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Exploiting the source brightness Exploiting the source brightness 
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Structural informations?

Lineshape of Amide I allows to determine the relative secondary
structure composition
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Structural informations?
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Synchrotron IR microscopy
of human tissues
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Studying hair with synchrotron IR microscopy

Cuticle
( about 5 µm)

Medulla
( about 10 µm)

Cortex

( about 40-50 µm)
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LipidLipid profileprofile
ProteinProtein profileprofile

Intern.J. of Cosmetics Science. 23 1-6 (2001) 369-374
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Beside chemical imaging: multivariate…Beside chemical imaging: multivariate…

Two types of lipids
identified across hair

section

Two types of lipids
identified across hair

section

Two types of lipids identified by HCA ( Hierarchical Cluster Analysis)
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Secondary structure of proteinsSecondarySecondary structure structure ofof proteinsproteins

Higher concentration in ββββ
Sheets in the cuticle.
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Proteins secondary structure
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DNA image Lipids Image

Proteins Image
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Subcellular analysis using synchrotron 
infrared

SubcellularSubcellular analysis using synchrotron analysis using synchrotron 

infraredinfrared
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12x12 µm2 probed area

MirrIR low-e slide

HELA single cell
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MirrIR low-e slide

HELA single cell

9x9 µm2 probed area
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MirrIR low-e slide

HELA single cell

6x6 µm2 probed area
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MirrIR low-e slide

HELA single cell

3x3 µm2 probed area
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From imaging to spectroscopyFrom imaging to spectroscopy

Lipids
Proteins
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Diagnosis Capabilities at Cellular LevelDiagnosis Capabilities at Cellular Level

PhotodynamicPhotodynamic therapytherapy ofof cancer cancer 

cellscells
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http://www.photofrin.com
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Hypocrellin A (HA), a lipid-soluble peryloquinone derivative isolated

from natural fungus sacs of Hypocrella bambusae

Photosensitizer: Hypocrellin A

http://www.public.iastate.edu/~jwp/hypoc
rel.htm

http://nt.ars-
grin.gov/sbmlweb/OnlineResources/HypocrealesI
mageGal/Hypocrella.cfm

HA absorption mainly in the
400-650 nm energy domain.

Fluorescence emission
between 580 and 700 nm

460 nm

300300300300 400400400400 500500500500 600600600600 700700700700 800800800800

WavelengthWavelengthWavelengthWavelength ( nm)( nm)( nm)( nm)
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Viability assays : HELA cells
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S. Srichan,et al. submitted
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HELA cells
treated 10 minutes with

Hypocrelline , with irradiation

HELA HELA cellscells

treatedtreated 10 minutes 10 minutes withwith

HypocrellineHypocrelline , , withwith irradiationirradiation

cell1 cell2 cell3

@ ESRF IR Beamline S. Srichan,et al. 

Individual cell probing with
synchrotron IR microscopy

20% mortality, according
to MTT assay



National Synchrotron Research Center- Infrared Workshop- October 1-2, 2007                                                         P. Dumas38
ICTP : Advanced school on Synchrotron and Free Eletron Laser sources- 2008      P. DumasICTP : Advanced school on Synchrotron and Free Eletron Laser sources- 2008      P. Dumas

1400  1450  1500  1550  1600  1650  1700  1750  
Wavenumbers (cm-1)

Aperture dimension ( µmxµm)

3x3
6x6
9x9
12x12



National Synchrotron Research Center- Infrared Workshop- October 1-2, 2007                                                         P. Dumas39
ICTP : Advanced school on Synchrotron and Free Eletron Laser sources- 2008      P. DumasICTP : Advanced school on Synchrotron and Free Eletron Laser sources- 2008      P. Dumas

2000 1800 1600 1400

Frequency (cm-1)

Single Single cellcell apoptosisapoptosis
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N. Jamin, J.L. Teillaud,L.M. Miller, P. Dumas,G.P. Williams
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S. Srichan,et al. 

Statistical analysis of large 
data sets: exemple PCA
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PCA analysis of 2µM HA treated HeLa cells after 6h 
incubation with/without 12Jcm-2irradiation.

S. Srichan,et al. 
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Combining synchrotron IR microscopy
with other synchrotron-based

techniques?

Combining synchrotron IR microscopy
with other synchrotron-based

techniques?
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Visible Visible andand UV UV MicroscopyMicroscopy

induced
phase-shift

synchrotron 
radiation

beam

fromfrom 180 to 700 nm180 to 700 nm
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locations of references and locations of references and 

the samples.the samples.

locations of the samples after locations of the samples after 

rotated the slide.rotated the slide.
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References= electron microscope grids

MirrIR low e-slide
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Infrared and fluorescence images of 10Infrared and fluorescence images of 10µµM M hypocrellinhypocrellin A and A and 

light(48J/cmlight(48J/cm²²,,λλ = 470nm)= 470nm) treated  treated  HeLaHeLa cells .cells .

Optical 
image

IR chemical 
image

Fluorescence 
image The two images are 

superimposed

2µm

2µm

2µm

2µm

Human cervical cancer (HELA) cell
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SummarySummary

� 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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DiagnosisDiagnosis? ? PrePre--diagnosisdiagnosis??
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10 µm

SKMES lung cancel cells lineSKMES SKMES lunglung cancel cancel cellscells lineline

With 20mM GemcitabineWith 20mM Gemcitabine

Gemcitabine= a chemotherapeutic drug

Are these cells
sensitive to the drug?

Are these cells
sensitive to the drug?

FromDr. Josep Sulé-Suso

With 40mM GemcitabineWith 40mM Gemcitabine
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15
45 From Dr. Josep Sulé-Suso

the biochemical changes in these cells measured 
with synchrotron IR micro-spectroscopy could 
help us to better clarify the state of a single cell,
i. e., 

alive without damage, 
alive with damage but able to recover,
alive but entering a death pathway and
unable to recover, or 
dead.
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Cell differentiationCellCell differentiationdifferentiation

Induced by  Phorbol Myristate Acetate ( PMA)
( morphology and activity changes)

HL-60 few minutes after « activation »

20 µm

Lipids profile Protein profile
( Amide I)

J.L. Teillaud, N. Jamin, L. Miller and P.Dumas
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Fuzzy-c-means clustering

α-dominantβ-dominant
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48 Hours after PMA…48 Hours after PMA…

Intensity profile of lipids

20 µm

Nucleus ( Amide I)

J.L. Teillaud, N. Jamin, L. Miller and P.Dumas
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4 hour treatment 
with a model 
chemotherapy.
IR maps are 
measured in-

vitro, in real time
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With Harvard Medical School

Imaging the Response of Prostate Cancer Cells to 
Chemical Treatments

Imaging the Response of Prostate Cancer Cells to 
Chemical Treatments

ALS Beamline 1.4.3

From M.Martin ( Berkeley)
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Human tissues frommummyHuman tissues Human tissues fromfrom mummymummy

Mummy from Taklamakan desert

M. Cotte, Ph. Walter and P. Dumas
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GreekGreek pyxide 3pyxide 3rdrd BCBC

Reed Reed fromfrom EgyptEgypt, , 

1313thth BCBC

Ancient cosmetics:AncientAncient cosmeticscosmetics::

30 µm
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M. Cotte, P. Dumas, G. Richard, R. Breniaux, Ph. Walter
Analytica Chemical Acta  2005 ( in press)
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Ebers 389 make-up to be prepared during summer, 
winter and flooding season: galena. It will be ground
in goose-terep fat, in the morning, without permitting
it to drop on fire. Make-up for the night.

Old oil

Lead whiteLead oxide
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Diffusion in a Frantz-type cellDiffusion in a Frantz-type cell

buffer
solution 
pH=7,4

Solution 
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lead 24h at 37°C
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Microtomy
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With palmitic acid (16C)…WithWith palmiticpalmitic acidacid (16C)…(16C)…
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With Myristic acid (14C)…With Myristic acid (14C)…
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SummarySummary

Synchrotron IR Synchrotron IR microscopymicroscopy has has becamebecame an importantan important

analyticalanalytical tooltool in synchrotron in synchrotron facilitiesfacilities

Association with fluorescence is desirable

Complementarities with other synchrotron based techniques 
are very potential especiallyespecially if if combinedcombined studiesstudies are are performedperformed

on the on the samesame samplesample..

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