The Abdus Salam
International Centre for Theoretical Physics

THO=

1936-43

Advanced School on Synchrotron and Free Electron Laser Sources

and their Multidisciplinary Applications

7 - 25 April 2008

Infrared spectrometry and microscopy in Biology and Biochemistry.

Paul Dumas
SOLEIL Synchrotron (France)

Strada Costiera | |, 34014 Trieste, Italy - Tel. +39 040 2240 |1 1; Fax +39 040 224 163 - sci_info@ictp.it, www.ictp.it



SULEIL

SYNCHROTRON

Infrared spectrometry and microscopy
in Biology and Biochemistry

Paul Dumas
SOLEIL Synchrotron-France
paul.dumas@synchrotron-soleil.fr

ICTP.: Advanced school oniSynchrotron and Free Eletron Laser sources- 2008, P. Dumas



SULEIL

SYNCHROTRON
) ,
6X6 pm?2 aperture, confocal A
With the globar source With the synchrotron source
1000scans= 500s 32scans= 16 s
- -
9+ (9]
£ £
_.% 3
< <
| .3‘5(50. | ‘3‘000. | ‘2‘560. | .2.060. | ‘1‘50‘0‘ | ‘1600 3500 3000 2500 2000 1500 100(
Wavenumbers (cm-1) Wavenumbers (cm-1)

ICTP.: Advanced school oniSynchrotron and Free Eletron Laser sources- 2008, P. Dumas



Generating a chemical image

SULEIL

SYNCHROTRON

CHXx

=

............................

3500 3000 2500 2000 1500 1000
Wavenumbers (cm-1)

ICTP.: Advanced school oniSynchrotron and Free Eletron Laser sources- 2008, P. Dumas



Exemple of IR spgctrum : biological sample
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Lineshape of Amide I allows to determine the relative secondary
structure composition
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Beside chemical imaging: multivariate...
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Secondary structure of proteins

SULEIL

SYNCHROTRON

3x3 pm?
64 scans

Higher concentration in 3
Sheets in the cuticle.

14

ICTP.: Advanced school oniSynchrotron and Free Eletron Laser sources- 2008, P. Dumas




ICTP.: Advanced school onSynchrotron and Free Eletron Laser. sources- 2008

SOLEIL 7

SYNCHROTRON

035

0.30 -

0.257

Absorbance

0.20 -

vS=0
sulphonate

Absorbance
o
8

1700 1650 1600 1550 1500
Wavenumbers (cm-1)

80

[o2]
Q

3000 250
Wavenun

Distance ( WB)

=
No
o

0 20 40 60 80 100
Distance ( Um)

P. Dumas 15



Position {micrometers)
Position {micrometers)

- A
25700 28800 26900 29000 29100 29200 29300 29400 29500 29600 29700 23600 23700 28800 28900 20000 29100 29200 29300 29400 29500 Z9R00 29700 298
Position {micrometers)

Pasition {micronigters)

0A7‘_
eré
055
0A4~f
0.3}

0.2-

Log(VR)

os!
-0A0<f
-OAlé
-0.2‘5

03

041

“3s00 3000 2500 2000 1500 1000
Wavenumbers (cm-1)

16

ICTP.: Advanced school oniSynchrotron and Free Eletron Laser sources- 2008, P. Dumas



SULEIL

SYNCHROTRON

Position {micrometers)

28700 26000 28900 29000 29100 29200
Pasition {micrometers)

29300

25400

29500

25600

ICTP.: Advanced school onSynchrotron and Free Eletron Laser. sources- 2008

Position {micrometers)

\ |

Position {micrometers)

-

25850

28900

25950 25000 29050 29100

Pasition {micrometers)

00 29600 29700 294

29150

P. Dumas

17



SN

4 Proteins secondary s-
SULEIL

SYNCHROTRON

HCA-= Cluster hierarchique

Little to learn at the interface

1.0 2 | 2 | 2 | 2 | 2 | 2 |

0.8

0.6

0.4 1

Absorbance (a.u.)

0.2 1

0.0 H

L) l L) l L) l L) l L) l L) l L)
1800 1750 1700 1650 1600 1550 1500 1450
Wavenumbers ( cm-1)

18

ICTP.: Advanced school oniSynchrotron and Free Eletron Laser sources- 2008, P. Dumas



Position {micrometers)

-1000

-a00 -850

-a50

13600

13650

13700

13750 13800
Pasition {micrometers)

13850

00

13950

14000

1405

Log

1 PDanmeters):lQ?DQ m -931 pm
100

| I
4000

B
3500

co
500

ICTP.: Advanced school onSynchrotron and Free Eletron Laser. sources- 2008

P. Dumas

19



=l

-950 -900 -550

-1000

13550 13600 13650 13700 13750 13800 13350 13900 13950 14000 14050

DNA im

-900 -850

-950

-1000

13900

14000 14050

13950

13730

13800 13850

P. Dumas 20

ICTP.: Advanced school onSynchrotron and Free Eletron Laser. sources- 2008



Statistiéal
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Plaque in brain tissue ‘
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Subcellular analysis using synchrotron
infrared
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Diagnosis Capabilities at CellularTevell

Photodynamic therapy of cancer
cells
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Photosensitizer:
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Hypocrellin A (HA), a lipid-soluble peryloquinone derivative isolated

from natural fungus sacs of Hypocrella bambusae
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Fluorescence emission T w
Figure 1. Molecular structures of photosensitizers HA, HB and their absorbance

between 580 and 700 nm and fluorescence emission spectra measured in DMSO solution.
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Infrared and fluorescence images of 10uM hypocrellin A and
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The results from this study show the capability of
FTIR microspectroscopy to demonstrate the effects
of PDT on HeLa cells, showing indirect effects of the
drug at individual cell level.

Complementary study using fluorescence
microscopy shows the intracellular distribution of
HA in the cells. The combination with FTIR
microspectroscopy at the cellular level will play an
important role in the diagnosis of cancer cell
responses to treatments.
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SKMES luhg cancel cells line
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Are these cells
sensitive to the drug?

From Dr. Josep Sulé-Suso
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From Dr. Josep Sulé-Suso
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Human tissues from mummy
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Mummy from Taklamakan desert

M. Cotte, Ph. Walter and P. Dumas
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Mummy from Taklamakan desert: hair
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Ancient cosmetics:
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Greek pyxide 374 BC

Reed from Egypt,
13th BC
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Focus on cation ‘
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Penetration of lipidic solution into skin
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With palmitic acid (16C)...
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With Myristic acid (14C)...

SULEIL

SYNCHROTRON

+« Same scale—-

palmitic acid

0 10 2 3 40 5 6 O W
XAxs Title

myristic acid penetrates deeplier than
palmitic acid

N

62

ICTP.: Advanced school oniSynchrotron and Free Eletron Laser sources- 2008, P. Dumas



SN

Summary
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. Synchrotron IR microscopy has became an important
analytical tool in synchrotron facilities

. Association with fluorescence is desirable

. Good S/N and higher spatial resolution.... Statistical treatment
( unsupervised or supervised )

. Complementarities with other synchrotron based techniques

are very potential especially if combined studies are performed
on the same sample.
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