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1. Executive summary

1.1 The needs of the French biocrystallography community

In this document, we analyse the developing needs of the French biocrystallography community for
synchrotron beam time, and put forward a proposal for the construction of beamlines at SOLEIL that
should meet these demands. This proposal has been made after close consultation with French
biocrystallographers through a Working Group of 17 members drawn from representative laboratories
throughout France (see annex 1). The Working Group has, in addition, solicited advice of experts from
European synchrotron facilities during their formulation of the beamline and instrument specifications
described here. The request for biocrystallography beamlines at SOLEIL takes into account the
present use of synchrotron sources by the French community, and the planned evolution of their
scientific programmes over the next 10 years. Indeed, three national structural genomics projects,
accepted for support by the French Ministry of Research and Technology, will place heavy demands
on future beam-time usage. There is, in addition, a growing awareness of the economic impact that
synchrotron technology can have on industry (e.g., food products, pharmacology, vaccines). It is clear
that practices within the biocrystallography community are evolving rapidly because of the new
opportunities offered by access to powerful third-generation sources such as the ESRF, Grenoble.
These new possibilities allow, for example, the analysis of very small crystals or large macromolecular
assemblies, which has hitherto been impossible. But it has become equally clear that present
demands have saturated currently available sources, and that the construction of new beamlines
dedicated to biocrystallography is urgent. Following an inquiry conducted in collaboration with the
French biocrystallography community, the Working Group has concluded that a minimum of five
experimental stations should be constructed at SOLEIL over the next ten year period to respond

to this expanding need.

1.2 Requirements: ring access, beamlines, stations and environment

Our proposal requests that a coherent and adequate portion of the storage ring be reserved for the
biocrystallography beamlines. This corresponds to a contiguous segment of the ring, comprising two
medium-length straight sections (7 m), one short straight section (3 m) and a bending magnet.
Securing of a contiguous segment is crucial to realising this project since the small size of the ring
limits the area available in the experimental zone. By grouping the biocrystallography stations within a
common perimeter, an economic use of the limited space can be achieved by sharing facilities, such
as sample preparation and a computing room, between them. This configuration would accommodate

the five stations that we consider essential for meeting the users’ future needs.

The specifications for photon energy and flux in biocrystallography require that the ring should
operate at an energy of 2.75 GeV. The characteristics of the beamlines described below assume that
this key parameter will be adopted. The nature of the beamlines and experimental stations, and the
order of their construction, are summarised as follows:

(1) Beamline 1 (1 station): the first station should be constructed on a 7 m straight section and should

provide high flux in the 5 — 17.5 keV energy range, allowing MAD experiments to be performed



with a wide selection of anomalous scatterers. We propose that two U26 undulators, aligned in
tandem, be placed in the 7 m section, giving optimum intensity over the desired energy range. We
propose, further, that this beamline be arranged to accommodate two distinct distances from the
source, one closer with high demagnification (8:1) to function as a micro-focus station (focal spot
size of 15 um), and the other more distant with lower demagnification (3:1) to serve for MAD and
high resolution experiments (focal spot size of 50 - 70 um). The design of this multi-purpose
beamline should foresee a rapid, simple and reproducible interchange of the instrument between
the two positions for efficient exploitation of the two modes of operation. A similar arrangement
has been constructed at the SLS, Switzerland.

(2) Beamline 2 (1 station): the commissioning of the first station should be closely followed by a
second instrument positioned on the 3 m section, with a high flux optimised for energy at 12 - 14
keV for MAD experiments with elements such as Se or Br, as well as for standard high resolution
data collection. One option would be to use a U20 undulator for this beamline. The details of the
beamline 2 design should be finalised after construction of beamline 1 has begun in order to profit
from experience gained from the latter. Construction of the second beamline, however, should not
be delayed by more than 12 months after work on the first has commenced.

(3) Beamline 3 (2 stations): the next phase of construction should take place on the second 7 m
section. We propose that two canted undulators (e.g., U26) be installed here to produce two
beams with a small but sufficient angular separation (2 mrad) to allow two independent stations to
operate. Since building these stations will start 4 — 6 years after the first phase of construction has
begun, the final choice of their characteristics should be finalised at this date. Nonetheless, they
would probably be optimised to operate with high flux at about 13 KeV. The use of canted
undulators is a developing technology, but we anticipate that it should be sufficiently advanced in
4 — 6 years time to be implemented without need for further development.

(4) Beamline 4 (1 station): the fifth station should operate on the bending magnet section, and would
be designed for MAD experiments over a wide energy range to benefit from the properties of its

beam.

All stations should be designed to maximise through-put in the diffraction experiments by introducing
automation at all levels, from beam intensity optimisation and wavelength selection, through to sample
manipulation and diffraction quality assessment, and finally to data collection strategy and on-line data
treatment. The design of the beamlines must take into account all requirements for their full
automation. Computing resources will have to meet the demands for high data through-put and
automation, and an appropriate security filter should be installed to permit control of the
experiment at a distance (e.g., home laboratory).

To accommodate changing European Union norms, the entire experimental environment
should conform to at least P2 health security specifications. Furthermore, considering that these
norms are becoming stricter with regard to pathogens, a P3 security laboratory should be equipped
within close proximity to the beamlines. It may equally be necessary that one of the beamlines

constructed during phase Il should conform to P3 containment norms.



1.3 Personnel

SOLEIL must provide a sound career environment for its personnel to ensure that top scientists are
attracted to participate in both the construction and operation phases of the biocrystallography
beamlines and stations. Strong support for in-house biology projects is therefore a prerequisite to
maintain a high level of scientific dynamism around the operation of these instruments.
Macromolecular crystallography does not centre around the beamlines only; it also relies an
autonomous scientific infrastructure of molecular biology, biochemistry and functional studies, and the

personnel requirements should take these into account as well.



2. The Scientific Case
2.1 Preamble
A decisive advance in the life sciences has recently taken place with the advent of "large scale
biology”. Automation of sequencing techniques has been instrumental for decoding of the complete
human genome, as well as that of many other organisms. The possibility to identify and systematically
clone each and every gene of an organism, together with the determination of its state of transcription
(transcriptome) and translation (proteome) in different tissues at any given time, now permits a broad
study of biological function at a level that would have been inconceivable ten years ago. Knowing the
presence of, and the interactions between, each one of these gene products at a given moment is
essential for understanding the complex network of biological processes inside the living cell. In
particular, comprehension of these phenomena at the molecular level requires detailed knowledge of
the atomic structure of each component as well as that of the molecular associations in which it
participates. Such knowledge allows, among other things, to envisage the development of molecules
for therapeutic intervention in malfunctioning cells. The medical and pharmaceutical industries of
tomorrow will depend increasingly on the availability of atomic resolution data of macromolecules
participating at different stages of the cell cycle.

The construction of SOLEIL will endow France with a resource of first rank for the advancement of
fundamental research in biology and its applications to the domains of medicine, pharmacology and
food industry. It is thus indispensable that the number and performance of the beamlines destined for

biology meet the level required to conduct biology on a large scale in the years to come.

2.2 The demand for macromolecular structural data

The importance of structural data for the community of biologists can be gauged by the quality and
impact of publications relating to protein structures determined using synchrotron radiation. We have
confirmed this from an inquiry conducted with the French biocrystallography community: a total of 313
publications produced over the past three years (1998 — 2000) by 25 French laboratories had made
direct use of synchrotron radiation. Moreover, their mean impact factor was 7.7, and for 17 of these
publications, the impact factor was over 25 (Cell, Nature, Science).

The French biocrystallography community has contributed to a wide range of biological themes
through their use of synchrotron radiation. These areas cover cell signalling (Cherfils, et al., 1998;
Maignan et al., 1995; Welch et al., 1998), regulation of nuclear receptors (Renaud et al., 1995),
membrane fusion (Réty et al., 1999), cytoskeletal dynamics (Gigant et al., 2000), protein synthesis
(Sankaranarayanan et al., 1999; Dock-Bregeon et al., 2000; Weichenrieder et al., 2000), virology
(Bizebard et al., 1995, Lescar et al., 2001), immunology (Bentley et al., 1995, Housset et al., 1997),
photosynthesis (Royant et al., 2000), prions (Bousset et al., 2001) and metabolism (van Tilbeurgh et
al., 1993), to cite just a few domains where major contributions have been made. Nonetheless, the
tasks that remain to be accomplished are immense. An analysis of the yeast genome, for example,
shows that only one third of potentially encoded proteins have a function directly identifiable from their
sequence. Today, the palette of structures that can be explored is no longer limited by the size of the

protein or macromolecular assembly: the recent success of the analysis of the ribosomal subunits



(Ban et al., 2000; Schluenzen et al., 2000; Wimberly et al., 2000) or RNA polymerase Il (Cramer et al.,
2000; Cramer et al., 2001) shows that once crystals of a protein have been obtained that diffract
beyond 3.5 A resolution, its structure can be determined even if it requires pushing crystallographic
methodologies to their current limits.

The importance of structural information on proteins comes not only from the quest for a more
complete knowledge of life processes, but also from the need, for example, to develop more effective
medicaments. Structure determination has become a necessary step in this development: once a lead
compound has been identified from the screening of chemical product libraries, it is optimised by
cycles of chemical synthesis alternated with structure determination of complexes of targeted proteins
with the improved drug. Among the most recent examples of this kind of application are the
development if HIV protease inhibitors and anti-inflammatory non-steroid inhibitors of prostaglandin
synthase.

One significant factor contributing to the growing impact of structural analysis in pharmaceutical
and medical research is the accelerated rhythm of structure determination. Today, the determination of
the structure of the protein of therapeutic interest complexed, for example, to a new drug can take less
than 2 weeks from initial crystallisation trials to the analysis of the structural results. This stage of the
process thus falls in phase with the other steps in drug optimisation, notably that of chemical
synthesis. Moreover, it is no longer uncommon that the determination of a completely new structure be
achieved within a few weeks, corresponding to dead-lines typically applied in industrial research

projects.

The following factors must be taken into account in the growing demand for protein structure

determination:

e The standardisation of crystallographic methodologies has placed structure determination more
directly into the hands of the non-specialist, without these procedures necessarily becoming his
principal activity. Indeed, biologists are integrating structural information more and more into their
research and establishing an expanding network of collaborations with structural biologists. This is
creating a major increase in the demand for structure determination, which must be resolved by the
availability of beamlines in sufficient number, in combination with automations and the
standardisation of crystallographic methodologies.

e The efficacy of recombinant technology for protein production in quantities sufficient for structural
studies has improved considerably. These improvements now allow a systematic structural survey
of all gene products from a wide variety of organisms, both prokaryotes and eukaryotes. As noted
above, recent advances in crystallographic methodologies are pushing the limit on protein size for
structure determination to a higher and higher molecular weight. The number of proteins that can,
in practice, be studied by X-ray crystallography will correspondingly increase.

e The growing demand for structural results by industrial research in medicine, pharmacy and food
products must be added to these factors. Such activities in these sectors will certainly increase and

spread. Many laboratories in the French community have collaborations with industry.



e The launching of systematic structural analyses of the ensemble of proteins expressed by given
organism, or of proteins having the same function in a series of different organisms, is currently
under way in several concerted national and international programmes. In France, 11 laboratories
are implicated in three structural genomics projects. This type of systematic effort will eventually
extend to other, more technically difficult, classes of protein, such as membrane proteins, as

experience in structural genomics technology accumulates.

Three national structural genomics projects have been financed by the French Ministry of Research
and Technology since last year, one centred on a eukaryotic genome (human nuclear receptors),
coordinated by D. Moras, IBGMC, Strasbourg, one on a prokaryotic genome (Mycobacterium
tuberculosis), coordinated by P. Alzari, Institut Pasteur, Paris, and one on a lower eukaryotic genome
(Saccharomyces cerevisiae) coordinated by J. Janin and R. Fourme, Orsay. The three projects are
now under way and will expand following integration within an European initiative on structural
genomics, accepted by the EU in 2001. Within the next few years, each of these projects will be
producing tens of structures to be analysed using synchrotron radiation (as an example, 3 proteins

have yielded good quality crystals within the past 3 months for the yeast project alone).

2.3 Beamline needs of the French biocrystallography community

Today, the beamlines available to French macromolecular crystallographers on third generation
synchrotron sources are saturated, in particular those with the capacity to measure diffraction data
over a range of different wavelengths that permit MAD experiments. The inquiry conducted by the
Working Group revealed that current annual beam-time usage by French biocrystallographers is
equivalent to 240 days on an ID14-like station at the ESREF; this corresponds to a full-time use of two
ID14 stations. (A total of 120 days per year is available to the user community on each ID14 station.)
The present demand for beam time is created by 30 laboratories, including two from the private
sector, with more than 450 personnel working directly on the different steps of macromolecular
structure determination. It is certain that the number of both scientists and laboratories will increase
for the reasons elaborated above.

From the Working Group’s inquiry, a clear consensus emerged for a minimum of two
biocrystallography stations to be in operation when the first beamlines of SOLEIL become
available to users. These should include one station operating over a wide wavelength range for
MAD and SAD experiments using a broad selection of anomalous scatterers, and a second station
with a high flux optimised in the energy range of 12 — 14 keV for both specialised MAD (Se, Br) and
high resolution diffraction experiments. A strong emphasis was placed on the need to accommodate
small crystals (10 — 50 pm), placing stringent requirements on the flux, beam properties and
diffractometer design. A desire for automation at all levels was expressed, from flux and wavelength
optimisation, sample manipulation, through to data collection and treatment. The importance of
adequate support facilities, such as a small laboratory and a cold-room, at or immediately adjacent to
the experimental area, was underlined. Users also requested that technical personnel dedicated

specifically to the biocrystallography should be engaged. Over a ten-year term, the number of stations



available to the biocrystallography community should increase to five. These additional stations will
need to cater for high through-put structure determination as structural genomics projects become fully
operational and automation procedures upstream from the synchrotron phase take effect. Finally,
there was strong insistence that the ring operate at 2.75 GeV, as the loss of brilliance by an order of
magnitude at 2.5 GeV would compromise all wishes and expectations of a third generation

synchrotron source.
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3. Technical case

3.1 Overview

The estimated needs of the French biocrystallography community correspond to 5 stations, which

should be built progressively over the commissioning phases | and Il of SOLEIL. Given this fact, we

propose to group all biocrystallography stations within one single zone of the experimental hall, within

a contiguous ring segment comprising two 7 m straight sections, one 3 m straight section and one

bending magnet exit (i.e. 4 exits out of 44, or 1/1 1™ of the storage ring), to allow a rational approach to

the design and exploitation of the experimental area. By re-grouping several ancillary facilities in
spaces common to all 5 beamlines, we expect to make significant savings in space and cost of the
entire operation.

We request that the biocrystallography beamlines lie close to the annex that houses the

biochemistry/biology support laboratory.

Figure 1 (opposite page) illustrates the proposed layout of the biocrystallography beamlines, as well as

the common areas.

The 5 beamlines should be built progressively, with each successive beamline design benefiting from

the development and experience gained from the preceding installation. The Working Committee has

agreed upon the following order:

1) 7 m straight section (1 station): a polyvalent, high performance MAD/SAD station, covering a wide
energy range (5 — 17.5 keV) catering for a wide range of anomalous scatterers will be the first
priority.

2) 3 m straight section (1 station): a station offering high flux with a limited wavelength range for
specialised MAD and high resolution measurements (12 — 14 KeV around the Se absorption
edge). The design of this beamline should be finalised no later than 12 months after work on the
first beamline has begun in order to ensure that two biocrystallography stations will be operational
when the synchrotron is first open to users.

3) 7 m straight section (2 stations): in the next stage, two stations should be built on the remaining
medium straight section by the use of canted undulators. The precise characteristics should be
defined later, after consultation of the community.

4) bending magnet source (1 station): this beamline should be equipped last and will be designed to
exploit a large energy range.

Note: The construction of a microfocus beamline could be an option for phase Il construction.

Figure 1: Layout of the biocrystallography beamlines. The ensemble of two 7 m straight sections
(numbered 4 and 7), the 3 m straight section (5) and bending magnet (6), form a contiguous segment
of 1/11" of the synchrotron ring. Construction should begin on a 7 m sections (4) to give a MAD station
placed at 40 m from the source with a large energy range, with the possibility to reproducibly
interchange at the 30 m position in order to function as a microfocus diffractometer. The second
beamline should be constructed on 3 m section (5), and should be optimised to function in the 12-14
keV energy range. For the second 7 m straight section (7), we propose that two canted undulators be
installed to allow the operation of two independent stations. The final section to be exploited should be
the bending magnet (6).
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3.2 Technical objectives for the first MAD beamline

In the technical specifications that follow we shall discuss the first beamline only.
The general requirements include robustness, as well as high reliability, automation and user-friendly
operation of the instrument.

The following general objectives should be met:

« high flux on the sample (10'>-10" photons/s)

e smooth and rapid tunability between 5 and 17.5 keV

e resolution in energy of < 10™

e focal spot of 50 - 70 um in both directions for most samples

e possibility of focussing down to smaller samples

e high performance detector — fast (< sec cycle), low background, high resolution

e cryogenic sample environment

o full automation of the instrument and of data collection

e standard and automated data processing software

e appropriate ancillary equipment and facilities

3.3 Technical solutions

The technical choices that follow have been selected as viable possibilities on the basis of present day
know-how. The final choice should be made by the project leader and his team when they have been
found. We wish to point out that all the beamline elements we propose here are at the forefront of
present technical developments, extremely promising but as yet not thoroughly tested.

We wish to stress that the major development effort on the SOLEIL beamlines should be directed at
full and comprehensive automation, in order to achieve a complete and fully operational expert
system, including remote control (from outside the facility). This system must, furthermore, be very

robust, extremely reliable, very fast and totally user-friendly.

3.3.1 Source

The first instrument should be installed on a straight section of 7 m. Of the undulators available to
date, the most adequate seems to be a combination of two U26-type undulators in tandem, giving an
adequate flux over the desired energy range for the 2.75 GeV operation mode.

In order to obtain the desired beam size the sample, we require a source shape that is as
symmetric as possible. Assuming a focal point with 3:1 demagnification, the FWHM size of the
source should be 180-200 um in the horizontal direction. In the vertical direction the FWHM
source size should not be less than 50 um.

The beamline optical components and beam must be kept extremely stable in order to work with focal
spot sizes below 100 pm, and an overall beam positional stability better than 5 ym will be required in
the vertical plane at the sample position. In the horizontal plane, a stability better than 10 ym would be
desirable. It should also be noted that good reproducibility of the beam position between fills,

particularly in the vertical direction, is necessary for MAD beamlines, where the energy is selected to a
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high precision, and should be maintained during the experiment. A similar level of reproducibility of
beam position and angle is therefore required between refills.

Good diagnostic information on the position and angle of the electron beam in the storage ring and of
the X-ray beam in the beamline will be required. This information will allow the beamline operators to
compensate for any systematic long-term drift in the overall beam position and keep the beamline well
aligned and calibrated at any time. The entire beamline has to be under automatic control both for
wavelength tuning and for alignment/beam optimisation. It is furthermore essential that the beamline

operator should be able to control the undulator gaps.

3.3.2 Optics

Several options are possible:

e Si[111] double crystal monochromator - sagittal focussing second crystal (3:1 demagnification
position) — vertical focussing mirror

¢ Si[111] channel cut monochromator - toroidal mirror at a 3:1 demagnification position

e Si[111] channel cut monochromator - vertical focussing mirror - horizontal focussing mirror (3:1

demagnification).

We propose the solution consisting of a vertically focussing mirror and a sagittally focussing double
crystal monochromator. The system developed for the SLS beamline 6S appears perfectly suited to
our needs:

¢ a Rh-coated mirror for vertical focussing,

e liquid N»-cooled fixed-exit Si(111) monochromator with sagittal focussing,

¢ both mounted on dynamical bending devices developed by the SLS and ESRF.

Secondary slits can be used to remove scattered radiation.

As mentioned above, in order to use the most favourable 3:1 demagnification ratio, we require more
adequate source dimensions. If these requirements are satisfied, we can also adopt the SLS —
Beamline 6S option of an 8:1 demagnification position for the sample. The dynamic monochromator
benders allow focussing of the monochromator elements in the sagital and vertical directions.

The entire system of mirror/monochromator/slits must be under computer control and integrated into

the automatic beamline control.

3.3.3 Diffractometer

The device we propose here is the EMBL — ESRF micro-diffractometer, which combines the following

characteristics:

e Crystals from 5 to 200 ym size can be remotely mounted, centred on the rotation axis and aligned
with the beam.

e The phi-axis diffractometer combines:



14

- Sphere of confusion radius at sample position: 1 ym

- Precision: £1 mdeg @ 10 deg/s

- Maximum rotation speed: 180 deg/s

- Beam definition aperture from 10 to 200 uym

e The video-microscope is used to view the sample and the beam display scintillator. Because the

camera looks in the direction of the beam, the sample can be aligned with the beam without parallax
error. It combines:

- Sub-micron resolution, diffraction limited objective lens

- High resolution 3CCD colour camera

- Motorised zoom (X1 to X10; field 1.6 x 2.1 mm down to 0,16 x 0,21 mm)

- Condenser lighting with polarizer

- Motorized analyser

e Beam visualisation device is incorporated.

In order to satisfy the need to measure very small samples (around 15 um) already at the first

beamline, we should adopt a solution similar to that of beamline 6S at the SLS: the microdiffractometer

can be mounted on a stable optical bench to allow displacement between two well defined positions:

1) microfocus position close to the monochromator (demagnification 8:1) which will allow focussing
down to 15 um on the sample

2) standard position (demagnification 3:1) for measurements with a focal spot of 60 um, and low
divergence.

This design can be achieved with the monochromator at 30 m, first sample position at 33.75 m and the

second at 40 m.

The diffractometer will have to be integrated within the automated instrument control software.

Automatic and rapid alignment of the diffractometer at the two positions must be ensured.
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3.3.4 Ancillary equipment for the diffractometer

Cryo-cooling of the sample. The Oxford Cryo-Stream is compatible with the microdiffractometer
and very reliable in continuous use. It has to be connected to a continuous source of dry liquid
nitrogen.

A fluorescence detector mounted at 90° for XANES scans for MAD experiments.

Automatic cryo-sample changer: an automatic crystal-mounting device is currently under
development at the EMBL, Grenoble. It has been designed to be compatible with the micro-
diffractometer and should be integrated within the automated instrument control software.

General beamline elements, such as vacuum pumps and monitors, X-ray windows, slits, filters

and monitors.

3.3.5 Detector

The present choice is the MarResearch Flat-panel Detector with

e a continuous active area of 420 x 350 mm?

e pixel size of 140 um?

¢ point-spread function of less than 1 pixel

e very low noise

o fast read-out system (~ 1's)

3.3.6 Automation

None of the operations carried out during a biological macromolecule diffraction data collection are

beyond the possibilities of an automat and a good expert system. Indeed, full automation has become

an absolute necessity with the development of structural genomics. The ultimate goal of building a

third generation beamline is therefore:

e to provide an automatically controlled X-ray beam, under complete control by the user, without

constant involvement of beamline staff,

¢ to implement automation of crystal mounting, data collection and data treatment in order to replace

what constitutes nowadays largely repetitive tasks. All operations should allow remote monitoring by
Telnet or Internet (installation of webcameras). This will require particular attention to network

security.

All these requirements involve already existing know-how.
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Beamline alignment automation

Complete automation of wavelength setting and beamline alignment requires the following:

¢ all operations required for wavelength setting and beamline alignment are achieved automatically by
software, without the need of any human operation. This includes the adjustment of the undulator
gap at the appropriate value, and the adjustment of the optical elements of the beamline, namely the
double crystal monochromator and the focusing mirror. The user has simply to select the
wavelength that he wishes to work with, and to start the automatic adjustment procedure.

e all automatic operations are ensured by the programme itself. This includes the possibility of
automatic restart after any kind of functional breakdown.

¢ all alignment operations are fast and run as parallel processes.

As far as speed is concerned, the electronics and software should be chosen carefully in order to
avoid severe slowing down of the system which might occur at runtime, because of too many software
operations and network overload. Intensity maximisation for beam alignment should be carried out by
electronic regulators rather than by rocking curve recording followed by numerical data treatment of

the curve.

The beamline optics elements will have to be designed specifically, having the following requirements

in mind :

¢ all adjustment actions will be motorised and encoded,

¢ all movements of beamline optics and monitors must be fast,

e a number of beam monitors (counters, beam position monitors or visualisation screens) should be
installed, at appropriate positions never to loose track of the X ray beam,

e beam monitors with large dynamics will have to be selected, combined with monitored intensity

attenuators.

Data collection automation

The goal of data-collection automation consists in programming an automatic run of multiple data

collection series, i.e. series of scans on a series of crystals.

This sequence requires:

e automatic mounting of crystals on the diffractometer, from a cryogenic storage tank containing a
series of frozen crystals

¢ automatic crystal centering on the centre of the diffractometer (this requires automatic adjustment of
good crystal viewing conditions: illumination, magnification, contrast, followed by image analysis)

e short preliminary data collection and data treatment for crystal quality assessment

¢ optimal data collection strategy determination

¢ and finally, data reduction and structure resolution.
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Expert system
The ultimate goal for automation at a macromolecular crystallography beam-line is the automation of

the entire process, including wavelength selection, beam-line optimisation at the selected wavelength,
crystal mounting, selection, data collection and data reduction. The expert system will take the
necessary decisions at each step of this process.

3.3.7 Specifications for computing

Diffraction experiments on biological macromolecules at synchrotron sources generate large volumes
of data that must be collected, treated and archived in a relatively short time. The requirements can
therefore be expressed in terms of data storage space, rate of data transfer, CPU power and data
backup capacity. At present, users collect their diffraction data themselves at the beamline. Since the
high flux of X-rays permits relatively short collection times, the rotation of experiments on a given
station is rapid and the through-put of users is important. This imposes a supplementary constraint on
the choice of computing. It is important that the systems chosen be simple to operate, the ideal
situation being where users encounter an environment equivalent to that of their home laboratory. The

choice should therefore correspond to standards used by the biocrystallography community.

Transfer and safequard of data

Detectors used for data collection at synchrotron sources must respond to a number of exacting
specifications, some of which are critical for the optimal choice in computing. These parameters
include the dimensions of the active surface of the detector, the pixel size and read-out time. For
example, the solid-state detector recently developed by MarResearch produces an image of 16 Mb,
with a readout time of 1-2 seconds. Detector images are initially stored on the disk of the workstation
controlling the experiment, and then transferred to an independent server for storage and backup. For
optimal functioning, all transfers, from detector to workstation to server, must be made as rapidly as
possible. Here, the essential parameters are the speed and the availability of the network. For the first
two stations proposed for construction, the internal network should be able to handle a peak data flow
of 30 Mb/sec. The data storage capacity will need to accommodate 2-4 Gb per data set, and 100 Gb
per day for each station. Thus, 30 SCSI disks of capacity 100 Gb would permit an autonomy of 15

days data storage when the diffraction stations are under optimal operation.

Data treatment

Given the rapid evolution in computing, in particular that of computing performance with respect to
cost, the CPU power should not in itself pose any severe problems. By contrast, the data flow to the
computer performing the data treatment will require careful attention. Here again, the organisation of
the network around the storage server used in common by all biocrystallography stations would seem
to be an adequate solution. The choice of computers should take into account the current programmes

commonly used for data treatment since certain among them are not exportable to all machines.

Proposal



18

In figure 2, we propose a configuration that should satisfy the above requirements. At the level of each
diffraction instrument, four workstations are necessary:

o A workstation to control the experiment, connected to the machine network

¢ A workstation to control the collection of data

» A workstation dedicated to data treatment

o A network access that would enable the user to plug in a portable computer

A computer room, situated in close proximity to the experimental stations and connected to a high-
speed network, could house the storage server (‘hot plug’ disks) as well as workstations for
calculations and graphics to enable rapid evaluation of structural results. The Internal network must
possess a security system independent of that on the general network in order to allow the control of
‘FEDEX-type’ experiments from the outside (e.g. from the users home laboratory) aided by automation
and web-cameras installed in the experimental hutch. It should allow for recovery of encrypted data at

the experimenter’s laboratory.

Machine Network
| |

Experiment Experiment
4 Workstations 4 Workstations
-Instrument control -Instrument control
-Data collection control -Data collection control
-Data treatment -Data treatment
-User ‘plug-in’ -User ‘plug-in’
| |
Common services
Workstations
High-speed | - Calculations
Internal network -Graphics stations
General-use equipment
-Disk server
Filter -Calculation server
-Safeguard
General Network

Figure 2: Proposed computing configuration for the first two experimental stations.
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3.3.8 General layout of the experimental area

Each experimental station will have its own optics, experiment and control hutch, which must be air-
conditioned. The experiment hutches must be designed according to P2 containment specifications
(see annex 2) and should be equipped with an automatic supply of dry liquid nitrogen and the
appropriate safety installation.

In the case of the straight section equipped with canted undulators, the optics hutch will have to
accommodate two sets of optics.

All the biocrystallography stations will share a common sample preparation area (P2 containment),
which will be air-conditioned and will contain work-benches, water (standard and distilled) and means
for disposing of chemicals and biological samples. This area must include a cold room and a zone for
the storage of frozen samples. This space should have a supply of liquid N..

They will also share a room with computer facilities for backing-up data and optional extra data
treatment. This room can also serve as a meeting room. A small common workshop should be created
adjacent to the sample preparation room. These rooms should be built at the same time as the first

experimental station.

Estimated dimensions of the rooms:

Optics hutch: depending on the final choice for optics
Experiment hutch: 4 m x4 m

Experiment control hutch: 4 m x 5 m

Sample preparation room: 30 m? with appropriate work benches.
Cold-room (adjacent to the sample preparation area): 5 m?
Storage space: 4 m?

Computer room: 30 m 2

Fluids requested:

o dry N, (gas) source (experiment hutch)
e liquid N, source in the optics and experiment hutches, frozen crystal storage and at 2 points within

the area of the biocrystallography beamlines

air-conditioning for all enclosed spaces (with temperature adjustment possible)

compressed air in the experiment hutch and sample preparation space

cooled water in the optics and experiment hutches

de-ionised water in the optics and experiment hutches and sample preparation space

Summary of P2 safety requirements (see annex 2)

Definition: biological agents of group 2 can provoke human diseases for which there exists preventive
and curative treatment.
Requirements: The space should be enclosed and equipped with doors and at least one window. It

must be possible to seal the space if fumigation is required. If air-conditioned, air should be extracted.
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All working surfaces must be easy to clean and resistant to disinfectants, acids, alkali and solvents.
The entire laboratory must be easy to clean.

The laboratory must be equipped with a sink and taps that can be opened without the use of hands.
Eye and hand disinfectant means must be provided. Storage for temporary clothing (lab-coats) must
be provided.

3.3.9 Personnel

The personnel will play a critical role in both the construction and operation phases of SOLEIL,
although the requirements in terms of number and area of competence will differ in certain respects at
each stage. The project of construction should be under the responsibility of a scientist, and it would
be desirable that the same person continue this role as instrument responsible during operation
phase. This responsibility would include the overall conception of the project during the construction
phase, overseeing the integration of the different elements — mechanics, electronics, computing — into
the design. The role of second responsible would best be taken by a scientist or engineer with a
speciality in computing for the development of programmes for control of the experiment. To this end,
it would be important that this person have sufficient scientific background in X-ray diffraction
measurements on biological macromolecules in order to implement an optimal experimental design
into the software. As such this person would part take in scientific running of the instrument at the
operation phase while at the same time continuing to implement developments into the software. An
electronics or computing engineer would be required to implement the necessary interface for machine
control. Finally, two technicians would be required, one to carry out the assembling of the mechanical
components of the instrument, the other to introduce and develop automation in the experimental
zone. It is important that the construction phase takes place within an adequate infrastructure
providing technical support from design and drafting, electronics/computing, mechanics and optics.
During the operation phase, the need for intensive technical support will be reduced to a level where
personnel could be share between two biocrystallography stations. To meet the requirements of users,
however, additional scientific staff will need to be engaged to act as local contacts.

It is strongly recommended that careful measures be taken to ensure that high quality scientists
are attrached by the scientific environment of SOLEIL for the operation phase in order to match and
justify the heavy investment put into the construction of the biocrystallography stations. This can only
be achieved by providing an adequate scientific environment, either on-site and/or in very close
proximity to SOLEIL, that will provide an autonomous scientific infrastructure to support in-house

projects in structural biology.

Personnel requirements for construction phase

1 Scientist Responsible

1 Engineer electronics/computing System and real-time programming
1 Technician Electronics and automation

1 Scientist / Engineer Computing (applications software)

1 Technician (general) Assembly, mechanics, general work




Personnel requirements for operation phase

Responsible 1 scientist/station
Electronics 1 engineer/2 stations
Computing 1 engine er/2 stations

Maintenance

1 technician/2 stations

Local contacts

3 scientists/engineers
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ANNEX 2 — P2 containment specifications

Definitions and norms for P2 containment are given in the following pages.
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