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Longer wavelength setups at the ESRF
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•Use of longer wavelength at ESRF
•ID29 overview
•microbeam
•Long Wavelength

•Current and future developments
•Long Wavelength optimization
•Integration with ID29S
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There are few caveat for a beamline to perform well at Long 
Wavelength

•6 keV is contaminated by the 18 keV component

•Usually 3rd harmonic component is removed by detuning the 
second crystal, so less flux

•Photons delivery is severely limited by absorption of air, windows...
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Two Si mirror 
to remove 3rd 
harmonic 
contamination

3rd harmonic removal
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6 keV 6 keV with mirror

Decontamination from 3rd harmonic

Usually 3rd harmonic component is removed by detuning the second crystal - using of 
mirrors give 50% flux increase

3rd harmonic removal
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U35 1.6m
U21 2m in vacuo

Conceived to provide high flux over all 
used energy range (6-20 keV)

Built on a low β-section Source are two 
undulators: 1.6 m U35 with minimum 
gap of 16mm and a 2 m in vacuum U21 
with minimum gap of 6mm

ID29 source
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Flux at sample position vs Energy More flux is needed, especially at 
long wavelength and on a small 

focus spot

Flux
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At current status only 15% of photons produced at 6keV arrive to the sample.
Improvement are possible removing the CVD diamond of the FE and to reduce the 
beampath in air

Absorption
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ID29 is divided in autonomous functioning sections to be 
simple to automate and align

Experimenta
l

 Table

attenuators
& harmonic 
rejection 
mirror

Monochromator
cooling

Safety 
Shutter

Toroidal mirror
Secondary 
slits

Monochromator

Primary slits

42.5       40.5 34.5             31.9   30.6        28.8      27.0

OHEH

ID29
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Primary Slits

Attenuators

Channel-Cut
Monochromator
Si(111)/Si(311)

Secondary 
Slits

cylindrical grazing 
incidence mirror, 
bent to a toroidal 

curvature

ESRF Front End 
separated by a 

300um CVD 
diamond window

Optics Hutch

Beam 
Monitors
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Safety 
Shutter

Attenuators

3rd Harmonic 
Rejection Mirror

UHV

LV

Experimental Hutch



Slide: 

Air Absorption
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A new slitbox will extend the 
vacuum path to the back of the OAV
It will mount the new rotative shutter 
vacuum compatible

New slitbox+shutter
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New undulator
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Sample
Changer

MD2

Sample Environment
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Beam defining 
aperture

beamstop+
capillary

OAV

MiniKappa
Cryo

Back 
light

MD2

Reorient the crystal
Find the best orientation
Collect really multiple data from different orientation

Match crystal size
Collect from different spot
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1. Minikappa
1.1.Optimal orientation of the crystal
1.2.Change orientation of the crystal (Friedel’s pair on same frame)

2. Microbeam
2.1.Best spot of the crystal
2.2.Collect from different zone of the crystal

3. Pixel detector
3.1. Fast readout - many frames collected in a few minutes
3.2. No readout noise - great signal-to-noise
3.3. Great data quality with fine slicing
3.4.Shutterless data collection
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100%QE at long wavelength

12hz frame rate

2ms readout time

Zero background noise

Zero point spread function

20bit dynamic range

typical dataset in less than 2 

minutes

Pilatus
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Fast readout and PMAC control permit to develop novel tasks and applications

4D scans



A good example

1
2

1 2

4 Iron in 1180 
residues, but also 
16 Cys and 28 Met

Long wavelength 
data, why not?



The Solution and Crystal Structures of a Module Pair
from the Staphylococcus aureus-Binding Site of
Human Fibronectin—A Tale with a Twist
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An important goal of structural studies of modular proteins is to determine
the inter-module orientation, which often influences biological function.
The N-terminal domain of human fibronectin (Fn) is composed of a string
of five type 1 modules (F1). Despite their small size, to date F1 modules
have proved intractable to X-ray structure solution, although there are
several NMR structures available. Here, we present the first structures (two
X-ray models and an NMR-derived model) of the 2F13F1 module pair,
which forms part of the binding site for Fn-binding proteins from
pathogenic bacteria. The crystallographic structure determination was
aided by the novel technique of UV radiation damage-induced phasing.
The individual module structures are very similar in all three models. In
the NMR structure and one of the X-ray structures, a similar but smaller
interdomain interface than that observed previously for 4F15F1 is seen. The
other X-ray structure has a different interdomain orientation. This work
underlines the benefits of combining X-ray and NMR data in the studies of
multi-domain proteins.

© 2007 Elsevier Ltd. All rights reserved.

*Corresponding authors
Keywords: fibronectin; crystallography; NMR; multidomains; domain
orientation

Introduction

Fibronectin (Fn) is an extracellular multidomain
glycoprotein that interacts with a variety of macro-
molecules, including components of the extra-
cellular matrix, plasma proteins and cell-surface

Abbreviations used: RIP, radiation-damage induced
phasing; S-SAD, sulphur single-wavelength anomalous
dispersion; rdc, residual dipolar coupling; NOE, nuclear
Overhauser effect; NOESY, NOE spectroscopy; Fn,
fibronectin; FnBP, fibronectin-binding protein.
E-mail addresses of the corresponding authors:

jp516@york.ac.uk; elspeth@biop.ox.ac.uk

doi:10.1016/j.jmb.2007.02.061 J. Mol. Biol. (2007) 368, 833–844

0022-2836/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.
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UV-RIP 
combined with 

S-SAD

Combine with RIP
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The most commonly used heavy-atom derivative, selenium,
requires the use of a tunable beamline to access the Se K edge
for experimental phasing using anomalous diffraction methods,
whereas X-ray diffraction experiments for selenium-specific
ultraviolet radiation-damage-induced phasing can be per-
formed on fixed-wavelength beamlines or even using in-house
X-ray sources. Several nonredundant X-ray diffraction data
sets were collected from three different selenomethionine
(Mse) derivatized protein crystals at energies far below the
absorption edge before and after exposing the crystal to
ultraviolet (UV) radiation using 266 nm lasers of flux density
1.7 ! 1015 photons s"1 mm"2 for 10–50 min. A detailed
analysis revealed that significant changes in diffracted
intensities were induced by ultraviolet irradiation whilst
retaining crystal isomorphism. These intensity changes
allowed the crystal structures to be solved by the radiation-
damage-induced phasing (RIP) technique. Inspection of the
crystal structures and electron-density maps demonstrated
that covalent bonds between selenium and carbon at all sites
located in the core of the proteins or in a hydrophobic
environment were much more susceptible to UV radiation-
induced cleavage than other bonds typically present in Mse
proteins. The rapid UV radiation-induced bond cleavage
opens a reliable new paradigm for phasing when no tunable
X-ray source is available. The behaviour of Mse derivatives of
various proteins provides novel insights and an initial basis for
understanding the mechanism of selenium-specific UV radia-
tion damage.

Received 15 July 2010

Accepted 21 October 2010

1. Introduction

Isomorphous replacement was the first phasing technique in
macromolecular crystallography. This phasing method was
introduced by Max F. Perutz in 1954 (Bragg & Perutz, 1954)
and is still popular for determining the phases of structure
factors of Bragg reflections from a macromolecular crystal
using the single or multiple isomorphous replacement (SIR or
MIR) methods. An extension of this method is the use of the
anomalous signal (AS) from a variety of derivatives (e.g.
SIRAS and MIRAS) by measuring diffraction data at wave-
lengths close to an absorption edge of a derivative element.
These methods depend not only on the nature of the deriva-
tive but also on the isomorphism between the native and
derivative crystals. Whether the degree of isomorphism is
sufficient for phasing or not can only be tested by X-ray
diffraction experiments.

5

ID23EH1

A UV laser is already installed on ID23EH1 since the early days...

Gonio

Sample
OAV

Laser

UV laser on ID23EH1
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New multipurpose motorized support 
for Raman, UV-RIP, Fluorescence
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Raman - follow disulfide breakage

Irradiate with a Laser on a spot 
crystal
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Thank you for your attention


