
IN13 HIGH ENERGY RESOLUTION BACKSCATTERING 
SPECTROMETER: 

 
A CRG DEDICATED TO BIOLOGICAL STUDIES 

F. NATALI 
CNR-IOM & OGG c/o ILL – Grenoble -FRANCE 

X School of Neutron Scattering F.P. Ricci – Monte Porzio Catone - September 2010 



CONTRACT SITUATION 

PARTENERS 

IBS 



CONTRACT HISTORY 

BEAM TIME ALLOCATION 

50 % 

28 % 

22 % 
50 % 

CRG of type A 

•1st CRG CONTRACT 1st July 1998 – 30th June 2001 
3 years 
C. Pfister, A. Paciaroni 

•2nd CRG CONTRACT 1st July 2001 – 30th June 2004 
3 years 
M. Bèe, F. Natali 

•3rd CRG CONTRACT 1st January 2006 – 31st December 2010  
5 years 
F. Natali, J. Peters 

40 % 60 % 60 % 40 % 

55.7 % 44.3 % 



ORGANISATION AND CONTROLS 

Composed of:  
• the representant of the Presidents of UJF 
• one representative of the 3 departments of CNRS  
 (“Vivant”, “Chimie” and “MIPPU”)   
• one representative of the 2 departments of CEA  
 (“Science du Vivant” and “Sciences de la Matière ”)   
• President of CNR  
• 3 representatives of the Italian scientific  
 community chosen by the CNR   
• The main Italian responsible & the French co-responsible of the CRG 

Composed of  
• The main project responsible    
• The main co-responsible   
• CNR responsible of the CRG    
• Adjoint responsibles, representatives of French  scientific group

  

Composed of: 
• The two instrument responsibles   
• Representatives of scientific groups involved in  
 the CRG (CNR, IBS, LLB, UJF)  
• Representatives of the scientific communities  

Its role:  
•to evaluate the scientific and financial reports, 
•to define the scientific and financial orientations 
•to choose the scientific representatives at the SC 

Steering Committee (meets once a year) 

Its role:  
To select the proposals submitted within the CRG time 

Its role:  
It is in charge of the global organisation of the CRG  
(technical needs, staff, budget). 

Scientific Committee (meets twice a year) 

Executive Committee (permanent) 





INSTRUMENT LAYOUT 
INSTRUMENT DATA 

IN13 IS MAINLY DEVOTED TO LIFE SCIENCES, IN PARTICULAR TO THE STUDY OF THE DYNAMICAL FEATURES OF 
MACROMOLECULAR COMPOUNDS IN THE MICROEV ENERGY REGION, BUT SCIENTIFIC APPLICATIONS CAN BE ALSO FOUND 
IN AREAS OF MATERIALS SCIENCE, SOLID-STATE PHYSICS, CULTURAL HERITAGE AND CHEMISTRY. 



MONOCHROMATOR 

3 CaF2 crystals. 
To change the 
energy the T of 
the crystals is 
modified. 

GUIDES  

CHOPPER  
To select the good ‘neutrons’. 
To remove second order contamination. 
Frequency: 6576 rpm 

DEFLECTOR  

9 pyrolitic graphite crystals. 
Vertically focused. 

DETECTORS  

1 – Monitors 
2- Gas counter detectors (He3 a 10 bar)  
3–Position sensitive gas counter 

detectors (He3 - 6 bar, PSD) 

ANALYSERS  

CaF2 crystals. 
To select the energy of 
neutrons scattered by the 
sample. 
Perfect backscattering. 



STAFF OPERATING DURING 2009 ON THE CRG-IN13 

F. NATALI (CNR-IOM) 
SCIENTIST - Full time, Permanent position  

J. PETERS (Univ. J. Fourier, Grenoble) 
PROFESSOR - Full time, Permanent position  

M. TRAPP 
 (U.J.F., Grenoble) 

Since November 2007 

M. LEME (CNRS, Grenoble) 
From February 2010  

W. KNOLL  
 (U.J.F., Grenoble) 
Since June 2009 

RESPONSIBLE 

PhD STUDENTS 

TECHNICIAN 

G. NAGY 
(Academy of Science - Budapest) 

Since April 2008 



USER STATISTICS of 2006-2009 
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Beamtime Avail. 

750 days (including 

maintenance and 

commissioning) 

BT 

req. 

BT 

all. 

BT req 

/ BT all 

# 

Exp 

#public. # users 

ILL  534 315 1.7 48 71 87 

CRG  693 327 2.1 50 60 

INTERNAL TIME ----- 44 ----- 10 32 

BEAM-TIME STATISTICS of 2006-2009 

Repartition of the user following their nationality (left panel) and 
belonging institutions (right panel), performing experiments on IN13 
during 2006-2009. 

Repartition of the scientific visits 
registered at ILL during the period 2006-
2009 in the ILL/CRG visits. 
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Scientific publications in relation with IN13 from 1998 to 2009 

normalised with respect to the number of experiments performed during 

the same year. 

SCIENTIFIC PUBLICATIONS 

Classification of scientific publications of 2006-2009 

following the impact factors of the journal  

TRAINING PROGRAMME of 2006-2009 

The IN13 team is strongly investigating in student’s formation. This involves: 

•Several 1-day experimental stages of UJF students (Master 1, Physics)  

•Several long term stages 

•Practical for the Hercules school 

•Experimental session of the Italian Neutron School of SISN 

•Several PhD students 



BUT OF COURSE……PROBLEMS ARE ALWAYS BEHIND THE CORNER! 

Only 15 days over 600 available days lost 

USE O BEAMTIME 



UPGRADES, MAINTENANCE, … 



Elastic 

E 

S(w) 

0 ~meV Solid :0-50 meV 0.1-1 eV 

Molecular 
Reorientation 

Phonons Molecular Vibrations 

 

THE DYNAMICS 



ki  = variable,  kf = fix       

hw = Ef – Ei 

Quasi-elastic neutron scattering 

S(Q,w) 

Q 

E 

ELASTIC 

S(w) 

0 

Elastic neutron scattering  

ki  = kf  = fix       

hw = Ef – Ei = 0 

QUASI-ELASTIC 



ELASTIC NEUTRON SCATTERING 
DATA TREATMENT 
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DOUBLE WELL MODEL 



Hydrated Myoglobin powder: 

<x2>tot 

<x2>b 

<x2>vibr 

<x2>a 

<x2>tot=<x2>vibr+<x2>a+<x2>b 

<x2>G p1p2d
2/3 

H= (12±2) Kj/mol 
S/R= 3.0±0.1 



BICOUT et ZACCAI MODEL 

k1 

k2 

G 



DISPLACEMENTS DISTRIBUTION MODEL 



SCIENTIFIC CRG PROGRAMME 

CELLULAR RESPONSE TO EXTERNAL SIGNALS AND EXTREME CONDITIONS 
Molecular dynamics of proteins, molecular machines and membranes in living cells  

CELLULAR RESPONSE TO EXTERNAL SIGNALS AND EXTREME CONDITIONS  

DYNAMICS OF BIOLOGICAL MEMBRANES AND MODEL SYSTEMS 

• Ganglioside aggregates 
• Lipid membranes and lipid-protein interactions 
• Purple Membrane 

MOLECULAR DYNAMICS OF PROTEINS  

• Dynamics of proteins at high pressure  
• Dynamics of folding states of small globular model proteins  
• Dynamic properties and structural stability of hemoproteins embedded  
 in silica hydrogels  
• Effect of bio-protecting glassy matrices on the biomolecules dynamics 

DYNAMICAL PROCESSES IN ORGANISED STRUCTURES OF SACCHARIDE SYSTEMS IN AQUEOUS 
SOLVENT  

SCIENTIFIC ILL PROGRAMME 

BIOLOGICAL STUDIES 

POLYMERS 

INCLUSION COMPOUNDS 

AMORPHOUS AND GLASSES 

PHASE TRANSITIONS 

MAGNETIC EXCITATIONS 



EMBEDDED PROTEINS IN SILICA HYDROGELS MAINTAIN ALMOST 
UNCHANGED THEIR FUNCTIONAL PROPERTIES, AND SHOWN INCREASED 
CONFORMATIONAL STABILITY AND RESISTANCE AGAINST 

DENATURATION.  



2- BASIC RESEARCH 

HOMOGENEOUS AND OPTICAL 
TRANSPARENCY DOWN TO 5 K. 

THE PROTEIN IS TRAPPED IN CAGES. 
ROTATIONS AND GLOBAL 
CONFORMATIONAL CHANGES ARE 
RESTRICTED, BUT LOCAL MOTIONS 
REQUIRED FOR LIGAND BINDING ARE STILL 
PERMITTED. 
 
THE PROTEIN CAN BE TRAPPED IN A GIVEN 
QUATERNARY STATE (T, R) IN THE GEL,  AND 
THE MATRIX SUPPRESS THE R-T 
INTERCONVERSION.  

OPTICAL ABSORPTION 
MEASUREMENTS ALLOWED AT 

CRYOGENIC TEMPERATURES. 

THE EQUILIBRIUM AND THE 
KINETICS OF LIGAND BINDING TO 
THE PROTEIN CAN BE STUDIED IN A 
GIVEN QUATERNARY 
CONFORMATION. 
 
UNFOLDING & REFOLDING OF 
ENCAPSULATED PROTEIN MAY BE 
FOLLOWED. 

1- INDUSTRIAL APPLICATIONS: 
BIOSENSOR 

DEVICE THAT COMBINE THE RECOGNITION OF 
BIOLOGICAL MOLECULES WITH ADVANCED 
TRANSDUCERS WHICH CONVERT THE BIOLOGICAL 
SIGNAL INTO A MEASURABLE OUTPUT. 

FERRIC HEMOGLOBIN I (HbI) from Lucina 
pectinata:  
 
PHYSIOLOGICAL RECEPTOR FOR HYDROGEN 
SULFIDE – A GAS WHICH MAY PROVOKE LOSS 
OF CONSCIOUSNESS AND DEATH. 

MYOGLOBIN: 
 
RECOGNITION ELEMENT FOR THE 
DETECTION OF NITRIC OXIDE (NO), 
CYANIDE (CN), CARBON MONOXIDE (CO).  



MYOGLOBIN GIRATION RADIUS: ~ 30 ANGS. 

TRIDIMENSIONAL SiO2 MATRIX: 
DISTRIBUTION PORES SIZES CENTERED AT 50 ANGS 

ONE OR NONE MYOGLOBIN MOLECULE TRAPPED IN EACH CAGE + SURROUNDING WATER 
MOLECULES. 









Temperature dependence of the MSD for nanoparticles 
(panel a) and for lecithin vesicles (panel b). The effect 
of the stiffer structure of the nanoparticle is clearly 
visible at high hydration h. 



Elastic intensity binned over Q as a 
function of T for hydrated powders 
(h=0.2) of myoglobin, polyglycine and 
polyalanine. The arrows mark the 
temperatures at which breaks in the 
temperature dependence are observed. 

The results provide direct experimental evidence that the first 
anharmonic activation, around 150 K, is largely due to the activation of 
methyl groups rotations, but that contributions on the order of 10-20 % of 
motions of other groups (e.g. the phenolic ring and the methylene groups) 
are present. Our data also indicate that the dynamical transition occurring 
around 230 K can be attributed, at least at the hydration level 
investigated, mainly to motions involving backbone fluctuations. 



Protein fibril formation has been often associated to manifestation of serious and devastating amyloyd diseases, including 
Alzheimer and BSA. The main mechanism for the formation of amyloid fibrils is the accumulation of protein aggregates in 
body's organs. In this paper, we try to compare the dynamical behaviour of two amyloidogenic proteins, the Insulin and the 
Myoglobin. Insulin has been chosen for its pharmacological extensive use in diabetes's therapy, while Myoglobin is used as 
control, since its dynamics is now largely known. The investigation has been performed through incoherent elastic neutron 
scattering over a wide temperature range. Our results suggest a stiffer structure for the Ins hexamer with respect to Mb, 
confirming its enhanced stability, required for pharmacological applications. Explanation in terms of influence of both 
quaternary structure and water organization around the protein surface have been proposed.  

Normalised elastic scattering 
intensities measured at 110K (filled 
symbols) and 300K (empty symbols). 
Circles: dry Mb; squares: hydrated Mb; 
trian- gles: hydrated Ins. 

F. Natali, C. Marasini, R. Ferrando, A. Gliozzi 
Z. Phys. Chem. 224 (2010) 215-225 



Lipid raft are plasma membrane microdomains rich in cholesterol and sphingolipids, which 
provide a particularly ordered lipid environment. Rafts are involevd in signal transduction and 
intracellular trafficking. In neurons, lipid rafts act as platforms for the signal transduction. 
Rafts are also important for neural cell adheion, axon guidance and synaptic transmission. 
 Lipid rafts are structurally unique components of plasma membranes, crucial for neural 
development and fucntion. 





THE ROLE OF MYELIN IN DEGENERATIVE DISEASES 

F. NATALI 
CNR-IOM & OGG c/o ILL, Grenoble - FRANCE 

DEGENERATIVE DISEASES 

The myelin sheath is a lipid-rich tightly packed multi-layered membrane structure surrounding and insulating the nerve axons in the 

central nervous system (CNS) and the peripheral nervous system (PNS). It enables the fast transfer of nerve impulses. Myelin is 

destroyed by autoimmune processes in inflammatory demyelinating diseases such as multiple sclerosis (MS) in the CNS and the 

Guillan-Barré syndrome in the PNS. 

THE MYELIN 

SCIENTIFIC APPROACHES 

• Investigation of dynamics in reconstituted model membranes simulating the myelin fibers 

• Investigation of more complex scenario: the biological tissues in Central Nervous System 



THE MODEL MEMBRANE in collaboration with the University of Basilicata and Genova, IT 

Myelin proteins : primarily for biogenesis and structural stability. 

In Central Nervous System (CNS): MBP: up to 30% w of total proteins 

In Peripherical Nervous System (PNS): MBP: from 5 to 15%; P2: from 1 to 15% 

MEMBRANE RECONSTITUTION and SAMPLE CHARACTERIZATION 

 

Liposomes made of artificial lipids, DMPA, spread on silicon wafers to promote 

membrane orientation. MBP is added to study its effect on the membrane dynamics. 

Gel-to-liquid lipid phase transitions: T~ 320 K. 

 

Prior to neutron scattering experiments all samples are firstly characterized using 

standard lab techniques including Light Scattering, sucrose gradient process to 

check liposome sizes, polidispersity and protein-liposome binding. 

First studies of the influence of the Myelin Basic Protein (MBP) in CNS: 

Natali, et al. (2002) Applied Physics A. 74, 1582-1584.  

Natali, et al. (2003) Chem. Phys. 292 (2-3), 455-464.  

Natali, et al. (2004) Physica B, 350 (1-3), E623-E626.  

We address now the CNS ! 

THE MYELIN COMPOSITION 

STRUCTURAL PROPERTIES 



DYNAMICAL PROPERTIES – FIRST RESULTS 

Neutron scattering data acquired on 

IN13 and IN16 at ILL (FR, 8 meV 

FWHM and 0.8 meV FWHM), 

respectively. 

MEMBRANE RECONSTITUTION and SAMPLE CHARACTERIZATION 
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THE MODEL MEMBRANE in collaboration with the University of Oulu, Oulu, Finland 

Myelin proteins : primarily for biogenesis and structural stability. 

In Central Nervous System (CNS): MBP: up to 30% w of total proteins 

In Peripherical Nervous System (PNS): MBP: from 5 to 15%; P2: from 1 to 15% 

MEMBRANE RECONSTITUTION 

Liposomes made of artificial lipids, DOPC and DOPS at 50% w/w. 

The major myelin proteins, MBP and P2 are added one by one to study 

their effect on the membrane dynamics. Gel-to-liquid lipid phase 

transitions: TDOPC ~ 253 K and TDOPS ~ 262K. 

First studies of the influence of the Myelin Basic Protein (MBP) in CNS: 

Natali, et al. (2002) Applied Physics A. 74, 1582-1584.  

Natali, et al. (2003) Chem. Phys. 292 (2-3), 455-464.  

Natali, et al. (2004) Physica B, 350 (1-3), E623-E626.  

We address now the CNS ! 

STRUCTURAL PROPERTIES 

and SOON … 

DYNAMICAL PROPERTIES – FIRST RESULTS 

Diffraction images taken on 

D16 at ILL in function of the 

temperature for the protein free 

lipids (upper panel) and MBP-

lipid complex (lower panel). 

The lipid phase transitions are 

clear visible, suggesting a shift 

of at least one (or both) of the 

transition temperature towards 

higher value.  
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Neutron scattering data acquired at IN5 at ILL (10 meV FWHM). 

Strong out-of-plane membrane stabilization is induced by the mixed MBP+P2 

proteins at relative concentration typically found in physiology (MBP: 5% - P2: 

2.5%). Effect less pronounced in the in plane dynamics and in the gel phase (230K). 

Complementary data acquired on NEAT (DE), OSIRIS (UK) and IN13 (ILL). 

DATA ANALYSIS UNDER PROGRESS. 

To investigate the role of the mutant C8 of MBP, detected e.g. in 

aggressive cases of multiple sclerosis, on the membrane stability. 

THE MYELIN COMPOSITION 
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VERY RECENTLY….an ambitious project in collaboration with the Depart. of Veterinary Clinical Science at the Univ. of Padova 

Cerebellum from bovine - cryopreserved 

SCOPE 

1- To qualitatively compare the dynamics of different sections of the Central Nervous System from bovines, where Myelin is present at different amount. 

2- To observe if data are reproducible analyzing tissues from different animals. 

3- To compare the effect of different preserving methods: cryogenic towards formalin addition. 

In the Cerebellum the Myelin is internal (white ‘filaments’ in the 

figure), while the neurons are external. Less myelin content.  

Optic Nerve from bovine - cryopreserved 

In the optical nerve the Myelin is 

external, while the neurons are 

internal. Myelin is the major 

constituent of the nerve. 

THE CENTRAL NERVOUS SYSTEM 

Hemisphere Rx from bovine  

Formalin makes the 

tissues dry and more rigid 

changing also their visual 

aspect. 

Myelin: external, 23% of total mass 

Neurons: internal 

cryopreserved 

NEUTRON SCATTERING DATA 
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Two main components, one 

diffusive and the other 

confined, have been 

identified in the global tissue 

dynamics falling in the 

energy resolution adopted 

(10 meV FWHM). 

IN5 at ILL 

and SOON … 

FIRST RESULTS 

•Data are extremely reproducible (tissues from different animals give 

same scattering response). 

•Data from different brain sections show changes in the QENS signal. 

•No free water are found in tissues (no bragg reflection at low T) even 

though water is present in all the investigated tissues at ~70% in 

weight. 

•Formalin and cryopreserving methods affect differently the tissue 

dynamics.           DATA UNDER ANALYSIS !!! 

• To correlate how all this is linked to the myelin content by isolating 

 the myelin fibers from the different brain sections. 

• To compare results with myelin affected by degenerative diseases 

• To extend the investigation to healthy and suffering human CNS. 



STUDENTS ARE WELCOME!!! 
 
 

Contact: Francesca NATALI 
E-mail: natali@ill.fr 


