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Where did we do it? 

• Brookhaven NL, NSLS 



Short overview of systems studied at 
IR beamlines of NSLS 



Complex systems which we studied 
with synchrotron light source? 

Quasi-onedimensional organic conductors: TTF-TCNQ, 
(TMTSF)2ClO4 

Quasi-onedimensional inorganic conductors: K.3MoO3 

Two-dimensional superconductors: 2H-NbSe2 

Fullerenes 

Carbon nanotubes 

l-DNA 

Cuprate superconductors 

Strongly correlated d-element metals: BaVS3 



High Tc sample: Bi2Sr2CaCu2O8 

Tc = 91 K 



2212 150 nm thick single cystal, 
selfsupported over 0.6 mm hole, 
contacted for resistivity, 
sapphire substrate 

Transparent single crystals 
of Bi2Sr2CaCu2O8 

2212 100 nm thick single 
cystal, selfsupported over 0.9 
mm hole, platinum substrate 

1 mm 



Infrared transmission of 2212 up to 
high temperatures (500 °C)  

Thermocouple 

Gold coated 
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heater 
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The first « good » results on 
High Tc 

No peak in transmission 
ratios -> gapless 
superconductivity! 

Forró et al., PRL, 65, 1941 (1990) 



Blue bronze 
Peierls transition at 180 K 

K.3MoO3, blue bronze, 200 nm thick single 
cystal, selfsupported over 0.9 mm hole,. 



Quasi-1D organic CDW conductors 



Aligned bundle of SWNT 

10m 

R. Gaál et al., in preparation 

Parallel polarization 

Perpendicular    

   polarization 

300 K 

Aligned bundle of SWNT 

 10m 



Aligned bundle of l-DNA 

Self-supported 

oriented DNA bundle,      

~10m width 

Light polarized  

and  to the bundle 

Copper 

grid 



Results… 

4000 6000 500 
Wavenumber (cm-1) 

0 

1

0

0 

T
ra

n
sm

it
ta

n
ce

 (
%

) 

Parallel polarization 

Perpendicular  polarization 

 



0 
100 200 300 0 

Wavenumber (cm-1) 

1

0

0 

T
ra

n
sm

it
ta

n
ce

 (
%

) 

400 

A broad, 

localised 

mode 

No conduction in 

d.c. limit 

the low energy part… 

L. Forró et al.,’06 
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Synchrotron-assisted Infrared 
Micro-spectroscopy is an ideal 

tool for studying biological 
tissues with deficiencies 

  

 



Illustration: 
Protein misfolding in AD tissue   

Miller LM, REVIEW OF SCIENTIFIC INSTRUMENTS 73,   1357-1360   (2002)  
 
Miklossy et al. NEUROBIOLOGY OF AGING  27, 228-236 (2006)  
 
Miklossy et al.,NEUROBIOLOGY OF AGING    31, 1503-1515   ( 2010 ) 



Approach 



Multivariante Analysis: Principal 
Component Analysis (PCA) 

PCA reduces complexity to only a few wavenumbers: 

. . . the [wavenumber] x [sample] space is reduced 
to a subspace according to largest variance. 



Alzheimer’s Disease 
 

20 m 
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 - amyloid deposits in 

blood vessels 

Fluorescence 
images 

 - amyloid deposits in 
plexus 
 

 - amyloid deposits at other places 
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1. Huntington Disease (HD) 
2. Multiple Sclerosis 

This study… 



1. Huntington Disease (HD) 



Facts & Figures about HD 
•  HD is completely of hereditary origin. 

 

•  HD is caused by a trinucleotide repeat expansion in the in the 
Huntingtin gene located on the short arm of chromosome 4  

 

•  The gene product is a 348 kDa cytoplasmic protein called Huntingtin 
(htt), which function is not fully known. 

 

•  Htt has a characteristic sequence of fewer than 40 glutamine (Q) 
residues (CAG codon) in the normal form. 

 

•  The mutated form of htt that causes the disease has more than 40-
155 Q residues. The severity of the disease is proportional to the 
number of extra residues.  

 

•  The aggregation of htt molecules inside neurons causes them to die off 
in selected regions of the brain. 

 



A rat model for HD 

In collaboration with Prof. Luthi-Carter, Laboratoire de neurogénomique fonctionnelle, EPFL 

Htt171-19Q Htt171-82Q 

HD ctrl 

5’LTR PGK 3’LTR WPRE Htt171 -19Q or - 82Q 

Lentiviral-based gene 
delivery in rodents 

polyglutamine 

n=19 
or 82 

htt 

http://mkweb.bcgsc.ca/rat/images/raton3700/rat-on-sequencer-color.jpg
http://fr.wikipedia.org/wiki/Image:Glutamine.png


htt 19Q 

Provided by Valerie Perrin / Vérène Pignat 

Staining infected brain slices 

htt 82Q 

Aggregates of misfolded protein form intracellular inclusions 
(size up to 7m) 



Evidence for grey and white matter in IR 

• grey matter (protein rich) 
and white matter (lipid rich) 
 
• needs to be separated in analysis. 

IR image with lipid-to-protein 
ratio showing grey and white 
matter in tissuea 



Grey Matter 

Change in -sheet and -helix structure 
in grey matter of HD-infected rat brain. 



-sheet content in gray matter increases 



White matter 

Change in phosphorylation in white matter of HD-
infected rat brain. 



antisymmetric phosphate stretching 



Biochemical explanation 

[Nature Chem.Bio., 6(2010)] 

[Exp.Neur., 215(2009)] 

Aggregation of htt in gray matter 
is caused by conformational 
change from -helix to -sheet 
in neurons. 

Apoptosis in white matter 
is induced by a phosphorylation 
pathway. 



Dying white matter cells? 

       our results suggest oligodendrocytes are affected 



Summary of HD study 

In grey matter tissue: Drop in -helix content along 
with the increase in -sheet content. No significant 
changes in other chemical species. 
 
In white matter tissue: no significant change in -
sheet nor in -helix content. But: dramatic increase in 
phosphorylation . 
 
Cultured neurons: Same findings as for grey matter.  



2. Multiple Sclerosis 
(animal model: Experimental 

Autoimmune Encephalomyelitis) 



http://upload.wikimedia.org/wikipedia/commons/b/b3/Complete_neuron_cell_diagram_fr.svg


http://upload.wikimedia.org/wikipedia/commons/a/a3/Symptoms_of_multiple_sclerosis.png


Luxol Blue®™ and PCA in sample 5: 
healthy 

Homogeneous and dense 
distribution of myelin 
(lipids) in white matter. 



Luxol Blue®™ and PCA in sample 1: 
medium 

Slightly affected, 
one or two spots 
of demyelination. 



Luxol Blue®™ and PCA in sample 3: 
severe 

Many and larger regions of 
lesions of demyelination. 



Lipids/proteins in SIRMS for 
samples 1, 3, 5 



Summary of MS study 

MS: Perfect compliance of biological marker 
and IR-measurements. Sharp decrease (    ) 
of lipids, phosphates and alkenes due to 
demyelination and peroxidation in white and 
in gray matter. 



Acknowledgements 
• Sylvia Jeney 

• Markus Bonda 

• Bertrand Vileno 

 

• Ruth Lüthi-Carter 

• Valérie Perrin 

• Heike Runne 

 

• Suzana Marusic 

 

• Lisa Miller 

• Adriane Kretlow 

 

• Judith Miklossy 

 

Laboratory of Functional 
Neurogenomics 

Hookslab 

BNL, NSLS 

EPFL 

CHUV 



Thank you for your attention 


