
Eukaryotic cells use three different RNA
polymerases to transcribe their genome.
The best known is RNA polymerase II,
responsible for the synthesis of all
mRNA transcripts. No less important,
however, are the two other polymerases:
RNA polymerase I transcribes genes
encoding large ribosomal RNAs, which
assemble with ribosomal proteins to
form the ribosome, while RNA poly-
merase III transcribes small RNA
molecules like tRNA, 5S RNA, U6
snRNA and viral RNAs. Although the
number of genes transcribed by RNA
polymerase I and III is much lower than
for RNA polymerase II, the overall tran-
scriptional activity of these two enzymes
is considerable. In growing cells the frac-
tion of total transcriptional activity
attributable to RNA polymerases I and
III is estimated at about 50% and 10%,
respectively, which reflects the fact that
growing cells spend a lot of their energy
to produce and maintain their protein
synthesis machinery. When growth is
not required in mammalian cells three
tumour suppressors - Rb , p53 and ARF
- control the transcriptional activity of
both RNA polymerase I and III. This
tight control is compromised in certain
types of cancers.

RNA polymerase I, II and III consist of
14, 12 and 17 subunits, respectively.
Whereas the core subunits are specific
for the different polymerases, a num-
ber or more peripheral subunits are
shared between them. RNA poly-
merases I and III contain two and five

addi-
tional subunits,
respectively. In
RNA polymerase
III these additional sub-
units form two distinct sub-
complexes that together account
for almost 1/3 of the total (700 kDa)
molecular weight. A wealth of struc-
tural information has been obtained for
yeast RNA polymerase II. This cumu-
lated in Roger Kornberg receiving the
Noble Prize in Chemistry in 2006 for
his work on the molecular basis of
eukaryotic transcription. In contrast,
much less structural information is
available for yeast RNA polymerases I
and III.  We have been working for a
couple of years on the purification and
structural characterisation of yeast RNA
polymerase III, as well as on the gen-
eral transcription factors TFIIIB and

TFIIIC specific for RNA polymerase III.
This work started out as a collaboration
with André Sentenac at the CEA Saclay
and continues with his successors, sup-
ported by the EU Integrated Project 3D-
Repertoire. 

Assembling a 17-subunit enzyme is not
straightforward. For this reason, we
established a protocol whereby the
enzyme is purified directly
from large amounts of yeast
cells using clever Tandem

1

et al.
C e n t r e  f o r  I n t e g r a t e d  S t r u c t u r a l  B i o l o g y  N e w s l e t t e r

April 2007

N°2

Cryo-electron microscopy
structure of yeast RNA
polymerase III

An EMBL/IVMS collaboration has been working for a
couple of years on the purification and structural
characterisation of yeast RNA polymerase III. Their results
decorated the March cover of Molecular Cell, where the
native cryoEM reconstruction of yeast RNA 
polymerase III at 17 Å resolution is depicted.

Structure of RNA polymerase III as determined by
single particle electron microscopy together with a

hypothetical model of the incoming DNA and the
newly transcribed RNA folded into precursor tRNA.

(see page 2)
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Affinity Purification (TAP) technol-
ogy. We have been pursuing nano-
liter crystallisation experiments in
Josan Marquez’s crystallisation facil-
ity at the CISB and, in parallel, elec-
tron microscopy (EM) studies. The
EM work, a collaboration with
Bettina Böttcher, uses high-end cryo-
EM microscopes at the IBS and the
EMBL Heidelberg. 

To cut a long story short: from the
start the RNA polymerase III sam-
ple looked very homogenous and we
have gradually moved from negative-
stain to native cryo-EM single par-
ticle reconstruction, steadily
improving the accuracy and resolu-

tion of the model. Beyond revealing
the overall shape of RNA polymerase
III, the EM reconstruction allowed
us to fit the crystal structure of RNA
polymerase II into the EM density.
Many prominent features are con-
served between RNA polymerases II
and III, allowing us to place the
model of RNA polymerase II with
great accuracy. At the same time we
also observe strong additional den-
sity, which extends the DNA-bind-
ing cleft towards the incoming DNA.
We attribute this density to the addi-
tional five subunits that form two
distinct subcomplexes. Using anti-
body labelling experiments, one of
the subcomplexes was localised to

the clamp side of the DNA-binding
cleft, consistent with its known role
in transcription initiation. The other
subcomplex is situated across the
cleft, near the presumed location of
downstream DNA, accounting for
its role in transcription termination.
Together the two subcomplexes con-
tribute to an increased interaction
surface which ‘senses’ the incoming
DNA and probably also serves as a
binding site for the RNA polymerase
III general transcription factors. 

The now published structure is at an
intermediate resolution, so where do
we go from there? Well, we obviously
want to look at RNA polymerase III

in greater detail! Improving the res-
olution of our reconstruction using
electron microscopy will require col-
lecting more data, but probably also
better classifying different particles
according to various conformational
states. At the same time we are pur-
suing our crystallisation experiments
with the hope that the crystallisation
gods answer our prayers. Stay tuned!

Carlos Fernández-Tornero
(EMBL), Guy Schoehn (IVMS),

Christoph Müller (EMBL)

Fernández-Tornero, C. et al.(2007),
Molecular Cell, 25, 6, 813-823.
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“My journey into the heart of Europe”
An interview with Ramesh Pillai, new group leader at EMBL 

Ramesh Pillai did his initial studies
very close to where he was born in the
south of India. Then he moved to the
north of the country to do his Masters
in biotechnology at the Indian Institute
of Technology, Roorkee (formerly
University of Roorkee). For his PhD
studies at the University of Bern in
Switzerland, he worked on post-tran-
scriptional processing of mRNAs,
mainly the 3’ end processing of histone
mRNAs. After staying on as a postdoc
in Basel with Pr Witold Filipowicz at
the Friedrich Miescher Institute, he
applied for a group leader position at
EMBL Grenoble.  

What made you decide to come
here and not somewhere else?

Having the opportunity to join one
of the most fantastic places to do
research in Europe is great. Given the
fact you have a strong research infras-
tructure and other related facilities,
doing basic research in Grenoble is
very attractive. 

As a biochemist, weren’t you afraid
to come to such a purely structural
environment?

That was a genuine concern when I
decided to come here, because
EMBL, and especially Grenoble, is
famous for structural biology. But
these days, people always interact,

whether it’s biochemistry, cell biol-
ogy, structural biology or genetics.
In our field of miRNA research espe-
cially, the role of structural biology
has been phenomenal because it’s
with the structure of one protein that
the whole field has advanced so
much: a component of miRNA path-
ways, a member of the Argonaute
protein family that binds small
RNAs. Until then it wasn’t clear
which proteins of the family were
involved in the functional activity.
This opened up the whole field
explaining the fundamental activity
not only in the micro RNA domain,
but also the widely used siRNAs.

What’s the next contribution to the
field of RNAs? 

The Nobel prize was given to RNAi;
it’s not miRNAs that were recognised.
However, it shows that these small
RNAs are not confined to C. elegans,
in which they were found in 1993,
but conserved in all species up to
humans and plants, opening the field
to wider research. The finding that
led to the Nobel prize was that dou-
ble-stranded RNA can trigger spe-
cific gene silencing. That was
revolutionary. The finding that
miRNAs are expressed in many
organisms led to understanding that

98% of the genome that
is dismissed as junk
DNA has very impor-
tant information
because it encodes
many of the miRNAs
that are important in
gene regulation, and
also that most of this
junk DNA is tran-
scribed. 

The discovery that
most of the genome is
transcribed has given
thrust to the field, and
this is just the tip of the
iceberg. Maybe more discoveries will
be made, uncovering interesting reg-
ulations.

What are your specific research
interests?

When I started with miRNAs, the
initial question was “How do they
affect gene expression?”. We did
experiments to discover the differ-
ent mechanisms by which they can
mediate translational inhibition. We
found that miRNAs might act at a
very early step of translation initia-
tion to block translation of target
mRNAs. It is still a field that is evolv-
ing. 

We found that it’s not the RNAs that
are the main actors, but the associ-
ated proteins, the RNAs might be act-
ing just as guides to the associated
proteins because they know where
to go thanks to base complementar-
ity. Another point we found out was
that the RNAi machinery compo-
nents (RNAs plus proteins) are all

accumulating in the cytoplasm in P-
bodies or processing bodies. These
have been shown to have a function
in storage of these RNAs.

My next challenge is to understand
how, mechanistically, these miRNAs
might act to block translation initi-
ation, because that’s still not clear. A
second aim would be to develop a
project to understand the role of non-
coding RNAs, and especially tiny
non-coding RNAs in development. 

How do you think structural biol-
ogy can help with your project?

Coming to Grenoble, one of the
things we have actively started doing
is to take a structural view on the pro-
jects. When we expressed proteins
for biochemical experiments, we
never thought of using the constructs
to produce proteins in sufficient
quantities to get structural insight.
Having seen the facili-
ties there are here in
terms of protein expres-

MiRNA is a tiny piece of RNA, about

21 to 23 bases in length expressed

in the genomes of many organisms. They bind to their target mRNAs by base

pairing to inhibit gene expression. MiRNAs were first discovered in the round-

worm C. elegans in the early 1990s and are now known in many species, includ-

ing humans.

What is a microRNA?

(see page 3)
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In 1918, a major influenza pandemic
devastated the world, killing an esti-
mated 20 to 40 million people, thus
making it the largest and most
destructive outbreak of any infectious
disease ever recorded in history. This
virus was unusual not only by the fact
that its mortality rate was much
higher than usual, but also in the age
groups that it attacked. Unlike other
known outbreaks young, healthy
adults (ranging from 20 to 40 years)
died more often than babies and old
people. The 1918 virus had mutated
from a bird-specific strain of the
influenza virus to a human virus.
Specific mutations in a viral protein,
the polymerase, contributed to the
ability of the bird virus to jump the
species barrier to humans. 

Recently H5N1, another highly infec-
tious avian strain, has caused out-
breaks of bird flu around the world.
There is great concern that this virus

might also mutate to allow human-
to-human transmission and cause
another catastrophic pandemic. 

We have now produced the first 3D
image of part of the polymerase. The
study, which is published in the cur-
rent issue of Nature Structural and
Molecular Biology, investigates the
structure and function of the protein
and sheds light on how polymerase
mutations contribute to transmis-
sion of avian flu to humans.

Upon infection the influenza virus
starts multiplying in the cells of an
infected host. The polymerase is cru-
cial in this process because it repli-
cates the viral genome and it directs
the production of its proteins.
Interfering with the polymerase func-
tion would prevent the virus repli-
cating, thereby reducing the spread
of the virus and the severity of the
infection. 

We hope that, when we know the
structure of this protein complex, we
will be able to define specific sites
against which anti-viral drugs can be
developed. We were able to define
and produce a soluble fragment of
one of the subunits of the influenza
virus polymerase; PB2. The struc-
ture of this protein was solved by
NMR, and we were able to bind this
protein to importin α, a human pro-
tein involved in the nuclear trans-
port of proteins carrying a nuclear
localisation signal. By doing this, the
complex could be crystallised and
the structure was solved with a res-
olution of 2.2 Å, using the high inten-
sity X-ray source of the European
Synchrotron Radiation Facility. The
structure of this domain bound to
human importin α-5 reveals the

unfolding of a stretch of residues dur-
ing binding and sheds light on how
polymerase mutations contribute to
transmission of avian flu to humans.

This work was achieved through col-
laboration between three institutes:
the European Molecular Biology
Laboratory (EMBL), the Institut de
Virologie Moléculaire et Structurale
(IVMS) and the Institut de Biologie
Structurale (IBS).

Florence Baudin (UVHCI)

Tarendeau, F., Boudet, J. et
al.(2007), Nature Structural and

Molecular Biology, 14, 3, 229–233.

■

A first glimpse 
of the influenza 
replication machine
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Scientific highlights

sion and crystallography and the
expert crystallography people, we
realised we could benefit from this
in getting structural insight into the
key players in miRNA pathway.
There are not many structures of
eukaryotic proteins of this pathway,
and they may hold the key to explain-
ing the regulation. That will be the
direction we will take: collaborating
with people on site.

Did you find it difficult to enter this

structural biologists’ environment?

Although we have different
approaches in doing research, peo-
ple might take a structural view to a
problem whereas we may take a cell
biology or biochemical view, but in
the end we are all interested in the
same fundamental biological ques-
tion. It really hasn’t been a problem.
The only thing is that when we dis-
cuss experiments, people talk about
milligrams of protein, but I’ll be talk-

ing about quantities you detect on a
Western blot: nanograms! I’ve never
had a problem talking to people. 

In conclusion, in coming to Grenoble
I hope that I can do some things dif-
ferently to before, and perhaps add
some structural biology component
into our research plans and do things
in collaboration with experts here. It
might help speed up the research
process. 

Structural biology has aided research
in our field a lot, from a structure we
can know things we cannot deduce
from biochemical experiments, and
so much information has been
gained from structural studies.
People cannot do without structures
of some of these important proteins.

Lucy Freeman (UVHCI),
Dominique Housset (IBS), José

A. Márquez (EMBL) & Florence
Baudin (UVHCI)

The first 3D structure from a key influenza
protein sheds light on transmission of flu
between birds and humans

For a few months now, the Carl-Ivar
Brändén Building (CIBB) has been
home to an Isothermal Titration
Calorimeter (ITC), a highly sensi-
tive instrument used to measure the
amount of heat liberated either when
two proteins interact, or when a pro-

tein interacts with a smaller ligand
such as a second messenger or DNA.
Using this technique, thermody-
namic and other affinity-related
quantities like changes in enthalphy
(dH), entropy (dS), dissociation con-
stant (Ka) and the stoichiometry of

binding, can be determined from a
single experiment. The machine is
proving to be immensely popular
among scientists from ESRF, EMBL
and IBS, with demand so high that
it is booked everyday for weeks on
end, and runs almost 24 hours a day.

The only drawback is that the tech-
nique uses a large amount of protein

(typically around 1mg) per experi-
ment and several optimisation runs
may be necessary before a reliable
result can be obtained. However, the
immense popularity of the experi-
ments proves that this is not a real
bottleneck.

Ganesh Natrajan (ESRF)

Thermodynamics in the CIBB

Crystal structure of the influenza polymerase domain (blue)
interacting with the human protein importin α-5 (pink) involved in
nuclear transport, NLS motif is shown in green. Image courtesy of

Sébastien Boulo.



To date, structural biology at syn-
chrotron radiation sources has been
principally dedicated to the field of
macromolecular crystallography,
providing near-atomic views of com-
plex macromolecules. However,
when taken alone, these views are
often insufficient to explain the sub-
tle functional machinery of biologi-
cal molecules, because links to the
biochemical and cellular contexts are
missing. Furthermore, structural
details might be altered by the X-ray
beam. To address these fundamen-
tal questions, there is a growing inter-
est in complementing structural data
with spectroscopic data recorded on

the crystal. One reason is that spec-
troscopy is generally non-invasive
and can be applied equally well to
the different phases of matter.
Therefore, absorbance, fluorescence
or Raman spectra provide a means
of comparing macromolecules in
their solution and crystalline states.
There are also other motivations to
do spectroscopy on crystals: while
the X-ray structure provides a global
near-atomic view of a macro-
molecule, spectroscopic data provide
local sub-atomic views. Absorption
and fluorescence spectroscopy, which
probe electronic transitions, can indi-
cate the binding of a substrate, the

configuration of a tryptophan
residue, the protonation state of a
coloured cofactor or the redox state
of a metal centre. Raman spec-
troscopy, which probe vibrational
transitions, tells about individual
covalent bonds in the molecule with
an accuracy of up to 0.001 Å. Because
it can in principle be applied to any
crystal, Raman spectroscopy offers
large perspectives as a complemen-
tary tool to X-ray diffraction. An
important field of application for in
crystallo spectroscopy is when struc-
tural changes are sought, eg upon lig-
and soaking, pH change, or in kinetic
crystallography experiments. In such

cases, difference spectroscopy may
readily provide information on bind-
ing or on the stabilisation of inter-
mediate states along the reaction
pathway. 

The partners of the PSB dedicate
large efforts to aid structural biolo-
gists, both inhouse and external, in
collecting spectroscopic data from
their favorite crystals. So-called
‘microspectrophotometers’ have been
developed, that allow the recording
of spectroscopic data from microm-
eter-sized samples, typically protein
or DNA crystals. These
can be ‘offline’, ie they are
built in a separate lab

4

News from the platforms
In crystallo spectroscopy: a tool for biological crystallography

(see page 5)

To protect themselves against infec-
tions, multicellular organisms have
evolved innate immunity systems.
These systems rely on the ability of
a few recognition molecules (mem-
brane receptors or secreted pro-
teins) to sense conserved molecular
patterns exposed at the surface of
microbes. These molecules will
then trigger effector mechanisms,
such as enhanced phagocytosis and
inflammation, that will provide a
first line of defence.

Ficolins are one of these defence
recognition molecules. They are
found in a wide variety of animals
ranging from invertebrates to mam-
mals. They are soluble oligomeric
proteins with lectin-like activity,

assembled from collagen fibers pro-
longed by fibrinogen-like recogni-
tion domains. 

We have studied the recognition
domains of the two human plas-
matic ficolins, namely L- and H-
ficolins. Our main objective was to
decipher the molecular mecha-
nisms underlying their ‘target bind-
ing’ property. To this purpose, we
have solved the structures of these
domains, alone or in complex with
various model ligands. 

The most extensive study was per-
formed with L-ficolin because of its
wider recognition spectrum. L-
ficolin is indeed able to recognise
various capsulated bacteria and

exhibits binding specificity for unre-
lated molecular ligands such as
lipoteichoic acid  (a specific marker
of the surface of gram-positive bac-
teria), 1,3-β-D-glucan (a specific
marker of yeast surface) and the
capsular antigen of type III group
B streptococci. In contrast, the
related H-ficolin has only been
reported to bind to Aerococcus viri-
dans and to D-fucose or galactose
molecules.

Whereas an outer S1 binding site
was expected by homology with the
invertebrate  tachylectin 5A, three
additional sites (S2, S3, S4) were
found along a cleft in-between the
subunits of L-ficolin. For example,
a four-residue fragment of the more

extended β-D-glucan ligand, a
marker of yeast surfaces, interacts
with both S3 and S4. These new S2
to S4 sites define together an unpre-
dicted continuous recognition sur-
face able to sense various acetylated
and neutral carbohydrate markers
in the context of extended polysac-
charides, as found on microbial or
apoptotic surfaces (see figure). 

This study thus yielded novel
insights into the molecular back-
ground used to sense elongated
molecules of such different chemi-
cal nature. This reconciles the con-
troversial perceptions of L-ficolin as
a lectin or a N-acetyl binding pro-
tein. These results may also help to
design new microbial sensors in the
future.

This work results from a collabora-
tive project involving two teams at
the IBS : LCCP (C. Gaboriaud, L.
Martin, J. C. Fontecilla-Camps) and
LEM  (N. Thielens, M. Lacroix, G.
Arlaud). The last steps of this struc-
tural study were performed at the
CIBB by V. Garlatti (PhD student),
supervised by C. Gaboriaud. The
access to many ESRF beamlines,
including ID23, ID29 and ID14
beamlines is acknowledged.

C. Gaboriaud (IBS)

Garlatti et al. (2007). 
EMBO J, 26, 623-633 

Unpredicted binding sites S2 to S4 discovered in L-ficolin. (Left): 1-3-β-D-glucan (yellow), a marker of yeast surfaces, binds along S3 (black) and S4
(orange). (Right): Localisation of subsites S2 to S4 in a schematic overall view od L-ficolin binding to surface.

Innate immune sensing by human ficolins: structural insights

Scientific highlights cont.
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Want to characterise your purified
protein sample before starting time-
consuming structural studies? Use
the protein-sample quality control
platform available at the IBS.

The platform, available to CISB
members and private companies,
enables you to check your protein
quickly and cheaply  (e.g. €10 for mass
spectrometry). It is composed of two
mass spectrometers, Agilent 6210
TOF LC-MS (2006) and Bruker
Autoflex (2001); a protein
sequencer, Applied Biosystems 492
(1996); an amino acid analyser,

Biochrom 30 (2006); and a NMR
spectrometer, Varian 600 MHz,
equipped with a cryoprobe (2006).

Mass spectrometry gives a precise
mass measurement (5.10-5 to 10-3) of
proteins for the control of expression,
mutagenesis and labelling. Amino
acid sequencing allows you to check
the N-terminal sequence of your
sample. Amino acid analysis provides
a precise estimate of protein concen-
tration through the determination
of an experimental molar absorption
coefficient at 280nm, and 1-D NMR
helps characterise the structural com-

pactness of your protein and gives
an idea of its oligomerisation state. 

How to submit a request

For mass spectrometry, contact
bernard.dublet@ibs.fr, david.las-
coux@ibs.fr or luca.signor@ibs.fr .
Or complete the form at http://
fw2.ibs fr/ext/labos/LSMP/demande
AnalyseLSMP.htm (or click on the
PSB webpage at ‘MS Service’ and
then at ‘analysis request’).

For sequencing, amino acid analysis
and NMR, contact the operators. For
general inquiries concerning the dif-
ferent possible controls, contact
eric forest@ibs.fr.

For sequencing or amino acid anal-
ysis, contact jean-pierre.andrieu@
ibs.fr. For 1-D NMR, contact
adrien.favier@ibs.fr.

A quality control web page is also
available on the PSB webpage,
www.ibs.fr/content/ibs_eng/presen-
tation/platform/quality/.

Future developments 

An association between the mass
spectrometric part of the platform
and the HTX lab is planned, with a
systematic mass control of samples
submitted to crystallisation trials.

E. Forest (IBS)

The CISB protein characterisation platform

from the beamline, or ‘online’, ie they
are adapted to the beamline diffrac-
tometers and allow recording spec-
troscopic and crystallographic data
at the same time. With such data at
hand, researchers can start to pre-
cisely correlate structure, function
and mechanism. 

Three important events related to in
crystallo spectroscopy took place in
the last few months: 

1. The ‘Spectroscopy around biologi-
cal crystallography’ workshop:

The workshop was co-organised by
the ESRF, EMBL and IBS, and was
associated with the ESRF 17th Users
Meeting. Eighty participants gath-
ered together for two days in the
auditorium of the IBS. Experts in
many spectroscopic fields who have
used samples in the crystalline state
for direct comparison with structural
results from X-ray crystallography
presented a variety of approaches,
including UV-visible absorption and
fluorescence spectroscopy, Raman
and infra-red spectroscopy, EPR,
NMR, as well as X-ray based spec-
troscopies such as XANES, EXAFS
and XFS. At the end of the workshop,

future developments for this field of
research were discussed, especially
in the frame of the ESRF long term
strategy. The 80 participants antici-
pated an increase in the number of
‘non-standard’ projects with mech-
anistic perspectives which will neces-
sitate beamlines equipped with
offline and online spectroscopic
tools. Among these, UV-visible
absorption/fluorescence spec-
troscopy and Raman spectroscopy
are expected to play a major role.

2. The ‘Cryobench II’ lab:

The Cryobench has been developed
since 1999 by a collaboration
between the ESRF and the IBS. It is
now a platform available to PSB and
ESRF users for performing UV-vis-
ible absorption and fluorescence,
time-resolved fluorescence and
Raman spectroscopy. The central
device of the laboratory is a
microspectrophotometer that allows
nano-volumic sample analysis, at
room or cryo- temperatures, in the
same experimental conditions as
those used on the MX beamlines (fig-
ure, left). Small droplets of concen-
trated solutions can be analysed in
the same way as crystals, allowing for

a direct comparison. In view of the
increasing interest for in crystallo
spectroscopy, the ESRF directors pro-
vided strong support to entirely
rebuild the Cryobench as a satellite
laboratory of ID23. Optical fibres will
permanently link the laboratory to
the ID23 experimental stations, mak-
ing online in crystallo Raman spec-
troscopy a permanent facility of these
beamlines. The new Cryobench lab-
oratory was inaugurated on January
12 and is now open to users.

3. Online Microspectrophotometry on
the MX stations:

Online UV-visible microspectropho-
tometry has become an essential tool
to monitor radiation damage and, in
general, the multiple chemical pro-
cesses that X-rays may induce in
macromolecules. Some methodolog-
ical developments carried out offline
at the Cryobench laboratory have
been adapted to online instruments
that can be used directly on all of the
ESRF MX beamlines. Online absorp-
tion and fluorescence spectropho-
tometers have been developed by
EMBL with the help of IBS, and made
available to external users (figure,
right). Three periods of dedicated
beamtime have been reserved on
ID14-2, and users were invited to

apply through CCP4-bulletin board
postings. Successful applicants were
granted 3 shifts of beamtime to iter-
ate between the spectroscopic and
crystallographic experiments. The
last series of experiments were held
in March, for which the beamtime
was more than 2 times oversub-
scribed. Dedicated support was pro-
vided by John McGeehan. Most users
were surprised to see how fast the X-
rays were altering the spectroscopic
signatures of susceptible sites in their
samples, but could adapt their X-ray
data collection schemes accordingly. 

We are just starting to realise of the
crucial importance of in crystallo
spectroscopy. Recent success in
inhouse research based on Raman
spectroscopy both offline [1] and
online [2] provides a strong motiva-
tion to continue joining the efforts
of ESRF, EMBL and IBS in making
Grenoble a world leading facility in
this research area.

D. Bourgeois (IBS) & R. Ravelli
(EMBL)

[1] Katona, G. et al. (2007).
Science, in press.

[2]  McGeehan, J.E. et al. (2007).
Journal of Synchrotron Radiation,

14, 99-108

Left: The Cryobench
offline
microspectrophotometer.
Image courtesy of X.
Vernede (IBS).

Right: Developers of the
new online

microspectrophotometer,
John McGeehan and

Raimond Ravelli,
welcoming users 

to ID14-4.
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Training at the CISB

The last few years have seen dra-
matic changes and developments in
Macromolecular Crystallography
(MX) synchrotron beamlines to
counter the demand from the user
community. High throughput tech-
niques for protein expression, purifi-
cation and nano-scale crystallisation
have emerged and therefore, more
and smaller crystals are increasingly
brought to the synchrotrons. As a
consequence, the reliability and per-
formance of beamlines as well as the
sample environment have been opti-
mised towards an ergonomic envi-
ronment and miniaturisation, with
high levels of automation. 

In this context the second Hercules
Specialised Course on Structural

Genomics (HSC2) took place on the
EMBL-ESRF-ILL site in October
2006. The 20 selected students were
offered a 5-day intensive course of
lecture sessions, synchrotron beam-
line practicals and data analysis tuto-
rials on the latest MX techniques.
The programme covered bioinfor-
matics, robotic protein production
and crystallisation and structure
solution determination using data
collected on synchrotron MX beam-
lines. 

The week started with a day of
courses and tutorials on the latest
bioinformatics tools for protein
sequence analysis. Students learned
how to extract a maximum of infor-
mation from primary sequences.

On the second day, high-through-
put techniques for protein expres-
sion, purification and crystallisation
were presented and a guided tour
of the local robotic facilities at the
CISB organised. On day three, pro-
tein crystallography methods were
introduced in very practical terms
and students started a two-after-
noon training session on the ESRF
protein crystallography beamlines.
The last day was dedicated to tuto-
rial sessions around phasing, model
building and refining. 

Students were able to bring their own
protein in solution, and had the
opportunity to screen crystallisation
conditions using the CISB nano-litre
robot. Others brought cryo-cooled
crystals mounted on SPINE stan-
dard sample holders to screen on the

ESRF beamlines. In fact, during the
beamline practical, they were trained
to use the ISPyB system for sample
identification and shipment, as well
as in the use of the beamline sam-
ple changer and automated data col-
lection system (DNA). 

The student feedback was very pos-
itive. Most acknowledged the coher-
ence of organisation as well as the
synergy between the lecturers’ talks
and the tutorials and practicals, for
which there was a request for even
more. Clearly the students are keen
to learn to incorporate this new
knowledge directly and rapidly into
their ongoing scientific work.

Hassan Belrhali (EMBL)
Organisers: Nadine Petricola, David Hall &

Edward Mitchell, ESRF; Martin Walsh, MRC;
José A. Márquez & Hassan Belrhali, EMBL

Herculean tasks for MX students

Soft matter or ‘complex’ systems are
characterised by weaker interactions
than those occurring in hard mate-
rials. They possess only partial order
on length scales that are much larger
than those of single molecules.
Research in soft matter is important
not only in biology (living cells pro-
vide an inspiration for research in
this field), but in advanced materi-
als synthesis, food technology, oil
recovery and in new biotechnologies
such as controlled drug delivery.

Neutron scattering techniques are
powerful tools for the characterisa-
tion of the structure and dynamics
of soft-matter systems. The advan-
tage of neutrons in soft-matter stud-
ies derives mainly from the fact that
neutrons are strongly scattered by
light atoms and the scattering power
can vary for different isotopes of the
same atom. This allows the use of
contrast variation for highlighting
the interesting parts of the systems
with a fraction of nanometre resolu-

tion. For dynamics, the extraordinar-
ily high incoherent scattering cross
section of hydrogen allows the explo-
ration of the time dependent self cor-
relation of soft matter. Other
advantages include the possibility of
studying buried systems, applying
external stimuli in non-equilibrium
experiments, in situ measurements,
and the fact that neutron beams are
non-destructive. The ILL instru-
ments are heavily used for the study
of the elastic and inelastic scattering
of soft-matter systems. 

The ILL Soft Matter User Meeting

(www.ill.fr/softill2006/) took place
last November (organisers: T.
Forsyth, G. Fragneto, B. Frick, I.
Grillo, P. Lindner, P. Timmins, C.
Vettier). The meeting gathered sci-
entists interested in applying neutron
methods to their own soft matter
research. The discussion included
the on-site characterisation and
preparation of samples and comple-
mentary methods or optimisation of
the use of beam-time. The chairman
of the Soft Matter (ILL College 9)
Sub-Committee, Stefan Egelhaaf,
presided over the meeting.

Due to their fragile nature, soft-mat-
ter samples are often prepared on site
just before a neutron experiment and
in many cases their quality needs to
be pre-assessed for an efficient use of
the neutron beam-time. The idea for
the creation of an ILL-ESRF
Partnership for Soft Condensed
Matter has therefore been considered
and fully supported by the ILL man-
agement. 

At the meeting the PSCM was dis-
cussed with the user community: a
first step towards the structure and
the scientific orientation of the part-

nership. There was general agreement
on better infrastructure, namely space
for sample preparation centralised in
one building is required at the ILL,
although chemical synthesis and
deuteration should, at least initially,
be done externally. 

The availability of additional comple-
mentary techniques was generally
seen as a very important part of a
PSCM, which would allow users to
make much better use of neutrons
and X-rays through on-site sample
characterisation. It was suggested that
complementary equipment was of
general interest and it was stressed
that different levels of staff should
support some equipment. Data anal-
ysis was also considered an area
where the users could clearly profit
from a PSCM through the existence
of extensive local expertise and know-
how on specific scientific questions,
data fitting and interpretation and
generally from a much more stimu-
lating scientific atmosphere that
would enhance discussions.

The PSCM is thus at a very early
stage. The needs of the communities
being different, it is expected that the
mode of functioning will be some-
how different from that of the PSB.
The presence on-site of the success-
ful example of the latter undoubtedly
has provided inspiration for the idea
of the PSCM and it is foreseeable that
fruitful collaborations between the
two organisations will take place.

Giovanna Fragneto & Susana
Teixeira (ILL)

The first ILL Soft 
Matter user meeting
Soft Matter is all around us, from electronic displays to cell
membranes. Neutron scattering has dominated soft matter
studies for many years but with the advances on analytical
techniques and the nanotechnology boom, new challenges
emerge. A new Partnership in Soft Condensed Matter is
under discussion and a new acronym (PSCM) is on the way!

ILL Soft Matter user meeting, 22-24 November 2007, Grenoble, France. Photo: Serge Claisse.
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There are high expectations for the
ILL in the years to come not just as
a world-leader research facility, but
as an integrated institute with the
motivation and the vision to go
beyond frontiers. Where does the
new Management Team see the ILL
in the next ten years?
“I have been coming to ILL for over
25 years as a trainee then a user, and
for all that time saw ILL as ‘only
neutrons’, albeit delivered to some
of the best instruments in  the
world. Last autumn I started as
British Associate Director at ILL,
and head of the Division of Projects
and Techniques, a post I’ll hold until
Christian Vettier has to step down
as Director of the Division of
Science, when I move to that posi-
tion. Now that I’m on the other side
of the fence I’m beginning to recog-
nise how appropriate the slogan
‘more than simply neutrons’ is, and
why this concept is so important to
ILL. Clearly one of the challenges
ILL has to face is the search for new
users, and new areas of science to
which our facility may be applied.”
The time is therefore right for cre-
ative science and the word of the

moment is “partnership”. How do
you see the ILL within the CISB?
“It’s not always enough to provide
the best neutron instruments; in
many cases support infrastructure
is vital, perhaps to provide the nec-
essary sample environment, or
complementary measurements that
must be made at the same time as
the neutron experiment. I believe
we have to be careful, at least at the
outset, about the scope of such sup-
port or interface facilities. A key cri-
terion should be the scientific
benefit gained from locating such
support at ILL, as opposed to plac-
ing it remotely, for example at a
non-local university. Another cri-
terion for a good interface labora-
tory is the extent to which it
facilitates flow of people and ideas
between institutions on this site and
others (among more distant insti-
tutions Keele University in the UK
features prominently). 
“The PSB is arguably the best exam-
ple of an interface facility that meets
both these criteria well. I can say
this with some insight because I’ve
had to do a lot of homework on
what the PSB is, and what it aims

to do, in preparation for taking over
as Chair of its Steering Committee
this year. I was also already well
aware of the Deuteration labora-
tory, whose success has inspired
several imitations (the sincerest
form of flattery!) around the world.
What I did not appreciate was that
many of the other platforms are
already fully integrated and in
increasing demand within the
Partnership.  I also didn’t appreci-
ate fully the fact that an important
part of the PSB, and of life in the
CIBB in general, are the science pro-
grams pursued. Of course, as a user
facility, the ILL has to look first to
its visitors to provide most of the
science, but there are several rea-
sons why it’s also important to pur-
sue research campaigns of our own.
First, there are many people work-
ing at ILL for whom their own sci-
ence projects are the main source
of inspiration and motivation in
providing user support and devel-
oping new instruments and tech-
niques. Second, it provides an
essential lubricant for collaborations
within the site.”
The Millennium Instrument and
Infrastructure Programme provided

a tremendous boost to the perfor-
mance of ILL instruments, many of
which have seen an increase of an
order of magnitude in flux. What
advice would you bring from the 40
year old ILL to the young CIBB?
“The CIBB has come through a
period of great change as the build-
ing has been furnished and
equipped, and those who work
there have settled in. One challenge
now is to establish a feeling of com-
munity that will engender scientific
creativity and collaboration and
make the whole much greater than
the sum of the parts. Within the
PSB, the part of the CISB that I am
getting to know best (as you may
appreciate, one of the challenges of
this new post has been to master
the acronyms!), there is no single
director to pull activities together
and provide a focus. In my experi-
ence, scientific team-work is usu-
ally something that starts as a
grass-roots movement, rather than
being imposed from on high, so this
absence may not be a problem.
What is important however, is that
the environment is right - which
includes having the time to think
and talk to colleagues and go to
seminars – and that we have the
tools to do the job; this in turn will
require money, and the time is ripe
to take advantage of EU funding as
FP7 is launched. Of course all these
things are a means to an end - bet-
ter science delivered by our users
and our own scientists.”

Susana Teixeira interviewing
Andrew Harrison (both ILL).

Back to 
basics

Participants of the basic crystallography
tutorial, 11th January–5th April 2007.

Has your crystallography knowl-
edge got rusty, or have you been
trained on the spot and want to
know more about its secrets?

Together with the doctoral school
of the University Joseph Fourier, we
organised a tutorial in basic crystal-
lography aimed mainly at PhD stu-
dents and scientists of the CISB and
the Grenoble area. Teachers came

from the different CISB partners. 

Ten three-hour sessions started with
a refresh on vector calculus, com-
plex numbers and Fourier trans-
form, and continued with
symmetry, diffraction physics,
Patterson analysis and experimen-
tal phasing. After first paper and
pencil-type sessions, students
improved their knowledge of data

collection with a hands-on tutorial
session on a macromolecular crys-
tallography beamline and two ses-
sions introducing current software
for molecular replacement and
experimental phasing.

The 25 students came from the four
CISB partner institutes and two
from the CERMAV, a research insti-
tute working on carbohydrate struc-

ture. As the demand was very high,
we had to restrict the attendance to
PhD students. But as we plan to
repeat the experience every year,
postdocs and staff scientists should
also get the opportunity to partici-
pate in the future and we hope to
attract more students from other
institutes in Grenoble. 

Wim Burmeister (UVHCI) 

Andrew Harrison
Prof. Andrew
Harrison, ILL
Associate
Director.
Photo: Serge
Claisse (ILL).

The arrival of the new ILL British Associate-Director
Andrew Harrison to join a new Management Team,
together with Christian Vettier and Richard Wagner
(the new DG), occurs at an exciting time
for the ILL scientists and users alike 



The Macromolecular Crystallogra-
phy (MX) group at the ESRF sup-
ports both the scientific research of
more than 2,000 visitors per year
and the day-to-day operation of
seven experimental facilities.
Additionally the group is responsi-
ble for the development of an in-
house structural biology
programme. Due to the restraints
placed on research time for ESRF
staff, as a result of support of the
ESRF External Research
Programme, it has not been possi-
ble to develop in-house research
along conventional lines. It was
therefore decided to evaluate the
usefulness of a collaboration with a
biotechnology company that spe-
cialises in high-throughput protein
production techniques with a view
to initiating a structural genomics
project on the extremophile bac-
terium Deinococcus radiodurans
(DEIRA).

This project aims to solve structures
of protein targets from DEIRA that
may contribute to its outstanding
resistance to a wide-range of DNA-
damaging agents including ionising
radiation and desiccation. The tar-
gets selected can be classified into
4 functional families: (i) hypothet-
ical, (ii) DNA-related, (iii) stress-
related and (iv) cellular house-
keeping proteins. In DEIRA, all four
of these protein classes are likely to
be affected by strong doses of irra-

diation and are therefore of much
interest in our study. Additionally,
some gene products potentially
allowing derivative-free crystal
structure determination were
selected. In these cases gene prod-
ucts were chosen based on their sul-
phur content (at least 4%
sulphur-containing residues) in
order to provide material to improve
and develop the sulphur-SAD
method and a set of ten were cho-
sen based on the putative presence
of metals in the native protein.

To optimise the production of pure
soluble protein for crystallisation
trials a two pronged approach has

been followed in which initial gene
cloning, test expression and protein
stabilisation screening were out-
sourced to a local Biotech company,
Protein’ eXpert. Each gene cloned
was then subjected, in-house, to
rounds of protein expression, scale-
up and solubility tests using differ-
ent cell lines. This approach allowed
a more complete detection of those
gene products suitable for the scale-
up required for crystallisation tri-
als. Subsequent crystallographic
studies made use of the MX beam-
lines at the ESRF.

Our experience suggests that com-
bining the outsourcing of initial

automated screening followed by
manual optimisation provides a cost
effective and efficient way for small
structural biology groups to develop
structural genomics projects.

The project has successfully cloned
and expressed near one hundred
genes resulting in the determina-
tion of 17 protein structures, which
compares well with other, larger
scale projects. The phasing infor-
mation used in structure determi-
nation was in most cases obtained
using the single-wavelength anoma-
lous dispersion method exploiting
either intrinsic anomalous scatter-
ers (e.g. metal ions or sulphur) or
selenomethionine-derivatised pro-
tein. Crystallisation remains the
major bottleneck. 

During the evolution of this project
the emphasis of the study has shifted
from a strictly structural genomics
project into a scientific evaluation
of a number of important and
grouped genes. This has had the
consequence that low-hanging fruit
have been sacrificed in order to
allow projects of greater scientific
interest to be pursued. The technol-
ogy available has then been re-
deployed to allow more intensive
investigation in a project orientated
approach. 

Joanna Timmins (ESRF)
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Announcements
Small Angle X-Ray and Neutron
Scattering for the study of Biological
Macromolecules and Complexes –
the PSB Science Day will take place
on the 13th June 2007 at the ESRF
Auditorium. External speakers:

Dmitri Svergun (EMBL Hamburg)
and Patrice Vachette (Paris). The rest
of the programme will be devoted
to PSB/CISB speakers. Suggestions
are welcome and should be sent to
Peter Timmins at timmins@ill.fr. 

Contacts

IBS

Spotlight
Synchrotron-based structural genomics: 

the ESRF Deinococcus radiodurans project

Left: Deinococcus
radiodurans; right, a

selection of twelve of
our recently

determined protein
crystal structures.

Graphics courtesy of
Hanna-Kristi Leiros.

Since 1 January 2007, the status of
the IVMS has evolved. It no longer
formally exists as an independent
unit but is now part of the newly
created Unit of Virus-Host Cell
Interactions (UVHCI, UMR5233)

whose partners are the University
Joseph Fourier, the EMBL Grenoble
Outstation and the CNRS. 

See (www2.ujf-grenoble.fr/ phar-
macie/laboratoires/gdrviro/) for
more information.

Editors: Susana Teixeira (ILL), Dominique Housset (IBS), José A.
Márquez (EMBL), Joanna Timmins (ESRF), Florence Baudin (UVHCI).
Composition: Vienna Leigh (EMBL) and SoftOffice.
Contact: cisbnewsletter@embl.fr
Links: http://cisb.esrf.fr, http://psb.esrf.fr

The article “Training structural biologists around the world” in  CISB et al no.1 included
a photograph by Serge Claisse (ILL) whose authorship was not acknowledged. The edi-
tors would like to thank Serge for this contribution.

The Centre for Integrated Structural
Biology (CISB) is a collaboration
between a number of prestigious
European and French scientific
laboratories in Grenoble which has
received support from the EU FP6
programme. The CISB is unique in
combining world leading user
facilities for synchrotron X-ray and
Neutron scattering with NMR,
electron microscopy, molecular
biology and high throughput
techniques on a single site together
with strong projects in a broad range
of structural biology, notably host-
pathogen interactions.


