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PROGRAMME OVERVIEW

Wednesday, October 11

08:00-09:00 Registration
09:00-09:10 Conference Opening
09:10-10:55 Session I Sources and Detectors
10:55-11:15 Break
11:15-12:30 Session I continued
12:30-14:00 Lunch in the ESRF cafeteria
14:00-15:45 Session II Inelastic Scattering and Dynamics
15:45-16:15 Break
16:15-17:30 Session II continued
From 17:30 Visit of the ESRF ring tunnel

Thursday, October 12

09:00-10:30 Session III Muscle Diffraction
10:30-11:00 Break
11:00-12:00 Session III continued
12:00-14:00 Lunch in the ESRF cafeteria
14:00-15:30 Session IV Reaction Mechanisms
15:30-16:00 Break
16:00-17:30 Session IV continued
19:30 Welcoming of the conference participants by the City of Grenoble

in the Museum of Grenoble followed by a public lecture at
20:30 A quoi sert le Synchrotron ? in the auditorium of the Museum

A bus will leave the ESRF in direction of the Museum at 19:00 pm and take you back to the
Hotel Porte de France and the ESRF Guesthouse at 22:30 pm.

Friday, October 13

09:00-10:30 Session V Macromolecular Assemblies
10:30-10:50 Break
10:50-12:15 Session V continued
12:15-14:00 Lunch in the ESRF cafeteria
14:00-15:40 Session VI Medical Applications
15:40-16:00 Break
16:00-17:30 Session VI continued
18:30-19:30 Evening session Development at the LCLS
20:00 Conference Dinner in the ESRF cafeteria

Saturday, October 14

09:00-10:30 Session VII Imaging and Spectroscopy
10:30-11:00 Break
11:00-12:30 Session VII continued

Closing remarks



DETAILED PROGRAMME

WEDNESDAY, OCTOBER 11

08:00 Registration

09:00 Conference Opening
Peter F. LINDLEY, ESRF, Grenoble, Director of Research

Session I SOURCES AND DETECTORS (Peter F. Lindley, ESRF)

09:10 3rd generation synchrotron radiation sources: present performances and ultimate expectations
Jean-Marc FILHOL, ESRF, Grenoble, Machine Director

09:45 Insertion devices at ESRF
Joel CHAVANNE, ESRF, Grenoble

10:20 Synchrotron Radiation and Free Electron Laser Activities at HASYLAB
Edgar WECKERT, HASYLAB at DESY, Hamburg

10:55 Coffee Break

11:15 Detectors for time resolved X-ray diffraction
Robert LEWIS, Daresbury Laboratory

11:45 Single photon processing at high rate with pixel detectors from particle physics
Erik H.M. HEIJNE, CERN, Geneva

12:15 A new type of detector for protein crystallography:
first results and comparison with present detectors
Jules HENDRIX, Marresearch, Hamburg

12:30 Lunch (Cafeteria of the ESRF)

Session II INELASTIC SCATTERING AND DYNAMICS (G. Zaccai, CNRS-CEA)

14:00 Introduction: Windows in space and time
G. ZACCAI, CNRS-CEA, Grenoble

14:15 Fast Dynamics of water (and ice): Synergism of neutron and X-ray scattering
Francesco SACCHETTI, University of Perugia

15:00 The physics of protein dynamics: spectroscopic studies of myoglobin
Fritz PARAK, Technical University of Munich

15:45 Coffee break

16:15 Solvent effects on function-structure-dynamics relations in proteins: SR and neutron studies
Martin WEIK, University of Utrecht

17:00 Structure, dynamics and hydration of the typical EF-hand parvalbumin
Joseph PARELLO, CNRS, Montpellier

From 17:30 Visit of the ESRF ring tunnel



20:30 Public lecture in the Museum of Grenoble

A quoi serf le Synchrotron ?
Yves Petroff, ESRF-Grenoble, Directeur General

The lecture will be given in French. It is open to all interested.
For security reasons the audience is limited to 274 people.

FRIDAY, OCTOBER 13

Session V MACROMOLECULAR ASSEMBLIES (Stephen Cusack, EMBL, Grenoble)

09:00 Virus structure and dynamics: putting together the pieces with synchrotron radiation
David STUART, University of Oxford

09:30 Structural plasticity of the rotavirus major capsid protein VP6 revealed by combined X-ray
crystallography and electron microscopy studies
Felix REY, CNRS, Gif-sur-Yvette

10:00 The crystal structure of DNA mismatch repair protein MutS binding to a G:T mismatch
Titia SIXMA, Netherlands Cancer Institute

10:30 Coffee break

10:50 Crystal structure of the human nuclear cap-binding complex
Catherine MAZZA, EMBL, Grenoble Outstation

11:15 Insights from the structure of the 30S ribosomal subunit and its complex with antibiotics
Venki RAMAKRISHNAN, M.R.C. Laboratory of Molecular Biology, Cambridge

11:45 The structural basis of ribosome activity in peptide bond synthesis
Nenad BAN, Dept. of MB & B, Yale

12:15 Lunch (Cafeteria of the ESRF)

Session VI MEDICAL APPLICATIONS (William Thomlinson, ESRF)

14:00 Diffraction enhanced imaging applications in medicine
Dean CHAPMAN, Illinois Institute of Technology

14:40 Microbeam radiation therapy
Jean A. LAISSUE, University of Bern

15:20 Functional imaging of brain vasculature
Francois ESTEVE, CHU Nord, Grenoble

15:40 Coffee break



Session I
Sources and Detectors



1.1

3 rd generation synchrotron radiation sources:
present performances and ultimate expectations

J. M. KDLHOL

European Synchrotron Radiation Facility, Grenoble, France

From the first generation of the synchrotron radiation sources, in the 70's, to the most

recent third generation ones, the energy of the photons delivered, as well as the

photon flux and the source brilliance have suffered a dramatic evolution (the

brilliance went up by 7 orders of magnitude). There are now in the world about 10

third generation light sources in operation or under construction, designed to deliver

X-ray beam simultaneously to 10 to 40 experimental stations (beamlines). The largest

facilities are the ESRF (Grenoble, France), the APS (Argonne, USA) and SPRING8

(Hyogo, Japan). They all feature horizontal emittances of a few nm.rad, vertical

emittances of a few pm.rad, resulting in few microns vertical electron beam sizes,

high current, long lifetimes (i.e. slow decay of the intensity) and high beam position

stability. They all make use of dedicated insertion devices to produce very intense

high energy X-ray beams. The achieved brilliances are in the 1020

phot/s/0.1%BW/mm2/mrad2 range. Even if the trend in brilliance increase achieved

over the last thirty years is over, a brilliance enhancement by two orders of magnitude

can still be envisaged for an X-ray storage ring-based light source.



1.2

Insertion Devices at ESRF

Joel CHAVANNE

European Synchrotron Radiation Facility, Grenoble, France

Following a brief description of synchrotron radiation basis, an overview of the ESRF

Insertion Devices is presented. The flexibility of the ESRF is illustrated through the

description of the technological strategy adopted for the construction and installation

of Insertion Devices. A growing demand for circular polarisation is resulting in the

development of specific helical undulators and high field asymmetric wigglers.

A step forward in the production of higher brilliance is achieved with the use of in

vacuum undulators. The technological issues and construction status of such Insertion

devices is highlighted.



1.3

Synchrotron Radiation and Free Electron Laser Activities at

HASYLAB

Edgar WECKERT

HASYLAB atDESY, Notkestr. 85, D-22607 Hamburg, Germany

At present two storage rings at DESY/HASYLAB are used to deliver synchrotron

radiation for a wide variety of experiments. These are the second generation 4.5 GeV

storage ring DORIS III which is used as a dedicated source and the PETRA storage

ring operating at 12 GeV which provides mainly extremely hard undulator radiation

mainly in parasitic mode. The biological activities on the DESY site are carried out

by the outstations of EMBL, MPG and University of Hamburg. For these activities

there exist a number of dedicated protein crystallography, as well as small angle

scattering and spectroscopy beamlines. In addition to its high energy particle physics

and synchrotron radiation activities DESY is setting up an independent structural

biology group at the very moment giving this field of science an even stronger

emphasise on site.

DESY's main future project is TESLA which is a high energy linear collider with

integrated X-ray free electron lasers (XFEL). These XFELs will provide radiation of

unprecedented parameters with respect to peak brilliance, pulse length and especially

coherence. Some possible experiments in the life science field will be discussed. In

order to obtain the necessary experience for this project a two stage approach was

chosen by building a smaller so called TESLA test facility (TTF). This machine is

supposed to provide free electron laser radiation in the VUV range. As a major

breakthrough first successful lasing by the SASE principle has been obtained by this

facility early this year at 108 nm wavelength. In addition to the laser activity DESY

will provide high quality synchrotron radiation from storage rings also in future.

Several possible options will discussed to achieve this goal.



1.4

Detectors for Time Resolved X-ray Diffraction

R.A. Lewis, A. Berry, C.J. Hall, W.I. Helsby

Daresbury Laboratory, Warrington

Time resolved X-ray diffraction is a powerful technique, the application of which, has

for many years been compromised by the lack of adequate detection systems. The

advent of third generation X-ray sources has greatly increased the potential

applications of the technique and yet progress is still limited by the detector systems.

The current status will be reviewed including the RAPID and IMPACT detector

systems. Prospects for future detector systems will also be discussed.



1.5

Single photon processing at high rate with pixel detectors from

particle physics

Erik H.M. Heijne

CERN EP - Division

Various types of semiconductor imaging devices have been developed over the

last 30 years, like CCD and 'active' pixel circuits. The latter usually employ at most a

few transistors per pixel and integrate the charge on a capacitive element. The

innovation in pixel detectors for tracking in particle physics consists in the

implementation of a low power, pulse processing electronics circuit on a pixel area of

less than 0.04 mm^ with the performance of a traditional nuclear amplifier chain. This

approach has become possible by mastering submicron CMOS technology. So far,

two systems with more than 1 million channnels have been built, for the experiments

WA97-NA57 and for the Delphi very forward tracker, both at CERN. The equivalent

noise charge for highly segmented sensor elements can be less than 100 electrons, so

that signals as low as 1000 electrons, or ~ 4 keV in Si, can be processed individually, at

MHz speed. Analog as well as binary or multi-bit digitized signals can be used.

Logical operations can be performed in each pixel and a certain level of intelligence

can be implemented in the readout of the matrix. Efforts on making adapted detectors

for synchrotron studies have started in a few places. At CERN and Bonn University

imaging readout chips with photon counting registers in each pixel have been realized.

A large system with photon counting capability is under construction at PSI. In

Princeton an 8-cell analog storage has been implemented in each pixel, that allows

time-resolved images > 10 MHz. While the first practical experience at a synchrotron

starts to be gathered, it is already obvious that a myriad of possibilities is opening up.

One has to find a fruitful and efficient way in the application of these new technologies.

Layout of pixel cell 55 jam x 55 p.m with 13 bit counter. The bump contact for a matching, hybrid

sensor cell will be on the toplayer of the chip, covering the electronics, on the mid-left.



1.6

A new type of detector for protein crystallography:
first results and comparison with present detectors

Jules HENDRIX

Marresearch, Hamburg



Session II
Inelastic Scattering and Dynamics



2.1

Fast dynamics of water (and ice): synergism of neutron and X-ray

scattering

Francesco SACCHETTI

Universita di Perugia, Italy

The fast dynamics of water and its relation to the hydrogen bond network, possibly

including solutions of biological molecules, is presented. The results of a properly

designed inelastic neutron scattering experiment are used to enhance the possible roles

of the hydrogen arrangement in water. In order to maximize the information obtained

from the experiment a comparison to a high resolution inelastic x-ray experiment is

presented. The two complementary techniques allow for identifying a fast dynamics

of hydrogen atoms involving long-living local-arrangements of water molecules.

The local arrangement of water molecules is compared to the crystalline structure of

hexagonal ice. The results of a high resolution quasi-elastic neutron scattering

experiment are used to show that a fast collective proton jumping is probably present

in ice and, perhaps, in other hydrogen bonded networks. Although connected to the

crystallographic order, this proton jumping could have some role even in the liquid

phase as it is as fast as the self diffusion of protons in water, as it is confirmed by the

presence of the vibrations of the local hydrogen arrangements.



2.2

The physics of protein dynamics: spectroscopic studies of myoglobin

Fritz G. PARAK

Physik — Department El7 der T. U.M. 85747 Garching, Germany

Function and dynamics are strongly correlated in a large number of proteins. Even in
a relatively simple molecule like myoglobin the oxygen molecule can only enter the
heme pocket if structural fluctuations open channels to the surface. Structural
fluctuations are also required to render possible conformational changes. In the low
temperature regime, typically below 200 K, conformational transitions do not occur.
The spatial mean square displacements can resonable well be described by normal
modes. In the physiological temperature regime, where the molecules perform their
function, proteinspecific motions occur which are necessary for conformational
changes.

Many different experimental techniques have been applied in order to get a consistent
physical picture of all phenomena described above. In the recent years, Mossbauer
spectroscopy with synchrotron radiation has proved to be a good tool to study many
details of protein dynamics. Myoglobin has been studied extensively by this
technique. Nuclear forward scattering allowed the determination of the mean square
displacement of the iron as a function of temperature. The phonon assisted Mossbauer
effect was used to obtain the density of phonons coupling to the iron as a function of
the phonon energy in the Stokes and the anti- Stokes regime. The phonon density
depends on the environments of the molecules. Information on phonons coupling to
all atoms of the sample have been obtained by inelastic electronic scattering of
synchrotron radiation, analysed by Mossbauer effect.

It will be mentioned in passing that also XAS - studies on myoglobin, performed with
synchrotron radiation have contributed to our knowledge of protein dynamics.



2.3

Solvent effects in the light of structure - function - dynamics
relations in proteins: X-ray and neutron studies

Martin WEIK

Dept. of Crystal and Structural Chemistry, Bijvoet Center for Biomolecular Research,
3584 CH Utrecht, The Netherlands

X-ray and neutron scattering experiments are valuable tools to address the issue of
dynamical coupling between proteins and their surrounding solvent. Temperature-
dependent X-ray diffraction experiments revealed that solvent in flash-cooled protein
crystals undergoes a glass transition if it is arranged in large channels [1]. Two
examples are given how this finding might contribute to the design of experiments
that aim at studying the structure - function - dynamics relationship in proteins. As a
first example, results are shown that extend the recent findings of specific structural
and chemical damage to proteins produced by highly intense synchrotron radiation at
100K [2-4] to higher temperatures close to the solvent glass transition. The second
example concerns the combined use of caged compounds and temperature-controlled
cryo X-ray crystallography to trap enzymatic reaction intermediates.
Similarly, neutron diffraction experiments on stacked purple membranes revealed a glass
transition of water situated in the inter-membrane space, which is put in relation to the study
of conformational changes of bacteriorhodopsin as a function of relative humidity [5].

[1] Weik, M., Kryger, G., Schreurs, A.M.M., Bouma, B., Silman I., Sussman J.L.,
Gros P. and Kroon J. (2000). 'Solvent behavior in flash-cooled protein crystals at
cryogenic temperatures' submitted.
[2] Weik, M., Ravelli, R.B., Kryger, G., Mcsweeney, S., Raves, M.L., Harel, M.,
Gros, P., Silman, I., Kroon, J. & Sussman, J.L. (2000). 'Specific chemical and
structural damage to proteins produced by synchrotron radiation' Proc. Natl. Acad.
Sci. U S A 97, 623-8.
[3] Ravelli, R.B. & Mcsweeney, S.M. (2000). 'The 'fingerprint' that X-rays can
leave on structures' Structure Fold. Des. 8, 315-28.
[4] Burmeister, W.P. (2000). 'Structural changes in a cryo-cooled protein crystal
owing to radiation damage' Acta Cryst. D56, 328-41.
[5] Weik, M., Zaccai, G., Dencher, N.A., Oesterhelt, D. & Hauss, T. (1998).
'Structure and hydration of the M-state of the bacteriorhodopsin mutant D96N studied
by neutron diffraction' J. Mol. Biol. 275, 625-34.



2.4

Structure, dynamics and hydration of the typical EF-hand protein
parvalbumin

Joseph PARELLO

Laboratoire de Chimie Biomoleculaire et des Interactions Biologiques UMR 5074 CNRS,
Universite Montpellier I, Montpellier, email: Joseph©pharma.univ-montpl.fr

Using a crystal grown under microgravity conditions, cryotechniques (100 K), and synchrotron
radiation, it has now been possible to determine the crystal structure of the fully Ca2+-loaded
form of pike parvalbumin (Parv.Ca2) at atomic resolution (0.91 A) (l).The high accuracy thus
achieved allowed the detection of well-defined alternative side-chain conformations. Such
displacements are likely to be associated with the slow dynamics (>ns) of the parvalbumin
molecule. It is well established that Parv undergoes rapid aromatic ring flipping motions for all
its internal Phe residues on the NMR time-scale (us-ms). This is certainly a restricted part of
the dynamical scenario of the protein. Recent investigations by incoherent quasi-elastic (IQNS)
and neutron incoherent spin echo indicate that the protein also displays motions in the ps-ns
time domain. How relevant are all these motions to the function of the protein? The high-
affinity of Parv for Ca2+ is modulated by Mg2+, in a competitive manner. In the low-molecular
weight Parv encountered in many vertebrate tissues, including muscle and the central nervous
system, it appears that Parv, under physiological conditions, switches from its Ca2+-loaded
form to its Mg2+-loaded form depending on the intracellular [Mg2+]/[Ca2+] ratio. The "softness"
of the hydrophobic core (as judged by its conformational multiplicity) might well be associated
with these structural changes. In order to understand the molecular mechanisms underlying the
conformational changes, we undertook a theoretical study using the free energy perturbation
method (2). Finally, the influence of hydration on the protein dynamics was investigated by
IQNS and solid-state 13C-NMR spectroscopy using powdered protein at different hydration
levels (3). Both approaches establish an increase in protein dynamics upon progressive
hydration above a threshold that corresponds to only partial coverage of the protein surface by
water molecules. Selective motions are apparent by NMR in the 10-ns time scale at the level of
the polar lysyl side chains (externally located), as well as of more internally located side chains
(from Ala and He), whereas IQNS monitors diffusive motions of hydrogen atoms in the protein
at time scales up to 20 ps. In the powdered protein, there is a progressive induction of mobility
at increasing hydration from the periphery towards the protein interior. Besides a set of ten
highly ordered water molecules, several other hydration sites with well-ordered water
molecules are visualised by X-ray crystallography at atomic resolution. The occupancy of such
sites which corresponds to hydration values of ca. 20% (i.e. 0.2 g of water per g of dry protein)
is apparently associated with the induction of mobility in the powdered protein, thus suggesting
that in solution the water sites at the periphery of the protein are involved in the internal
dynamics of the protein. Our studies provide a first integrated view of structure, dynamics and
hydration in the case of parvalbumin as a prototype of the EF-hand proteins.

(1) Declercq JP, Evrard C, Lamzin V, Parello J. (1999). Crystal structure of the EF-hand parvalbumin at atomic
resolution (0.91 A) and at low temperature (100 K). Evidence for conformational multistates within the
hydrophobic core. Protein Sci. 8,2194-2204.

(2) Allouche D, Parello J, Sanejouand YH. (1999). Ca2+/Mg2+ exchange in parvalbumin and other EF-hand
proteins. A theoretical study. J Mol Biol. 285, 857-873.

(3) Zanotti JM, Bellissent-Funel MC, Parello J (1999). Hydration-coupled dynamics in proteins studied by
neutron scattering and NMR: the case of the typical EF-hand calcium-binding parvalbumin. Biophys J. 76,
2390-2411.
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Muscle Diffraction

IV



3.1

Structural changes in the myosin motor measured with interference
x-ray diffraction from single frog muscle fibres

V. Lombardi, G. Piazzesi, M. Linari, L. Lucii, M. Reconditi, P. Boesecke1, T.
Narayanan1, Y.-B. Sun2 and M. Irving2

Dipartimento di Scienze Fisiologiche, Universita di Firenze, Viale G.B. Morgagni 63,
1-50134 Firenze, Italy; JESRF, BP 220, 38043 Grenoble, France; 2New Hunt's

House, King's College London, Guy's Campus, London SE11UL, UK

In muscle contraction the force that drives filament sliding in the direction of
shortening is due to cyclic interactions between the globular portion of the myosin
molecule (the myosin head), extending from the thick filament, and the thin actin
filament. The elementary step in force generation is related to a structural change in
the myosin head (the working stroke) powered by the release of ATP hydrolysis
products (Pi and ADP).
Comparison of the crystallographic structure of the nucleotide free myosin head
(Rayment et al., Science 261: 50-58, 1993) with that of the head fragment with the
ADP-Pi analogue ADP-A1F4 (Dominguez et al., Cell 94: 559-571, 1998) indicates that
the release of the hydrolysis products implies a tilt of -70° between the light chain
domain (the lever arm) and the catalytic domain of the head. This corresponds to an
axial shift of the tip of the lever arm of ~ 11 nm, which agrees with the extent of the
working stroke estimated with high resolution mechanical experiments in single intact
muscle fibres (Huxley and Simmons, Nature 233: 533-538, 1971), but is twice the
value obtained in most single molecule experiments (Molloy et al., Biophys. J. 68:
298s-305s, 1995; Mehta et al., PNAS 94: 7927-7931, 1997). Small angle X-ray
scattering (SAXS) can be used to study the nm-scale arrangement of proteins in the
living muscle cell and to deduce the structural changes due to the action of the myosin
motor under physiological conditions. Experiments at the European Synchrotron
Radiation Facility (ESRF, Grenoble, France) have shown that, in isometrically
contracting single muscle fibres, the third order myosin meridional reflection (M3,
arising from the repeat of the myosin heads along the myosin filament) is composed
of two closely spaced peaks of comparable size with spacings at 14.47 and 14.67 nm
(Linari et al., PNAS, 97: 7226-7231, 2000). This fine structure originates from the
interference between the two arrays of myosin heads in each myosin filament
overlapping with actin filaments and can be used to measure the motion of the myosin
heads with a spatial resolution of about 1A. In recent experiments on single fibres
isolated from tibialis anterior muscle of Rana temporaria (sarcomere length 2.1 |j,m,
temperature 4 °C) we recorded changes in the interference fine structure of the M3
reflection following shortening steps and stretches with a time resolution of 100)is, so
that the elastic and working stroke components of the motion could be isolated. The
results showed that a shortening step displaces the heads towards the centre of the
myosin filament, and a stretch displaces them away from it, as expected. However the
relationship between the amplitude of the motion and that of the applied filament
sliding showed some unexpected features, which will be discussed.
Supported by MURST and Telethon (Italy), MRC (UK), ESRF and EMBL.



3.2

Investigation of the structural changes in permeabilized fibres of
skeletal muscle following temperature jump

Michael A. Ferenczi, Andrey K. Tsaturyan*, Natalia A. Koubassova*, Ronald Burns,
Sergey Y. Bershitskyt

National Institute for Medical Research, London; ^Institute of Mechanics, Moscow
State University; Institute of Ecology and Genetics of Micro-organisms, fUral Branch

of Russian Academy of Sciences.

When subjected to a rapid rise in temperature, the tension developed by active fibres
increases rapidly and significantly. We show here, in muscle fibres of frog semi-
tendinosus muscle and rabbit psoas, that the rise in tension is accompanied by
simultaneous changes in the diffraction pattern, suggesting that these changes may be
caused by the structural changes responsible for muscle contraction. The main
changes are in the intensity of the M3 meridional reflection and in the first actin layer
line, which increase with tension. These changes are interpreted and modelled in
terms of tension generation being caused by a shift in the distribution of actin-
attached crossbridges, from weakly bound, azimuthally free, to strongly bound,
azimuthally fixed attachment modes.

Temperature increased in relaxed muscle fibres of the rabbit cause a marked increase
in the intensity of the myosin layer lines, indicating the accentuated helical packing of
the myosin heads on the thick filament at physiological temperature. The observed
changed in the meridional reflection occurred with a rate constant of 300 - 400 Is,
similar to the rates measured for the observed changes in the equatorial intensities.

We are grateful to MRC, INT AS, HHMI, RFBR for their financial support.



3.3

Structural Aspects of Force Generating Cross-bridges in Contracting

Muscle

B.Brenner and T.Kraft

Dept. of Molecular and Cell Physiology, Medical School Hannover, D-3625
Hannover, FRG

During active muscle contraction, cross-bridges between the actin- and myosin-
filaments are thought to cycle between different structural states as ATP is
hydrolyzed, and it has been hypothesized that, for example, cross-bridges during
isometric force generation represent a mixture of rigor cross-bridges and cross-bridges
in so called 'weak-binding states' (e.g., Huxley and Kress, JMRCM, 1985; Rayment
et aL, Science, 1993). Other work, however, was interpreted to indicate a distinct
difference between the force-generating and the rigor cross-bridge, i.e., that at least
three distinct structural states of the attached cross-bridge have to be assumed (e.g.,
Brenner and Yu, PNAS, 1993). It was, however, argued that these apparent
differences might arise from, e.g., two-headed attachment when no nucleotide is
present (both heads of a myosin molecule are strongly attached in a rigor-like
conformation) vs. one-headed attachment during isometric force generation (only one
head is strongly attached, but in a rigor-like conformation, while the second head is in
a weak-binding state).

To further characterize structural features of the force-generating cross-bridge it was
therefore necessary to record 2D-X-ray diffraction patterns under conditions in which
we can exactly control the chemical environment surrounding the myofilaments,
including different nucleotide concentrations and the use of nucleotide analogs. We
therefore had to use demembranated 'skinned' muscle fibers that allow precise control
of chemical conditions, and we had to use single fibers in order to minimize
substrate(ATP)-depletion or accumulation of products (ADP and inorganic phosphate)
by the ATPase activity of the contractile system. To still have sufficient material in
the X-ray beam to obtain sufficient intensity even in the actin-and myosin-based layer
lines we placed about 30 such individual fiber side by side in the X-ray beam.

With these 'single fiber arrays' we have recorded 2D-X-ray patterns during isometric
steady state contraction, isotonic shortening, in the absence of nucleotide (rigor), and
in the presence of various concentrations of ATPyS. This is an only slowly hydrolyzed
ATP-analogue in the presence of which cross-bridges occupy weak-binding states
such that no active force is generated and no active movement occurs even when the
actin filaments are activated by Ca++.

Analysis of the recorded 2D-x-ray diffraction patterns, e.g. of the 59A and 51A actin
based layer lines indicates that structurally the force generating cross-bridges in
contracting muscle are indeed distinct from the rigor cross-bridges, and that this
difference is not just arising from 'one-headed' but rigor-like vs. 'two-headed' rigor-
like +binding. In addition, our data are difficult to account for on the basis of a
concept in which only few cross-bridges occupy force generating states during
isometric contraction.



3.4

Time-resolved X-ray diffraction studies of the
Muscle Crossbridge Cycle

John M. Squire, Carlo Knupp, Ngai-Shing Mok and Jeffrey J. Harford

Biological Structure and Function Section, Biomedical Sciences Division,
Imperial College of Science Technology & Medicine, London SW7 2AZ.

Beamline 16.1 at the Daresbury SRS equipped with the very fast RAPID detector has
been used to carry out fast time-resolved X-ray diffraction studies of bony fish
muscles (Plaice fin) during typical isometric contractions. The normal experimental
protocol was to record resting patterns for 500 ms at the start of a typical experimental
cycle, then to stimulate the muscle electrically (50 Hz, 2 ms pulses) and to record the
pattern every 1 ms during the rising phase of the tetanus. A 'tetanus plateau' pattern
was then recorded for about 500 ms and then on cessation of the stimulus the
relaxation phase was recorded with a time resolution of 2 to 5 ms. The cycle was
completed with a post relaxation 500 ms control. Muscles were then allowed to rest
for 2 - 3 minutes before undergoing another experimental cycle.

We are in the process of analysing all of the 2-D diffraction data from these
experiments, but the first results are from the equatorial diffraction. The 100 and
110 equatorial reflections show very interesting timecourses relative to the recorded
tension in the muscle.
The 110 intensity changes ahead of tension, slightly overshoots and then returns to its
steady state level at the tension plateau. On the other hand the 100 timecourse is
almost identical to that of tension (there are slight but interesting excursions). Since
these intensity changes must be almost entirely due to movements of myosin heads as
part of the force-producing myosin crossbridge cycle on actin, we are defining the
myosin head arrangements at different times by computer modelling. We are aided
in this by our previous analysis of the myosin head arrangement in resting plaice fin
muscle (Hudson, L., Harford, J.J., Denny, R.C. and Squire, J.M. J. Mol. Biol. 273,
440-455, 1997). In other words we know where the heads start in resting muscle and
also, knowing the myosin head contribution to the equator, we can determine the
(assumed to be unchanging) contribution to the pattern from the myosin filament
backbone and actin filaments. Changes on the equator observed in active muscle can
then be modelled entirely by moving heads away from their resting positions.

An added attraction of this modelling is that it not only can suggest the varying
configuration of the myosin heads on actin during a typical tetanic contraction, but it
can also provide the relative numbers of heads in different states. The crossbridge
cycle is powered by the hydrolysis of ATP to ADP and inorganic phsophate (Pi. The
relaxed state with M for myosin is thought to be predominantly M.ADP.Pi. The
observations are being modelled as heads going through a cycle on actin (A) of weak-
binding attachment (e.g. A.M.ADP.Pi), strong-binding attachment (A.M.ADP and
AM; associated with tension production) and then release by further ATP binding
(AM to A.M.ATP to M.ATP) followed by resetting of the detached myosin (M.ATP
to M.ADP.Pi). The modelling aims to provide the changing relative numbers of weak-
binding and strong-binding heads during the tetanus, the rate constants associated
with various steps in the crossbridge cycle, as well as the myosin head structural
configurations in each case.
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Axial disposition of myosin heads in resting and isometrically
contracting muscle; a comparison with x-ray meridional diffraction data

Agneta SVENSSON1'2

; Department of Physics and Astronomy, University of Leicester, Leicester, LEI 7RH, UK
2 Current address: Laboratori del Sincrotro de Barcelona-Institut Fisica Altas Energias

Edific Cn, Campus Universitat Autonoma de Barcelona E-081 93 Bellaterra SPAIN

We compare predicted axial dispositions of myosin heads based on theoretical analysis
and computer modelled diffraction diagrams along the meridian with corresponding high
resolution experimental ones in muscles at rest and at plateau of isometric tension in order
to investigate the different axial arrangement of the myosin heads. X-ray diffraction
patterns of whole muscle show that all myosin based meridional reflections are split into
groups of closely spaced peaks. The clusters of peaks stem from long range interference
phenomena caused primarily by the bipolar nature of two diffracting units of myosin
heads located on either side to the M-line. Moreover, along the meridian the relative
intensities of the reflections of the myosin layer lines are only sensitive to the mass
projection of the myosin heads onto the muscle axis. The formalism used for the
theoretical phase analysis flows from classical diffraction theory of two identical
diffraction units separated by a distance L. Thus, mass projections of the two diffraction
units in muscle must be the mirror image of each other and hence the calculated intensity
distribution across a cluster of peaks will depend critically on the value of the phase [1].
Diffraction diagrams generated from mass projection of three-dimensional models
composed of structural models of the actin and myosin filaments reveal additional
information as to the possible disposition of the heads [2]. In either case, the generated
meridional patterns are compared with X-ray diffraction diagrams obtained from live frog
sartorius muscles recorded at the ESRF, Grenoble, France, in the region of ~ 500 nm'1 to
2.7 nm"1. A myosin head shape based on its crystalline structure as determined by
Rayment et al. [3] has been incorporated into both models. The shape and width of the
head unit level is determined by the arrangement of two heads in the myosin subunit and
of three subunits at every level and therefore the repeating unit is one pair. Both methods
show how in every head pair the two heads are nearly parallel and inclined to the muscle
axis at rest but that only one of the myosin heads in a pair stereospecifically interacts with
the thin filament at any one time during contraction.

[1] J. Juanhuix et al., Biophys. J. submitted, 2000.
[2] M. L. Bassford, thesis, Leicester University, UK, 2000.
[3] I. Rayment et al., Science 261, 50,1993.
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Watching a protein as it functions: Probing the structural dynamics
of photolyzed carbonmonoxymyoglobin with femtosecond mid-IR

spectroscopy and picosecond bio-crystallography

Philip A. Anfinrud1 and Friedrich Schotte2

1 Laboratory of Chemical Physics, NIDDK, National Institutes of Health, Bethesda,
MD 20892 USA
2European Synchrotron Radiation Facility, Grenoble Cedex 38043 FRANCE

Proteins are engaged in a myriad of tasks that are essential to life. To understand
the mechanistic details of how proteins function, it is crucial to know the time
ordering of events that give rise to their designed function. Myoglobin (Mb), a ligand-
binding heme protein, has long served as a model system for investigating ligand
transport and binding in proteins. Using femtosecond time-resolved polarized IR
spectroscopy, we have probed the dynamics of CO motion after photodetachment
from MbCO [1, 2]. These studies reveal the time-dependent orientation of CO, the
presence of a docking site that mediates the transport of ligands to and from the active
binding site, as well as the dynamics of ligand binding and escape. In addition, site-
specific mutations among the highly conserved residues circumscribing the ligand
docking site were found to have a marked influence on the dynamics of ligand
binding and escape. While much has been learned about CO dynamics in Mb, much
less is known about the structural evolution that accompanies CO transport. To probe
the structural evolution of a protein as it executes its designed function, a
multinational collaboration has been established to acquire time-resolved x-ray crystal
structures on the ID09 beam line at the European Synchrotron and Radiation Facility
[3]. Recent improvements in the experimental methodology have extended the time
resolution down to about 150 picoseconds and, at the same time, improved the quality
of the diffraction images. For example, a high resolution electron density map of
V68F MbCO determined 150 ps after flash photolysis at ambient temperature reveals
both the displacement of the heme iron toward the proximal histidine and the docking
of CO in a site influenced by the single site V68F mutation. Complementary time-
resolved spectroscopic and crystallographic studies promise to unveil at a high level
of structural detail the conformational changes that accompany protein function in this
and other protein systems.

1. Lim, M., T.A. Jackson, and P. A. Anfinrud, Binding of CO to myoglobin from a
heme pocket docking site to form nearly linear Fe-C-O. Science, 1995. 269: p.
962-966.

2. Lim, M., T.A. Jackson, and P.A. Anfinrud, Ultrafast rotation and trapping of
carbon monoxide dissociated from myoglobin. Nature Struct. Biol., 1997. 4(3):
p. 209-214.

3. K. Moffat, V. Strajer, G. Phillips, J. Olson, D. Bourgeois, M. Wulff
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Structure, function and dynamics in myoglobin:
Reaction intermediates and the conformational energy landscape

Kelvin CHU

Department of Physics, Cook Building, University of Vermont, Burlington, VT 05405-
0125. USA, kelvin.chu@uvm.edu

We have used X-ray crystallography and mid-infrared spectroscopy to determine the

structure to 1.4A resolution of the ligand-binding intermediates of wild-type

carbonmonoxymyoglobin (MbCO). These results suggest that the protein exercises

control over the reaction by shuttling small ligands through a series of hydrophobic

cavities, previously identified by xenon-gas binding experiments. Large-scale

conformational changes are required for ligand transport between cavities,

emphasizing the picture of proteins as fluctuating systems where biological function is

controlled by dynamics. These data provide the foundation for understanding a

fundamental process in biology and allow a new, structure-based interpretation of a

wealth of experimental and theoretical data.
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Early Intermediates In The Photocycle Of Bacteriorhodopsin

Karl Edman (1), Antoine Royant (2,3), Richard Neutze (1), Eva Pebay-Peyroula (2),
Ehud Landau (4)

(1) Department of Biochemistry, Uppsala University, Box 576, S-75123 Uppsala,
Sweden
(2) Institut de Biologie Structurale, CEA-CNRS-Universite Joesph Fourier, 41 rue
Jules Horowitz, F-38027 Grenoble Cedex 1, France
(3) European Synchrotron Radiation Facility, 6 rue Jules Horowitz, BP 220, F-38043
Grenoble Cedex, France
(4) Department of Physiology and Biophysics, University of Texas Medical Branch,
301 University Boulevard, Galveston TX 77555-0641, USA

Bacteriorhodosin remains, almost thirty years after it's discovery, the simplest know
proton pump, and as such serves as a good model system. Our X-ray structure of the
K-intermediate of bacteriorhodopsin's photocycle, trapped at low temperature [1],
shows that the initial structural response of the protein to the absorption of light is
localised near the active site. Specifically, a key water molecule, located in the ground
state between the Schiff base (the primary proton donor) and Asp85 (the primary
proton acceptor), was dislocated, allowing Asp85 to approach the position originally
occupied by the Schiff base. Additionally, photo-excitation of the retinal induced a
movement of Lys216 (to which the retinal is covalently bound) paving the way for
further movements downstream in the photocycle. A systematic study of the structural
rearrangements of later intermediate states progressing through the photocycle [2]
illustrates how the early structural rearrangements observed in K evolve first towards
the extracellular side, and then the cytoplasmic side, of the protein.

[1] Edman et al. High resolution X-ray structure of an early intermediate in the
bacteriorhodopsin photocycle, Nature 401, 822-826 (1999)

[2] Royant et al. Helix deformation is coupled to vectorial proton transport in
bacteriorhodopsin's photocycle, Nature 406, 644-648 (2000)
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Investigating structure-function relationships in the photosynthetic
reaction centre

Fyfe, P.K1., McAuley, K.E.2'3, Ridge, IP 4 . Isaacs, N.W3., Cogdell, R.J.2, & Jones, M.R.1

Department of Biochemistry, School of Medical Sciences, University of Bristol, Bristol, BS8 1TD,
U.K.

Division of Biochemistry and Molecular biology and Department of Chemistry, Institute of
Biomedical and Life Sciences, University of Glasgow, Glasgow G12 8QQ, U.K.

4 Department of Molecular Biology and Biotechnology, University of Sheffield, Sheffield, S10 2UH,
U.K.

The bacterial reaction centre was the first integral membrane protein complex to yield a high
resolution X-ray crystal structure. With the benefits of this detailed structural information, the
reaction centre has been used extensively as a model system for examining the principles of light
energy tranduction, membrane protein design, protein dynamics and biological electron transfer.
The ten years following the first descriptions of the Rhodopseudomonas viridis [1] and Rhodobacter
sphaeroides [2] reaction centres saw a gradual improvement in the resolution and quality of the
structures of the wild-type proteins. During the last five years or so, X-ray crystallography has also
been specifically targeted at providing information relating to function, and looking at the structural
consequences of mutagenesis of the complex

One of the most active areas of photosynthesis research has been the analysis of mutants of the
bacterial reaction centre. The species of choice in this work has been Rhodobacter sphaeroides,
thanks largely to its ability to grow semi-aerobically in the dark. This means that highly deleterious
mutations can be introduced into the reaction centre regardless of the consequences for the
photosynthetic growth of the bacterium. Extensive analysis of these mutant reaction centres can be
performed using a range of spectroscopic techniques. However, there has also been some attempts
to use X-ray crystallography in tandem with spectroscopy, to help relate the spectroscopic changes
with detailed knowledge of the structural consequences of the mutation. Early investigations were
limited by the resolution of the X-ray data obtained [3, 4].

In recent years a number of sub-3 A models for mutant reaction centres have been published by our
group and others [5; 6; 7; 8; 9; 10, 11]. This presentation will describe recent results on the X-ray
structures of mutant reaction centres including ongoing studies of the specific binding of a
phospholipid molecule (cardiolipin) to the surface of the complex [McAuley et al, 1999].

References:
[I] Deisenhofer, J., Epp, K., Miki, R., Huber, H. & Michel, H. (1985) Nature, 318, 618-624.
[2] Allen, J.P., Feher, G., Yeates, T.O., Rees, D.C., Deisenhofer, J., Michel, H., Huber, H. (1986) PNAS, 83,

8589-8593

[3] Chirino, A.J., Lous, E.J., Huber, M., Allen, J.P., Schenk, M.L., Paddock, M.L., Feher, G., Rees & D.C
(1994) Biochemistry, 33,4584-4593

[4] Fyfe, P.K. & Jones, M.R. (2000) Biochim. Biophys. Acta., 1459, 413-421.
[5] McAuley-Hecht, K.E., Fyfe, P.K., Ridge, J.P, Prince, S.M., Hunter, C.N., Isaacs, N.W., Cogdell, RJ. &

Jones, M.R. (1998) Biochemistry, 37,4740-4750.
[6] Fyfe, P.K, McAuley-Hecht, K.E., Ridge, J.P., Prince, S.M., Fritzsch, G., Isaacs, N.W., Cogdell, R.J. &

Jones, M.R. (1998) Photosynthesis Research, 55,133-140
[7] McAuley, K.E., Fyfe, P.K., Ridge, J.P., Isaacs, N.W., Cogdell, R.J. & Jones, M.R. (1999) PNAS, 96,

14706-14711
[8] Kuglstatter, A., Hellwig, P., Frizsch, G., Wachtweitl, J., Oesterhelt, D., Mantele, H. & Michel, H. (1999)

FEBS Letts, 463, 169-174
[9] Fyfe, P.K, Ridge, J.P., McAuley, K.E., Cogdell, R.J., Isaacs, N.W. & Jones, M.R. (2000) Biochemistry,

39, 5953-5960.
[10] McAuley, K.E., Fyfe, P.K., Cogdell, R.J., Isaacs, N.W., & Jones, M.R. (2000) FEBS Letts, 467, 285-

290.
[II] Ridge, J.P., Fyfe, P.K., McAuley, K.E., van Brederode, M., Robert, B., van Grondelle, R., Isaacs, N.W.,

Cogdell, R.J. & Jones, M.R. (2000) Biochemical Journal, 351, 567-578.
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Time-Resolved Macromolecular Crystallography - Molecular

Movies?

Keith MOFFAT

University of Chicago, Center for Advanced Radiation Sources,Chicago, IL 60637

All chemical and biological reactions involve structural change - the making or
breaking of covalent bonds, or isomerization, or the restructuring of non-covalent
interactions. These structural changes extend over a very wide time range, from
femtoseconds to seconds or longer, and over a wide length range, from sub-Angstrom
to tens of Angstrom. It is possible to initiate such structural reactions in well-ordered,
single crystals of biological macromolecules, for example by illuminating the crystal
by a brief laser pulse and examining a light-driven reaction. The structural evolution
can then be followed by a subsequent X-ray pulse, and the explicit time-dependence
of the X-ray structure amplitudes determined (1,2). The amplitudes may be modelled
in the form of a "movie"and the nature of the underlying structural mechanism
investigated.
These principles will be illustrated by studies of the apparently simple, bacterial,blue
light photoreceptor, photoactive yellow protein.

1) Moffat, Acta Cryst. A54, 833-841 (1998)
2) Moffat, Nature Struct. Biol. Synch. Suppl. 5, 641-643 (1998)
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Snapshots of structural intermediates in electron-transfer reactions

Simone TECHERT

Max-Planck Institute for Biophysical Chemistry, Dept. 010,37070 Gottingen, Germany

Time-resolved x-ray diffraction enables the possibility to examine short-lived

structural intermediates by measuring the structure factors of a system as a function of

time. Since this technique gives complete structural information, it is a very useful

tool or learning more about the movements of the atoms on the excited state energy

surface — "beyond" the broad band typical of common spectroscopy. In this

contribution we report on picosecond structural rearrangements of photo-activated

organic crystals. Here, rearrangements of the atomic positions - initiated by a

femtosecond laser pulse - are probed by picosecond x-ray pulses generated by a

synchrotron source of the third generation. Although we used molecular crystals of

small organic systems, principle features in the relation of electronic repulsion and

structural rearrangements can be worked out, which are also important for biological

systems. The detectable transient structural changes will be discussed with particular

emphasis on possible molecular relaxation mechanism and compared with relaxation

pathways in biological systems.



Public Lecture
In the Museum of Grenoble

12 October 2000 at 20:30

What is the Synchrotron used for?

Y. Petroff

ESRF-Grenoble

Many visitors ask us what is the difference between the CERN and the ESRF. In both
laboratories electrons revolve within large rings. The CERN is interested in particles
whereas the ESRF is interested in the X-rays emitted by these particles.
The outstanding qualities of the X-ray beams offer new possibilities in the fields of
imaging, of high pressures in the center of the earth, in solving the three dimensional
structure of proteins or viruses...
This lecture will present a few simple examples of the work performed at the ESRF.

Y. Petroff

Y. Petroff
Director General
ESRF
6 rue Jules Horowitz
38043 Grenoble Cedex
Tel:+33 (0)4.76.88.26.11
Fax:+33 (0)4.76.88.24.18
Email: nsamba@esrf.fr

The lecture is open to all interested. For security reasons the audience in the museum is limited
to 274 people.

The lecture will be given in French.
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Virus structure and dynamics: putting together the pieces with
synchrotron radiation

P. I. Stuart \ J. N. Grimes \ J. Diprose \ R. Malby \ P. Gouet \ G. Sutton \ J. N.
Burroughs 2, S. Zeintara3, P. P. C. Mertens 2, S. Butcher4, E. Makeyev4 & D.

Bamford4

1 Structural Biology, The Wellcome Trust Centre for Human Genetics, Oxford, UK
2 Institute for Animal Health, Pirbright, UK
3 Laboratoire Central de Recherches Vetinaires, Maison Alfort, France
4 Viiki Biocenter, University of Helsinki, Finland

dsRNA viruses with segmented genomes, such as bluetongue virus (BTV), infect a
vast range of hosts. Although these viruses appear quite different from each other in
the electron microscope, we believe that there are similarities in certain underlying
aspects of their structure. A core portion of dsRNA viruses remains intact after entry
into the host cell. These viruses therefore face the common problem of transcribing
their genome within a cramped protein capsid in the cytoplasm of the infected cell.
We suspect that they may use similar structural tricks to achieve this functional
necessity. One aspect of this is that they are quite complex, with the virus containing
an array of enzymes, which allow the particle to act as a self-contained
macromolecular factory. We have used synchrotron to determine the crystal structures
of the core particles of two serotypes of BTV (ref 1&2). The icosahedral components
of the virus core have some unusual features. Within the ordered protein shell are a
number of asymmetric components: three enzymes, VP1, VP4 and VP6/6A, and also
10 segments of genomic dsRNA. We find crystallographic evidence for the
disposition of these elements, which provides us with clues about the overall
organisation of all of the components of the transcriptionally competent core particle
(2). We have also been able to dissect out some binding sites and routes of
translocation for the reactacts and products of this system. Very recently we have
obtained details of the key motors at the heart of this factory, the viral polymerase. I
will attempt to put together models for how these macromolecular factories assemble,
how they organise themselves, the supply of raw materials, and the distribution of
products and finally how the polymerisation motors start up and run in an efficient
fashion.

References
Grimes et al .... Nature 1998
Gouet etal. ... Cell 1999
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Structural plasticity of the major capsid protein of rotaviruses
during assembly revealed by X-ray crystallography and electron

cryo-microscopy studies

Magali Mathieu1, Isabelle Petitpas1, Jean Lepault1, Inge Erk1, Jorge Navaza1, B.V.
Venkataram Prasad 2, Jean Cohen3 and Felix A. Rey1

1. Laboratoire de Genetique des Virus. CNRS - UPR 9053 1, Avenue de la Terrasse
Bat. 14C, 91198 Gif-sur-Yvette Cedex, France.

2. Department of Biochemistry, Baylor College of Medicine, 1 Baylor Plaza,
Houston, TX-77030

3. Laboratoire de Virologie et Immunologie Moleculaires, INRA - CRJ, Domaine de
Vilvert, 78350 Jouy-en-Josas, France

The structural protein VP6 of rotavirus, an important pathogen responsible for severe

gastroenteritis in children, forms the middle layer in the triple-layered viral capsid.

We have determined the crystal structure of VP6 to 2A resolution and obtained 3D

reconstructions of the viral particle and of two different types of helical assemblies

formed by VP6. This combined study revealed the remarkable plasticity of VP6 in

adopting different conformations to form the different types of assemblies. The

polypeptide chain of VP6 is folded in a similar way to blue tongue virus protein VP7,

with two distinct domains, H and B, linked by a flexible hinge. The trimeric VP6

molecule has a rigid head formed by a trimer of H domains and a base in which the B

domains surround a central cavity. A Zn2+ ion is tightly bound at the center of the

trimer. Fitting of the X-ray structure into the image reconstructions shows that all

intertrimeric contacts are made by the base, which changes conformation according to

the overall symmetry of the assembly. These conformational changes of the trimer are

three-fold symmetric in the case of the icosahedral viral particle, which is formed by

quasi-equivalent contacts, and asymmetrical in the helical assemblies, which are built

from three types of non-equivalent contacts between VP6 trimers. VP6 thus tunes its

own conformation to match the particular symmetry of the overall assembly to which

it participates.
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The crystal structure of DNA mismatch repair protein MutS binding
to a G:T mismatch

Meindert H. Lamers, Anastassis Perrakis*, Jacqueline H. Enzlin, Herrie H. K.
Winterwerp, Niels de Wind, Titia K. Sixma

Division of Molecular Carcino gene sis, Netherlands Cancer Institute, Plesmanlaan
121, 1066 CX Amsterdam, The Netherlands. ^European Molecular Biology

Laboratory (EMBL), c/o ILL, BP 156, 6 rue Jules Horowitz, 38043 Grenoble, France.

When DNA mismatch repair fails the result is a mutator phenotype, which can lead to

cancer in humans. Functional repair is dependent on recognition of mismatches by a

dimeric MutS protein, a homodimer in bacteria but a heterodimer in humans.

Mutations in the human mismatch repair proteins MutSa (MSH2/MSH6) and MutLoc

(MLH1/PMS2) lead to a hereditary predisposition for cancer (HNPCC). The crystal

structure of E. coli MutS binding a G:T mismatch will be presented.

The two modular MutS monomers are in substantially different conformations, forming a

heterodimer at the structural level. Only one monomer recognises the mismatch specifically,

although both monomers have non-specific binding domains. Mismatch recognition occurs by

extensive minor groove interactions resulting in unusual base pairing and bending of the

DNA. Non-specific major groove DNA binding domains from both monomers embrace the

DNA into a clamp-like structure.

Each monomer has a Walker ATPase domain which folds similarly to ABC

transporter ATPases, but dimerizes intimately with each monomer forming part of the

opposite ATPase site. Only one of the two monomers, the one that recognizes the

mismatch, has ADP bound, showing that the ATPase cycle is more complicated than

was assumed. These ATPase domains are over 100 A away from the DNA binding

domain, implying the necessity for long-distance signalling. The nucleotide binding

sites face each other showing that communication occurs through the dimer.

Mutations in human MutSoc (MSH2/MSH6) which lead to hereditary predisposition

for cancer such as HNPCC can be mapped to this crystal structure.
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Crystal Structure of the Human Nuclear Cap-Binding Complex

Catherine MAZZA

EMBL Grenoble Outstation, 7 rue Jules Horowitz, BP156, 38043 Grenoble,
France

Human nuclear Cap Binding Complex (CBC) is a heterodimeric complex

formed by the association of the cap binding proteins CBP20 and CBP80 which are

respectively 156 and 790 residues long. CBC is known to bind the 7-methyl

guanosine cap structure of RNA polymerase II transcripts (UsnRNA and pre-mRNA).

Once bound to the capped-RNA, this complex is involved in multiple aspects of RNA

metabolism: Ul snRNA nuclear export, pre-mRNA splicing and pre-mRNA

polyadelylation. The CBC acts as a necessary intermediate between these RNAs and

either the spliceosome, the export receptor or the polyadenylation machinery and thus

acts as a protein identification tag that allows the recognition of the capped RNA by

the cellular machinery.

The two proteins have been expressed and purified independently and the 1:1

complex reconstituted. A trypsinated CBC containing almost all CBP80 and half of

CBP20 has been crystallized in the space group Y2{1{1\ containing three molecules
o

per asymmetric unit. 2 A crystallographic data have been collected and the structure

has been solved using a selenomethionylated CBP80 expressed in the

baculovirus/insect-cell system. CBP80 is mainly helical and organized in two

domains. CBP20 is folded in the classical RNP motif.

Biochemical studies to date do not allow the identification of particular regions of the

CBC involved in complex association, cap binding, splicing, polyadenylation or export. This

structure is thus the starting point to a better understanding of all these mechanisms.
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Insights from the Structure of the 30S Ribosomal Subunit and its
Complex with Antibiotics

V. Ramakrishnan, D.E. Brodersen, A.P. Carter, W.M. Clemons, Jr., R. Morgan-
Warren and B.T. Wimberly

MRC Laboratory of Molecular Biology, Cambridge

The 30S ribosomal subunit has two primary functions in protein synthesis. To

maintain translational accuracy, it discriminates between cognate and non-cognate

aminoacyl tRNAs, in a process called decoding. To prepare for binding the incoming

aminoacyl tRNA, the 30S subunit collaborates with the 50S subunit to move the

tRNAs and associated mRNA by precisely one codon, a process called translocation.

We have solved the atomic resolution structure of the 30S ribosomal subunit, and

infer details of its interactions with tRNA and mRNA ligands. We also describe the

crystal structure of the 30S subunit complexed simultaneously with the antibiotics

paromomycin, streptomycin and spectinomycin, which interfere with decoding and

translocation. This work reveals the structural basis for the action of these antibiotics,

and also suggests a model for the role of the universally conserved 16S RNA residues

A1492 and A1493 in the decoding process.
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The structural basis of ribosome activity in peptide bond synthesis

N. Ban1*, P. Nissen1*, J. Hansen1, P. B. Moore2 and T. A. Steitz1'2'3

Departments of Molecular Biophysics & Biochemistry and Chemistry, Howard
Hughes Medical Institute, Yale University, New Haven, CT 06520-8114

* These two authors have contributed equally.
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In 1998 the first X-ray crystallographic map of a ribosomal subunit was published
which showed recognizable molecular features. The electron density of the Haloarcula
marismortui 50S subunit at 9 A resolution revealed long continuous but branched features
which were consistent with duplex rRNA regions crisscrossing the particle1. At 5 A
resolution it was possible to fit known protein and RNA structures into the electron density.
Starting from these, previously solved structures, it was possible to determine the structure of
the translation factor binding center by fitting proteins L6, Lll, LI4, the sarcin-ricin loop
RNA and the Lll:58nt rRNA complex into the electron density of the large ribosomal
subunit2.

Recently, phasing was extended to better than 3 A resolution using several new
heavy atom derivatives and density modification procedures. The current rRNA
model consists of 2,811 of the total 3,043 nucleotides in the 23S and 5S rRNA. In
addition, the positions of the 31 proteins in the subunit have been determined, and
structures established for the 27 that are well-ordered. The six domains of the 23 S
rRNA of H. marismortui and its 5S rRNA, all of which have secondary structures very
close to those predicted for them phylogenetically, have convoluted shapes that fit
together like a Chinese puzzle to form a compact structure. The proteins are almost
evenly spread over the subunit surface but they are absent from the active site cleft and
the surfaces that contact the 30S subunit and tRNAs. Many stabilize the structure by
interacting with sequences belonging to several RNA domains. A dozen have non-
globular, idiosyncratically folded termini or loops that pack between RNA helices and
extend into the interior of the ribosomal subunit. Data was also collected from a
subunit in complex with a substrate analogue CCdAp-puromycin permitting direct
visualization of the peptidyl-transferase catalytic site of the ribosome.

1) Ban, N.JFreeborn B., Nissen P., Penczek P., Grassucci R.A., Sweet R., Frank J.,
Moore P.B., Steitz T.A.. A 9 A Resolution X-ray Crystallographic Map of the Large
Ribosomal Subunit. Cell, 1998, 93(7): 1105-15.
2) Ban, N., Nissen P., Hansen J., Capel M., Moore P.B., Steitz T.A.. Placement of
Protein and RNA structures into a 5 A - Resolution Map of the 50S Ribosomal
Subunit. Nature, 1999,400, 841-7.



Session VI
Medical Applications

Vll l



6.1

Diffraction enhanced imaging applications in medicine

Dean CHAPMAN

Biological, Chemical, and Physical Sciences Department, Illinois Institute of
Technology, 3101 South Dearborn, Chicago, Illinois, 60616 USA

Diffraction Enhanced x-ray Imaging (DEI) is an imaging modality which delivers
contrast from x-ray refraction, absorption, and scatter-rejection. This technique
prepares a highly collimated x-ray beam from a synchrotron source using a
monochromator. This beam is passed through the object being imaged is
subsequently analyzed using a crystal which matches those used in the
monochromator. This analyzer crystal gives the scatter rejection, and refraction
sensitivity characteristic of DEI.
Studies have been undertaken to optimize parameters for DEI in the context of
mammography. Excised human tissue samples with cancer have been imaged in this
study. The optimization parameters include the imaging energy, reflection index,
diffraction geometry, location on the rocking curve, and a comparison with a
radiograph. Results of this study will be presented.
Also, a new project directed to cartilage imaging will be presented. This study
indicates that DEI can visualize cartilage and may be capable of distinguishing
degrees of disease development in osteoarthritis. Some results of this study will be
presented as well.

Contact Information:
Prof. Dean Chapman
Biological, Chemical, and Physical Sciences
174 Life Sciences Building
Illinois Institute of Technology
3101 South Dearborn
Chicago, EL 60616

Phone: 312-567-3575
FAX: 312-567-3576
Email: dean.chapman@iit.edu
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Microbeam Radiation Therapy

Hans Blattmann1, Tim Bley2, Elke Brauer3, Marco DiMichiel3, Keith Dixon4, Raphael
Guzman5 Andre Jaggy6, Patrick Kircher2, Jean A. Laissue7, Geraldine LeDuc3, Nadia
Lyubimova7, Christian Nemoz3, Michel Renier3, Daniel N. Slatkin7, Per Spanne3, Jiri

Stepanek1, Regina Stettler2, William Thomlinson3, Hans-Peter Wagner8, Werner
Zimmermann2

1Paul Scherrer Institute, Villigen, Switzerland 2Clinic for Food Animals and Horses, Porcine
Diseases and Porcine Health Service, Faculty of Veterinary Medicine, University of Bern,
Bern, Switzerland European Synchrotron Radiation Facility, Grenoble, France 4Novartis AG,
Basel, Switzerland Neuroradiology Division, Inselspital, University of Bern, Bern, Switzerland
6Institute of Animal Neurology, Faculty of Veterinary Medicine, University of Bern, Bern,
Switzerland 7Institute of Pathology, University of Bern, Bern, Switzerland 8Schneiderstr. 45,
Wabern, Switzerland

We have been conducting collaborative experiments on MRT and on associated normal tissue
radiation tolerance at the ESRF, performing in vivo microbeam irradiations of the cerebellum
of normal suckling (11- to 13-day-old) rats, and of the forebrain of young adult (8- to 12-week-
old) rats bearing imminently lethal, left-sided intrastriatal gliosarcomas.
In suckling rats, those irradiations were implemented by use of an array (10 x 10.5 mm) of
parallel, =28 jam-wide, 10,500 |j.m-high microplanar x-ray beams. Different combinations of
peak skin-entrance doses (50 Gy to 150 Gy) and of intervals between the center of contiguous
microplanar beams (105 fxm or 210 jLim) were used. The target of the lateral, unidirectional
array of microbeams included the cerebellum and parts of the medulla oblongata.
Developing brain tissues in those suckling rats proved to be exceptionally resistant to
irreparable damage from x-ray microbeams. Further, mature brain tissues of normal rats
irradiated unidirectionally with peak skin-entrance doses of 312 Gy or 625 Gy by an array of
parallel microplanar beams underwent little or no damage. Those unidirectional microbeam
irradiations slowed the growth of the gliosarcomas in most animals and eliminated the tumor in
several rats. These observations illustrate the basic rationale of MRT for central nervous
system neoplasms: 1) minimal damage to normal tissues despite the use of much higher doses
than those used in conventional radiotherapy; 2) high tolerance to large doses and rapid repair
of acute, microscopic radiogenic lesions by adjacent, minimally irradiated cells; 3) single
exposure of very short duration (< 1 s). MRT is strikingly distinct from conventional
radiotherapy, which relies on delivering portions of the total radiation dose by unsegmented
broad beams over several weeks in order to avoid damage to the normal tissue near the tumor.
In November 1999, we irradiated five normal ~6-week-old piglets from the same litter
(entrance dose 150 or 300 Gy) with a 1.5 cm x 1.5 cm array of vertical, 25 micrometer-wide,
15 mm-high microbeams directed horizontally and transversely toward the left side of the
hindbrain of the prone piglet, aimed at its cerebellum. That pattern of irradiation was employed
again in June, 2000 on eight similar piglets from another litter, but using larger entrance doses
of up to 600 Gy. So far, (mid-September 2000), detailed observations have not revealed any
significant differences among the thirteen irradiated porcines and their four sham-irradiated
littermates.
MRT, a novel tool, has imparted experimental data on central nervous system tolerance to high
radiation doses in vivo not attainable by using other techniques. This high tolerance and the
single-exposure feature of the method make MRT a strong candidate for treating solid tumors
particularly in radiovulnerable organs such as the developing brain.
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Functional imaging of brain vasculature

Francois ESTEVE

Synchrotron Radiation Computed Tomography (SRCT) opens new possibilities using
monochromatic radiation. This technique allows selection of optimal energy and avoids beam
hardening effects, leading to absolute concentration measurement (1,2). SRCT has been
developed at ID 17 to measure contrast agents concentrations on animal models (3,4).
Brain circulation parameters have been widely studied to improve the understanding of tumor
development. It is a well known feature that vasculature is highly involved in tumor growth
mecanism (5), it has been showed that cerebral blood volume correlates the mitotic activity in
human brain tumors (6).
We designed an experiment to measure two parameters deriving from the vascular function:
the cerebral blood volume (CBV) and the cerebral blood flow (CBF) on an animal model. An
anesthetized rat bearing a C6 glioma was installed on a rotating stereotactic frame (one turn in
two seconds) allowing computed tomography attenuation profiles to be acquired continuously
over a 34 sec. period. After a delay of two turns, a bolus of iodine based contrast agent was
infused using a remote controlled injector (0.1 ml, iodine: 350mg/ml). The beam energy was
tuned above the iodine K-edge (33.169 keV). The first image obtained (before the bolus
infusion) was subtracted to the following images to obtain CT maps of the absolute iodine
concentration with a initial temporal resolution equal to two seconds. Nevertheless,
reconstruction of images starting every 0.5 sec. leaded to an interpolation of the iodine
concentration curves. The observed curves were fitted with gamma functions. These curves
provided the evolution of the absolute contrast agent concentration inside the rat brain. When
choosing any arterial input, the blood volume percentage in any given voxel of the brain slice
is equal to the ratio of the time integral of concentration curves (voxel observed / arterial
input) (7). The choice of the arterial input necessary to obtain correct values for the iodine
concentration curves was critical, in particular due to the small diameter of the brain arteries
compared to the pixel size; the most relevant results were obtained by using the common
carotid (8).
Feasibility of CBV and CBF maps has been demonstrated in vivo on a series of experiments
based on the absolute measurement of contrast agent concentrations. This is the first step
towards functional studies of the brain vasculature in physiological or pathological conditions.

1 Thompson, A.C., Laacer, J., Campbell Finman, L., Hughes, E.B., Otis, S., Wilson, S., and Zeman, H.D.,
Computed tomography with synchrotron radiation. Nucl. Instrum. Methods. 1984,222: 319-323.

2 Dilmanian, F.A., Wu, X.Y., Parsons, E.C., Ren, B., Kress, J., Button, T.M., Chapman, L.D., Coderre, J.A.,
Giron, F., Greenberg, D., Krus, D.J., Liang, Z., Marcovivi, S., Petersen, M.J., Roque, C.T., Shleifer, M.,
Slatkin, D.N., Thomlinson, W.C., Yamamoto, K. and Zhong, Z., Single and dual energy CT with
monochromatic synchrotron x-rays. Phys. Med. Biol. 1997,42: 371-387.

3 H. Elleaume, A.M. Charvet, G. Le Due, F. Esteve, B. Bertrand, S. Corde, R. Farion, J.L. Lefaix, J. J. Leplat,
P. Berkvens, G. Berruyer, T. Brochard, Y. Dabin, A. Draperi, S. Fiedler, C. Nemoz, M. Perez, M. Renier,
W. Thomlinson, P. Suortti, J.F. Le Bas. In vivo K-edge imaging with synchrotron radiation. Cellular and
Molecular Biology, 2000 (in press)

4 G. Le Due, S. Corde, H. Elleaume, F. Esteve, A. -M. Charvet, T. Brochard, S. Fiedler, A. Collomb, J.-F. Le
Bas, Jeune Equipe RSRM -: Feasibility of synchrotron radiation computed tomography on rats bearing
glioma after iodine or gadolinium injection. European Radiology 10 (2000) 9,1487-1492

5 Folkman J. Angiogenesis in cancer, vascular, rheumatoid and other disease. Nature Med 1,27-31, 1995.
6 Aronen, H.J., Gazit, I.E., Louis, D.N., Buchbinder, B.R., Pardo, F.S., Weisskoff, R.M., Harsh, G.R.,

Cosgrove, G.R., Halpern, E.F., Hochberg, F.H., Rosen, B.R., Cerebral blood volumes maps of gliomas:
comparison with tumor grade and histologic findings. Radiology, 1994, 191: 41-51.

7 Lassen NA, Perl W., Tracer Kinetic methods in medical physiology. New York, Raven Press , 1979.
8 Adam J.F., Perfusion cerebrale en tomodensitometrie par rayonnement synchrotron:Etude sur modele

animal, rapport de DEA GBM, 2000.
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A Focused Soft X-Ray Microbeam For Investigating The Radiation
Responses Of Individual Cells

BD Michael1, G Schettino1, M Folkard1, AG Michette2, KM Prise1 and B Vojnovic1

1Gray Laboratory Cancer Research Trust, Mount Vernon Hospital, Northwood,
Middlesex, U.K., 2 Department of Physics, King's College London, U.K.

Until a few years ago, almost all research into the effects of radiation on cells
and tissues employed conventional sources of radiation. This meant that, at the
cellular level, the passage of radiation tracks was random and unknown. Many of the
effects of radiation occur very close to the track and consequently conventional
irradiation methods only give information about effects that are averaged throughout a
cell population. When more specific information is needed, for example about the
locations of sensitive targets, it is preferable to use a microbeam to irradiate pre-
selected regions of the cell.

In recent years a number of groups in Europe, the U.S.A. and Japan have
developed systems for microbeam irradiation of cells. The use of micro-irradiation
techniques in radiobiology is not new, for example the work of Munro and of Zirkle in
the late 1950's. However, the current techniques take advantage of modern developments
in particle delivery, focusing and detection, image processing and recognition and
computer control. These developments have generally come from other fields, for
example microbeam elemental analysis techniques (e.g., PIXE) and single-event upset
testing of semiconductor devices. Also, in radiation biology there have been important
advances in the development of individual-cell assays, which allow a wide range of
endpoints to be studied with good accuracy at low doses.

We have developed two microbeam systems for cell irradiation at the Gray
Laboratory. One uses charged particles (generally, protons and helium ions) and
provides a targeting accuracy of ±2 microns. It also allows us to deliver precisely
counted numbers of charged particles to each cell (0, 1,2 etc.). Cell recognition and the
imaging of cellular targets, as well as programmed irradiation of large numbers of cells
all take place automatically under programmed control.

The other system that we have developed is generally similar to the charged-
particle microbeam, but uses a finely focused beam of soft X-rays. X-rays are brought to
a focus using a zone plate diffraction device operating in first order. The zone plate
images a fine source of 278 eV carbon-K X-rays produced by electron bombardment of
a carbon target. The targeting accuracy of this device is within ±0.25 micron and it
delivers -2000 carbon-K photons per second, corresponding to a dose rate of -0.2 gray
per second averaged throughout the nucleus of a cell. A description of the system will be
given together with an account of data obtained in cell irradiation experiments.
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Medical Imaging: angiography and bronchography

Stefan FIEDLER

European Synchrotron Radiation Facility, Grenoble, France

K-edge subtraction (KES) angiography for the visualization of the coronary arteries
has been the first application for medical diagnosis using the high monochromatic
flux densities available at synchrotron radiation sources.
Unlike in the standard clinical method, the risk accompanied by intra-arterial
catheterization is reduced by an intra-venous injection of the contrast agent (iodine
solution). Provided that comparable radiation doses and initial concentrations of the
contrast medium are applied, the image contrast reducing effect of the higher dilution
of the injected bolus when arriving at the heart is compensated by an optimal
adjustment of the X-ray energies which bracket the K-edge of the contrast agent.

A dedicated installation for human angiography has been built at the Medical
Beamline of the ESRF and patients are examined since beginning of this year. First
results will be presented and the prospects of the program discussed, namely the use
of alternative, Gadolinium-based contrast agents.

Similarly to angiography the KES principle can be used to image small bronchial
airways after inhalation of Xenon serving as a quantitative functional tool for the
study of the ventilation/perfusion process. Radiographs as obtained by first small
animal studies show the time evolution of gas concentration after temporal subtraction
of the KES images and reconstructed CT images illustrate the gas exchange in the
alveoli.
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Breast Cancer Diagnosis using Scattered X-Rays

R.A. Lewis1, C J. Hall1, A. Evans2, S.Pinder2,1. Ellis2, K. Rogers3, C.R.M. Boggis4,
A. Hufton5, D. Dance6

Daresbury Laboratory, Warrington, Nottingham City Hospital, Faculty of
Medicine and Biosciences, Cranfield University, 4 Manchester Breast Screening
Service, 5 North Western Medical Physics (Christie Hospital), 6 Royal Marsden NHS
Trust

All disease states, including cancer are caused by changes in cellular and/or tissue
biochemistry. In turn, this affects the tissue structure and so it is reasonable to suggest
that the presence and type of breast disease may be detected by analysis of tissue
molecular structure. The coherent scattering of X-rays (X-ray diffraction) has been the
method of choice for analysing molecular structure for more than 80 years and yet it
has rarely been applied to medical science. Nevertheless, the ability of X-ray
diffraction to yield molecular information on live and wet tissue leads to the intriguing
possibility of using the technique as a diagnostic tool.

Methods
We have used the x-ray scattering facilities at Daresbury Laboratory to investigate the
scattering patterns from breast tissue samples from 43 patients. Normal tissue was
obtained from reduction mammoplasty specimens, benign lesions from core cut
biopsies and malignant tissue from mastectomy specimens.

Results
We have found that there are significant and reproducible differences (P < 10"4)
between the scattering patterns from normal, malignant and benign breast tissues.
More importantly, it appears that these differences in the scattered x-ray pattern are
detectable several centimetres away from the lesion (P< 0.002).

In the first instance we see the application of this novel technique in rapid biopsy
analysis as the method has the potential to be significantly more tolerant of sampling
error than histopathology. In the longer term it may be possible to combined the
technique with conventional radiographic techniques to provide in vivo
benign/malignant lesion discrimination.
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Objective assessment of image quality and dose in mammography
with synchrotron radiation

Raphael MOECKLI

University Institute of Applied Radiophysics, Grand-Pre 1, 1007 Lausanne,
Switzerland

Raphael, moeckli @ inst. hospvd. ch

The display of low-contrast structures and fine microcalcifications are essential for
the early diagnosis of breast cancer. In order to achieve high image quality with low
patient dose, many improvements were performed on the mammography devices, so
that the technique is now well optimised.

The shape of the energy spectrum produced by an X-ray tube has a specially great
importance in mammography. It must be optimised to the breast composition and
thickness. Many anode - filtration combinations have been proposed to get the most
effective spectrum shape for the image quality - dose relationship. Third generation
synchrotrons like the European Synchrotron Radiation Facility in Grenoble are able to
produce high flux of monoenergetic radiation. It is thus a powerful tool to study the
effect of beam energy on image quality and dose in mammography.

An objective method based on the statistical decision theory was used to evaluate
image quality in mammography with synchrotron radiation. It is derived from the
basic image quality parameters namely contrast, resolution and noise. It calculates the
diameter of the smallest microcalcification detectable at 99.7 % for a human observer.

In medical imaging, the image quality has no meaning if it is not related to a
pertinent dose evaluation. The mean glandular dose was measured to evaluate the risk
related to the mammographic irradiation. It is important to use that parameter instead
of the entry dose, since the effective dose deposited into the breast is highly
depending on the irradiation beam spectrum.

The image quality - dose performances were evaluated systematically in the
energy range of interest for mammography through the assessment of the global
image quality index and through the measurement of the mean glandular dose.
Compared to conventional mammography units, synchrotron radiation shows a great
improvement of the image quality - dose relationship, which is due to the beam
monochromaticity and to the high intrinsic collimation of the beam which allows to
use a slit instead of an anti-scatter grid for the scatter rejection.

The image quality assessment model, the dose measurement, the results and the
reasons that make synchrotron radiation promising for mammographic application
will be presented.



Evening Session

Development at the LCLS (Linac Coherent Light Source)

Keith O. Hodgson, Professor and SSRL Director

Stanford Synchrotron Radiation Laboratory, SLAC, Stanford University, Stanford, CA
94305, Phone: 650 926-3153 EM: Hodgson©SSRL.SLAC.Stanford.Edu

Over the past decade, it has become increasingly apparent that a viable approach to
providing properties of a next (or 4th) generation light source operating in the x-ray
region of the spectrum is through the use of an FEL-based approach. Such a source is
typically viewed as having the properties of extreme brightness, full coherence and
ultrashort time structure. There has been significant activity worldwide in the
definition and exploration of the SASE concept that would give rise to such radiation
when a high energy electron beam is passed through a long undulator. The effort at
Stanford, which parallels in many ways another growing activity centered at DESY,
focuses on the utilization of the existing SLAC high-energy Linac to drive an x-ray
PEL from a long undulator. The LCLS project is a multi-institutional collaboration
involving SSRL and SLAC (as the lead laboratory), ANL, BNL, LLNL, ANL, and
UCLA as well as other collaborators. This talk will describe the project, its goals and
timeline and R&D activities in support of the effort. It will also focus on the initial
series of scientific experiments that have been identified by the LCLS Scientific
Advisory Committee. These include "Structural Studies on Single Biomolecules and
Particles", "Investigations of Warm Dense Matter", "High Field Physics", "Nanoscale
Dynamics in Condensed Matter" and "Femtosecond Chemistry". The experiments
planned with LCLS in the area of structural biology will be described in some detail.
LCLS has the potential to ultimately realize imaging of single biomolecules with near
atomic resolution, and in a more general sense to determine the structure of non-
crystalline materials. This would open up a new avenue for structure determinations
with a broad impact. Detailed simulations have provided convincing evidence that the
LCLS x-ray pulse in the femtosecond time-domain can produce a diffraction pattern
before the molecule explodes. Furthermore, LCLS can greatly alleviate the
crystallization problem by extending x-ray crystallography for micrometer protein
crystals. Such measurements, if successful, would revolutionize structural molecular
biology.

This effort is supported primarily by the U.S. Department of Energy through its Office
of Basic Energy Sciences.
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Soft x-ray imaging in three dimensions:
tomography and spectromicroscopy

Chris JACOBSEN

Department of Physics and Astronomy
State University of New York at Stony Brook, USA

Soft x-rays are well suited to investigations of micrometer size, hydrated specimens.

Using 30-45 nm resolution Fresnel zone plates developed in collaboration with Bell

Labs, the Stony Brook group has developed scanning microscopes for studies of room

temperature and cryogenic specimens at the National Synchrotron Light Source. At

today's spatial resolution, one can rotate a cell through the depth of focus of a zone

plate and take a series of projection images; this has been done to obtain 3D

tomographic reconstructions of fibroblast cells. As the spatial resolution is increased,

one will need to use different approaches such as diffraction tomography, and plans

for such experiments and their requirements for higher coherent flux will be

described. In addition, experiments aimed at obtaining 3D images from diffraction

patterns will be described. The third dimension can also be energy rather than axial

distance; in this case, one can obtain a series of images across a near-edge absorption

spectral region and employ methods such as principal component analysis to discover

the spectroscopically distinct regions of even complex specimens.

Use of this approach for the study of biological specimens (such as the study of how

chemical differences in sperm are related to fertility) will be described.
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Phase imaging and biology

P. Cloetens a , W. Ludwig a , M. Schlenker b and R. Mache c

a European Synchrotron Radiation Facility, Grenoble, France
b CNRS, Lab. Louis N'eel, Grenoble, France
c UJF / CNRS, Lab. Plastes et Differentiation Cellulaire, Grenoble, France

Radiography and tomography with hard X-rays are common tech-niques for medical
and industrial imaging. Classically, absorption con-trast is used, i.e. the image
corresponds to local variations in the beam attenuation. In order to improve the
contrast in imaging of biological systems and to reduce the dose deposited in the
sample it is often crucial to use phase instead of attenuation contrast. In the case of
phase imaging the contrast is due to local variations of the refractive index, hence of
the (electron) density. The coherence of third gener-ation synchrotron radiation beams
makes a straightforward form of phase-contrast imaging possible. It is based on
simple propagation and corresponds to the defocusing technique of electron
microscopy.
Phase imaging can be used either in a qualitative way, mainly useful for edge-
detection [1], or in a quantitative way, involving numeri-cal retrieval of the phase
from images recorded at different distances (typically four) from the sample
[2] .Three-dimensional (tomographic) imaging requires the acquisition of a large
number (typically 800) of radiographs corresponding to different angular positions of
the sam-ple.
The quantitative approach allows in this case to reconstruct the density in every point
of the sample.
Quantitative phase tomography allowed to map with micrometer spatial resolution the
electron density in a human hair. The mi-crostructure is clearly revealed and zones
with different composition (protein / lipid content) can be distinguished. An exciting
new possi-bility is the 3D visualisation of plant cells. In the case of phase imaging it is
possible to work at a X-ray energy such that the absorption and dose deposition is
sufficiently small to study wet samples in-situ. First results obtained on Arabidopsis
plant indicate the possibility to inves-tigate at the micron scale the spatial organisation
of organelles within plant cells and the evolution of the microstructure.

References
[1] P. Cloetens, M. Pateyron-Salom'e, J. Y. BuffTere, G. Peix, J. Baruchel, F.
Peyrin, andM. Schlenker, J. Appl. Phys. 81, 5878 (1997).
[2] P. Cloetens, W. Ludwig, J. Baruchel, D. Van Dyck, J. Van Landuyt, J. P.
Guigay, and M. Schlenker, Appl. Phys. Lett. 75, 2912 (1999).
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Synchrotron Infrared Microscopy applications to Biology and
Medicine

Paul DUMAS

LURE, Bat 209D, Centre Universitaire Paris -Sud
BP 34 F- 91898- Orsay Cedex

The use of a synchrotron source allows to enhance the lateral resolution in infrared
microspectroscopy. Several infrared synchrotron facilities exist around the world and
constructions are planned in many location. At LURE, such infrared beamline is
operational (beamline MIRAGE- port SA5- SuperACO). The performances of this
beamline are very satisfactory, and compete very well with the best ones.

Among the different scientific communities, biologists have found a new powerful
tool for investigating the chemical composition and evolution of various tissues or
cells.

1. In cell biology : "in situ" cell apoptosis phenomena , as well as Gamma irradiation
of cancerous cells were investigated on individual cells: Imaging of proteins and
lipids are obtained with high contrast, and the profile evolved according to various
biological states.

2. Cosmetic : IR microspectroscopy was used to study penetrating agent into skin.
This allowed chemical images of the various functional groups compound of a skin
sample. It is possible to do depth profiling of any agent penetrating the skin with high
spatial contrast

3. Hair studies are currently investigated , in collaboration with Industry. . In addition,
presence of lipids in specific areas of the hair shaft ( cuticle, cortex and medulla) have
been imaged, and compared with X-ray data, and comparison with hair origin will be
shown.

5. Intestine samples, collected after surgery in an hospital, are currently analysed in
order to detect presence of bacteria within the inter-wall domains

4. Some recent results obtained by Canadian, American and English collaborators will
be presented, particularly Synchrotron infrared microspectroscopy applied to tissues
in Alzheimer disease, in osteoporosis, and in tumor.
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Microtomography and micro-spectroscopy of calcified tissues

M. Salome1, F. Peyrin23, S. Nuzzo2, E. Martin-Badosa2, P. Cloetens2,
B. Kaulich4, R. Barrett1, B. Fayard1, J. Susini1, M. H. Lafage-Proust5

; ESRF, ID21, 38043 Grenoble Cedex, France,2 ESRF, ID 19, 38043 Grenoble Cedex, France,
3 CREATIS, UMR CNRS5515, INSA, 69621 Villeurbanne Cedex, France,

4 ELETTRA, 34012 Basovizza, Trieste, Italy, 5 LBBTO, INSERME9901, 15, rue A. Pare,
42023 Saint Etienne Cedex 2, France

Synchrotron radiation microtomography (SR-|i.CT) and microspectroscopy provide
efficient tools for the study of calcified tissues from both structural and mineralisation points of
view, in two and three dimensions. These techniques are complementary in terms of spatial
resolution and can be successfully combined to investigate bone tissue at the scale of the global
trabecular architecture down to the bone structural unit scale.

The trabecular structure of bone is closely related to its mechanical properties and is
therefore extensively investigated, in particular to assess its degradation with aging or
fragilising osteopathies (e.g. osteoporosis). X-ray tomography consists in reconstructing a
three-dimensional (3D) image of a sample from radiographs taken at different viewing angles.
Microtomography greatly benefits from the high photon flux and energy resolution of
monochromatic synchrotron radiation to push further the limits in terms of spatial resolution
(down to micron scale) and density accuracy \ The non-destructive nature and high spatial
resolution of SR-|iCT makes the technique well suited to the quantification of the trabecular
structure of bone. 3D morphological and topological parameters can be extracted from the
tomographic images 2. Furthermore, the monochromaticity of the SR beam allows accurate
tomographic reconstruction of the linear attenuation coefficient inside the sample, SR-p.CT
therefore also provides a new tool for the assessment of the 3D distribution of bone mineral
content, provided a suitable calibration. SR-JJ.CT developments performed at ESRF on ID 19
will be reported.

X-ray microscopy techniques, which offer submicron spatial resolution, represent an
ideal complementary tool for the study of bone at the structural unit and cellular scale (osteons,
resorption lacunae, osteocytes lacunae) and can contribute to the understanding of the complex
mineralisation process. X-ray microscopy, combined to microfluorescence detection and
energy tunability, provides elemental and chemical state sensitivities, and is suitable to perform
quantitative mapping of the mineral components of bone 3. Indeed, x-ray microscopy in
fluorescence mode allows simultaneous mapping of several elements in the sample and is
therefore perfectly adapted to the local measurement of Ca/P ratio in calcified tissues. It is also
an efficient tool for the detection and mapping of trace elements in bone, like the accumulation
of metals which may occur in case of intoxication. Both in fluorescence and transmission
mode, XANES spectroscopy at the calcium absorption edges can be used to map the chemical
state and distribution of calcium. ID21 is all the more suitable for this application that the
beamline covers an energy range from 2 keV to 7 keV, and thus gives access to the calcium K-
edge and the L-edges of metals, which localization in bone may be of interest.

These techniques allow studying the evolution of bone with aging, in case of disease or
during therapy, and provide valuable information on their structural and mineralisation effects
on bone. Examples of applications will be presented.

1. Salome M. et al.., Medical Physics, vol. 26, n° 10, pp. 2194-2204,1999.
2. Peyrin F. et al., Cellular and Molecular Biology, vol 46, n°6, pp. 1089-1102, 2000.
3. Salome M. et al., Proceedings Vlth International Conference on X-ray Microscopy 1999, American

Institute of Physics, New York, USA, eds : W. Meyer Use, A. Warwick, and D. T. Attwood, pp 178-
183,2000.
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X-ray microscopy:
applications to cellular biology in particular spermatozoa

Joanna V. ABRAHAM-PESKIR

ISA, Institute for Storage Ring Facilities, University ofAarhus, Aarhus,
Denmark

We are now entering a new era, where X-ray microscopy is being applied to cellular
biology. New structural and chemical information is being obtained on cells in their
natural state at high resolution and contrast. Spermatozoa are proving to be ideal
specimens that can be studied using an X-ray microscope. Not only do they suit the
machine working parameters in terms of contrast, size, and abundance, but they are
also relatively radiation resistant, showing very little morphological damage after
multiple exposures. Surface membranes can be imaged on whole intact cells in
seminal plasma or a defined media. There are still many unknowns and open
questions regarding the post-ejaculatory maturation process, its relation to fertilisation
potential and the fertilisation process itself. X-ray microscopy studies of human
spermatozoa showed that the mitochondria changed morphology after exposure to
capacitating conditions. The Aarhus group at ASTRED (Denmark) described for the
first time the existence of vesicular structures associated with specific membrane
domains of spermatozoa. In humans, the frequency of occurrence was found to be
donor dependent and could therefore be of clinical significance. Even more exciting
was the discovery of vesicular structures associated with the acrosomal region.
Recent results in the understanding of these new structures will be presented.
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New Trends in Multi-keV X-Ray Microscopy Applied to Biology

Jean SUSINI

European Synchrotron Radiation Facility, BP220, F-38043 Grenoble, Cedex, France

X-ray microscopy (XRM) techniques are emerging as powerful and complementary
tools for sub-micron investigations. Traditionally, soft XRM offers the possibility to
form direct images of thick hydrated biological material in near-native environment,
at a spatial resolution well beyond that achievable with visible light microscopy.
Natural contrast is available in the soft X-ray region, in the so-called "water-window",
due to the presence of absorption edges of the major constituents (C,N,O) [1,2,3].
Recent advances in manufacturing techniques have enlarged the accessible energy
range of micro-focussing optics [4,5] and offer new applications in a broad range of
disciplines. The main attributes of multi-keV XRM are briefly:

i) The access to K-absorption edges and fluorescence emission lines of
medium-light elements (Al, Si, P, S, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co) and L,M -
edges of heavy materials (Ag, I, Pt, Au) allows micro-spectroscopy (EXAFS,
XANES), chemical mapping ,trace element mapping and specimen labelling.

ii) The higher penetration depth compared to soft X-rays allows imaging of
thick samples (10 < t((am) < 100), in particular in their natural, wet environment.

iii) Larger focal lengths (> 10mm) and larger depth of focus (>50um) give
suitable conditions for specific sample environments and, X-ray tomography.

After a brief introduction to principles and methods, the main attributes of X-ray
microscopy will be presented. This presentation will be biased towards sub-micron
microscopy developed in the 2-20keV energy range on X-ray synchrotron sources.
Strengths and weaknesses of X-ray microscopy and spectro-microscopy techniques in
the multi-keV energy range will be discussed and illustrated by examples in biology.

[1] J. Kirz, C. Jacobsen and M. Howells, Quat. Rev. Biophys., 28 (1995), 33.
[2] C. Jacobsen, trends in CELL BIOLOGY, 9 (1999), 44.
[3] G. Schneider, Ultramicroscopy 75 (1998), 85.
[4] W. Yun, et al, Rev. Sci. Instrum. 70 (9) (1999), 3537.
[5] E.Di Fabrizio, F.Romanato, M. Gentili, S. Cabrini, B. Kaulich, J. Susini & R.

Barrett, Nature 401 (1999), 895.
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Interaction of the antimicrobial frog peptide, PGLa, with lipid monolayers
studied by X-ray grazing incidence diffraction and reflectivity

Oleg KONOVALOV 1}, Karl LOHNER 2), Igor MYAGKOV3), Manfred KRIECHBAUM 2),
Bernd STRUTH 1}

1} European Synchrotron Radiation Facility, Av. des Martyrs - B.P.220, 38043, Grenoble,
Cedex 9, France
) Institute fur Biophysik und Rontgen-strukturforschung,Osterreichische Akademie der

Wissenschaften, Steyrergasse 17/VI, A-8010, Graz, Austria
3> Research Institute for Physical Problems, Zelenograd. Russia.

Every organism must contend with invaders and thus have an active system of
defense and offense. A broad spectrum of molecular mechanisms evolved in nature to
perform these functions. An important contribution for fast responses are small peptides
consisting of 20-40 amino acids. The activity of these peptides does not seem to be
correlated to specific receptors, but they rather act by perturbing the barrier function of cell
membranes. An understanding of how the peptides distinguish between bacterial and
erythrocyte membranes would allow to design novel peptide antibiotics which can selectively
kill bacteria. Interest in this research area has grown since the number of bacterial strains
being resistant to conventional antibiotics has been dramatically increasing in recent years.
The molecular mechanism of their action is still a matter of debate.

Using the X-ray reflectivity (XR) and the grazing incidence diffraction (GID)
technique, we studied the effects of the antibacterial peptide, peptidyl-glycylleucine-
carboxyamide (PGLa), on lipids monolayers formed at air/water water interface. A bacterial
cell membrane was mimicked by the negatively charged lipid distearoyl-
phosphatidylglycerol (DSPG) whereas an erythrocyte cell membrane was mimicked by
zwitterionic lipid distearoyl-phosphatidylcholine (DSPC).

Both technique shows that the antibacterial peptides have strong interaction with
DSPG monolayer and no interaction with DSPC monolayer. In a case of deposition of
DSPC+PGLa mixture on to the water surface two types of molecules separate from each other
and forms two homogeneous phases. In contrary, presence of PGLa molecules in the layer of
DSPG molecules destroy completely initial two dimentional (2D) order of lipids and produce
disordered heterogeneous system. The interaction is explaned by electrostatic interaction
between positively charged sites on peptides and the negatively charged phosphatidylglycerol
part of lipids embeded in to the water. The GID spectra from layer of peptides has 3 Brag rods
that indicates about 2D ordering of PGLa at the air/water interface. The recontraction of
molecules packing is in progress. Preliminary model is that peptides unfolded and form (3-
pleated sheets.



SYNCHROTRON INDUCED X-RAY MICROFLUORESCENCE ON
SINGLE-CELLS

Svlvain Bohic , Alexandre Simionovici, Irina Snigireva, Anatoly Snigirev
ESRF - European Synchrotron Radiation Facility - BP 220 - F-38043 Grenoble Cedex -

France

Dominique Heymann
Laboratoire de physiopathologie de la resorption osseuse, EE-9901, 1 PI A Ricordeau

44043 Nantes cedex 01

Richard Ortega
CNAB, Centre d'Etudes Nucleaires de Bordeaux-Gradignan

BP 120, Le Haut Vigneau, 33175 GRADIGNAN Cedex

Recent improvements in Synchrotron X-ray sources (third generation) and in X-ray focusing
elements have been realized. This result in delivering highly collimated quasi-
monochromatic x-ray beam with tunable energy and highly focused beam with a (sub)
micrometer diameter. Elemental mapping of single-cells was obtained for the first time by
synchrotron induced X-ray fluorescence in the hard X-ray range with high spatial resolution.
Pink beam and compound refractive lenses were used resulting in an incident flux of around
1012 photon/s and a micrometer beam size. Taking into account the properties of
synchrotron radiation, experiment confirms that in our conditions, high energy, high
intensity x-rays are well suited for microanalyses of sensitive biological specimen (freeze-
dry cells). Results show that the synchrotron microprobe set-up at ESRF allows high
accuracy in trace element measurements for cell treated with pharmacological doses of
anticancer drug. Micro-SXRF on single-cells is at its starting point and is expected to
become a powerful non-destructive method, highly complementary to Particle Induced X-
ray Emission (PIXE) and other types of micro-analytical methods. Moreover, SXRF will be
shortly improved toward fully quantitative analysis and will be used in conjunction with X-
ray absorption spectroscopy (micro-XANES) and phase-contrast x-ray micro-imaging.
Finally, microanalysis of living cells is an exciting perspective that could be reached using
micro-SXRF.

Sylvain Bohic, Micro-Fluorescence/Imaging/Diffraction - ED22, ESRF- BP 220
F-38043 Grenoble Cedex, France
Phone: (+33) (0) 4 76 88 28 52
Fax: (+33) (0) 4 76 88 27 84
E-mail: bohic@esrf.fr



Ultra-Small-Angle X-ray Scattering from Drug-Induced Tubulin Ring

Polymers

H. Boukari, D. Sackett, R. J. Nossal, and V. Chernomordik

N1CHD, NIH, Bethesda, MD 20892, USA.

Ultra-small-angle X-ray scattering (USAXS) techniques have been used to study tubulin
polymers obtained when af3-tubulin is mixed with a new class of VINCA domain drugs.
The USAXS measurements, taken on a Bonse-Hart instrument at IDL-33 at the Advanced
Photon Source in Argonne (Illinois, USA), have been combined with electron micrographs
and small-angle neutron scattering (SANS) data to characterize the resulting nano- and
micro-structures. Electron micrographs and SANS data both reveal sinsle-walled rings
with diameters ranging from 27 to 47 nm depending on the drug. Moreover, with one such
drug, USAXS measurements indicate the formation of large supramolecular structures,
involving many rings, which tend to sediment under the effect of gravity. We provide a
simple model to interpret these observations, and infer that the large structures are highly
monodisperse in size (about 7 micron in dia), especially in the early stages of assembly of
the particles. We contrast our results with observations obtained from GDP-tubulin double-
walled rings and conventional microtubules.



The Zinc environment in Langmuir-Blodgett phospholipid multi layers

Silvia Morante

Dipartimento di Fisica, Universitd di Roma "Tor Vergata" and Istituto Nazionale per la
Fisica della Materia, Via della Ricerca ScientificaJ 00133 Roma Italy

The Zinc environment of a system formed by Langmuir-Blodgett phospholipid
multi-layers is investigated by employing X-ray absorption spectroscopy.

A comparative analysis of the Extended X-ray Absorption Fine Structure and Near
Edge regions of the X-ray absorption spectra at the Zinc K-edge, in presence and in absence
of the Myelin Basic Protein, clearly indicates that Zinc ions are bound to the heads
of the phospholipidic molecules, while the presence of Myelin Basic Protein induces a
visible distorsion of the geometry of the Zinc environment.

These findings represent a first important step in understanding the interplay among
the lipids of the myelin sheath, Myelin Basic Protein and Zinc, as Langmuir-Blodgett
phospholipid multi-layers represent a valuable model for the multilamellar structure of the
membrane surrounding the nerve axon.



Towards automated Laue data processing:
application to the choice of the optimal X-ray spectrum

Dominique Bourgeois3'15, Ulrike Wagnerc & Michael Wulff*

a : ESRF, BP 220, 38043 Grenoble, France, b: LCCP, UPR 9015, IBS, 38027 Grenoble,
France, c: Institutfiir Chemie, Karl-Franzens-Unversitat, A-8010 Graz, Austria

The availability of third generation synchrotron sources has triggered new interest in using
the Laue technique to perform time-resolved experiments on macromolecules on very fast
timescales [1,2].
Wigglers have long been considered as the insertion devices (ID) of choice for Laue
crystallography, because they provide a smooth and broad bandpass of X-rays. However,
the strong polychromatic background generated by a wiggler is particularly detrimental to
the inherently poor signal-to-noise ratio associated with ultra short exposures. It was
proposed that single-line undulators could be of special interest for Laue diffraction [3].
To determine the most suitable type of ID for time-resolved Laue crystallography, we
compared Laue data sets collected on photoactive yellow protein with three insertion
devices: a wiggler, a wide bandpass undulator and a single-line undulator. Our results show
that the use of single-line undulators will generally yield -by far- the best compromise
between data quality, acquisition time, and radiation damage.
We also developed a software (based on Lauegen, Prow, Lscale and the CCP4 suite), which
enables to complete reduction of the data with essentially no user intervention, making Laue
processing almost as straightforward as monochromatic data processing. Interactive work is
limited to the indexing of only one Laue pattern. More importantly, we show that the data
quality is substantially enhanced when soft-limited predictions (SLP's) are used instead of
the usual hard-limited predictions. SLP's are generated by fine-tuning the resolution limit
across the available X-ray spectrum [4]. With sharply varying spectra from undulators,
SLP's are essential to prevent integration of many non-measurable reflections, whose noisy
intensities, if measured, would be amplified in the normalization procedure and contaminate
the valid data to a considerable extent.
We show that the generation of the SLP's can be improved by incorporating additional
information from a set of monochromatic structure factor amplitudes corresponding to a
closely related structure (a 'resting' or a 'dark' state). This significantly enhances the ability
of Laue data to detect subtle structural rearrangements.

[1] Perman, B. et al. Science, (1998). 279,1946-1950.
[2] Srajer, V. et al Science, (1996). 274, 1726-1729.
[3] Wulff, M. et al. Nucl. Instr. Methods, (1997). A398, 69-84.
[4] Ren, Z. et al. J. Synchrotron Rad., (1999) 6, 891-917.



Using the total reflection x-ray absorption (ReflEXAFS) technique
for studying biological systems
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The myelin sheath is a multilamellar membrane formed by several phospholipid
bilayers tightly wrapped around the nerve axon. The Myelin Basic Protein (MBP) is known
to play a crucial role in ensuring the stability of the myelin and Zn ions have been shown [1]
to promote the "in vitro" self association of MBP. A model system formed by Langmuir
Blodgett Multi Layers (LBML) can be used to obtain quantitative information on the
molecular organization and the interplay among phospholipids LBML, Zn ions and MBP
molecules. LBML can ba made by different phospholipidic molecules (dilauroyl-phosphatic
acid, DLPA, arachidic acid, ...) and can be prepared in different conditions (water content,
pH, ..) to put better in evidence the role of Zn. An effective way to study the local order
around the metal ion in these systems is to use X-ray Absorption Spectroscopy (XAS).
Moreover due to the particular nature of these samples surface sensitivity is highly
desirable. A way to enhance the surface sensitivity of the XAS technique is to work in total
reflection geometry (ReflEXAFS). An experimental chamber dedicated to ReflEXAFS and
reflectivity experiments [2] is currently available for users at the GILDA CRG beamline at
ESRF. In this contribution we show some examples of XAS spectra taken at the Zn k edge
on various LBML-MBL-Zn films deposited on silica glass, the evidence the potentiality of
the technique.

Bibliography
[1] P. Cavatorta, S.Giovanelli, A.Bobba, P.Riccio, A.G.Szabo, E.Quagliarello, Biophys. J.
66(1994), 1174.
[2] F. d'Acapito, S.Mobilio, P.Cikmacs, V.Merlo, I.Davoli, Surf. Sci. in press.



Phase Contrast Imaging of very low absorbing samples by X-ray
synchrotron radiation
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In conventional radiography, X-rays transmitted through an object give information
on the absorption occurred along different paths within the sample. This classical
radiography technique has great limitations when imaging light density materials. Recently
phase-contrast imaging has been used to produce high quality images of soft tissue. In this
technique intensity patterns are recorded due to phase variations associated to gradients of
refractive index along directions inside the wavefront.

A critical point of this new technique is the need of two diffracting Si crystals, which
results in an appreciable reduction of the radiation intensity and consequently in rather long
exposure times. The use of synchrotron radiation instead of conventional sources can
overcome this problem.
In the present work, phase contrast images were recorded on the GELD A beam line (ESRF
Grenoble, France). The experimental setup was composed of the beam line monochromator
equipped with two independent silicon crystals. The second crystal can be a flat crystal or a
curved one. The monochromatic radiation, coming out from the monochromator, hits on a
channel cut silicon crystal mounted on a 2 axis diffractometer. The first reflection produces
an almost plane wavefront which passes through the sample. The second crystal (analyser)
is parallel to the first one and therefore diffracts only waves undeflected by the sample,
directing them towards a high-resolution photographic film where the image is recorded.
The resulting image is not only associated to absorption in the sample but to refractive index
variations as well. Thanks to an asymmetrical design of the channel cut a vertical expansion
of the beam is obtained.

Two sets of images were recorded on low absorbing samples, using a flat (311)
silicon crystal and a curved (311) silicon crystal installed in the monochromator. The use of
a curved crystal allows to focalise on the channel cut a large horizontal fan of radiation
coming from the storage ring. The increased photon flux implies a shorter exposure time
than in the case of a flat crystal. A lower resolution is observed in the images recorded using
the curved crystal with respect to the images recorded using the flat one. The quality of the
images recorded using a curved crystal is, in any case , better than the quality obtained
using, on the same sample, a laboratory mammography unit. Demonstrating that the use of
curved X-rays optics can reduce the exposure times in this imaging technique with
acceptable resolution degradation.



A Reflectivity Study of Biomembranes on Solid Support
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A central feature of biomolecular materials (often termed "biomimetic") is the ability to
form self-assembled structures as seen, e.g., in protein folding and phospholipid
membranes. The study of the biomimetic materials, thereby understanding their assembly,
will lead to design of new and advanced materials of technological importance. Proteins are
the essential building blocks in all living cells and detailed knowledge about their function
is a prerequisite for understanding the complex behaviour seen in cells. The multiplicity of
functions performed by proteins is delicately linked to their structure. Even though many
protein structures have been solved mostly by crystallography, only a few of these are
related to transmembrane proteins and investigations of biomolecular interactions at
membranes still represent a major challenge. This is due to the fact that the processes are
surface-related and that membrane-bound proteins in general must remain in a lipid matrix
to retain their native structure and activity. We have initiated a study of planar solid
supported lipid membranes in which we plan to incorporate transmembrane proteins. We
will present our first results obtained by X-ray reflectivity of bilayer stacks comprised of
layers of dimyristoylphosphatidylcholine (DMPC) on solid support in aqueous solution. The
bilayers are deposited by the conventional Langmuir-Schaffer technique on a self-assembled
monolayer (SAM) of octadecyltrichlorosilane (OTS) on an oxidised Si(OOl) surface. The
OTS SAM was used instead of a lipid monolayer to enhance the structural integrity of the
system and improve the transfer ratio at fabrication. Using X-rays of 20 keV energy, 10
orders of magnitude were measured at the synchrotron beamline BW2, Hasylab, DESY,
reaching momentum transfers up to 1.2 A'1. We are thus able to obtain structural
information on the Angstrom scale characteristic for changes occurring in biomembranes.



EXAFS study of the active-site of Cu,Zn P. leiognathi superoxide
dismutase
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In the past few years several bacterial species have been shown to export copper-zinc
superoxide dismutase (Cu,ZnSOD) from the cytoplasm to their extracytoplasmic
compartments. The bacterial enzymes display a three-dimensional fold similar to that of the
eukaryotic Cu,ZnSODs, based on a flattened Grekk-key eight-stranded (3-barrel, but are
characterized by a distinct quaternary structure. Crystallographic studies have shown that in
the homodimeric bacterial Cu,ZnSOD from Photobacterium leiognathi (P1SOD), the (3-
strands recruited to build the subunit interface are structurally distinct from those employed
in the eukariotic enzyme. Furthermore, the subunit interface of P1SOD is characterized by
looser intermolecular contacts with respect to the eukaryotic Cu,ZnSODs, and by the
presence of a wide intermolecular cavity, filled by at least ten ordered water molecules [1].

A second main feature distinguishing prokaryotic from eukaryotic Cu,ZnSODs is the
active-site channel structural organization. All bacterial Cu,ZnSODs maintain the
catalytically crucial (and invariant) Argl41 residue and, with very few exceptions, the same
Cu,Zn coordinating residues found in the eukariotic enzymes. However, while in the
eukaryotic Cu,ZnSODs, several of the residues involved in the electrostatic recognition and
steering of the superoxide anion are located in the 7,8 loop, in the bacterial enzymes the
electrostatically relevant residues are mainly located in the S-S sub-loop. Recent studies
have shown that prokaryotic Cu,Zn SODs are characterized by catalytic rates comparable to
or higher than those measured for their eukaryotic homologues [2,3]. Moreover, due to an
extended S-S sub-loop, their active site is reported to be more accessible to the solvent and
surrounded by a rather flexible protein environment. As a matter of fact, proton relaxation
measurements have indicated that water in P. leiognathi can have a longer Cu-H,0 distance
than the one found in eukaryotic enzyme suggesting a slight different organisation of the
active site [3]. Such an information cannot be provided by X-ray diffraction since the 3D
structure solved at 2.0 A resolution has showed that the copper gets reduced under the
intense synchrotron radiation beam [1].

In order to get information on the 3D structure of copper in the oxidized state, we
have undegone an EXAFS study of the protein.To avoid the reduction of the sample, the
measurements were perfomed in the single bunch mode. The results of our analysis indicate
that in the reduced state copper display a coordination geometry identical to that found inthe
bovine enzyme with three nitrogen in the metal first coordination sphere. Upon oxidation,
the copper coordinates to a fourth nitrogen atom displaying a geometry identical to that
observed on the oxidized bovine enzyme. However, in P. leiognathi Cu-H,0 distance is
longer than in the bovine protein in agreement with previous NMR measurements [2].

[1] Bordo D., Matak D., Djinovic-Carugo K., Rosano C , Pesce A., Bolognesi M., Stroppolo M. E., Falconi
M., Battistoni A. & Desideri A. (1999) J. Mol. Biol. 285, 283-296.
[2] Stroppolo M. E., Sette M., O'Neill P., Polizio F., Cambria M. T. & Desideri A. (1998) Biochem. 37,12287-
12292.
[3] Folcarelli S., Battistoni A., Falconi. M., O'Neill P., Rotilio G. & Desideri A. (1998) Biochem. Biophys.
Res. Commun. 256, 425-428.
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We used X-ray absorption near edge structure (XANES) spectroscopy to investigate the
active site structure of the giant hemoglobin from the earthworm Eisenia Foetida. The
annelid phylum comprises more than 8000 species which separated by the phylum of the
vertebrates more than 500 million years ago.
This protein constitute a very large macro complex with molecular weight of 4.2 MD (and
dimension around 25 nm) composed by four different heme-containing chain repeated in
144 units. The molecula is completed by a not well known number of non-heme carrying
subunits called linker chains. Furthermore, this hemoglobin exhibit a very high binding
cooperativity and oxygen affinity and, surprisingly, is not contained into red blood cells
that, in vertebrates, provide a controlled environment for protein function.
Here we report the first XANES measures, performed at iron k-edge, of the active sites'
arrangement in the whole molecule as well as that of its hierarchic sub-aggregates.
The data show evidence of some peculiar spectroscopic structures not present in the
vertebrate's protein nor, to the best authors knowledge, in any other known hemoglobin.
Also a role for the linker chains and the presence of Zinc in non-amorphous arrangement
into the protein seem to emerges.
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X-ray Phase contrast Imaging of living cross-striated skeletal muscles of
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"In-line" phase sensitive technique exploiting Fresnel diffraction and called as phase
contrast imaging was recently explored and is currently under extensive development at the
third generation synchrotron radiation sources [1-3]. Phase contrast is very useful in
biological and medical studies because it relies only on refraction of X-rays, not on
absorption, and so imaging can be done at higher energies where the absorbed radiation
dose can be less, thereby reducing potential damage to tissues. Phase contrast is much more
sensitive than absorption at energies higher then 20 keV.

Different muscles of Rana Ridibunga frog at rest and during contraction and stretching were
studied by means of phase contrast imaging. Separated muscles and the intact frog leg
samples were investigated. The thickness of isolated muscles was varied from 1 to 4 mm.
The intact frog leg samples have diameter about 10 mm. X-ray beam passes through the
both layers of skin and through all muscles, therefore sometimes the moire pattern of skin
can be also registered. Experiment was performed at the ID 22 ESRF beamline. Images of
muscles at rest, contraction and stretched to no overlap were recorded using 20 keV photons
and with high resolution X-ray CCD camera as detector. Detector was placed at 15 cm from
the sample in order to get good compromise between contrast and resolution. Exposure time
varied from 5 to 10 seconds. For the first time I-(actin) and A-(myosin) bands of Sartorius
muscle were imaged with high energy X-rays. Sarcomer lengths from 2.2 jam to 3.7 ju.m
were measured. In Semitendinosus muscle the dorsal head was kept at rest while the ventral
head was stretched to no overlap. Both heads were imaged sharply simultaneously. We
succeeded to reconstruct the two dimensional phase/optical density profiles over the object
from random fragment of experimental intensity.

Combination of phase contrast imaging with micro -diffraction and -spectrocopy has a great
potential for biological research. High energy microscopy allows to make introvital studies
of the animal organism in normal and pathology states.

[1]. A. Snigirev, I. Snigireva, V. Kohn, S. Kuznetsov, I. Schelokov, Rev. Sci. Instrum., 66
(12), 5486-5492, 1995.
[2]. P. Spanne, C. Raven, I. Snigireva, A. Snigirev, Phys. Med. Biol, 44, 741-749, 1999.
[3]. R. Fitzgerald, Physics Today, 53 (7), 23-28, 2000.
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The time-resolved X-ray study of muscle and fibre diffraction from
A- and I-disk of sarcomere with microbeam at ESRF

A.Vazinaa, P.Sergienkoa, I.Snigirevab, M.Drakopulosb, A.Snigirevb

a Institute of Theoretical and Experimental Biophysics ofRAS, Russia
b ESRF, Grenoble, France

The effects of activation history - potentiation on tension production by muscle were
studied. The ability of striated muscle to potentiate their twitch response after preliminary
stimulation at short-term stimulus history and/or fatigue has been studied. Two different
protocols were used for the collection of the data: frog sartorius muscle was stimulated by
double pulse interval 30-300 ms and effect of potentiation by fatigue was examined.
Experiments with time resolution of 1-10 ms (Vazina et al, 1995; Nucl.Instr.Meth.in
Phys.Res. A359, 210-215) have been carried out using SR of VEPP-3 (Novosibirsk) and
DORIS (Hamburg). The time course of the intensity changes of equatorial reflections (1,0)
and (1,1), the background underneath them, meridional reflections at spacing 44.0, 21.4,
14.3 nm and the time course of tension response P(t) have been studied. Integration of the
mechanical responses - measurements of tension-time area was used to deal with the
problem of changing response shape. The tension-time area S2 added by the second pulse of
a closely timed pair was found by subtracting the area of single twitch Si from the total area
of the double response.

Activation of whole muscle by two closely spaced stimuli T < Tc produces a tension
response much larger and longer lasting than the twitch response to a single stimulus. At
short interpulse intervals tension enhancement is at maximum; it falls off progressively as
the interval is lengthened. It was shown that tension response produced during the second
stimulus may be the same or somewhat smaller during the first or during the single twitch:
S2 < Si. The marked increase of tension response added by second pulse is accompanied by
intensity flash of meridional reflection 14.3 nm. The monotonous character of another
reflections time course is not disrupted. We suppose the force generation of muscle
proceeds upon interaction of the myosin (thick) and actin (thin) filaments in the
incommensurate structural framework. We assume principle of dynamic correspondence of
symmetries is crucial in biological motion (Vazina, 1987; Nucl.Instr.Meth.in Phys.Res.
A261, 200-208).

Fibre diffraction from A- and I-disks of cross-striated skeletal muscle was studied with
microbeam at ID22 ESRF beamline. Muscles lumbricalis brevis and lumbricalis longus of
digits HI and IV of Rana Ridibunda stretched to sarcomere length about 4 ujm (near no
overlap) were investigated. To produce a microbeam compound refractive lenses were
applied. Focal spot of 1.5 Jim vertically and 8 urn horizontally with the intensity 1010

photons /s was obtained at 21 keV energy. Diffraction patterns were recorded with large
area fibre coupled CCD camera placed 250 mm from the sample. Exporsure time was 1 to 2
seconds per image. Scanning the muscle with 1.5 )im step along and 4 ujn across, about 400
diffraction frames were registered. The clear difference in diffraction patterns from A- and
I-disks was observed.
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X-ray diffraction study of human hair as a model of epithelial tissue

A. Vazina\ P. Sergienkoa, V. Gerasimova, N. Laninaa, I. Snigirevab, A. Snigirevb,
M. Drakopulosb, I. Dolbnyc, W. Brasc

a Institute of Theoretical and Experimental Biophysics ofRAS, Russia, b ESRF, Grenoble, France
c DUBBLE CRG/ESRF Netherlands Organisation for Scientific Research

X-ray diffraction investigations of human hair were carried out using SR of VEPP-3 (Novosibirs,
Russia), the X-ray generator with rotating anode GX-20 (Pushchino, Russia), ID22 and BM26
SAXS/WAXS at the ESRF (Grenoble, France). We studied more than five hundred of hair samples
and carried out more than one thousand of different experiments. For experiments we collected hairs
of different age donors from 1 to 92 years with their hair length from 3 to 1000 mm. Scalp-hair
samples from donors of different regions with anthropologic "pressure" and hair of patients from
specialized hospitals were analyzed. The samples of hair were obtained from following sources:
Blokhin Scientific Center of Oncology, Department of Breast Tumor, Moscow; Mammological
Institute, Altay Region; the 12 th Municipal Hospital, Department of Gastroenterology, Novosibirsk;
Insitute of Gynecology and Obstetrics, Novosibirsk; Phthisiology Clinic, Novosibirsk; the public
school-pansionat of tundrian nenets, Chelyabinsk 4-th Branch Office of Biophysics Institute. The
archaeological samples from Pazyryk mound of mountainous Altay were also investigated
(undamaged state of hair samples is due to constancy of cold temperature conditions ).
It was shown that the hairs demonstrate a classic X-ray pattern of fiber diffraction. X-ray patterns
vary for different people by the presence or absence of diffuse ring of spacing 4.5 nm, the patterns
were called "ring" and "no ring" respectively. A set of diffraction patterns from "no ring" to "ring"
can be obtained from the hair of individual donor by scanning along the sample point by point from
the root region to the tip. There are some donors, whose hairs have not got the "ring" X-ray patterns
along the hair length which were called "ring free" patterns. We were lucky to discover that a
prolonged soaking of hairs in 1M CaCl2 at pH 10-11 can transform the hair sample which initially
gave a typical "ring free" X-ray pattern in such way that it will be able to produce the "ring" X-ray
pattern. It was shown that there is correlation between significant quantities of major and trace
elements of endogenous and exogenous origins: Ca-Br, Sr-Br, Ca-Sr.

We propose two-components structural model of hair tissue, which consists of flexible component of
extracellular matrix (ECM) in series with inflexible component of keratin intermediate filaments
(IF). The weak diffuse arc at spacing 4,5 nm was interpreted as arising from interference between
assemblies of flexible ECM units consisted of glycoproteins that can be either fibrillar and ribbon-
like or random-coil in morphology and have got low electron density.
The positively charged metals can transform the configuration of glycoproteins chains due to
electrostatic interaction with multiple anion groups of polysaccharide chains and it results in the
increasing of electron density. The structure of keratin intermediate filaments in hair tissue is
invariable; the extracellular matrix structure is varied.
Thus, all of epithelial cells display extensive keratin filament frameworks around which the cell
shape and polarity are defined. The primary cytoskeletal components in vivo regulate and affect the
interaction of epithelial cells and extracellular matrix developing the oriented structure of the whole
tissue and at the same time in which flexible extracellular matrix is transformed into fibrillar matrix.
Our results propose also the regulatory role of metal content in matrix assembly.
So the hair tissue has to be considered as the structural continuous organization providing the
resistance to mechanical stresses externally applied to the tissue. Mutations that weaken this
structural framework and any exogenous factors that change the extracellular matrix increase the
risk of cell rupture and cause a variety of human disorders.

We are grateful to N.V. Polos'mak, V.A. Trounova, T.I. Savchenko, L.P. Osipova, Yu.P.
Kolmogorov, A.N. Panpantonopulo and all colleagues from Pushchino and Novosibirsk for hair
sample providing. The work was supported by RFBR grants No. 97-04-49237 and No. 99-02-17879.
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Characterization Of Bone Architecture In A Mice Model Of
Osteoporosis From 3d Synchrotron Radiation Microtomography

E. Martin-Badosa1'2, A. Elmoutaouakkil u , D. Amblard4, S. Nuzzou, L. Vico4, F. Peyrin1'3

'ESRF, BP220, 38043 Grenoble (France)
\O, Univ. de Barcelona, Marti i Franques, 1
IS, UMR CNRS 5515, 69621 Villeurbanne (

4LBBTO. Equipe Mixte INSERM E9901 CHU Saint-Etienne, 42023 Saint-Etienne (France)

Lab. d'Optica, Dept. de FAO, Univ. de Barcelona, Marti i Franques, 1, 08028 Barcelona (Spain)
3CREATIS, UMR CNRS 5515, 69621 Villeurbanne (France)

The genetic determinism of bone loss due to osteoporosis is not completely known and the results
published in the literature are not clear due to the limited population available for such
experiments. A study on animal models is thus required. A model of bone loss by immobilization
on skeletally mature mice was recently developed at the LBBTO (Saint Etienne) to investigate the
genetic variability of bone loss. The analysis of architectural changes related to this model of bone
loss requires a high spatial resolution technique due to the small size of trabeculae in mice. It was
investigated by 3D Synchrotron Radiation Microtomography (SR |aCT) at the ESRF.
Two strains of mice C3H/HeJ (C3H) and C57BL/6J (B6) with different skeletal characteristics
were submitted to the model of bone loss by hind limb unloading produced by tail-suspension. On
each strain, three groups were constituted: basal control (BC), sacrificed at the beginning of the
experiment, tail-suspended group (S) and attached non-suspended control (C), sacrificed after 21
days for the strain C3H and 14 days for the strain B6. The distal metaphyses of one femur were
imaged on beam-line ID 19 ( voxel size : 6.65 um), and analyzed to get 3D quantitative parameters
of bone architecture. After defining a global Region of Interest (ROI), a cortical and a trabecular
ROI were automatically identified and separated (as shown in Figure 1). Then the following
parameters were computed on the trabecular structure: Bone Volume to Total Volume ratio
(BV/TV), Bone Surface to Bone Volume ratio (BS/BV), trabecular thickness (Tb.Th), trabecular
separation (Tb.Sp) and Euler Connectivity number (CEuler). All parameters were computed on 3D
without assumptions on the geometry's of structures. The results yield to the following
conclusions:
- Strain B6 has a smaller BV/TV and thinner trabeculae than strain C3H,
- Strain B6 loses bone when suspended, while strain C3H does not : this is due to a thinning of
trabeculae and not to a reduction of their number
- Both strains have similar trabecular separation, and this parameter does not change significantly
with suspension although it tends to increase.
- Strain B6 seems to have a better connected architecture than strain C3H, but the connectivity
does not change significantly for both strains.

a) slice of mice femur b) 3D cortical ROI
Figure 1

c) 3D trabecular ROI
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Quantitative 3d Synchrotron Radiation uCt: Evaluation Of Bone
Mineral Content During A Treatment Of Osteoporosis

S. Nuzzo1, F. Peyrin1'2, E. Martfn-Badosa1'3, A. Elmoutaouakkil \ M.H. Lafage-Proust4

^SRF, BP 220, 38043 Grenoble (France)
2CREATIS, UMR CNRS 5515, 69621 Villeurbanne (France)

3Lab. d'Optica, Dept. de FAO, Univ. de Barcelona, 08028 Barcelona (Spain)
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Osteoporosis is becoming a major problem of health and the evaluation of bone quality remains a
technical challenge. In recent works, therapies based on bisphosphonate were showed to be
effective in reducing the incidence of fracture without the expected increase in bone mass. These
data suggest that secondary bone mineralization could be a major factor controlling bone
mechanical resistance to fracture. Thus evaluation of treatments should involve both assessment of
architecture and mineralization.
While conventional Micro-CT (uCT) is increasingly used to investigate bone micro-architecture, it
is limited for the evaluation of mineralization. This latter is conventionally assessed by micro-
radiography on thin slices of biopsy. We show that Synchrotron Radiation Microtomography (SR
uCT) may provide simultaneously information on the mineralization degree of bone and on its
architecture.
The SR uCT system developed at ESRF on beam-line ID 19 is well suited to image bone
architecture with a high of spatial resolution ( < 10. |um). Because of the properties of Synchrotron
Radiation, the reconstructed images are accurate maps of the 3D distribution of linear absorption
coefficient. Since absorption depends of the bone mineral content, we proposed a calibration
method to estimate the 3D distribution of hydroxyapatite concentrations within the sample. For
this purpose, homogeneous water solutions with different hydroxyapatite concentrations were
used. Due to solubility problems, hydroxyapatite was replaced by dipotassium hydrogen phosphate
K2HPO4. The theoretical linear relationship between concentrations in the range (0.1-0.8g/cm3)
and absorption (l-9cm-l) was verified from experimental measures.
A series of 32 iliac crest biopsy 3D-images from osteoporotic patients before, and after one and
two years of the bisphosphonate Etidonate was analyzed. Regions with different mineralization
degree can clearly be observed (Figure 1). Statistical analysis of the results shows that mineral
concentration exhibits a significant increase throughout therapy while no significant changes were
observed regarding architectural parameters. Although it should be tested on a larger scale, the
proposed technique that requires no special preparation for the sample is extremely attractive for
quantifying the mineral content of bone in 3D. Moreover this technique is three-dimensional and
nondestructive.

Figure 1 : Bone biopsy image : rigth 3D display, left: first slice
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Crystallographic protein quaternary structures viewed by solution x-ray

scattering

Hiro Tsuruta

SSRL/SLAC & Dept. Chemistry, Stanford University

Advances in protein crystallography have resulted an increasing number of atomic
resolution structures of large protein complexes reported in recent years. In some cases,
however, quaternary structures seen in crystal or protein complex structures that are
modeled using atomic structures of individual components are inconsistent with structural
models derived through biochemical studies. Solution x-ray scattering is very sensitive to
quaternary structures of proteins and has given important insight into protein quaternary
structures in solution. A couple of recent examples demonstrate how one can verify or
model biologically functional quaternary structures using solution x-ray scattering.

The 3.4A resolution crystal structure of the H. influenza HslUV protease-chaperone
complex was recently solved (M.C. Sousa. C.B. Trame, H. Tsuruta, S.M. Wilbanks. V.
Reddy, D.B. McKay submitted to Cell). HslUV consists of a dodecameric HslV protease
core and two hexamers of HslU ATPase on ends. A similar model was proposed for the
E. coli HslUV complex based on the individual crystal structures of HslU and HslV
(Bochtler et al., 2000). We used solution x-ray scattering to verify the crystallographic H.
influenza HslUV structure. Solution x-ray scattering curves expected for the two different
HslUV models were computed and compared with the experimental scattering curve. The
computed curve for the H. influenza HslUV model matches the experimental curve very
well while E. coli HslUV model clearly deviates from the data. Structural parameters
extracted from the experiment without the knowledge of crystallographic structures also
support that the H. influenzae crystallographic HslUV structure is the functional complex
structure that exists in solution.

A prime example of modeling a functional quaternary structure using solution scattering
data is displayed by a structural study on E. coli RuvB DNA helicase (CD. Putnam, H.
Tsuruta, J.A. Tainer). The RuvB structure has recently been solved by Putnam and
Tainer. It is assembled into a hexameric screw in the crystal lattice rather than the
biologically relevant form of a hexameric ring. Structural parameters extracted from
solution scattering data are much more consistent with the ring structure than the screw
structure which would give a much larger radius of gyration than observed. We obtained
a flat ring structure model, much like a red blood cell when a low-resolution structure was
computed solely from solution scattering using the ab initio shape determination program
by Svergun (1999). The atomic coordinates of the polypeptide chain in the
crystallographic RuvB screw structure were built into a flat ring hexamer structure, guided
by the quaternary structures of two other hexameric AAA-class ATPases, HslU and NSF.
Computed solution scattering curves of two hexamer ring models were compared with the
experimental data. It appears that the HslU based hexamer ring model of RuvB is highly
consistent with the solution scattering data and biochemical data.

Bochtler, M., Hartmann, C , Song, H.K., Bourenkov, G.P., Bartunik, H.D., Huber, R.
(2000). Nature 403, 800-805.
D.Svergun (1999). Biophys. J. 76, 2879-2886.
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A cryo-bench for trapping reaction intermediates in protein crystals

Thomas Ursbya'b , Xavier Vernedeb, Philippe Charraultb, Bernard Gorgesa &
Dominique Bourgeoisa'b
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In a collaboration between the Institute of Structural Biology (IBS) in Grenoble and the
European Synchrotron Radiation Facility (ESRF), we have set-up a new laboratory to
prepare crystals in view of structural determination of reaction intermediates. The systems
we are studying include photosensitive proteins and reactions triggered using e.g. caged
compounds or pH jumps. In general, the major obstacle to a successful experiment is to
find conditions where the intermediate can be accumulated to a high proportion.
Therefore, the possibility to study the reaction in the crystal prior to the X-ray experiment
is vital.
Our main interest is in trapping techniques: a reaction is synchronously initiated and then
controlled in such a way that a reaction intermediate along the reaction coordinate
accumulates in the crystal. This is typically done by choosing a proper temperature profile,
selecting appropriate solvents, or adjusting the pH. The crystal can then be flash cooled to
liquid nitrogen temperature, and transferred to a beamline where diffraction data are
collected using standard techniques. However, the set-up is equally suitable for finding
conditions to accumulate reaction intermediates either transiently or in a steady state. In
this case, the reaction initiation would have to be repeated during the diffraction
experiment, performed for example with the Laue technique.
The cryobench includes a mechanical support where a crystal can be mounted and
examined visually in a microscope. Absorption and/or fluorescence spectra that witness
the accumulation or disappearance of intermediates in the crystal can be recorded with a
microspectrophotometer while the reaction is triggered and controlled by multiple devices.
Reaction triggering can be performed by light pulses from a flash lamp or one of several
lasers, or by changing the pH or other properties of the crystal solvent using a device
controlling the sample environment. The temperature is controlled using one or several
difference cooling devices. The laboratory is situated adjacent to the experimental hall of
the ESRF synchrotron allowing fast access to X-ray facilities for prepared samples.
Several results of biological interest have been obtained with the set-up, and concern for
example photoactive yellow protein, bacteriorhodopsin, nitrite reductase,
acetylcholinesterase and thymidylate kinase.
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Molecular motion of working FiATPase estimated

by time resolved X-ray small angle scattering TR-SAXS
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ATP-synthase and its catalytic fragment F^ATPase undergo structural changes during the
reaction cycle and upon its molecular regulation. Despite the resolution of the static
structure of FjATPase [1] the intramolecular energy conversion, reaction mechanism and

its regulation is essentially unclear.
Transient structural changes of working F^ATPase and ATP-synthase during the ATP-

hydrolysis cycle were observed at ESRF with a 1000-fold increased flux with respect to
preliminary experiments [2]. After stopped-flow activation we detected a series of short
expansion pulses (Rg-bursts) terminated by a shrink pulse. Model calculations showed

that this is not caused by the gamma-rotation. Probably the large subunits in the catalytic
head are displaced. The kinetics fit to an avalance model. Thus we propose a hierarchy of
structural movements inside ATP-synthase:

F o movement <> gamma rotation <> FjATPase subunit movement.

1) J.P.Abrahams, A.G.W.Leslie, R.Lutter, J.E.Walker (1994) Nature 370, 621-628
2) A.Neidhardt, T.Nawroth, M.Hutsch, K.Dose (1991) FEBS Lett. 280,179-182
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Time-resolved small-angle X-ray scattering studies of interactions and
phase separation in eye lens protein solutions

S. Finet1, T. Narayanan1 and A. Tardieu2
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The a-Crystallins are proteins from the eye lens that present exceptional associative and
interactive properties. In vitro, they are polydisperse oligomers of about 800kDa and are
constituted by more than 40 subunits. They possess a flexible quaternary structure that is
yet unknown and it varies with pH, ionic strength and temperature. At high temperatures,
an increase in size of a-crystallins implants them some chaperonin properties. Variations
of pH and /or ionic strength induce a loss of subunits. Previous static measurements
performed at LURE have established that the oc-crystallin interactions under physiological
pH are repulsive which are in fact responsible for the transparency of eye. The addition of
a salt screens these repulsive interactions but is not sufficient to induce attraction unlike in
the case of charge stabilized colloids. However, a short-ranged attractive interaction can
be induced by the addition of a smaller non-adsorbing polymer like polyethylene glycol
(PEG). This is an example of the polymer-induced entropic depletion forces well known
in colloid-polymer mixtures. In general, the phase diagram of such a system is very rich
which deserves a detailed study. At sufficiently high concentration of the polymer, the
system phase separates into protein-rich and polymer-rich phases.

Preliminary results concerning the recent study of kinetics of interaction and micro-
structural changes in cc-crystallin solutions up on the addition of PEG and pH jumps will
be discussed. These micro-structural changes take place over a broad range of length
scales corresponding to time scales of several hundred milliseconds to a few minutes.
Time-resolved small-angle X-ray scattering is a convenient technique to probe this
kinetics. The high brilliance, the fast 2-d detector (X-ray image intensifier - FReLoN
CCD camera) and the rapid stopped-flow device available on the ID-2 beamline at the
ESRF permit to study this kinetics in real time. As a starting point to the change in the
quaternary structure of a-crystallins up on a pH jump, the time evolution of the radius of
gyration was measured for different final pH values. In a second series of experiments,
kinetics of interactions and phase separation upon the addition of PEG (or PEG + salt) to
a-crystallins solutions for different initial concentrations were probed. These
measurements simultaneously provided the time evolution of the structure factor of
interactions in the particulate level and the nucleation and growth on the microscopic
level. These studies further demonstrate the potential of the DD2- beamline for the real
time studies of fast structural changes in the mesoscopic scale.
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Phase Contrast Microtomography Observation of Alveolar Bones and
Biomaterial
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The necessity of information about inner microscopical features of low absorbing
materials is one of the most important goals in the biological research field. By far, non
destructive analysis were performed using contact radiography giving the scope for great
advances in the characterization of biological samples and in the production and
application of new biomaterials. However, the nature of the interaction, namely X-ray
absorption, limited the observations only to materials having sufficient heavy elements
content. The adoption of a different X-ray interaction with matter which involves the
refractive properties of materials is at the basis of phase-contrast microtomography. The
novel method combine the use of high X-ray energies, for deeper penetration and lower
released dose, with the ease of interpretation of microscopical cross sectional images
revealing boundaries between different components in the sample. The work we present,
performed at the third generation European Synchrotron Radiation Facility (ESRF)-
Grenoble, shows the potential of the new technique applied to an alveolar bone and to a
biomaterial used as substrate for osseo-reintegration. 3D sample's reconstruction from
cross sectional images obtained using filtered backprojection algorithm are also presented
and discussed. These results will also be very usefully compared to microtomographies
which will be obtained using the new generation of focusing devices that our research
groups, in the frame of an INTAS project involving researchers from the Yerevan State
University, the Institute of Microelectronics Technology (Chemogolovka) and the Budker
Institute of Nuclear Physics (Novosibirsk), are developing.
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