14 carbon monoacylglycerol was chosen as the lipid with which to test the proposal. To be compatible with the in meso method, a cis olefinic bond was placed in its acyl chain at a location arrived at by rational design. The target lipid was synthesized and was shown to form the requisite mesophase at room temperature. In support of the hypothesis, it produced crystals of bacteriorhodopsin and the outer membrane transporter, BtuB. The latter is the first β-barrel protein to be crystallized by the in meso method. Protein stability in the short chain lipid and how this relates to crystallogenesis are presented.

Grant support for MC was provided in part by the National Institutes of Health (GM56969, GM61070), the National Science Foundation (DIR9016683, DBI9981990, IIS-0308078), and Science Foundation Ireland, and for WAC by NIH GM-18457.
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P8.  *Structure of 3,5-dinitroanisole.
Gordon Riddle and A. Alan Pinkerton, Department of Chemistry, University of Toledo, Toledo, Ohio 43606.

Although the structure of the unsubstituted anisole molecule as well as the 2,4- and 2,6-dinitroanisole molecules have been previously reported, no structure report for 3,5-dinitroanisole was found in the literature.  As part of a study on the degree of conjugation of oxygen containing substituents to an aromatic ring, we have determined the structure of 3,5-dinitroanisole.

Single crystal data for 3,5-dinitroanisole were collected on a Siemens SMART CCD diffractometer.  The crystal was under a nitrogen stream maintained at 100K.  A total of 1,350 frames were collected with a width of 0.3( and an exposure of 60s each.  The theta range for data collection was 2.28 to 28.31 degrees, with a total of 3,386 reflections, of which 1,984 were unique and 1,705 with I > 2σ(I).  Data completeness was 99.2%. The structure was refined using full matrix least squares to R = 3.79% for I > 2σ(I) and R = 4.34% for all data.  The molecule crystallized in the triclinic space group P-1 and is close to planar, the methoxy group having a torsion angle of 2.58°, one of the nitro groups (N1) a torsion angle of 0.5° and the other nitro group (N2) a torsion angle of 0.4°, all with respect to the aromatic ring.         
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P9.  Single Crystal Neutron Diffraction Studies of the Structure and Bonding in Transition-Metal σ-Complexes

A.J. Schultz, T.F. Koetzle, J.A. Cowan, M.E. Miller, and X. Wang

Intense Pulsed Neutron Source, Argonne National Laboratory, Argonne, IL 60439, USA

In this poster we will present a series of structures of B-H and Si-H sigma complexes that were recently obtained based on data from the IPNS Single Crystal Diffrac​tometer (SCD). Transition-metal σ-complexes are coordination compounds in which two electrons in an X-H sigma bond form a dative bond with a transition metal.  This three-center, two-electron bond can be further stabilized by π-backbonding from the metal to the X-H sigma* antibonding orbital.  Transition metal sigma complexes are typically reactive intermediates that precede oxidative addition of substrates having an X-H bond.  σ-Complexes are, therefore, identified as intermediates in catalytic hydrogenation (X = H), activation and functionalization of hydrocarbons (X = C), hydro​silyla​tion (X = Si), and hydroboration (X = B) reactions.  Characterizing the structure and bonding of the intermediate species is important to our under​standing of these reactions and to improving catalytic processes.  Single crystal neutron diffraction has played a critical role in characterizing the structure and bonding of sigma complexes, for which the positional and thermal parameters of the hydrogen atom in close proximity to a metal atom are clearly of utmost importance.  The IPNS SCD uses the time-of-flight Laue technique with two position-sensitive area detectors to measure many Bragg peaks in a single crystal setting.  However, applications have been somewhat hampered at current neutron sources by the need for single crystals larger than 1 mm3.  Revolutionary improvements are anticipated with the advent of the new generation of neutron sources, including the Spallation Neutron Source (SNS) that is scheduled to become operational at Oak Ridge National Laboratory in 2006, where it will become possible to work with crystals approaching the size commonly used in X-ray studies and thus greatly expand the range of materials open to investigation.

This research was supported by the U.S. DOE, Office of Basic Energy Sciences, under contract W-31-109-ENG-38.
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P10.  Design of a High Resolution Macromolecular Neutron Diffractometer (MaNDi) at the SNS for Enzymology and Structural Biology

Thiyagarajan, P.1, J. Schultz1, C. Rehm2, J. P. Hodges2, D.A. Myles3, P. A. Langan4, D.A. Mesecar5, 1IPNS, Argonne National Laboratory, Argonne, IL 60439, 2SNS, ORNL, 3CSMB, ORNL, 4Biology Division, LANL, 5University of Illinois, Center for Pharmaceutical Biotechnology and Department of Medicinal Chemistry and Pharmacognosy, Chicago.
Enzyme reaction mechanisms involve a series of chemical steps that involve the transfer of multiple hydrogen atoms during the catalytic cycle. Steady-state and presteady-state kinetic studies in addition to isotope effect studies can provide valuable information on the individual reaction rates for the chemical steps as well as the pKa's of amino acids involved in the proton transfer reactions and in substrate binding. In the late 1990’s, with the advent of third-generation synchrotron sources, it was envisioned that ultra-high resolution, i.e. 0.5 Å to 1.0 Å, x-ray structures would provide detailed information on the positions of individual hydrogen atoms in the active sites of enzymes.  However, this hypothesis has not been fully realized.   In the limited number, i.e. 82, of x-ray structures determined within this resolution range, a number of the hydrogen atoms could not be identified especially within the active sites. 

Neutron Macromolecular Crystallography (NMC) on the other hand is able to accurately determine proton locations, protonation states and hydration, and hydrogen/deuterium exchange in macromolecular crystals even at a moderate resolution (2 Å to 2.5 Å).  In order to exploit the high neutron flux that will become available beginning in 2006 at the Spallation Neutron Source (SNS), it is proposed to develop a dedicated best-in-class high throughput and high resolution time-of-flight single crystal macromolecular neutron diffractometer (MaNDi) at the SNS.  MaNDi is being designed to be able to collect a full hemisphere of Bragg data with a resolution of 1.5 to 2 Å on a crystal with a lattice constant up to 150 Å in as little as one day. The high throughput is accomplished by the use of a wide bandwidth of cold neutrons (1.8 Å < λ < 4.5 Å) sorted by time-of-flight and by an array of high resolution position-sensitive area detectors covering a large solid angle. It is expected that the unprecedented high data rates and resolution with MaNDi for the high resolution NMC will open up new avenues and greatly advance the field of structural biology especially in the area of enzymology and protein dynamics.

Work at IPNS was funded by the U.S. DOE, BES-Materials Science, under Contract W-31-109-ENG-38 to U. Chicago, and at SNS by the U.S. DOE, BES-MS. under contract DE-AC05-00OR22725UT-Battelle, LLC and ORAU.

P-10

P11.  *Preliminary Results of the Recent Charge Density Study of Diethylstilbestrol

Eric J. Yearley, Elizabeth A. Zhurova, Yu-Sheng Chen and A. Alan Pinkerton

Department of Chemistry

University of Toledo

Toledo, OH 43606, USA

In an effort to determine a relationship between the biological function and the electronic properties of steroidal and nonsteroidal estrogens, a charge density study has been pursued on the nonsteroidal estrogen, diethylstilbestrol.  Crystals of diethylstilbestrol were obtained by sublimation and x-ray diffraction data then obtained using a Bruker 6000 CCD diffractometer with MoKα radiation at 100.0(1)K.  Two detector settings, low (2θ = -100 ) and high (2θ = -700) angle, were used to collect data at 90 sec. and 150 sec. per 0.30 frame respectively.  This data collection technique gave an overall completeness of 99.0% to a maximum resolution of 1.135Å-1 with a redundancy of 13.0 for all data.  The data reduction was performed with SAINT which integrates the Bragg intensities and applies polarization and Lorentz corrections.  The SORTAV program was then implemented to merge the reflections collected at the high and low angle detector settings, apply an absorption correction, and average equivalent measurements.  The use of the SORTAV program gave Rint = 0.0298 for all data, 1.000 and 0.985 scale factors for the high and low angle measurements respectively, and 8834 unique reflections.    

A preliminary refinement was then completed on diethylstilbestrol with the Hansen-Coppens multipole model using the XD program.  A preliminary R(F) value of 0.0245 has been obtained, and residual and experimental deformation maps will be reported.  

Hansen, N.; Coppens, P. Acta Cryst. 1978, A34, 909-921
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P12.  Iron and Osmium Pincer Complexes:  Synthesis and Characterization

Elizabeth M. Pelczar, Alan S. Goldman and Thomas J. Emge

Department of Chemistry and Chemical Biology, Rutgers University, 610 Taylor Road Piscataway, NJ 08854-8087, United States

We have undertaken the synthesis, catalytic screening and structural characterization of a range of pincer-ligated transition metal hydrides, in particular (PCP)MHn (M = Group 9 metal; PCP = 2,6-C6H3(PR2)2) and (PNP)M’Hn (M’ = Group 8 metal; PNP = 2,6-bis(dialkyl-phosphinomethyl)pyridine).  Toward this end two new complexes have been synthesized (tBuPNP)MCln (M = Fe, n = 2; M = Os, n = 3) as potential precursors of the targeted hydride catalysts.  Both complexes are paramagnetic.  X-ray diffraction of the iron(II) species displays an unusually long Fe-N bond of 2.44 Å while the Os(III) complex has an unexceptional octahedral geometry.  Reduction of the iron complex with NEt4BH4 or NaBH4 yields the corresponding iron chlorohydride complex.  The osmium complex has also been reduced to a hydride complex and it has only recently been fully characterized by single-crystal x-ray diffraction analysis.   
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S1.  Mechanism of tRNA Maturation by CCA-adding Enzyme Without Using an Oligonucleotide Template

Yong Xiong1,3 and Thomas A. Steitz1,2,3
1 Department of Molecular Biophysics and Biochemistry,
2 Department of Chemistry, Yale University and
3 Howard Hughes Medical Institute, New Haven, Connecticut 06520, USA
CCA-adding enzymes are responsible for the maturation or repair of the functional 3' end of tRNAs by means of the addition of the essential nucleotides CCA. However, it is unclear how they polymerize CCA onto the 3' terminus of immature tRNAs without using a nucleic acid template. An answer is provided by a series of crystal structures of the Archaeoglobus fulgidus CCA-adding enzyme in complex with tRNA or RNA duplex mimics of the tRNA acceptor stem along with incoming nucleoside 5'-triphosphates. A single nucleotide-binding pocket exists whose specificity for both CTP and ATP is determined by the protein side chains and backbone phosphates of the tRNA, which are non-complementary to and thus exclude UTP and GTP. Discrimination between CTP or ATP at a given addition step arises from changes in the size and shape of the nucleotide binding site that is progressively altered by the elongating 3' end of the tRNA.
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