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Beyond ﬂuorescence

Nanoparticles th at generate light through a mechar own as second harmonic
generation l /e been used to image live tissue. The p S gVercome many
problems associated with fluor: oresc ntp obes for bioimaging.

23 SEPTEMPBER 2010 | VOL 467 | NATURE | 407

* Nano-doublers
* Imaging
* Towards Label free Imaging: Coherent Control

» Perspectives
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A0 Pulse Power [GW]

Estimated SHG efficiency of
90 nm BaTiO;: 2000-13000 GM

For comparison:

QD: 47000 GM W.oo = Oan |2
GFP: 75 GM 2p— P
Rhod 6G: 6 GM

(1 GM = 10-°0 cm“s/photon)

C-L Hsieh et al., Opt. Express 17(4), 2880 (2009)

Photo-Stabillity

Fluorescence Bleaching




Breast cancer cells (MDA MB 231) - LiNbO,; SHG coated with PEG _ _
GapBio - unpublished
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Wavelength Flexibility n

SHG@ Er fiber
800nm 1,5 um

Mormalized Int.

600 700 800

Wavelength [nm]

No phase-matching
—Broadband frequency doubling
—Forward and backward emission

J. Extermann et al., Appl. Phys. B, 97, 537 (2009)
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Tissue penetration

Rat liver
Absorption

Ti:Sapppium \

» Deeper penetration
 Avoid absorption bands

= 500

SCATTERING COEFFICIENT fem~l)

(—> less energy deposition)
. No hindrance by autofluorescence

150
Liver Thickness [um]

T J. Extermann et al., Optics Express 17, 15347 (2009)

WAVELENGTH (am)
P. Parsa, Appl.Opt., 28, 2325 (1989)



GAP :
% Cardiac Stem-Cells n
Biophotonics “Live” _ 4D

KNbO4; SHG coated with PEG



C:/Users/Wolf/Documents/JourneesGAP/JGap2011/heart_stem_cells_SHG.avi
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sopnoronic: ENAO- @and Exogenous Fluorescencen

CO(sulV) / GFAP / DAPI

SELECTIVITY = CHEMICAL PERTURBATION

Solution for discrimination : COHERENT CONTROL ?

W. Webb et al, Science 305, 100 (2004)



Nearly ldentical Cellular

Biopl'mt(-}nics
Biomolecules: Riboflavin and FMN

Almost no effect
of the ribityl side chai

Absorption in the
Isoalloxasine ring

ldentical Spectra !
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Optimal Discrimination (ODD)

Biophotonics

lonization No lonization

Low frequency

tail modes frequency tail

modes

RBF

J.Petersen, R. Mitric, V.Bonacic-Koutecky,J.P. Wolf, J.Roslund, H. Rabitz, Phys.Rev.Lett 105, 073003 (2010)
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Enhances ‘J
FMN Fluorescence

~ 84%(~ 160)
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minimize

Dryn/DrBr Enhances
maximize Dryy) RBF Fluorescence

probability densit

0.8 1.0 1.2 1.4
depletion ratio Dgyn/Dgrier

Roth et al, Phys.Rev.Lett 102, 253001 (2009)



| Relative Mixing Ratios
Determination in the Mixture (same Cell)

¢'(RBF) ¢ (FMN) ¢*(RBF) o(RBF) ¢(FMN) o(RBF)
0.19

(.09

(.05

Roth et al, Phys.Rev.Lett 102, 253001 (2009)
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Peptidic Bonds between AAs make Proteins



Discrimination of Peptides

_ Alatf | Gly-uf

Biophotonics
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GapBio - unpublished
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Intensity of
Fluorescence F,

Receptor

Next Step: Label-Free Bioassays

feedback
F22F1

unshaped laser pulse
grating

Intensity of
Fluorescence Fy

Receptor
+ maximize F;:F4
Analyte

shaped fs laser pulse




S. M. Weber et al., Proc. SPIE7594, 759401 (2010)

0 — 60 V piston and tilt for
two mirrors independently

White-Light Interferometry

17



Biophotonics
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« Label-Free Bioassays », US Patent, Pending (2011)
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Conclusions ﬂ

- Nano-doublers in strong development:
FP7: characterized, fonctionalized, tested
for toxicity, applied to actual cancer
and stem cell research

- Collaboration with Nikon Microscopes

- Multimodality

Biophotonics

-Label free discrimination by Coherent
Control demonstrated on peptides

- Imaging to be tested

: - Label free iImmuno-assays, Patent

- Industrial interest (Innanovate, UK)
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Imaging through scattering tissues
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Monte Carlo simulation
Multiple scattering
Mie theory
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Polarization: nanoCompass

Ti:Sapphire
oscillator _
Z+Plezo  Sample
stage
— Lockin

L:_— — .
Amplifier

hﬁ\" Photo-
800 nm A2 plate A jultiplier

1‘"—.
20 fs

Polarizer




Model / laser excitation

cosa cost
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V. Le Floc’h et al., J. Phys. Chem B 107, 12403 (2003)



Model / emission & detection

Crystal frame ZSHG _ kK A (|5(2) A IZ)

— lab referential

Objective

Integration over
angular variables
(coherent process)

by = fﬂ f"bj B, sinu du dv

1M =h° E + bizyy Ej +2 Qixxbiyy + bizXy XZEj +

i=Xx,y

3 3
+2b, b, EJE, +2b, b, EE;

V. Le Floc’h et al., J. Phys. Chem B 107, 12403 (2003)



Polarization: nanoCompass

— Individual nanocrystal orientation
— probes for local E field




Polarization: nanoCompass

Name Point Group Simulations
LiINbO4 3m :

BBO 3m

KTP mm?2

KNDbO, mm?2

BaTiO3 Amm

Zn0 6mm

Fe(IO3), 6

Figure 3.4: Polarization emission for 3m crystals. .




Coherence

> )
SHRIMP NPs
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A Laser-Laboratorium

In collaboration with “§ Gottingen GmbH and J. Enderlein

R. Baumner et al. submitted
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Coherence

External Field Interference:

} + Homodyne Detection (increase

sensitivity) Roch

* Harmonic Holograpy (no scan
axial position) Psaltis

* Digital Phase Conjugation (optical
turbidity suppression) Psaltis (June
2010)



nano-FROG™ (Self Referenced)

* Frequency
Resolved
Optical Gating



nano-FROG

J. Extermann et al., Optics Express 16,10405 (2008)




nano-FROG

Experimental (=3 /\

* Full spetral-phase characteriéation of
broadband (shaped) ultrashort pulses with
subfocal resolution (high N.A. objective)

* single beam microCARS
 coherent control
* In situ information on tissue scattering

INVANEEAE
760 780 800 820
2 [nm]

J. Extermann et al., Optics Express 16,10405 (2008)
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SHRIMPs
Second Harmonic Radiation
IMaging Probes

(Inorganic) non-centrosymmetric nanoparticles
Since 2007:

Fe(10,), (SIAE=I)N KNbO,
Savkally, GB), KTP (Roch, GB),
(Prasad, GB), BaTiO,

GEEUR)

Now SiC, BBO, LINbO;, and
magnetic nanomaterials (MR,
NL)




NEW (MUST) : Underlying Mechanism

ab-initio Calculations (V. Bonacic Koutecky)
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J.Petersen, R. Mitric, V.Bonacic-Koutecky,J.P. Wolf, A (nm)

J.Roslund, H. Rabitz, Phys.Rev.Lett 105, 073003 (2010)




Shaped Pulse Excitation

bandpass filter —pMT 1 SHG generation &

400nm AOM pulse shaper
oo
splitter f

|

Aluminum ?77
/D electro-

magnetic
shutter

'
eam splitte /
f=500mm : _E

M.Roth et al, App.Phys. B80, 441 (2005)
M.Roth et al, Rev.Sci.Inst.77, 083107 (2006)




Field-Induced Surface-Hopping (FISH)

Pulse 1
maximize D(FMN)/(D(RBF) minimize D(FMN)/D(RBF)
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FMN Depletion with pulse 1 increases and with pulse 2 decreases

J.Petersen, R. Mitric, V.Bonacic-Koutecky,J.P. Wolf, J.Roslund, H. Rabitz, Phys.Rev.Lett 105, 073003 (2010)
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Optimal Control Learning: n

Optimal Dynamic Discrimination (ODD)

Biophotonics
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Roth et al, Phys.Rev.Lett 102, 253001 (2009)
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Amino acid (1) H Amino acid (2)

Hﬁ‘é—c% c %

Peptide bond

Dipeptide
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Protein Synthesis

chaine transcrite

codon

tion de TADN en ARM mes er. Traduction de TARN me jer en polypeptide.
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Spectra of Dipeptides

norm Trp
norm Ala

norm Leu
Nomnalized Absorption

Wavelength

Intensity

p
new Ala
new Gly
new Leu

Normnalized Fluorescence




