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BIOCHEMICAL COMPOSITION AND ITS
DISORDERS... SPECTROSCOPY
TOWARDS DIAGNOSTIC
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S |_ EI . PROBING MOLECULAR MOTIONS BY
" VIBRATIONAL SPECTROSCOPY: CASE OF
INFRARED

DIAGNOSIS ?
PROGNOSIS ?

AS TISSUES ARE VERY HETEROGENEOUS, ONE
NEED CELLULAR, SUB-CELLULAR PROBE
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S_LEIL INFRARED SPECTROSCOPIC PROBE: THE

VSYNCHROTRON E SSEM-'ML

- Excellent spectral
quality ( high S/N):
tiny changes , but
important to detect

- Data recording a4 fast as

poddtble: need statistical
analysis due to the biological
heterogeneity of the analysis

- Tunability ( wavelength
range)!
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S LElL INFRARED SPECTROSCOPIC PROBE: THE
WS ESSENTIAL

- Highest spatial
resolution possible:
require a miCroscopic
analysis, at the limit of
the diffraction or
better

180 pm

- Infrared useful range for
chemical analysis= 1 to 50

mICrons
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S LFll. INFRARED PROBE: NEED HIGH
" WSYNCHROTRON BRILLA.NCE SO(RCE

Synchrotron in infrared frequency domain :
For diagnostic purpose, probably the best appropriate at the
moment . Source is very stable, broad band, about two to three
orders of magnitude better than laboratory source ( globar, or
also called thermal source)

Synchrotron
Conventional IR source

100 scans, 4 cm-1 resolution

T T T T T T T T T T T T
4000 3000 2000 1000

Infrared laders: N

They are becoming more and more available and tunable in a
wide energy domain (OPO, QCL). Brighter than synchrotron,
they are less stable ... But the best has to come!
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S |_|:_| . SECONDARY STRUCTURE AND INFRARED

e SIGNATURE
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Concanavalin A (Jackbean) all

Myoglobin (Horse Heart) all «

Absorbance

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

g\ |[uP8

(UI Second derrvative of spectrum

Laoers For Life, Laserlab Foresight Workshop, London, 25- June 2014 PDumas



SOt EI IMAGING SECONDARY STRUCTURE BY SYNCHROTRON-IR
~ ' MICROSPECTROSCOPY: ALZEIHMER PLAQUE IN BRAIN

TISSUES

Absorbance
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W bers (cm-1
| i) P. Dumas et al.
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S LEIL  DISEASES IN LIVER, SYNCHROTRON IR

MICROSCOPY A POTENTIAL PROBE?
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S5 LBl INFRARED SIGNATURES OF LIVER
DISEASES

Absorbance)
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S bl JMORE DETAILS WITH CLOSE LOOK AT

SYNCHROTRON
SPECTRA
PURE COLLAGEN
e COLLAGEN in LIVER
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PC2

SYNCHROTRON IR DO PROVIDE
FINGERPRINT OF VARIOUS DISEASE

Peng, C.,Chiappini, Sandt C., Samuel D., Duma$ P. , Guettier, C. , Kascakova S.,

HEPATOLOGY 2014, in print

hepatocarcinoma
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SOULFIL IR LASER IMPACT FOR SUCH
DIAGNOSTIC?

Not very favorable, even though such analysis in Hospital will speed up
the diagnostic.

Too wide spectral range scanning needed!

Ilipir]s

'immim sugars T
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>

2.5 Wavelengh range in micronds 8
@ High S/N spectral, so high stability!

@ Highest spatial resolution mandatory? Satisfactory discrimation
with thermal source identified
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et Fil CHRONIC MYELOID LEUKEMIA: IR
SYNCHROTRON SYNCHROTRONS AND LASERS
CONTRIBUTION?

N O Y ¢ 1 1
d ~ I Professor Ali Turban
\. N@ " Head of Hematology and
, ga¥e, Oncology Department,
Poitiers Hospital
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I CHRONIC MYELOID LEUKEMIA ?

* Cancer of white blood cells

* Clonal bone marrow stem cell disorder

* Caused by reciprocal translocation of a piece of
chromosome 22 on chromosome 9 =>

-Phildaelphia chromosome (Ph+)

- ber-abl fusion gene

* Ber-abl 1s a tyrosine kinase (TK) that activates a
cascade of proteins by unregulated phosphorylations
=> Increased proliferation , diminution of DNA
repair => increased DINA damages and mutations

Lavers For Life, Laserlab Foreaight Workshop, London, 25- June 2014 PDumas



SOLEIL CHRONIC MYELOID LEUKEMIA
TREATMENT ?

‘“\V, Inhibitors of tyrosine kinase (imatinib,

dastinib, nilotinib) Gleevec: HOW IT WORKS
* a [
™® B
¥ %

Vv Resistance: the T3151 mutation (in the
imatinib fixation site) renders bcr-abl resistant

to all first generation TK inhibitors
The frequency of the mutation can be as low as 1

cell in 100,000 and as high as 940%
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SOLEI CHARACTERIZATION OF A DRUG
N RESISTANCE PHENOTYPE

3 CELL MODELS STUDIED :
#* MURINE EMBRYONIC STEM CELLS (PROGENITOR
CONTEXT)
% GENETICALLY ENGINEERED UT7 CELLS; STABLE BCR-
ABL EXPRESSION
¥ GENETICALLY ENGINEERED UT7 CELLS: REPRESSIBLE
BCR-ABL EXPRESSION

Féraud O., Turhan A., Sandt C., Dumas P.
INSERM, CNRS, SOLEIL
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< |||  MURINE EMBRYONIC STEM CELLS GS2

GS2
GS2 transfected by the wild-type ber-
abl p210
GS2 transfected by the mutant ber-abl
T3151

Sugar, DNA? J Phosphate
Secondary structure
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UT7P: NO bcr-abl EXPRESSION
UT7-11: STABLY TRANSFECTED WITH WILD TYPE bcr-
abl
UT7T3151;: STABLY TRANSFECTED WITH T315I bcer-abl
MUTANT
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Endemble of IR spectra
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WHAT CAN WE CONCLUDE FROM
SYNCHROTRON IR?

SOLEIL
v IT IS POSSIBLE TO DETECT A SPECIFIC SIGNATURE OF
ber-abl EXPRESSION IN DIFFERENT CELL CONTEXTS
(MURINE, EMBRYONIC STEM CELLS, HUMAN,
HAEMATOPOIETIC CELLS)

v SPECIFIC SIGNATURES OF THE T3151 MUTANT IS
DETECTABLE

v THIS SUGGESTS HIGHER PHOSPHORYLATION RATE OR
DIFFERENT TARGETS FOR T3151

v ITIS POSSIBLE TO DETECT THAT SPECIFIC MUTATION
IN HAEMATOPOIETIC PROGENITORS FROM CML
PATIENTS IN SINGLE CELLS => DIAGNOSTIC TOOL ?

( FIRST RESULTS ARE PROMISING)
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- CAN LASER IR PLAY AN
HRGTRON IMPORTANT ROLE?

v Signatures are in three spectral domain: Sugar ( around
10 microns wavelength),Phosphate ( around 8 microns)
and amide | ( around 6 microns)

v Probably one could use only one probe ( the strongest =
amide |) @ 6 microns

¥ Tunable IR laser around 6 um, linear array detectors

seem one way to bring the diagnostic to Hospital. Laser

and spectral quality ? Cell sorter and fast data recording?

Quick diagnostic on circulating blood cells from

patients?
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e o HOW LASER IR CAN BE
> ehmonon IMPLEMENTED?

Infrared laser

B -'
% ﬂ Linear array detector
@ pl s
=z

Circulating microfluidic cells
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ONE CRUCIAL ENVIRONMENT FOR

SOLEIL DIAGNOSTIC...

In-situ studies, both for spectro-microscopy and imaging of fully

hydrated cells at sub-celullar resolution

PTFE sPACERS  LITHOGRAPHIED
FOR SIMPLE SPACERS FOR
APPLICATIONS ~ MORE COMPLEX

APPLICATIONS FLOW CONTROL

Laoers For Life, Laserlab Foresight Workshop, London, 25- June 2014 PDumas



S¢ L1l Sub-cellular imaging can be achieved
in fully hydrated environment....
Allow in-situ tics. .
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SOLEIL PENETRATION KINETIC OF RHENITUM
SR CARBONYL TAGGED LIPIDS IN LIVING CELLS
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Limited output using the simple microfluidic device (3-4 cells/day).
Perspective: increase the output with litpoghraphied spacer (with 4
channels per chip, 12-16 cells per day could be measured)

C. POLICAR, S. CLEDE, C. SANDT ET AL.. TO BE PUBLISHED
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SOLEIL STEM CELLS RESEARCH: IR SYNCHROTRONS
AND LASERS CONTRIBUTION?
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SOULFIL INDUCED PLURIPOTENT STEM CELLS
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S 1 F11 ADRESSING IDENTITY WITH
SYNCHROTRON IR

H1 & H9 ARE VERY SIMILAR
(THEY WERE ISOLATED IN THE
SAME LAB)

CLO01 IS DIFFERENT (IT CARRIES
GENETIC ABNORMALITIES:
TRISOMY 1)

H1
CLO1 g 1 !

e 00 0§ A1 06 05 i 03 82 A1 i 0.1 0.2 03 0
Figameam Fooupt 39REK Voumpl 4% 1TH ty 3 PDumao



S (fll ADRESSING REPROGRAMMATION
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SYLEIL

ANALYSIS TELLS US?

WHAT THE STATISTICAL DATA
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Consistent with more sugar production in iPS... metabo]

activity !
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SeiFIL VALID ALSO FOR HUMAN, MOUSE STEM
§YNCHROTRON C
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S LEIL  DOUBLE CHECKING WITH PARTIALLY
| REPROGRAMMED CELLS

Comparison of fully reprogrammed and partially reprogrammed
IPSC cells
PBO8PR (partially reprogrammed)
PBO8GFP (fully reprogrammed)

Pc2 Scores
1.5 —
- PR1 - PR1
j + PRI
1.0 —
: ] : + PRI . PR1. A
i) B i . PR1- PRI
i - PR PRI - PRI,
. PR1 ;
4 . EE{]‘ PrR1 + PRI . pRFRI
05 — + PRI | é‘?‘l « PR1
27 <P + PRIpg + - PR1

-0.5 —

—————
1.0 1.5

= -
=
(5]

-2.0 -1.5 -1.0 -0.5
RESULTS, X-expl: 74% 16%

P1osONE , April 2012, Volume 7, Issue4, 30743
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SVLEIL ROLE OF LASER IR?

‘v IR microscopy has a great potential to
become a diagnostic tool for stem cell
reprogrammation and stemness.

‘v Signatures are in two spectral domain: sugar
( around 10 microns wavelength), and amide |
( around 6 microns)

v IR lasers be fastly tuned around each of these
wavelengths , may be in using several of
them . Spectral quality needed. Instrument
development for thls specific purpose?

PDirnas




v SYNCHROTRON IR IS
acToR PROBABLY A TESTBED ...

FOR OTHER BIOMEDICAL-REILATED STUDIES..

AT SMIS, THE FRENCH SYNCHROTRON IR
BEAMLINE:

RAPID IDENTIFICATION OF CALCIFICATION IN KIDNEY
( HOPITAL NECKER PARIS) |

- PRECISE DETERMINATION OF BETA AMYLOID IN
HUNGTINTON INCLUSIONS ( JUVENILE AND ADULT)

- PDT EFFECTS ON INDIVIDUAL CELLS

Lavers For Life, Laserlab Foreaight Workshop, London, 25- June 2014




THE STEP FURTHER...

SYNCHROTRON IR HAS ADVANTAGES AND
DRAWBACKS:

¥ NOT EASILY ACCESSIBLE

% LIMITED BEAMTIME ACCESS

% NOT REALLY APPROPRIATE FOR RAPID
DIAGNOSTICS

¥ BRIGHT BUT NOT ENOUGH FOR FASTER DATA
RECORDING

¥  REMAINS AN IMPORTANT TESTBED NOT ONLY

FOR LASER BUT ALSO FOR LAB-BASED THERMAL
SOURCE

¥ SPATIAL RESOLUTION ?

Lavers For Life, Laverlab Foresight Workshop, London, 25- June 2014 PDumas



<&t Ell THE STEP FURTHER...

#¥* [ASER IR HAS GREAT POTENTIAL:

¥ - CAN BE IMPLEMENTED IN LABORATORIES AND
HOSPITAL

¥ - HIGHTER BRIGHTNESS

¥ - SAMPLE DAMAGE?

% - COHERENCE?

¥ - STABILITY, HIGH QUALITY DATA?... GREAT
PROGRESSES HAS TO COME

¥ - 1D, 2D DETECTORS WILL BECOME AFFORDABLE,
EVEN WITHIN « LAB BUDGET »

¥ - COMPLEMENTARY TO SYNCHROTRON IR

Lavers For Life, Laserlab Foreaight Workshop, London, 25- June 2014 PDumas
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PUSHING ANALYSIS DOWN TO THE
NANOSCALE?
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Anasys inch
S ~ L E ] L_ ttp://www.anasysinstruments.com/

Bottom side illumination T
Top side illumination

-~ .~

Cantilever ringdown

l Time

——

Sample

Deflection °©

B FFT
Laser are curretly used to acheive resolution down | R
to about 20-100 nm [ sooanm

Sample geometry no longer a big issue
Laoers For Life, Laserlab Foresight Workshop, London, 25- June 2014
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SYLEIL

NalNo-IR with IR laser

http://www.neaspec.com/

Detector

AFM-
Cantilever
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Normalised IR Amplitude (a.u.)
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SU L F_l L AP P“Eﬁuﬁ_ﬁﬁs I‘:’%Sfﬁ; v;;:me 68,
SYNCHROTRON

Recorded with the synchrotron
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WNCH ROTRON

Synchrotron IR
SWLEIL @ SOLEIL

n (micrometer®0 "
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Wavenumbers (cm-1)
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Wavenumbers (cm-1)

Ladsers For Life, Laserlab Foresight Worksbop, London, 25- June 2014 PDumaos



(5]
T

A
~ 10 ]
SOLEIL N
SYNCHROTRON . 5 ib ""_.-
NaNo-IR with IR % B
Sw0't
synchrotron § el W\
:pé 107
F 10:- — ALSBLS54
10°T OPO (13)
E 4 — Supercontinuum (17)
w 10 — 1000K Blackbody
B de EWaLg;umblr |:¢3'.:n"+"“]|5 o
ALS
Synchrotron Source MCT
Detector
Tapping
Frequency

Beamsplitter

Laser-tracked |
Moving Mirror

Rapid-scan FTIR

Lavers For Life, Laserlab Foresight Workahop, London, 25- June 2014 PDumas



S
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LEIL

NaNo-IR with IR

synchrotron

Ultrabroadband infrared

nanospectroscopic imaging
Hans A. Bechtela, Eric A. Muller,

Robert L. Olmon, Michael C. Martina,

and Markus B. Raschke

PNAS (May 2014)Early

Edition
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Also at LNLS ( Brazil)
Raul de oliveira Freitas, H.
Westfahl, P. Dumas and Y.
Petroff ( to be published)
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SUMMARY

- Synchrotron IR has a great potential for
biomedical —related studies and applications

- It is a test bed for future applications in lab-
environment, and a provider for useful wavelength
domain to be probed

- Laser and fast data recording in a wider
frequency domain possible is the next step

- High quality spectra is crucially important, and
shot-to-shot stability of lasers is one issue which is
going to improve in a near future

Lavers For Life, Laserlab Foresight Workahop, London, 25- June 2019 PDumas
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