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Experiments that improve with time

The performance of synchrotron radiation sources has been continuously rising for decades,
enabling us to carry out new experiments that we could not even dream of only a few years
earlier. Many experimental techniques employing synchrotron radiation such as diffraction,
spectroscopy, imaging and tomography, had originally been developed as static applications.
With the rapidly improving performance of the experimental stations they have all been
extended into the time domain.

Time-resolved experiments are being performed at many beamlines at the ESRF, most notably
at IDO9TR, ID10A/C and ID24. Many other beamlines including ID02, IDO6, ID11, ID15, ID18,
and ID19, to name just a few, perform time-resolved experiments bridging many orders of
magnitude in time from the picosecond regime (60 ps at IDO9TR) to many hours. You will
find, in this issue of ESRFnews, recent examples of time-resolved experiments performed at
different ESRF beamlines in the fields of materials science (pp9, 10 and 12-13), biology (p10)
and physics (p11).

Synchrotron radiation studies in the time
domain has developed into a rapidly expanding
field being pushed around the globe in many
institutions. They are identified as one of the five
key areas defining the core of the ESRF Upgrade
Programme. Owing to their high average brilliance
and the flexible time-structure of the source,
synchrotron radiation facilities will continue to
play an important role in time-resolved studies
of materials. And beyond that, new horizons

are opening up with the advent of free electron
lasers for the soft and hard X-ray regime, which
will push the limits in time resolution into the
femtosecond regime.

“Time-resolved
experiments
are being
performed at
many beamlines
at the ESRF”

The 2009 Nobel Prize for Chemistry recognises investigations that have led to the
deciphering of one of life’s core processes, i.e. how the DNA code is turned into life via
ribosome translation and subsequent production of proteins. Besides controlling the
chemistry in all living organisms, ribosomes provide major targets for new antibiotics. The
Nobel prize has been awarded for studies of the structure and function of the ribosome

to three scientists: Venkatraman Ramakrishnan, Thomas A Steitz and Ada E Yonath,

who succeeded in establishing its three-dimensional structures at the atomic level and
demonstrated how it functions. All three have used synchrotron X-ray crystallography to
locate the hundreds of thousands of atoms that make up the ribosome. They have produced
not only a static picture of the ribosome but also caught it in the act in many different stages
while it performs its function.

Two of the three laureates, Ada Yonath and Venkatraman Ramakrsishnan, performed

their experiments at the ESRF, among other synchrotrons. At the ESRF they made use

of the unique facilities provided by the seven structural biology beamlines dedicated to
macromolecular crystallography. The extreme complexity of the ribosome samples required
data collection from thousands of protein crystals. It is those challenging projects that have
inspired the scientists of the Structural Biology group at the ESRF to push for unique facilities
and develop automation and strategies for sample evaluation. This approach will be taken to
the next step and is at the heart of one of the major upgrade projects of the ESRF referred
to as MASSIF: the massively automated sample selection integrated facility. The fantastic
impact that the work of the Nobel laureates has accomplished by deciphering the three-
dimensional structure of the ribosome is also a recognition of a facility proud to have served
and contributed to a most ambitious scientific endeavour.

Serge Perez and Harald Reichert, directors of research
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In brief

Macromolecular crystallography unveils
protein linked to the evolution of sperm

Sperm are the only cells in our
bodies that swim and speed is
crucial in their objective of fertility.
These cells have developed
the means to be exceptionally
streamlined and an international
team of researchers has used the
ESRF structural biology beamlines
to find out how. The presence of
the Bromodomain testis-specific
protein (Brdt) in developing sperm
directs tight repackaging of
sperm DNA.

Because itis such along and
unwieldy molecule, our DNA
is packaged for convenience
into a complex structure called
chromatin: long DNA strands are
wound around proteins called
histones. In sperm, however, this
package has become even more
compact, reducing the size of the
sperm head and making it more
hydrodynamic.

The nature of chromatin —
how open or compactitis—is
intricately regulated. Histones are
marked with different chemical
tags, often several per histone,

Users’ corner

>

that act as a code to direct
changes in chromatin structure.
Different proteins bind to the
tags, the combination of which
deciphers the code. Until now,
scientists thought that these
proteins bind using one or more
modular “"domains”, with each
domain docking to just one tag.
However, this new study reports

Sperm (the only cell in our body that swims) racing to get to the egg.

g Ty .

the discovery of an extra level of
sophistication. The researchers
studied histone-binding of
Brdt, finding that it binds most
strongly to a histone with two
tags of a particular kind (in this
case, acetyl groups) and, contrary
to expectations, uses just one
protein domain to do so.

The key experiments took
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place onD23-1 and ID23-2.

"We could only obtain a few
small crystals of Brdt bound to a
doubly tagged ligand,” explains
Carlo Petosa, researcher at the
Institut de Biologie Structurale

in Grenoble and member of the
team. “What's more, the crystals
initially appeared to be unusable
because they were highly
disordered internally. However,
exposing the edges of a crystal to
a grazing beam of X-rays revealed
that the thinnest tips gave a
well-ordered diffraction pattern.
Using the microfocused beam at
ID23-2, we could collect enough
data from a single crystal to solve
the structure.”

The researchers believe that
their work will shed light on
potential problems in sperm
developmentand are now looking
at the role that this protein plays in
human male infertility.

Reference
J Moriniére etal. 2009 Nature 461
664—-668.

Following the 1 September
deadline, 985 proposals for

ESRF beamtime allocation were
received. The next deadline for
submission of standard proposals
will be on 1T March 2010. The
next deadline for submission of
long-term proposals is

15 January 2010.

The plenary session of the 20th
ESRF Users’ Meeting will take
place on 10-11 February 2010.
Two workshops and a school will
be associated with the Users’
Meeting:

— “Science with X-ray nano-
beams” workshop;

— “Science at high pressure”
workshop;

— "Getting the most from the MX
beamlines” Macromolecular
Crystallography School.

The plenary session of the Users’

Meeting has been extended

to one and a half days in order

toinclude a wider range of

scientific talks as well as a

discussion session. During this

session, feedback from the
different parallel sessions can
be exchanged and questions
can be addressed to the ESRF
management.

More information about
the Users’ Meeting can be
found at www.esrf.eu/events/
conferences/usersmeeting2010/
users-meeting-2010-associated-
workshops.

News from the beamlines
o Shutdown of ID24 and BM29:
one of the first upgrade projects
concerns the renewal of the
XAS beamlines ID24 and BM29.
Scheduled interventions on
both beamlines will become
effective during or after the next
scheduling period (2010/11 from
March to July 2010). The current
planning includes:
—the shutdown of BM29 on
26 May 2010 for relocation to
BM23. The current plan is to
reopen the beamline at the
beginning of 2011.
—the shutdown of ID24 on

28 July 2010 for reconstruction

on the same port. The renewed

ID24 will comprise two stations,

which will be commissioned

in 2011. Current planning is

to reopen the first branch of

the renewed beamline in the

second half of 2011.
@ AtIDO1 the in situ AFM and
the nanodiffraction set-up
were combined allowing in situ
coherent diffraction imaging
while deforming a nano-object
by the AFM-tip. The sample
positioning stage was equipped
with an additional piezo rotation
stage to facilitate the sample
alignment, in particular, for
in-plane stress and strain studies
of individual nanostructures.
Moreover, the AFM tuning
fork was mounted on a second
positioning tower equipped with
three piezo translation stages for
X, y and zmovement. All piezo
stages of both the sample and
the tuning fork positioning tower
are now controllable by SPEC.
Thus, the above-mentioned

improvements facilitate the
alignment of the sample and the
AFM-tip with respect to the X-ray
beam. It enables the accurate
positioning of a pre-chosen
nanostructure in the focal beam
spot that can currently be as small
as 300nm.

o Anew wavelength-dispersive
spectrometer is now available
for the users at1D21 beamline.
The newly developed instrument
can be operated for X-rays
between 1.2 and 7.2 keV.

Energy resolution, in the range
of 10-30eV, provides new
possibilities for X-ray micro-
fluorescence analysis at ID21
beamline.

o The wiki site presenting best
practices to perform

in situ measurement of electrical
polarisation on multiferroics,
announced in “Users’ Corner”

in the September issue of
ESRFnews, has been moved to
http://interactive.npl.co.uk/
multiferroics/index.php/
Main_Page.
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In brief

ESRF gets good
marks from study

The American Physical Society
has recently completed the study
"Access to Major International
X-ray and Neutron Scattering
Facilities”, which explores

how scientists’ access to light
and neutron sources has been
evolving not only in the US but
also internationally. The final
report has been posted on

the APS website at www.aps.
org/programs/international/
resources/facilities.cfm. It
positions the ESRF as the leader in
synchrotron facilities for the next
decade.

For the study, 32 facilities and
user groups across the globe
completed a questionnaire on
accessissues and policies. The
authors based their report on
these data and on discussions that
they had with individuals in the
US and abroad. In their findings,
they put many aspects of interest
to light source users in Europe
into a global perspective. These
include different ways to access
beamtime, notably the relation
between Collaborating Research
Groups and facility beamlines,
the role of the facilities’ scientists,
support given to users technically
and for travel and logistics, and
effective availability of a facility
fora user.

LS

Ruprecht Haensel
(1935-2009)

[tis with great sadness that we
have to report that Ruprecht
Haensel passed away on

19 October after along illness.

In 1986 he became the first
director general at the ESRF where
he stayed until the machine was
running and the first beamlines
were taking shape, in 1992.
Haensel was the first synchrotron
radiation user at DESY in
Hamburg. In 1974 he became
professor of physics at Kiel
University, where he later became
dean, and he stayed there until
he retired in 2000. During this
time he moved to Grenoble and
became director of the Institut
Laue Langevin (1985-1986).
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Bacterium helps to form g(ﬁ

Australian scientists have found
that the bacterium Cupriavidus
metallidurans catalyses the
biomineralisation of gold
by transforming toxic gold
compounds to their metallic form
using active cellular mechanism.

Researchers reported the
presence of bacteria on gold
surfaces but have never clearly
elucidated their role. Now, an
international team of scientists
has found that there may be a
biological reason for the presence
of these bacteria on gold grain
surfaces. “A number of years ago
we discovered that the metal-
resistant bacterium
C. metallidurans occurred on gold
grains from two sites in Australia.
The sites are 3500km apart, in
southern New South Wales and
northern Queensland, so when
we found the same organism on
grains from both sites we thought
that we were onto something.
[t made us wonder why these
organisms live in this particular
environment. The results of this
study point to their involvement
in the active detoxification of gold
complexes leading to formation
of gold biominerals”, explains
Frank Reith, leader of the research
and working at the University of
Adelaide (Australia).

The experiments showed
that C. metallidurans rapidly
accumulates toxic gold complexes
from a solution prepared in
the lab. This process promotes

h
ATEM image of a C. metallidurans

ultrathin section containing a
gold nanoparticle (in the middle).

gold toxicity, which pushes the
bacterium to induce oxidative
stress and metal resistance
clusters as well as an as yet
uncharacterised gold-specific
gene cluster in order to defend
its cellular integrity. This leads to
active biochemically mediated
reduction of gold complexes to
nano-particulate, metallic gold,
which may contribute to the
growth of gold nuggets.

For this study scientists
combined synchrotron
techniques at the ESRF and
the Advanced Photon Source
(APS), and molecular microbial
techniques to understand the
biomineralisation in bacteria.
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[tis the first time that these
technigues have been used in
the same study, so Reith brought
together a multinational team

of experts in both areas for the
success of the experiment.

The team was made up of
scientists from the University of
Adelaide, the Commonwealth
Scientific and Research
Organization, the University of
California (US), the University
of Western Ontario and the
University of Saskatchewan
(both Canada), Martin-Luther-
Universitat (Germany), University
of Nebraska-Lincoln (US), SCK.
CEN (Belgium), the APS (US) and
the ESRF (France).

Thisis the first direct evidence
that bacteria are actively involved
in the cycling of rare and precious
metals, such as gold. These results
open the door to the production
of biosensors: “The discovery of a
gold-specific operon means that
we can now start to develop gold-
specific biosensors, which will help
mineral explorers to find new gold
deposits. To achieve this we need
to further characterise the gold-
specificoperon on a genomic as
well as proteomic level. If funding
for this research is granted | believe
that we can produce a functioning
biosensor within 3-5 years,”
concludes Reith.

Reference
F Reith etal. 2009 PNAS.
doi:10.1073/pnas.0904583106.

ESRF and SOLEIL host SRIin 2012

The two lightsources based in
France, the ESRF in Grenoble and
SOLEIL in Paris, will welcome
the next Synchrotron Radiation
and Instrumentation (SRI)
meeting in 2012. The decision
was announced at this year's SRI
conference, which took place in
Melbourne (Australia) in October.

The international committee of
directors of synchrotron sources
worldwide voted for the ESRF and
SOLEIL because of the excellence
of the scientific programme
presented, the scholarships
and tutorials offered to young
scientists and the push for more
involvement of industry and other
lightsources in the event.

Asit's a joint collaboration, the
meeting will take place in Lyon,
athriving French city in the heart

View of the Lyon Convention Centre (right), the venue for SRI 2012.

of Europe, one hour away from
Grenoble and two hours from
Paris by high-speed train.

Other European sources are
welcome to participate at this
event and some have already
signed up for satellite workshops.

As well as the ESRF, the Spanish

synchrotron ALBA (currently
under construction) also placed a
bid to hold the event. Despite not
winning, the synchrotron, based
in Barcelona, and due to be up
and running from next year, will
host a satellite workshop before
or after the main conference.

UMR-CNRS MAP-ENSAL
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Focus on: time-resolved studies

Two views of ZrMo,0; from different angles. Right: viewed from the three fold axis. ZrOs octahedra is shown in green, MoO, tetrahedra in yellow.

Scientists follow the synthesis
of an NTE material as it happens

Ateam of European
scientists and the ESRF has,
for the first time, enabled
the rapid synthesis of a
negative thermal expansion
material that was thought
to be metastable, from its
component oxides.

A vast majority of materials expand
on heating, which can have adverse
consequences on their applications. Negative
thermal expansion (NTE) materials, on the
other hand, contract on heating. These
materials are of great interest to industry,
because they can potentially counteract the
expansion of another material upon heating.
Forinstance, glass—ceramic stoves used in
many households can resist dramatic changes
of temperature without cracking. The reason
for this resistance is the crystalline component
of thermal glass—ceramics, which has a
negative coefficient of thermal expansion and
contrasts with the positive coefficient of the
glass. This is one example of a common use of
NTE materials, but there are many others, such
as dental composite fillings or substrates for
high-precision optical applications.

December 2009 ~ ESRFnews

Most NTE materials expand anisotropically,
(differently in all dimensions). However, for
materials with a cubic crystal structure the
symmetry forces them to contract equally in all
dimensions —isotropic contraction. This helps
to minimise problems such as micro-cracking
during repeated thermal cycling.

The most famous cubic NTE material
is zirconium tungstate (Zrw,0g), which
contracts over a temperature range of
0.3-1050K. However, at about 450K, it
suffers a transition from an ordered structure
to a disordered one, and above 0.2 GPa of
pressure it becomes significantly denser and
loses NTE properties. These transitions could
limit the industrial uses for this material.

Researchers from Durham University (UK),
the University of Kiel (Germany) and the
ESRF have now found a rapid synthesis of an
alternative to this well studied material.

Cubic ZrMo,0g had been thought to be
metastable at all temperatures and, unlike
cubic ZrW,0g, it had not been possible to
synthesise it directly from the constituent
oxides — until now.

The researchers noticed in their lab that
they might be able to form the supposedly
metastable cubic phase by firing the
constituent oxides at high temperatures
(~1450K) for a few seconds followed by rapid
guenching. The team used the ID11 beamline
to carry out in situ experiments to monitor the
evolution of the metal oxides as they reacted
at high temperatures, using the technique
of powder diffraction. They benefited from

the high flux and high-energy X-rays of the
beamline, and the FRELON camera provided
them with a unique real-time insight into the
synthesis of the new material. This camera was
particularly important due to the extremely
short timescales over which the different
phases appeared.

The reaction took place extremely quickly
at elevated temperatures with ZrMo,Og
formation occurring within seconds at
~1360-1400K. Reaction occurs via the
melting of MoOs, the formation of trigonal
ZrMo,0g and then the formation of cubic
ZrMo,0g. The reaction is complete within
a few seconds and the material can be
guenched from the reaction conditions,
where it appears to be thermodynamically
stable, to room temperature.

Because the researchers discovered that
this NTE material can be synthesised in this
way, it means that lengthy precursor routes
requiring careful thermal transformations may
no longer be necessary.

John Evans, leader of the team, from
Durham University, comments that
“the use of extremely rapid quantitative
powder diffraction at the ESRF was crucial
to unravelling this chemistry and similar
techniques could provide significant insight in
other areas of materials synthesis”.

M Capellas

Reference
JEReadman etal. 2009 J. Am. Chem. Soc.
doi:10.1021/ja907648z.



Focus on: time-resolved studies

Excitement, changes, new

sample: this is pump

In recent years, pump

and probe experiments in
synchrotron sources have
allowed scientists to trespass
boundaries that seemed
unattainable a decade ago.

In some materials, ultrashort laser pulses can
change the materials physical properties,
turning them from magnetic to non-magnetic,
or from isolating to conductor. These materials
with photoactive multifunctional molecules
could have applications in optical devices,
including ultrafast data-storage technology.
However, the mechanisms of how the flashed
materials actually change at the atomic level
are still not well understood.

Scientists from the University of Rennes,
Tokyo Institute of Technology and the ESRF
have made a step forward in understanding
these materials by observing how the
magnetic and optical states in molecular
crystals can be controlled by light.

The reaction, which switched the material
from a low-spin to a high-spin state, took
place in a Fe(lll) spin-crossover solid with a
switching time of about 1 ps. The researchers
followed the structural response by combining
ultrafast optical measurements and X-ray
diffraction on ID9B. They found that the
sample, excited by the light, triggers a
reorganisation of its structure.

The results showed that the photo
switching of the sample happened in
less than 1 ps, and it was followed on the
nanosecond timescale by a volume expansion
and on the microsecond scale by thermal
switching. These results shed new light on the
complex switching pathway from molecular
to the macroscopic length and timescales,
explains the team in a recent paper (Lorenc et
al. 2009).

Technologically, this experiment proved
how a new material can be designed with
highly specific properties. In the spin-crossover
system mentioned above, the high-spin state
is trapped by a structural reorganisation in the
bulk material. “The pump-probe instrument
on ID9B is very versatile as it can probe
materials properties from the atomic to the
macroscopic level. The novelty is the high time
resolution, from sub-nanoseconds to seconds,
which adds a new and fourth dimension to
material’s science,” explains Michael Wulff,
the scientist in charge of ID9B.
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Helical architecture of the full-length KcsA channel and functional domains (left). Schematic
representation of the twisting motion of the KcsA channel upon gating (right).

The nextbig thing: ion channels

Even more challenging experiments will take
place on the beamline soon. “Filming how
ions move in and out of living cells is a new
and very important development thatis a
spin-off of nanotechnology,” says Wulff. This
research refers to time-resolved studies on
molecular signalling and recognition. The task
of translating environmental changes into
signalling pathways in our bodies belongs

to ion channels in the membrane of the cell,
which switch ion permeation pathways on
and off (gating).

Scientists from the University of Fukuiin
Japan, led by Shigetoshi Oiki, are trying to
monitor the activity of ion channels as they
are gated chemically or electronically. For
this, they will use the very intense white
beam on ID9B to map out how the channel
opens and closes. By attaching gold nano-
particles to the channels, the movements of
single channels can be measured thanks to
the super intense white beam. The diffraction
spots are traced in real-time with 5000 frames
per second. Occasionally a white spot moves
across the screen of the detector, like a
falling star in the sky: it comes from a single
molecular event.

This project is the follow-up of initial
studies on the pH-dependent gating of KcsA
channels. At neutral pH, the KcsA channel
fluctuated slightly in its structure. At acidic pH,
the channel exhibited twisting conformational
changes. Clockwise and counter-clockwise
twistings continued at the steady state,
reflecting random opening and closing events
(Shimizu et al. 2008).

The goal of the new research is to
build the energy landscape for the gating

conformational changes of channel proteins.
Reaction processes driven by laser-activation
of caged chemicals will be traced by using
two dynamic diffraction methods. Recordings
with high spatial and temporal resolution,
and taking ensemble average of these traces
will eventually enable mapping the energy
landscape whether it has a smooth surface or
aragged one. This has never been attained
experimentally, not only for the channel
proteins but also for any other proteins.

First tests at the ESRF have shown the team
that the combination of its image intensifier
and its high-speed camera allows the
scientists to trace the diffraction spots at
5000 frames per second, more than 100
times faster than they could previously do.
This improvement was enabled through
manipulating the shape and bandwidth
of “white” X-rays on the beamline ID9B.

The background noise was dramatically
attenuated. Also, the broad spectrum of white
X-rays enabled tracing of the wide range of
channel motions.

The aim of the scientists is