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Single

Molecute

M R I Detection

TISSUE S d CELL
| TISSUE § | | CELL|

Single STED
Molecule Palm

X-ray

Imaging
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Thick Specimen Imaging
the classical microscopy approach

@ ©

Lightsource

Scanning

1:5:;: . Objective

% / Sample
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...or how to do better

Coherent Amplification

-
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Fourier Domain Oplical Coherence Tomography

Broadband
Lightsource

spectrometer

Fourier transform
From
x,y,k to xy,z

Y
z
X

Laboratoire d‘Optique Biomédicale

3.November 2010 BERN Swisslaser




Functional imaging...and FDOCT

Langerhans’
Islets
Wild mouse

refraction index > intrinsic sample property
fluorescence

> 100 dB
3D needs z-stacking

high speed 3D, time lapse imaging

functional imaging
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3D-microstructure of biological samples
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a combination....?? FEl IE |

FDOCT & microscopy .(I)ﬂ-

sample signal SOCT \[ Iref Isample

high contrast images

+ availability of
-> phase contrast schemes
-> functional imaging (nm resolution)

> coherence gating
along optical axis (broad band source)

of FD OCT methods

-> high temporal resolution (30us)
accessing physiological processes

+ direct access to depth resolved

(molecular contrast OCT,
diff spectroscopic OCT,...)
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an obvious contradiction...? in £l

‘ ocm .(I’f_

-Focus light on sample

-Effective Numerical
Aperture:

-Waist:

-Rayleigh-Range:

-Depth of Field:

-Lateral resolution and Depth of Field (DOF)
depend both on NA

3.November 2010 BERN Swisslaser

-Loss of resolution and signal outside DOF

Laboratoire d‘Optique Biomédicale




[re——

0 a0 A0 A G0 0 W M0 30 a0 &0 i
Lt Prstn i

Intensity

1.2
h=———
zsin(a)

Sample
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radius

R. Leitgeb et al.

Laboratoire dOptique Biomédicale OPTICS LETTERS / Vol. 31, No. 16/ August 15, 2006 {1

Developed countries
o

W 000
W 2030

. l 2000 2030
-'"'”- -- - 171,000,000 | 366,000,000

Prevalencq Prevalence
0-4%
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Optical Projection Tomography .(l)f

E POLYTECHNIC
RALE DE |

ECOL

ex vivo imaging FIDE

adult mouse pancreata
wild-type (left) diabetic NOD mouse (right)
insulin labeled Islets of Langerhans (red).
size approx. 1.3 x 0.7 cm.

U. Ahlgren, Nature Methods, Jan;(1):31-3, 2007
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In vitro FEDE L

Scale bar: 250 ym
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beta cell death induced by the d
sereened tissue volume of 2 5mr

i
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X-ray SMD
MRI

TISSUE ‘ : S d CELL
| TISSUE § ‘ y | CELL|

STED Palm
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Extended focus OCM £COLE POLYTECH

FEDERALE DE LAUSANNE

Fiskd disbibuicn in aperlune

—— Desse Turinaion

CTF axtandad focus QCM
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Dark-field OCM

" Negiusfom]

" Fada

CTF dark-field OCM
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Comparison on living cells

Through focus stack of living NIH-3T3 cells observed in up-right configuration. Axial sampling:
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0 10 20 30
depth [um]

NIH-3T3 cells
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Outlook (2)

* Nanoparticles labeling
— down to 6 nm gold colloids
— en face images of 30 nm gold nanoparticles
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8 MVOVEMENTS

X-ray

MRI

STED Palm
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¥ orGaNs [ W vucLeus
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Resolution in microscopy .(I

overcoming the limitation ECOLE POLYTECHNIQUE

FEDERA E LAUSANNE

= Lateral resalution

1 z H
h(r,0; p) = |./n Jq(kuf'NAp)pdp| = (%)

= Axial resolution
1 2
h(O,I-;p)=| A st pdﬂ|

_ oa? kgzNA?
" kfzANA* (1_0‘”( 2n;

)
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The fundamental limit
imaging beyond the diffraction limit
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The fundamental limit .(I

imaging beyond the diffraction limit JSANRIE
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T

“Super-resolution” through localization i

~
a(z) gkl

= Average photon count at detector: () =c- #(z)
m Shet nolee
a Immn) gtm g, )t
ql
= Read-out noise: nilk| ~A (g, %)
m Shiit &: background signas + 3

(T €5, T) =/- ot)h(z:t) dt + b
B3

JiTm——

3.November 2010 BERN Swisslaser

Laboratoire d‘Optique Biomédicale



~
o
%]
R4
(7]
2
3
(7]
2
x
w
Q
=
-
(=3
N
S
[
<Q
g
[
>
(]
>
™~

3.November 2010 BERN Swisslaser

Theoretical limits on localization accuracy

Localization limits
for x and z are very
close

CRB is linked to
‘information’ in the
diffraction pattern
Off-focus imaging
leads to higher
localization accuracy
Optimal
experimental
settings (focus
positions) can be
derived from CRB

¥ ou o = =1 u
'CRB [nm] T Jum]
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ECOLE POLY

T

¥ ou w
CREB [nm]

3-D steerable dipole filters £

m Richards-Wolf integrals decouple from the dipole moment

T L —Lum{29;)  DLein(P0;)  —2if; cos(da)
Lsin2;) I—Licos(24) —ZiLsiniey) [P

u 30 Intensity distribuion In Image space Is steerable \‘\ O
bo, 4, (@325 T} = E°E . |

= sin? 6, (| TP + |Eaf? + 2 cos(2, — 25:) Ref T3 g} )
— 26 (28,) e0a(dy — dgY I T2 (Fy + E)} + 417 P ens? 6,
=p"Mp

E=—

- =
A" g, o o,

—> iz

>
Fix) —

— psix)
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Experimental results

3.November 2010 BERN Swisslaser

Laboratoire d‘Optique Biomédicale

I(I’fl.
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Experimental validation FIDER

Localization reproducibility on a single dipole Accuracy of the model/fit in 3-D

€
o
(0] |-

firad modsl  axpérimantal

Ty L3 b, 2 In 3( a ¢(1)
|42p.m 1.37;:1“ B5.45° 29.55" 214-53mn u 299;11!! 138pm lE.‘G" 223.77"
a- 300w | 6.Mrn | 1.05° | 294° 10.72 nm ¢ 3316mm | BE2nm | 1.08° 5.30°
Relative values consistent with CRB . a.m | v&’: | agl ! | #9’
g 140pm | 246 wn | 67.05° | 203.26°
¢ MN48nm | 1.98 nm | 4.45° 1.81°

. Estimation accuracy
— Orientation: ~ 2°
— Position: ~6 nm
— Z-position ~11 nm
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MRI
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LOB outlook
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Winter 2008
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Tous mes amis
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