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Outline

Label-free microscopy

Circular intensity dichroism scattering (CIDS)
Two photon microscopy

Integration of the modalities

Phasor approach for a better interpretation of the sample image
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Conclusion
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Sample (imaging example: Polarimetry/Ellipsometry)
CIDS :
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S.Y. Lu & R.A. Chipman (1996) DepOIarlza“OH
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Circular Dichroism (& CIDS) microscopy: temporal modulation states

Principle S g

Laser
source

Polarization states

analyzer Detector PhotoElastic Modulator (PEM)
Fast modulation of the polarization states

Polarization states
generator

Vol. 1, No. 3, 15 Nov 2018, OSA CONTINUUM 1068

v 50 kHz & 100 kHz modulations Circular & Linear dichroism [ —]
L R
Moz = CIDS = ———
v Tunable resolution: 10X, 40X, 60X, 100X objectives IL + IR
v" Multimodality with epi-fluorescence s
2 chromosome 11-nm
ol 30-nm nucleosomes
:,. . chromatin /
v' Far from the absorption band: CIDS Sensitivity to A/10 - A/20 /ﬁ'.‘,e, | 5&) \ e
) : \.-,_,v_’; ; \ | %)3 3 {) 3 ~>*N[;\',]\
v’ Sensitivity to study anisotropy for biopolymers organization S w” A F

e.g. Levels of DNA Packing Ty
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Schematic layout of units: ACR ;
ACT :_H_-I‘ DCR
. ] . . . 1170 NS v AU
1. lllumination unit (Ti:Sapphire laser) Wollaston Prisis
2. Polarization unit .
Microscope Bielogical Sample
3. Scanning unit
NDD PMT
. _ _ _ Dichroic Filter s“:“.ﬁ_
4. Imaging unit (microscope unit) Cotors Filer ILLUMINATION UNIT] |
 rev | @M scavvcu '
. . PEM Hlectronics Unit Confocal Scan Head Ti:Sa
5. Detection unit il Tube Lenl T
6. Computing unit COMPUTING UNIT Y v¥
o COEINE I T o
Q : POLARIZATION UNIT .

Scan Head Electronics Unit
ngh Performance Wor kstatlons 5
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Two-photon microscopy Excited state A

N Scanning Mirror
\\ g

— Excitation Laser TN
W; - &% o 1 RN
i | RN

w < 2w; ; Scan Lens

—> W, 1 .

— > Tube Lens

Ground state L
single-photon microscopy two-photon microscopy two photon meet each other at the focal plane ‘}\ '
CW laser fs pulsed laser Detector | \\i\\\ Dichroic Mirror
| : N\
| N,
v" Eliminates secondary fluorescence out of focus signals without using pinhole =t
—

v’ Deeper view into the tissue with higher precision and better spatial resolution
(less auto-fluorescence and photobleach)

Objective Lens

e
< -

» The DNA stains Hoechst and DAPI were found to display two-photon excitation.

These probes can be used for either two-photon imaging of DNA or chromatin. \ Sample

/

Simulation provides intelligent laser choice for two-photon microscopy-February 2015-Laser Focgs World 51(2):34-36

Multiphoton excitation of the DNA stains DAPI and Hoechst, Ignacy Gryczynski; etc., 0966-9051/96/030138+11$19.50,NOV1996
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Characterization of Linear Polarizer and Half Wave-Plate using oscilloscope
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Starch granules

10x zoom
40X/0.6 NA
dry Objective

Cellulose

10x zoom
40X/0.6 NA
dry Objective
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Nuclear organization under polarized illumination

Isolated nuclei (hek cells), 100X/1.4NA oil Objective
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CIDS vs Fluorescence Microscopy

Le Gratiet, et al.,, OSA Continuum (2018)
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Fluorescence intensity (u.a)
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The phasor plot analysis for fluorescence data

FLIM Analysis using the Phasor Plots

Excitation
Pulse i A mixture of three fgg‘aﬁgu Liao, Yuansheng Sun, Ulas Coskun
. species (1, 2 and 3)
. ~ e 0.5 . Species 3, (s;, 95) must locate inside the
4 | L oy ' Species1 __—— o triangle connecting g
\,\5"1:!.!}“ (84, Q4) L = the three.
A v e
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et K ..
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O N Iy ! (Sa, 9a)
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’ | A mixture of two species (1 and 2 or A and B) must G 0.1ns
0 T 0 lie on the line connecting the two - the contribution 1 0 ' T T ' ' T T T ‘ G
Time (ns) from species 1 or A is “F,/(f, ] or “F/(fa ). 0 01 02 03 04 05 06 07 08 09 1
The phasor linear decomposition. 5
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a) g 0 ( ) Comparison of the phasor plot scales of two different modulation
frequencies.
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The phasor plot analysis for CIDS data

Phasor plot
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O Phasor approach of the simulated output intensity of - ///  phasor cirdle
. . O . =0
light in our CIDS setup 5
06 ® =20
I(t) = Ipc + I, - cos(wt) 6=30
04r =45 (air)
) . 0.2 '(’ i
= Example: Quarter Wave-Plate simulation .
3 0 =
oz ,z
04} //
-06 | ]
-08 | \\
[lluminator Polarized Detector 1 \ — |
Beam A4 0.5 0.5 1

Splitter

» The points along vertical axes are corresponding to w and the horizontal ones are linked to 2w
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Conclusion
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Higher spatial resolution and quantification of highly packed chiral molecules

Time resolved microscopy based on ultra-short laser pulses

Molecular view of the sample using Phasor approach

Fast interpretation of huge image data in terms of Birefringence, Polarizability, etc..
Platform for Multimodal Microscopy Imaging

Multi Messenger Microscopy to unraveling dark side of knowledge on sample
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